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Abstract: Adult neurogenesis that occurs in the forebrain subventricular zone (SVZ) and the 

subgranular zone (SGZ) of the dentate gyrus is influenced by parameters such as age, sex 

hormones and other cellular and molecular factors. Our previously published research, on male 

F344 rats, has demonstrated that neurogenesis decline is particularly pronounced in the period 

between 13 and 15 months of age. We have also established that this particular pattern of age-

related decline in neurogenesis is mediated by the reduced expression of the redox-sensitive 

transcription factor nuclear factor (erythroid-derived 2)-like 2 or NRF2. In this study, we aim to 

understand the impact of advancing age and the sex hormones, 17β-estradiol (E2) and 

progesterone (P4), on the NRF2 expression and regenerative function of neural stem progenitor 

cell (NSPCs) in female rats. In this context, we have determined that the temporal progression of 

age-related decline in NSPC function is different in female rats and occurs earlier, principally by 

7-9 months of age, compared to males. To further investigate this NSPC aging phenomenon, we 

are analyzing female F344 rats at 2, 6, 9 and 14 months of age. Both intact (Sham) and 

ovariectomized (OVX) rats were included at each of the 4 aging stages to assess the importance 

of E2/P4. The following behavioral tasks were performed on the experimental groups to study 

SVZ and SGZ NSPC function - fine olfactory discrimination, pattern separation and platform 

reversal in the Morris water maze. Results show significant protection of neurogenesis in the 

sham animals compared to OVX, especially at 6 and 9 months of age. These results are also 

supported by findings in the estrous staging where sham rats in estrus or proestrus stages of the 

cycle (increased circulating E2 and P4) did better compared to other stages. Currently, we are 

examining the changes in NRF2 expression and activity in NSPCs, in the four age-groups, 

through double or triple immunostaining of different NSPC subtype markers (specifically 

GFAP/Nestin, Sox2 and Dcx) and proliferative markers (BrdU, MCM2), with NRF2 and its 

downstream targets such as NAD(P)H quinone dehydrogenase 1 (NQO1). In conclusion, these 



studies will give us a detailed picture of how E2/P4 and age influence NSPC function and NRF2 

expression. 
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Abstract: Neural stem and progenitor cells (NSPCs) in the adult mammalian brain produce new 

nerve cells throughout life. It is known this neurogenic process is regulated by age- and sex-

dependent mechanisms, however, these mechanisms are not fully understood. Our previous work 

in male rats identified a critical period (CP) of NSPC regenerative decline, between 13 and 15 

months of age, and identified the reduced expression of the nuclear factor (erythroid-derived 2)-

like 2 (NRF2) transcription factor, as a key mediator of this phenomenon. Based on these 

findings, we are currently assessing several age-groups of female rats to better understand the 

roles of age, sex, and NRF2 in regulating NSPC function. We have found the CP of NSPC 

decline to occur earlier in life in females compared to males— approximating the timeline of 

reproductive senescence. Specifically, a sharp drop in NSPC activity becomes evident during the 

rat perimenopausal period (7-9 months of age) when decreases in 17β-estradiol (E2) and 

progesterone (P4) levels are known to occur. To investigate the influence of E2 and P4 on NSPC 

function, female F344 rats, aged 2, 6, 9, and 14 months old, were either ovariectomized (OVX) 

or underwent sham surgery, after which they were assessed through behavioral tests and 

downstream tissue analyses. Early data indicate significant OVX-induced declines in behavioral 

task performance relevant to the function of the subventricular zone (SVZ) and hippocampal 

subgranular zone (SGZ) (assessed via fine olfactory discrimination, pattern separation, and 

reversal in the Morris Water Maze), at 6 and 9 months of age. Here, we use 

immunohistochemistry and western blotting to examine changes in estrogen receptor (ER) α/β 



and progesterone receptor (PR) A/B expression in these NSPC harboring regions. Previous 

studies have investigated ER and PR expression in the brain, but have not carefully considered 

expression specific to the SVZ and hippocampal SGZ. First data indicate a trend towards lower 

ERβ expression at 6 months of age. Additionally, we are determining the expression of NRF2 

and its downstream target genes. Preliminary results indicate downregulation of NRF2 

expression after OVX in both the SVZ and SGZ at 2 and 6 months of age. In summary, our 

studies provide insight into the role of E2/P4 and NRF2 in the regulation of NSPC aging. 
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Abstract: Gut microbiota plays an important role in regulating brain function and adult 

neurogenesis. Although probiotics have recently been reported as effective against certain 

psychiatric disorders, the underlying mechanisms remain unclear. In particular, the combination 

of three probiotic strains, Bacillus subtilis TO-A, Enterococcus faecium T-110, and Clostridium 

butyricum TO-A, hereafter referred to as ProB3, has been reported to potentially alleviate 

psychiatric symptoms in patients with schizophrenia. Here, we show that ProB3 promotes adult 

neurogenesis in mice and restores its dysregulation in germ-free (GF) mice. ProB3 colonization 

in GF mice enhanced the proliferation of adult neural stem cells compared to specific-pathogen-

free (SPF) and GF mice. Furthermore, ProB3 colonization was sufficient to ameliorate the arrest 

of newborn neuron maturation and the diminution of quiescent neural stem cells in GF mice. 

ProB3 colonization in mice increased the levels of several metabolites in the blood, such as 

theanine, 3-hydroxybutyrate, and imidazole peptides, including anserine, which promoted 

proliferation, neurogenesis, and maturation of newborn neurons in cultured human neural stem 

cells. Overall, our findings demonstrate that ProB3 colonization promotes adult neurogenesis in 



mice and suggest that the promotion of adult neurogenesis may contribute to the alleviation of 

psychiatric symptoms. 
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Abstract: Maternal diabetes has been related to a deficiency of cognitive processes in tasks that 

require motor, memory, and visuospatial integration skills during childhood. These cognitive-

process difficulties may be related to cytoarchitectonic configuration differences in neocortical 

layers of pyramidal neurons. The murine models of maternal hyperglycemia showed that the 

products of diabetic (DB) mothers present an increase in neuronal differentiation and aberrant 

neuronal migration in the cerebral cortex, likewise changes in regular laminar pattern, and 

alterations in dendritic arbor polarity establishment in pyramidal neurons of deep layers V-VI, 

these cytoarchitectonic changes result in less neuronal excitability in young postnatal 21 days 

(P21), DB products. Due to corticogenesis beginning at the early stages of neural development in 

rats, around embryo day 12 (E12), as the expansion and differentiation of neural stem cells 

(NSC), this study aimed to determine if maternal hyperglycemia modifies the transcriptomic 

profile of cortical neuroepithelium at E12 of embryos without neural tube defects; therefore, total 

RNA of dorsal prosencephalon from E12 control (Ctrl) and DB groups was extracted to realize 

RNAseq. Differential expression analysis shows that the neuroepithelium of DB embryos has 



111 transcripts upregulated and 136 downregulated, regarding the Ctrl group. Pathway functional 

enrichment analysis shows that between differentially expressed transcripts, there are genes that 

have a relevant role in the cell cycle, specifically in mitotic spindle formation, such as Numa1 

and Aurkb. These findings suggest modifications in the NSC division pattern to more 

asymmetric NSC division at early corticogenesis, which would explain the previously reported 

premature neuronal differentiation in DB embryos. 
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Abstract: Neurospheres (NS), derived from embryonic or adult stem cells, are commonly 

utilized as 3D in vitro models for investigating the molecular processes, dynamics, and structure 

of the brain throughout neural development. In this context, biomaterials engineering and 

nanomaterials technologies can be helpful to address challenges arising by the need to reproduce 

in vitro, the features of the brain microenvironment (Roth JG, et al., Nat. Rev. Neurosci. 2021). 

To address this challenge, we proposed using multilayered nanostructured materials called 

hydrotalcites (HTlc) (Posati T, et al., Scientific Reports. 2016) to interface with NS derived from 

the subventricular zone (SVZ) of adult mice (8-months-old). Through cell viability assays, 

confocal microscopy, immunostaining, western immunoblotting and qRTPCR experiments, we 

identified subpopulations of neural cells (astrocytes, neurons and oligodendrocytes) that adhered 

to the nanostructures. We found that the chemical and topographic cues of HTlc influenced 

adhesion at 7 days in vitro (DIV) on HTlc that resulted in fewer differentiated cells and more 

rounded cells compared to NS grown on Poly-D-lysine/Fibronectin (CTRL) (n=3). In addition, at 



14DIV, the number of adhering and differentiated cells on HTlc increased, with differentiation 

spreading between neural and non-neural cells (n=3). Molecular analyses showed that both 

immature neurons (DCX) and astrocytes (GFAP) significantly increase at both 7 DIV and 14 

DIV on HTlc compared to CTRL (n=3). On the other hand, there is a different trend for 

oligodendrocytes. At 7 DIV, there is a lower concentration of Olig2 positive cells on HTlc 

compared to CTRL, while at 14 DIV there is an increase in CNPase positive cells on the 

substrate of interest compared to CTRL (n=3). Furthermore, preliminary functional analysis 

performed on water transport and calcium signalling suggested the involvement and differential 

expression of Transient Receptor Potential Vanilloid 4 (TRPV4) and Aquaporin-4 (AQP4) over 

time, confirming previous results on embryonic NS (Cibelli A, et al., Glia. 2024) (n=2). In 

conclusion, HTlc substrates have the potential to be a useful tool for selectively promoting the 

differentiation of NS into both neuronal and non-neuronal cell types and more importantly to 

understand a possible new mechanism underlying both cell differentiation in NS and cell-

substrate interaction. 
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Abstract: Corticogenesis is largely dependent on the precise regulation of interneuron 

neurogenesis, which is mediated by ventral radial glia (vRG) in the medial ganglionic eminence 

(MGE). Previous research has demonstrated substantial expression of Ano1 transcripts in 

Fabp7+ and Sox2+ vRGs from E11.5 to E14.5. Ano1-deficient mice exhibited a decreased ratio 



of EdU-positive and RC2-positive cells at E14.5, suggesting altered neurogenesis. Further, 

reduced populations of GABAergic neurons were observed in the cortex of Ano1 knockout (KO) 

mice at E18.5. The present study seeks to elucidate the impact of Ano1 deficiency on MGE-

derived interneuron subtypes. Using immunostaining and fluorescent in situ hybridization 

(FISH), we observed a decreased percentage of Sst+ neurons in the MGE of Ano1-/- embryos at 

E14.5 and E16.5. Moreover, an increase in the Ascl1+ intermediate progenitor cell population 

was detected. These findings indicate that Ano1 depletion in vRG leads to a fate shift towards 

basal progenitors, rather than apical progenitors, during GABAergic neurogenesis, resulting in a 

reduction of SST+ neurons. 
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Abstract: Cerebral organoids (COs) are widely used to model aspects of human brain 

development, function and disease. However, little is known about the longitudinal neuronal 

network dynamics present in COs. Here, we aimed to characterise these dynamics during the 

development of COs, by recording neuronal activity at the single-cell level using two-photon 

Ca2+ imaging. We recorded at different depths within the spherical three-dimensional cellular 

structure of iPSC-derived COs, labelled with the Ca2+ indicator Cal520-AM, between 80-300 

days in vitro (DIV). We identified three distinct modes of spontaneous activity: unsynchronous 

activity, synchronous activity and local propagating waves. Unsynchronous activity, i.e. sparser, 

uncorrelated activity, was the baseline activity present throughout and the most prominent type 

of activity from ~100 DIV onwards. Synchronous activity, i.e. events of activity that are 

correlated across the majority of cells within the field of view at the same time, was the 



predominant mode of activity during early developmental stages (DIV 80-100). Surprisingly, our 

recordings also revealed local propagating waves that appeared from ~100 DIV onwards. These 

waves consisted of a Ca2+ transient event which initiated within a single neuron, before 

propagating to adjacent neurons, and was followed by an onset of multiple Ca2+ transients in 

connected neurons within the propagating radius of the initial wave. To understand the 

underlying mechanisms of the waves, we conducted a series of pharmacological experiments. 

The waves persisted following application of the voltage-gated sodium channel inhibitor, 

tetrodotoxin (TTX), but completely ceased following application of Thapsigargin, an inhibitor of 

the sarco/endoplasmic reticulum Ca2+ ATPase, which blocks the release of internal Ca2+ stores. 

Furthermore, the waves persisted in the presence of glutamatergic synaptic transmission 

inhibitors (CNQX and APV), albeit we observed reduced propagating distances. These 

experiments suggest that the waves are not primarily initiated in individual neurons by action 

potentials but, rather, as a result of spontaneous Ca2+ release from internal stores, and propagate 

to surrounding neurons via synaptic connections. In summary, by employing two photon Ca2+ 

imaging, we reveal that COs develop complex and functionally interconnected networks of 

neurons which display multiple types of spontaneous activity, including local propagating waves 

initiated through Ca2+ release from internal stores. To the best of our knowledge, these waves 

have not been described previously and may be significant in the early development of human 

neuronal networks. 
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Abstract: The flexibility and accessibility of induced pluripotent stem cell (iPSC) technology 

has allowed complex human biology to be reproduced in vitro at high throughput scales. Indeed, 

rapid advances in stem cell technology have led to widespread adoption for the development of 

in vitro models of neuron electrophysiology to be used in screening applications in drug 

discovery and safety. Furthermore, advanced cell preparations, such as spheroids or organoids, 

are under intense investigation with aims toward establishing mature physiologically relevant 



phenotypes in vitro. The objective of this work is to develop and optimize a functional assay of 

neural organoids in vitro. To that end, a customized multiwell microplate (SpheroGuide) was 

designed specifically for neural organoid assays. The SpheroGuide MEA plate utilizes a funnel 

design to target the neural organoids to a planar grid of microelectrodes embedded in the 

substrate of each well of the culture plate. Impedance measurements were used to quantify the 

attachment of the organoids to the substrate and microelectrodes, while functional activity was 

quantified via electrophysiological measurements. Acute (no attachment) and chronic (surface 

coating-mediated attachment) recording protocols were evaluated and compared. Specifically, 

the use of surface coatings (no coating, PEI, Matrigel) and centrifugation were evaluated for 

chronic recording protocols with regular measurements of attachment and network function over 

four weeks. PEI-coated wells exhibited the best performance, with neural organoid attachment in 

100% of wells and the development of synchronous network activity over 2 weeks in culture. 

Matrigel and no coating conditions displayed fewer active electrodes overall, but consistent 

results across wells due to the funnel design targeting organoids to the array. The optimized 

attachment protocol using PEI was then used to plate and monitor the electrophysiology of 48 

dorsal forebrain organoids, with one individual organoid plated in each well of a SpheroGuide 

MEA plate. Impedance measurements showed robust attachment of all 48 organoids over a 21-

day time course. Activity of the organoids peaked at Day 14 post-seeding, while synchrony 

increased over the full 21 days in culture. These results support the continued development of 

quantitative assays of neural function with increased throughput for in vitro 3D neural organoid 

models. 

Disclosures: B. Streeter: A. Employment/Salary (full or part-time):; Axion Biosystems. D. 

Sullivan: A. Employment/Salary (full or part-time):; Axion Biosystems. P.J. Ellingson: A. 

Employment/Salary (full or part-time):; Axion Biosystems. A. Passaro: A. Employment/Salary 

(full or part-time):; Axion Biosystems. S.A. Chvatal: A. Employment/Salary (full or part-time):; 

Axion Biosystems. D. Millard: A. Employment/Salary (full or part-time):; Axion Biosystems. E. 

Ownership Interest (stock, stock options, royalty, receipt of intellectual property rights/patent 

holder, excluding diversified mutual funds); Axion Biosystems. 

Poster 

PSTR257: Neural Stem Cells 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR257.09/A9 

Topic: A.03. Stem Cells and Reprogramming 

Title: Combining 3D-Bioprinting and iPSC cells for human brain modeling and pathophysiology 

Authors: *S. SORRENTINO1,2, S. WENDT3, C. J. GROTEN3, B. MAC VICAR3, H. B. 

NYGAARD3;  



1The Univ. of British Columbia, Vancouver, BC, Canada; 2University of British Columbia, 

Vancouver, BC, Canada; 3Univ. of British Columbia, Vancouver, BC, Canada 

Abstract: The difficulties in translating preclinical findings to human studies have pointed out 

the inadequacy of current research models and underscored the need for alternative approaches 

to studying brain physiology and pathology. Recently, human induced pluripotent stem cell 

(hiPSC) 3-dimensional (3D) models, such as organoids and neurospheres, have emerged as 

powerful tools for modeling human nervous tissue in vitro. However, these systems rely on 

hiPSC self-organization and are therefore characterized by low reproducibility and 

homogeneity.3D bioprinting is an innovative bioengineering technique that combines 

biomaterials and live cells to shape 3D structures in a layer-by-layer fashion. The bioink 

provides mechanical support for the growing cells and allows a better exchange of nutrients, 

oxygen, and drugs, which makes it ideal for drug screening applications. However, the 

manufacturing of exceedingly soft structures, such as the brain, represents a significant 

bioengineering challenge often resulting in printing failures, lack of structure or short culturing 

time, and poor functional characterization.Here, we generated a 3D-Bioprinted brain model 

suitable for long-lasting culturing (8 months) of iPSCs-derived cortical neurons and astrocytes 

starting from neuronal precursor cells (NPCs). NPCs were successfully bioprinted in a defined 

multilayer wood-pile structure to mimic the human cerebral cortex architecture. This was 

accomplished using high spatial resolution, low-pressure extrusion, and high speed while 

maintaining cell viability and proliferation. In maintenance medium, NPCs express SOX2, 

PAX6, and Nestin and show no action potential firing and spontaneous synaptic currents. 

Induction of cell maturation resulted in neurite elongation within the first days of differentiation 

and the appearance of glutamatergic synaptic currents and action potential firing. Further 

analysis with calcium imaging on AAV9-synapsin-GCAMP6f transfected cells demonstrated 

that neurons formed intricate and functional networks with inter-layer connections. 3D neuronal 

cultures were efficiently maintained for more than 8 months with astrocytes spontaneously 

differentiating after two months of culturing. Moreover, hiPSC-derived microglia could be 

administered to the bioprinted constructs, after which these cells infiltrated and integrated with 

other cell types. Overall, our data indicate the potential of hiPSCs-derived 3D bioprinted cultures 

for brain modeling and future possible drug screening applications. 
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Abstract: In the field of neuroscience and neurodegenerative diseases, understanding 

intracellular processes is pivotal. Specifically, two critical events—mitochondrial functions and 

calcium signaling in neurons play fundamental roles. Leveraging high-content imaging (HCI) 

with advanced image analysis, we employed fast kinetic imaging to visualize, quantify, and 

assess these dynamic events in a human in vitro based model using iPSC-derived neurons with 

exceptional temporal resolution using a high-throughput confocal microscopy system. Our 

approach involved two key studies. In our first study, we investigated mitochondrial dynamics 

using an uncoupler of mitochondrial oxidative phosphorylation, carbonyl cyanide p-

(trifluoromethoxy) phenylhydrazone (FCCP), and glutamate as the reference controls. We 

conducted confocal imaging with a 40x objective lens at 2 frames per second (fps). From 

analysis we found evidence of mitochondria fractions in both neuronal bodies and neurites 

following image analysis segmentation, leading to questions about mitochondria dysfunction 

processes. In our second study, we investigated calcium signaling. Using an on-board liquid 

handling device integrated in the HCI imager, we injected Glutamate (agonist) or Gabazine 

(antagonist of GABAα receptors) to measure real-time calcium responses using confocal 

imaging with a 20x lens at 5 fps. At the single-cell level, we segmented and compared calcium 

flux responses of individual neuronal cell bodies and neurites. Notably, calcium response 

remained more active in neuronal cell bodies than in extended neurites. Our precise assessment 

of calcium flux in individual neurons and neurites provides insights into potential cell behavior, 

underlying mechanisms, and fundamental neuronal communication processes. This approach 

will allow the potential to identify disruptions associated with neurodegenerative conditions, 

neurotoxic insults, or neuronal maturation. Additionally, our comprehensive HCI approach 

generates tens to thousands of high-content imaging morphological phenotypic features. These 

features enable further exploration of untapped mechanisms or modes of action resulting from 

perturbations. Ultimately, this high-dimensional multivariate data enhances our understanding of 

the intricate interplay between calcium dynamics and mitochondrial function in neurons. The 

real-time integration of fast kinetic imaging with HCI offers an automated and robust method for 

investigating intracellular dynamics within the context of neurons at the single cell level. 
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Abstract: During development, cell fate is determined through sequential expression of 

instructive transcription factors (TFs) in combination with epigenetic influences. Subsequent to 

development, it is possible to directly reprogram the lineage of somatic cells without inducing 

pluripotency. Direct reprogramming may have therapeutic use in the CNS, as neurons are long-

lived, post-mitotic cells that are not replaced when lost due to injury or disease. However, one 

limitation to current direct reprogramming approaches is controlling the temporal expression of 

instructive TFs. When multiple TFs are needed to guide lineage respecification, they are 

delivered through coinfection and are expressed simultaneously. This can result in low efficiency 

of cellular reprogramming to the final cell fate subtype. Here, we describe an improved strategy 

using NG2 glial progenitor cells (oligodendrocyte progenitor cells- OPCs) for neuronal 

reprogramming that allows for a temporal separation of an initial, pioneering TF and a 

subsequent instructive TF to guide neuronal subtype specification. Retroviral co-delivery and 

simultaneous expression of separate vectors for the pioneering TF Ascl1 and the instructive TF 

Dlx2 resulted in the detection of the early neuronal marker beta-III-tubulin by seven days. 

However, the generation of induced neurons from the OPC population was much less efficient 

than parallel studies using single expression of either Ngn2 or NeuroD1. We hypothesize that the 

lower efficiency may result from the expression of Dlx2 too early in the reprogramming process. 

To test this, we have generated a switch vector construct where proliferating OPCs are 

retrovirally coinfected with 1) a regulator construct containing a tamoxifen inducible Cre-

recombinase system (CreERT), and 2) an effector construct containing two gene sets, designated 

Gene Set 1 and Gene Set 2. In this inducible switch system, Gene Set 1 is initially expressed 

while Gene Set 2 is silent. Upon tamoxifen administration, Gene Set 1 is excised and Gene Set 2 

is expressed. Delivery of a control effector where Gene Set 1 expresses destabilized GFP and 

Gene Set 2 expresses dsRed resulted in the initial detection of green cells that disappeared within 

24 hours of tamoxifen addition coincident with the emergence of red cells validating the switch 

approach. We expect that delivery of an experimental effector construct with Gene Set 1 

expressing Ascl1-GFP and Gene Set 2 expressing Dlx2-dsRed will result in improved neuronal 

induction and subtype specification into GABAergic neurons. This approach represents an 

advance for efficient and specific lineage reprogramming of glial progenitor cells into neurons. 
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Abstract: RNA splicing is highly prevalent in the brain and has strong links to neuropsychiatric 

disorders, yet the role of cell-type-specific splicing and transcript-isoform diversity during 

human brain development have not been systematically investigated. Here, we leveraged single-

molecule long- read sequencing to deeply profile the full-length transcriptome of the germinal 

zone (GZ) and cortical plate (CP) regions of the developing human neocortex at tissue and 

single-cell resolution. We identified 214,516 unique isoforms, of which 72.6% were not 

annotated in Gencode-v33, and uncovered a substantial contribution of transcript-isoform 

diversity, regulated by RNA binding proteins, in defining cellular identity in the developing 

neocortex. We leveraged this comprehensive isoform-centric gene annotation to re-prioritize 

thousands of rare de novo risk variants and elucidate genetic risk mechanisms for 

neuropsychiatric disorders.  
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Abstract: Retinal ganglion cells (RGCs) are the projection neurons that connect the retina with 

visual processing areas in the brain. he adult mammalian retina has no ability to regenerate 

RGCs, and, therefore, the loss of these neurons via injury or disease causes irreversible visual 

impairment. In previous work, we identified a set of developmentally expressed transcription 

factors sufficient to induce the generation of functional RGCs in the mouse retina outside the 

window of endogenous RGC development. Axons of these induced RGCs extend into the optic 

nerve, then progressively reach central visual targets including the thalamus and superior 

colliculus. In this work, we aim to understand how these axons navigate in the early postnatal 

nervous system, when cues that guided their endogenous counterparts are no longer available. 

We examine axon guidance molecules expressed by both endogenous RGCs and induced RGCs 

to determine which factors contribute to temporally ectopic pathfinding. Overall, we aim to 

investigate the generation and development of RGCs from existing cells intrinsic to the retina, 

which could enable restoration of vision in human patients. 
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Abstract: Retinal ganglion cells (RGCs) are output neurons that relay visual information from 

the retina to the brain. The adult mammalian retina cannot regenerate, so RGC injury or death 

results in irreversible visual impairment. In previous work, we found that in vivo electroporation 

of a set of candidate transcription factors induces the generation of RGC-like neurons outside the 

window of endogenous RGC development. These transcription factors were drawn from a list of 

genes expressed in the retina and with functions in retinal neurogenesis and regeneration. Some 

can instruct non-neural cells to adopt neural fates and generate induced neurons. In this study, we 

identify the expression and function of individual transcription factors within this group in order 

to characterize the contribution they make to the development of induced RGCs. Overall, we aim 

to understand the expression and function of the individual transcription factors that affect the 

induction of these RGCs, which could provide insight into the restoration of vision in blind 

patients using progenitors resident within the adult retina. 
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Abstract: Neurofibromatosis type 1 (NF1) is a somatic genetic disease affecting many parts of 

the body. In the optic nerve of pediatric patients, gliomas grow, causing intractable childhood 

blindness. In hopes of developing better clinical diagnosis and treatment approaches for NF1, 

several mouse models have been generated, but it remains unclear how well existing models 

recapitulate human clinical pathology. We describe a new mouse model created via breeding of 

two published models of the disease. In this model, NF1 mutant mice develop gliomas on their 

optic nerves prior to two months of age. In this work we use adeno-associated virus and 

fluorophore-conjugated cholera toxin B tracing to image the projection patterns of retinal 

ganglion cells (RGCs). In the future, calcium imaging will be conducted to verify functional 

blindness phenotypes. Clinical tracking of NF1 symptoms has started to better describe the 

disease, but the need for an accurate mouse model is paramount to future research. 
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Abstract: Axonal projections from neural grafts in the brain are often used to establish the 

degree of connectivity between the graft and host tissue. However, the possibility that grafts can 

more substantially integrate with host tissue through polysynaptic connections has not yet been 

explored. Here, we characterize the ability of H129ΔTK-TT, a polysynaptic, anterograde, and 

Cre-dependent HSV tracer, to establish the connectivity patterns of transplanted human brain 

organoids with rat motor pathways. Human brain organoids in this study were generated using a 

Cre-GFP human induced pluripotent stem cell line. The presence of Cre protein was required for 



replication of the H129ΔTK-TT tracer, which limited the origin of tracing to the organoid graft. 

Sixteen rats underwent organoid transplantation immediately after an aspiration cavity was made 

in the right-sided rat motor cortex. Two months post-transplantation, organoids were injected 

with 600 nl of H129ΔTK-TT (9x109/ml). Post-injection, animals were sacrificed at 7 days or 

when symptoms of systemic toxicity developed. Brain and spinal cord tissue were analyzed 

histologically to localize tdTomato signal using a combination of publicly available software 

packages and atlases. We found GFP signal, representing organoid grafts and their projections, in 

bilateral primary motor cortex as well as ipsilateral corpus callosum and the mediofrontal 

cortex/septal region. In comparison, tdTomato signal, representing downstream polysynaptic 

partners of the organoid grafts, localized to a much broader territory, including the bilateral 

primary motor cortex, caudate, putamen, globus pallidus, subthalamic nucleus, ventral tegmental 

area, substantia nigra, zona incerta, nucleus accumbens, thalamic nuclei (ventro/central medial, 

medio/laterodorsal, ventro/central lateral, ventral posterior, reticular, parafascicular), and pontine 

nuclei. Moreover, tdTomato+ cells were found in the ventral horn of the cervical spinal cord. 

Utilization of the H129ΔTK-TT polysynaptic tracer demonstrated successful integration of 

transplanted organoid grafts with host motor systems, with increased polysynaptic connectivity 

into native motor pathways compared to direct growth of graft projections. Notably, polysynaptic 

organoid connectivity to spinal cord ventral horn motor neurons of the host animal was identified 

through H129ΔTK-TT tracer signal in the absence of GFP organoid signal. This study thus 

highlights the ability of organoids to exploit intact host motor pathways after transplantation into 

injured motor cortex and potentially allow for meaningful cortical repair in various brain injury 

etiologies. 
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Title: Molecular mechanisms of Hedgehog signaling-dependent neural and muscular 

regeneration in Xenopus laevis larvae 

Authors: *A. M. HAMILTON1, L. N. BORODINSKY2;  
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Abstract: Regeneration within the central nervous system remains one of modern medicine’s 

greatest challenges. Fortunately, Hedgehog (Hh) signaling holds great promise for improving 

regeneration in a wide variety of tissues, and has been manipulated to improve axon outgrowth 

and sensory and motor recovery in models of nervous system injury. Dysregulated Hh signaling, 

however, is a hallmark of many types of cancer, necessitating a deeper understanding of the 

mechanisms underlying regenerative Hh signaling. We previously demonstrated that non-

canonical Hh signaling is necessary after injury for regeneration of muscle and spinal cord in the 

Xenopus laevis tail amputation model, but the underlying mechanisms and target cell types have 

not yet been elucidated. Here, we demonstrate that Hh signaling promotes regeneration of motor 

neuron axons, while enhancing the pruning of sensory axons in the regenerating tail. In addition, 

we show that Hh signaling biases Pax7+ muscle satellite cells towards proliferation over 

differentiation into Myf6+ immature myocytes. To identify regenerative non-canonical Hh 

signaling partners, we performed single cell RNA sequencing analysis of larval regenerate and 

tail stump tissues at 24 hours post-amputation, and found that while treatment with the Hh 

signaling inhibitor vismodegib has minimal effects on mature cell types, stem/progenitor cells in 

both muscle and neural lineages are significantly changed by Hh inhibition during regeneration. 

Inhibition of Hh signaling results in downregulation of a wide range of neurotransmitter 

receptors and calcium signaling regulatory genes in both muscle satellite cells (MSCs) and 

neural progenitor cells (NPCs). However, the canonical downstream Hh signaling targets Gli1, 

HHIP and Ptch1/2 are only consistently downregulated in MSCs, while their expression in NPCs 

varies highly by cluster, suggesting a non-canonical Hh signaling response in some types of 

NPC. To assess whether Hh signaling controls regenerative calcium activity, we monitored 

calcium transients via expression of GCaMP6s during regeneration, and found that inhibiting Hh 

signaling reduces the persistent post-amputation increase in calcium transient frequency in the 

regenerating tail at 24 hour post injury. Overall, these results identify potential mechanisms of 

Hh-dependent regeneration, offering new therapeutic avenues for enhancing spinal cord and 

muscle regeneration. 
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Abstract: Functional recovery from spinal cord injury is limited because glial scar formed at the 

injured site prevent axonal regeneration in the central nervous system. By contrast, zebrafish 

have remarkable ability to regenerate many tissues including the spinal cord. In zebrafish, 

immune response is observed after complete transection of the spinal cord, processes of 

ependymoradial glia and axons of neurons form glial and axonal bridge after that, then finally the 

injured spinal cord remodels into almost healthy morphology. Although comparison between 

mammals and zebrafish is potentially promising to reveal regeneration specific mechanisms, far 

evolutional distance hinders direct comparison of them. Recent studies found that medaka, which 

shares many biological features with zebrafish, possess lower regenerative ability in several 

tissues such as the heart or the retina, and comparison of them is becoming an attractive model to 

reveal regeneration specific mechanisms. However, capability to regenerate the spinal cord of 

them has not been compared yet. Here, we compared regenerative ability of the spinal cord of 

adult zebrafish and medaka. Recovery of free swimming distance after spinal cord injury was 

significantly lower in medaka compared to zebrafish. Thickness of glial and axonal bridge was 

significantly thinner in medaka compared to zebrafish. Regeneration of axons labeled by tracer 

was not clear in medaka whereas it was observed in zebrafish. We also performed RNA-seq 

using transected spinal cord tissue of them 2 weeks after injury, and found that genes related to 

axonal regeneration were upregulated in zebrafish. The above results suggest that regenerative 

ability of the spinal cord is lower in medaka compared to zebrafish, and it accompanies different 

gene expression profiling. This study suggests that comparison of zebrafish and medaka will 

become an attractive model to reveal regeneration specific mechanisms after spinal cord injury. 
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Abstract: The pathogenesis of perinatal brain injury (PBI) is multifocal, and one of the major 

causes in PBI is a combination of in utero chorioamnionitis and perinatal asphyxia. Although 

recent advances in perinatal medicine have improved the survival rates of preterm infants, 

neurodevelopmental disorders including cerebral palsy, intellectual impairment and behavioral 

disorders remain significant complications. We tested whether the intravenous infusion of 

mesenchymal stem cells (MSC) had therapeutic efficacy against PBI in a rat model. Pregnant 

Sprague Dawley rats at embryonic day (E) 18 received a low dose of lipopolysaccharide (100 

µg/kg) intraperitoneally and the pups were born on E21 via spontaneous vaginal delivery. On 

postnatal day (PND) 7, the left common carotid artery of each pup was double-ligated and they 

were exposed to 8% oxygen for 2 h. Total fifty-six rats were randomized on PND10, and MSCs 

(1.0×106 in fresh DMEM) or vehicle (fresh DMEM without MSC) were intravenously infused. 

We conducted behavioral analyses with the Rotarod test (RT), Cylinder rearing test (CRT), and 

Morris water maze test (MWM), measured brain volume with 7T-MRI, and performed 

histological assessments on PND49. In RT and CRT, we observed significant motor and 

sensorimotor improvement in MSC-treated rats. In MWM, escape latency and path length were 

shorter, and the percent time in the quadrant where the platform was located was longer in the 

MSC group than in the vehicle group. In addition, the vehicle group swam faster (average speed) 

than the MSC group in MWM. These results in MWM support hypotheses that MSC improves 

cognitive function and might also have the potential to inhibit hyperactivity disorder in PBI. In 

vivo MRI revealed that MSC infusion increased residual (non-ischemic) brain volume compared 

to the vehicle group. Histological analyses showed that cortical thickness, the number of NeuN+ 

and GAD67+ cells, and synaptophysin density in contralesional (right) hemisphere in the MSC 

group were greater than the vehicle group. In conclusion, infused MSCs improve neurological 

functions with alleviation of behavioral disorder and might stimulate growth or inhibit cell death 

in the residual brain tissue. Intravenous administration of MSCs might be suitable for the 

treatment of PBI. 
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Abstract: Stroke is the second leading cause of death and third leading cause of disability 

worldwide. It is caused by cerebral hypoxia, leading to irreversible neuronal death. There are 

currently no effective therapeutic strategies to replace the lost neurons and reconstruct the 

disrupted neural circuit. Cell therapy to replace the lost cells and reconnect disrupted neural 

circuits especially the corticospinal tract (CST) offers a potential therapy. We have established a 

strategy to enable the survival of neural progenitors that were transplanted into the ischemic 

cavity, which resulted in reconstitution of the damaged brain, vascularization of the graft, and 

axonal growth into the host brain. A major challenge is the long distance for the axons of the 

transplanted human cortical neurons to travel to their targets in the brain stem and spinal cord. 

Here we develop a chemogenetic strategy to promote the axonal growth by transplanting 

DREADD (Designer receptor exclusively activated by designer drugs)-expressing cortical neural 

progenitor cells (NPCs) into the lesion core of the stroke mice. Without DREADD activation, it 

took six months for the axons to grow to the brain stem, and one year to reach the spinal cord. 

The activation of DREADD enabled the axons to grow to the brain stem in three months, and to 

the spinal cord in six months. Correspondingly, the stroke mice with DREADD activation 

exhibited earlier motor behavioral recovery. These results demonstrate the accelerated axonal 

growth and reconnection of the CST by grafted cortical neurons. Ongoing studies are aiming at 

identifying the downstream pathways that mediate the faster axonal growth. 
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Abstract: Traumatic brain injury often results in a permanent loss of neuronal tissue that causes 

longer-term defects in cognitive and motor abilities. A study done by the Center for Disease 

Control looking at 5-year outcomes of patients that received inpatient treatment found that 74% 

of patients had not seen any improvements which is likely due to this permanent loss of neuronal 

tissues, specifically the loss of neurons. The goal of this project is to engineer an in-vitro cortical 

graft that can be transplanted into the brain and establish a de novo neural network to overcome 

the neuronal loss associated with TBI. Cortical grafts will be engineered from induced 

pluripotent stem cells using a guided 3D cerebral organoid protocol. These grafts replicate 

cortical development with glutamatergic and GABAergic neurons, neural progenitor cells, and 

glial cells. The grafts were grown for at least 2 months and then infected with an adeno-

associated virus (AAV) that would express green fluorescent protein (GFP) under the human 

synapsin (hSYN) promotor. One week following the infection the grafts were transplanted into 

NOD-SCID mice. Before surgery, male mice were randomly placed into three groups Sham, 

TBI, and TBI + transplant. The TBI + transplant received a TBI in the left motor cortex from a 

controlled cortical impactor. Bleeding was controlled and the immediate necrotic tissue was 

excised to make room for the graft and then the graft was transplanted. The TBI group procedure 

the same procedure without the graft, while the sham group only received a craniometry. 

Following surgery, all mice underwent modified neuro severity score for 7 days then once 

weekly for the remainder of the study. To test specific forelimb motor ability, a water drop test 

was performed at the timepoints previously described. 28 days after surgery the mice were 

perfused, and the brains were collected for histological analysis. We observed significant right 

forelimb motor ability recovery fourteen days following surgery when comparing TBI + 

transplant and TBI groups. We observed no statistical difference in left forelimb motor ability 

among all groups. Using serial histological analysis, we identified efferent projection from the 

graft local and distant brain regions. Migratory cells from our graft were found. This research 

lays the groundwork for understanding synaptic integration from cortical grafts, offering a 

transformative approach to treating traumatic brain injury by restoring neural connectivity and 

function. 
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Abstract: Introduction: We recently showed that intravenous infusion of mesenchymal stem 

cells (MSCs) for chronic cerebral ischemia provides functional improvements via induced neural 

plasticity. Intravenous infusion of MSCs enhances interhemispheric connectivity through the 

corpus callosum (CC), indicating a potential enhancement of neural plasticity, even in the 

chronic phase of cerebral stroke. Rehabilitation may augment the enhanced neural plasticity 

induced by the infused MSCs and guide neural plasticity in the appropriate direction. Thus, we 

tested the hypothesis that a combination of intravenous infusion of MSCs and daily rehabilitation 

may exert enhanced therapeutic efficacy compared with MSC or rehabilitation therapy alone in 

the chronic phase of cerebral stroke. We investigated the synergistic effects on the behavioral 

function of a combination rehabilitation strategy (daily treadmill exercise) and intravenous 

infusion of MSCs eight weeks after permanent occlusion of the unilateral middle cerebral artery 

to induce chronic cerebral ischemia in rats. Material and Methods: Permanent middle cerebral 

artery occlusion (MCAO) was induced in Sprague-Dawley rats. Eight weeks after MCAO 

induction, the rats were used as a chronic cerebral ischemia model. Four experimental groups 

were studied: Vehicle group (medium only, no cells), Rehab group (vehicle + rehabilitation), 

MSC group (MSC only), and Combined group (MSC + rehabilitation). Rat MSCs were 

intravenously infused eight weeks after MCAO induction, and the rats received daily 

rehabilitation through treadmill exercise for 20 min. Behavioral testing, lesion volume 

assessment using magnetic resonance imaging (MRI), and histological analysis were performed 

during the observation period until 16 weeks after MCAO induction. Results: All treated 

animals showed functional improvement compared with the Vehicle group; however, the 

therapeutic efficacy was greatest in the Combined group. The combination therapy is associated 

with enhanced neural plasticity, as shown by histological analysis and MRI diffusion tensor 

imaging. Conclusion: The study results indicate that combined therapy consisting of MSC 

therapy and rehabilitation therapy has a positive effect on behavioral performance and structural 

changes in the CC during the chronic phase of cerebral ischemia. These findings provide 



behavioral evidence for enhanced recovery by combined therapy with rehabilitation and 

intravenous infusion of MSCs and may form the basis for the development of clinical protocols 

in the future. 
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Abstract: Intraparenchymal transplantation (tx) of human neural stem cells (hNSCs) shows 

therapeutic potential for patients with chronic ischemic stroke. However, the underlying 

mechanisms of how hNSCs drive recovery remain elusive. A crucial clue to deciphering the 

mechanisms of recovery might be the recent observation of a transient T2-FLAIR (Fluid-

Attenuated Inversion Recovery) MRI signal in the premotor cortex after intraparenchymal 

hNSCs transplantation in chronic stroke patients. The magnitude of the T2-FLAIR positively 

correlated with the extent of clinical recovery. Translating from bedside back to bench, we 

replicated the transplantation-induced FLAIR signal following a chronic stroke in adult male 

Sprague Dawley rats subjected to 30 min of stroke (using the transient middle cerebral artery 

occlusion model) followed 1 month later by transplantation of embryonic-derived neural stem 

cells (NR1) or buffer into the ipsilesional striatum. For a multimodal investigation of the FLAIR 

signal and regenerative responses of stem cell transplantation into the stroke-injured brain on 

regional, cellular, and molecular levels we combined longitudinal MRI sequences (T2w, FLAIR, 

DWI, SWI, DTI) with neurobehavioral assessments (whisker paw, cylinder test, EBST, corner 

test, grip strength, T-maze) and spatiotemporal multiomics performed at various time points in 

an observation period of 3-month post-tx. We observed that rats do not exhibit significant 



recovery within the first month after stroke but demonstrate improvement following 

transplantation surgery. Specifically, NR1 treatment increased the number of rats that recovered 

compared to the vehicle group, with FLAIR signal peaking at 1-day post-surgery and correlating 

with enhanced recovery likelihood. Additionally, NR1-induced FLAIR was more hyperintense 

and detectable till later (7d- post-surgery) than vehicle-induced FLAIR. DTI analysis revealed 

decreased fractional anisotropy (FA) and mean diffusivity (MD) metrics in both ipsi- and 

contralesional striatum and motor cortex after NR1 treatment, indicating structural alterations 

associated with recovery. Furthermore, a pilot spatial transcriptomics analysis identified 

enhanced immune responses in the transplant-induced FLAIR region. Our study provides 

evidence that altered immune responses in the stem cell transplant-induced FLAIR region may 

promote recovery after chronic stroke and suggests the potential of T2-FLAIR and DTI metrics 

as a marker for therapeutic efficacy. 
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Abstract: The human pluripotent stem cell-based human-mouse chimeric mouse brain models 

serve as a useful tool for studying the development and function human neural cell developed in 

vivo. Understanding glia-neuron interactions is crucial for unraveling brain function 

complexities and developing treatments for neurological disorders. To investigate the 

interactions between human neuron and glia within an intact brain environment, we employed a 

co-transplantation strategy. This involved transplanting human induced pluripotent stem cell 

(iPSC)-derived neural progenitor cells (NPCs) together with primitive macrophage progenitors 

(PMPs) into the neonatal mouse brain, creating human-mouse chimeric brains containing human 

microglia, macroglia (astroglia and oligodendroglia), and neurons. At two months post-

transplantation, we observed interactions between human glia and neurons, such as human 

microglia pruning human neuronal synapses. Different from prior studies suggesting that human 

microglia require human colony-stimulating factor 1 (hCSF1) for survival in cerebral organoids, 

our findings demonstrate that human microglia can survive in organoids without hCSF1 



supplementation when combined with ventralized NPCs and differentiation conditions that 

promote macroglial cell growth. This observation was also validated in vivo, as microglia 

persisted without needing hCSF1 expression in the host brain when co-transplanted with 

ventralized NPCs. Single-cell RNA sequencing (scRNA-seq) of the co-transplanted chimeric 

brain recapitulated human glial progenitor cell (GPC) population and revealed a dynamic stage 

in astroglial development resembling that in the human brain. Cell-cell communication analysis 

highlighted significant neuron-glia and glia-glia interactions, especially the interaction between 

adhesion molecules neurexins (NRXNs) and neuroligins (NLGNs) within and between neurons 

and astrocytes. This new co-transplantation model offers opportunities for investigating intricate 

pathophysiological processes associated with human neurological diseases, particularly those 

where glia-neuron interactions and non-cell-autonomous effects play crucial roles. 
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Title: Polysialic acid-mediated adhesion inhibition promotes the collective migration of neurons 

and recovery of brain function 
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Abstract: It has been reported that new neurons produced from endogenous stem cells in the 

brain contribute to the regeneration of lost neurons, but these findings have not yet been applied 

to the treatment of brain diseases. Here, we show that chains of migrating new neurons maintain 

unexpectedly large non-adherent areas between neighboring cells, allowing for efficient 

migration. In the injured brain, polysialic acid—which negatively regulates adhesion—is 

decreased by neuraminidase in mice and primates, resulting in increased adhesion and reduced 

migration efficiency. Moreover, administration of zanamivir, a neuraminidase inhibitor used to 

treat influenza, promoted neuronal migration toward injured areas, regeneration of lost neurons 

and functional recovery. Together, these results reveal a novel mechanism of efficient neuronal 

migration in the adult brain under physiological conditions, identify the cause of disruption of 

this mechanism during brain injury, and provide a potential definitive treatment for brain 

diseases through drug repositioning. 
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Abstract: Developing neurons form new network connections by extending processes (neurites) 

that give rise to dendrites and axons, and, eventually, functional synapses. Neurite outgrowth is a 

fundamental aspect of both neuronal development and regeneration after injury. The correct 

establishment, maturation, and maintenance of the neurite arbor, and of all the synaptic 

connections embedded within it, is essential for normal neuronal function and plasticity. Indeed, 



many disorders of the Central Nervous System (CNS), including neurodevelopmental and 

neurodegenerative diseases, are in part attributed to alterations in neurite development or 

maintenance, neurite morphology, and/or synaptic density. In addition, some molecules are 

known to either positively (neurotrophins) or negatively (neurotoxins) interfere with this process, 

whilst others (neuroprotectants) can shield neurons from damaging insults. Any molecule that 

permeates the blood-brain barrier has the potential to directly affect neuronal health, whether that 

is the molecule’s intended therapeutic purpose, or potential side effect. Measuring a molecule’s 

impact on neurite outgrowth in vitro is an effective way to reveal its neuroprotective, 

neurodegenerative, or neurotoxic properties before it is first introduced in a living organism. 

Therefore, robust assays that enable accurate and reproducible quantification of neurite 

outgrowth, neurite complexity and synaptic density can be applied not only to the study of the 

pathophysiology of several CNS disorders, but also to neurotoxicity screening, and to the 

evaluation of candidate therapeutics that aim to counteract the effect of damaging mutations or 

toxic exposures. Leveraging our expertise in CNS modelling, we have developed in vitro assays 

that enable kinetic assessment of neurite outgrowth and reveal how this is impacted by exposure 

to neurotoxic or neuroprotective molecules. Primary mouse cortical neurons are isolated from 

embryonic day 18 animals and treated with a neurotrophin (Brain Derived Neurotrophic Factor) 

or with neuroprotectants (donepezil or dimethyl fumarate) before being exposed to excitotoxicity 

induced by glutamate treatment. Changes in neurite length are recorded in real time in 

IncuCyte® over several days, and the effect of the different exposures is quantified. At the end 

of the live recording, dendrites, synapses and organelles are immunolabelled and imaged on a 

CellInsight CX7 LED Pro high-content imaging platform. Comparative analysis of kinetic and 

high-content imaging data is presented, and its ability to unlock in-depth insight into the efficacy 

and mechanism of action of candidate drugs is discussed. 
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Abstract: Spontaneous neuronal activity has an important role in the formation of neuronal 

circuits during development. However, the relationship between spontaneous activity pattern and 

circuit formation is still elusive. To elucidate this, we observed neuronal activity and dendritic 

development of the layer 4 neurons in the somatosensory barrel cortex as a model. It has reported 

that the neurons show spontaneous activity patterns derived from thalamocortical axons in the 

developing period. In this period, spiny stellate neurons which are located on the edge of barrel 

acquire highly biased basal dendritic patterns oriented toward center. To visualize the activity 

and morphology of single layer 4 neurons, we transfected plasmid vectors using in utero 

electroporation-mediated gene transfer on embryonic day 14. The genetically-encoded calcium 

indicator (GCaMP7s) was expressed using Flpe-FRT recombination system and the membrane 

binding red fluorescent protein (GAP-tagRFP) was expressed using Cre-loxP recombination 

system. By combining these systems, GCaMP7s and GAP-tagRFP were expressed in different 

sparse populations of layer 4 excitatory neurons. In order to observe the developing brain in 

vivo, we attached a cranial window to the skull at postnatal day 5, and performed in vivo two-

photon time-lapse imaging. As a result, we succeeded in simultaneously observing the activity 

synchronized with surrounding neurons and dendritic morphology dynamics. We found that the 

frequency of the spontaneous activity correlated with the dynamics of dendritic tips. We also 

analyzed correlation between the dendritic dynamics and synchronicity with the neurons 

belonging to the same barrel. In the conference, we would like to discuss the role of synchronous 

spontaneous activity in the layer 4 circuit formation. 
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Title: Excitatory and inhibitory cortical dynamics during developmental desynchronization are 

reproduced in a novel model of cortical network activity. 
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Abstract: Understanding how cortical circuits mature is critical as proper wiring of these circuits 

enables more complex abilities such as sensory processing to develop. Initially, spontaneous 

neuronal activity in the developing neocortex is characterized by intermittent, brief bursts of 

synchronous network events that interrupt much longer periods of silence. Network activity then 

undergoes a crucial transition (during the second postnatal week in mice) from intermittent 

network-wide synchronous events to asynchronous, sparse neuronal firing that is energetically 

and computationally more efficient. However, 1) the evolution of excitatory and inhibitory 

population dynamics during desynchronization and 2) the mechanisms driving 

desynchronization, have not been fully elucidated. To address this, we used in vivo longitudinal 

2-photon calcium imaging in mice from postnatal days (P) 9 to 14 to characterize the evolution 

of network dynamics. We expressed GCaMP8s in Nkx2.1Cre;Ai14 mice to simultaneously 

record from excitatory (Exc) neurons and inhibitory (Inh) neurons derived from the medial 

ganglionic eminence in layer 2/3 of the primary somatosensory cortex (S1). As previously 

reported, we found that the frequency of synchronous network events increases significantly, 

while their duration shortens between P9 and P14, indicating that network activity is becoming 

continuous and sparse. Unexpectedly, we found that the trajectories of Exc and Inh activity 

patterns diverge during development, such that correlations between Exc-Exc neuron pairs 

decrease monotonically and plateau by P13 while the correlation between Inh-Inh neuron pairs 

only decreases slightly. In order to gain mechanistic insight, we generated a new computational 

model that incorporates different classes of Inh interneurons and imposed values of their density 

and synaptic strength across development based on the published literature. Our data-driven 

model reproduced the pairwise correlations of Exc and Inh neurons observed experimentally. We 

then applied in silico perturbations to the model. As a result, the model predicted that 

manipulation of somatostatin and parvalbumin neuron activity influenced the desynchronization 

trajectory in opposite ways. We will present results of experiments that test such predictions by 

chronically manipulating Inh neuron subtypes in vivo and testing the effects on the trajectory of 

desynchronization using longitudinal 2-photon calcium imaging. 
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Title: Impact of synaptic neoteny on cortical circuit development 
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Abstract: A salient feature of human brain development is the prolonged, or neotenic, timing of 

cortical neuron maturation, and most strikingly synaptic maturation, taking years in humans 

compared to months in non-human primates and weeks in rodents. This extension of the timing 

of synaptic maturation has been hypothesized to extend critical periods of learning in humans, 

while its disruption in neurodevelopmental disorders is believed to interfere with multi-sensory 

integration. However, until recently, the molecular mechanisms underlying this striking degree 

of synaptic neoteny were largely unknown, hindering our ability to experimentally test the causal 

relationship between the species-specific timing of synaptic maturation and the tempo of circuit 

maturation. One molecular candidate is Slit-Robo Rho-GTPase activating protein 2 (SRGAP2). 

The ancestral copy of this gene (SRGAP2A), present in all vertebrates, has undergone two large 

segmental gene duplications (SRGAP2B and SRGAP2C) in the human genome only. These 

human-specific genes inhibit all known functions of SRGAP2A, resulting in a significant delay 

of excitatory and inhibitory synaptic maturation in cortical pyramidal neurons (CPNs). Genes 

associated with autism spectrum disorder (ASD) in humans, such as Synaptic GTPase Activating 

Protein 1 (SynGAP1), have also been shown to modulate synaptic maturation timing and 

interestingly, SynGAP1 exerts a function opposite to SRGAP2A, slowing the rate of excitatory 

synaptic maturation. Recently, in collaboration with Dr. Pierre Vanderhaeghen’s group, we 

discovered that SynGAP1 mediates its function by inhibiting SRGAP2A both in human and 

mouse CPNs. These results provide us with a unique opportunity to test the impact of accelerated 

(SynGAP1+/-) or prolonged (SRGAP2+/-) synaptic maturation on the timing of circuit maturation. 

To quantitatively evaluate the timing of cortical circuit maturation, we are taking advantage of 

the fact that during postnatal cortical development, neuronal activity transitions from highly 

correlated activity to ‘adult-like’ decorrelated activity. Using longitudinal in vivo two-photon 

Ca2+ imaging in the barrel cortex of mice from postnatal day (P) 7 through P21, we are 

evaluating if accelerated (SynGAP1+/-) or delayed (SRGAP2+/-) synaptic maturation alters the 

timing of circuit maturation by quantifying the decorrelation rate of activity in CPNs. This 

approach will provide critical insights into (1) the causal links between the timing of synaptic 

maturation and circuit development and (2) the impact of human-specific synaptic neoteny on 

the phenotypic expression of neurodevelopmental disorders in humans. 
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Abstract: The nematode C. elegans serves as an ideal model organism for investigating two key 

areas: 1) neuronal plasticity at the network level, and 2) the connection between the nervous 

system and behavior, owing to the availability of the connectome of the entire nervous system 

throughout all developmental stages. Among these stages, the dauer represents an alternative 

state that worms enter when encountering environmental stress, exhibiting distinct behaviors not 

observed in other reproductive stages. To unravel the mechanisms underlying stage-specific 

behaviors, we recently reconstructed the nervous system of the dauer stage and discovered 

extensive rewiring of downstream signals from sensory neurons in a stage-specific manner. 

Building upon this discovery, our focus shifted towards elucidating the link between circuit 

changes, behavioral alterations, and signal modifications in response to sensory stimuli in the 

dauer stage. In this study, we present novel data on electrical synapses, complementing existing 

knowledge of the dauer nervous system, and confirm dimorphism in a sub-circuit composed of a 

sensory neuron and downstream interneurons. Furthermore, we demonstrate stage-specific 

change in behavior in response to relevant sensory cue, particularly in terms of the reversal 

response. To gain insight into which dauer-specific connectivity might be pivotal in driving 

dimorphic behavior in the dauer stage, we conducted simulations on the sub-circuit. By 

evaluating the estimated neuronal response after swapping dimorphic connectivity between the 

dauer and adult stages, we identified a dauer-specific electrical synapse as a primary candidate 

responsible for dimorphic behavior. Introducing this single dauer-specific electrical synapse into 

the adult stage was sufficient to induce behavior change resembling that observed in the dauer 

stage. Since there were no notable differences in the physiology of the sensory neuron, we 

compared the calcium activity of downstream interneurons following optogenetic stimulation of 

the sensory neuron. In summary, our findings highlight the significance of a crucial dauer-

specific electrical synapse, as evidenced by behavioral changes upon its ectopic expression in 

adults, along with calcium imaging of interneurons in both dauer and adult stages. 
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Abstract: Characterizing the functional properties and circuit organization of human neurons is 

fundamental to understanding brain function and treating neurological disorders. However, due 

to a lack of experimental tools for accessing, manipulating, and monitoring defined cell 

populations in the human brain, it has been impossible to unravel the functional cellular design 

of human neural circuits. To address this critical gap, we have deployed and advanced a 

programmable RNA sensing tool for cell type-specific targeting, CellREADR (Qian et al., 2022), 

in organotypic cortical tissues collected from neurosurgical patients. We designed CellREADR 

constructs to drive the expression of various effectors in human interneurons (SLC32A1, SST, 

CALB2, and UNC5B) and glutamatergic projection neurons (FOXP2), and then delivered 

CellREADRs to human brain slices using adenoviral vectors. From 3-15 days after virus 

application, CellREADR live fluorophore expression enabled targeted patch clamp studies of 

human neurons (250 cells, 27 patients), including multimodal PatchSeq characterization of 

cellular morphological and transcriptional features. To probe the functional synaptic connectivity 

of interneurons in human cortex, we also used CellREADR to drive the optogenetic effector 

ChIEF (Lin et al., 2009) in CALB2+ cells. Light activation of CALB2+ interneurons elicited 

inhibitory post-synaptic potentials in slice pyramidal neurons and interneurons labeled by 

expression of a Dlx2.0 enhancer virus (Addgene plasmid #163505), indicating both inhibitory 

and disinhibitory circuit functions for this population. Finally, by using CellREADR to target 

expression of the calcium indicator, GCaMP7f, in CALB2+ and FOXP2+ populations, we 

performed live imaging of human cortical microcircuits and observed functional network 

connectivity that varied between the CALB2+ and FOXP2+ populations. Altogether, by 



leveraging CellREADR scalability and programmability in ex vivo human brain, these 

experiments have advanced valuable tools for human neuroscience while furthermore providing 

early insights into the functional cellular design of human circuits. 
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Abstract: Dendritic refinement of layer 4 spiny stellate neurons (barrel neurons) in the mouse 

barrel cortex is a useful model for understanding mechanisms of activity-dependent circuit 

maturation in the postnatal brain. Mature barrel neurons located at the barrel edge have basal 



dendrites asymmetrically expanded primarily within a single barrel, which underlies a precise 

one-to-one functional relationship between whiskers and barrels. Single-cell knockout of NR1, 

the essential NMDA receptor (NMDAR) subunit, impairs dendritic asymmetry of barrel neurons 

(Mizuno et al., Neuron 2014), suggesting the importance of NMDAR-mediated neural activity 

for dendrite refinement. However, due to the lack of proper technology, temporal roles of 

NMDARs in dendritic refinement remain largely unclear. We showed that the newly developed 

auxin-inducible degron 2 (AID2) technology (Yesbolatova et al., Nat. Commun. 2020) can 

knockdown target proteins quickly in the neonatal mouse brain (Nihashi et al., SFN2023). By 

combining the AID2 and Supernova (Mizuno et al., 2014, Luo et al., Sci. Rep. 2016) systems, we 

knocked down the NR1 protein in single barrel neurons between postnatal day 3 (P3) and P6, 

which is the core period of dendritic refinement (Nakazawa et al., Nat. Commun. 2018). We 

found that NMDARs from P3 to P6 are indeed required for formation of barrel neuron dendrite 

asymmetry. We then asked whether NMDARs are required even after barrel neurons form clear 

dendrite orientation bias. AID2-mediated NR1 knockdown starting at P6 quickly abolished 

dendrite asymmetry of barrel neurons. These results suggest that NMDARs are required not only 

for formation but also for maintenance of dendrite asymmetry of barrel neurons. We also found 

that the Golgi lateral polarity once formed in barrel neurons (Nakagawa and Iwasato, Cell Rep. 

2023) was also lost by NR1 knockdown starting at P6. Thus, a novel inducible protein knock-

down approach revealed temporal roles of NMDARs for dendritic refinement during postnatal 

development. 
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Abstract: During the first postnatal week in rodents, developing retinal neurons display stage 2 

retinal waves (also termed cholinergic waves), which are initiated by the spontaneous release of 



starburst amacrine cells (SACs) to neighboring SACs and retinal ganglion cells (RGCs), 

essential for the refinement of retinogeniculate synapses. Our preliminary results suggested that 

the expression level of Synaptotagmin III (Syt3), a calcium-binding protein coupling exocytosis, 

is up-regulated in the optic nerves at P6 (the developmental critical period of eye-specific 

segregation), indicating its potential role in regulating retinogeniculate projection. However, how 

Syt3 may affect visual circuit development remains elusive. In this study, we aim to delineate the 

mechanism underlying Syt3 regulation of stage 2 waves. First, we examined the localization of 

Syt3 in developing rat retinas (P2 and P6) by immunofluorescence. Syt3 was expressed in the 

inner plexiform layer and RGCs at P2 and P6, with abrupt expression in P6 optic nerves. Next, 

we employed the cell-type specific promoter (the Brn3b promoter for RGCs) to specifically 

overexpress Syt3 or its mutant with weakened calcium-binding ability (Syt3-C2AB*) in RGCs. 

By using live calcium imaging, we further analyzed the stage 2 wave properties following 

molecular perturbation. We found that overexpressing Syt3 in RGCs, but not overexpressing 

Syt3-C2AB* in RGCs, increased wave frequency compared to control, suggesting that Syt3 in 

RGCs may regulate stage 2 retinal waves by affecting calcium-dependent exocytosis. Further, 

using proximity-ligation assays, we found that overexpressing Syt3 in RGCs increased the 

interaction with SNAP-25 (a t-SNARE protein in exocytosis), but overexpressing Syt3-Y468N in 

RGCs did not. Finally, we found that overexpressing SNAP-25 in RGCs dampened the 

frequency of stage 2 retinal waves and impaired retinogeniculate projection. Our results suggest 

that Syt3 up-regulation of stage 2 waves may be mediated via interaction with SNAP-25 in 

RGCs, therefore regulating RGC exocytosis during visual circuit refinement. 
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Abstract: The adaptive plasticity of spinal cord (SC) motor circuits is regulated in part by the 

molecular environment surrounding the constituent neurons. Dynamic changes in synaptic 

plasticity during development and after injury are linked to the presence of a dense network of 

extracellular matrix molecules known as perineuronal nets (PNNs) that surround certain 

populations of neurons. Here we have studied the developmental pattern of PNN expression and 

synaptic stabilization in selected motoneuron (MN) subpopulations in the mouse spinal cord. 

Using Western blotting, immunohistochemistry, qPCR and RNA-seq we show that PNN 

expression increases gradually over the first three postnatal weeks and that Aggrecan is a major 

PNN component. Earlier studies have shown that spinal MNs express PNNs but have not 

assessed differential expression in MN subtypes or relationship of PNNs to innervation pattern. 

To this end we have used retrograde viral labeling following intramuscular injection of a Cre-

bearing retro-AAV2 to target homonymous MNs. We find that by the end of the 3rd postnatal 

week about 80% of hindlimb flexor Tibialis anterior MNs express PNNs, of which about 30% 

show strong expression, whereas about 95% of hindlimb extensor Gastrocnemius MNs express 

PNNs, of which about 50% show strong expression. Vestibulospinal neurons control posture and 

balance during movement through differential inputs on extensor and flexor MNs. Our results 

indicate a differential expression of PNNs in extensor and flexor MNs by the 3rd postnatal week, 

which parallels the postnatal maturation of vestibulospinal inputs. In ongoing work we are 

testing the role of PNNs in the development of selective vestibulospinal inputs to extensor versus 

flexor MNs. 
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Abstract: Ubiquitination influences many aspects of neuronal function, such as the prevalence 

of protein turnover during neural circuit development. Previous studies have indicated that 

activity-dependent homeostasis of α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid 

receptors (AMPARs) is crucial for synaptic plasticity. ZNRF1, a RING-type E3 ubiquitin ligase, 



is localized to the presynaptic site and contributes to the maintenance of synaptic protein 

homeostasis. However, how ZNRF1 regulates neural circuit development remains elusive. 

During the first postnatal week in rodents, immature rodent retinas display spontaneous calcium 

waves termed retinal waves, essential for establishing functional visual circuits. Retinal waves 

originate from starburst amacrine cells (SACs), spreading to retinal ganglion cells (RGCs) and 

central brain targets. Our preliminary results have discovered that exocytotic molecules regulate 

the patterns of rat stage 2 waves within SACs or RGCs, such as SNARE (soluble N-

ethylmaleimide-sensitive factor attachment protein receptor) proteins or ionotropic glutamatergic 

receptors (iGluR). In this study, we aimed to investigate how ZNRF1 may regulate stage 2 

retinal waves. First, we found that ZNRF1 was expressed in the postnatal retinas of wild-type 

C57BL/6 mice, suggesting that ZNRF1 is involved in retinal development. Using live calcium 

imaging to detect retinal waves in isolated whole-mount retinas of postnatal mice, we observed a 

reduction in wave frequency but an increase in wave interval in Znrf1-deficient (Znrf1-/-) 

compared to wild-type retinas, suggesting that ZNRF1 up-regulates wave rhythm during 

development. Next, similar levels were found in SNARE proteins (Synaptobrevin-2, Syntaxin-1, 

and Synaptosome-associated protein of size 25 kDa/SNAP-25), Synaptotagmin-1, and 

Synaptotagmin-3 suggesting that depletion of ZNRF1 may not significantly alter the homeostasis 

of these exocytotic proteins in developing retinas. Furthermore, by bath-applying the iGluR 

blocker cocktails, we found that blocking the iGlu transmission dampened the rhythms and 

propagation of stage 2 retinal waves in the developing mouse retina. Further 

immunofluorescence showed that ZNRF1 deficiency decreased the overall levels of GluA2 

expression and influenced the recycling of AMPARs in mouse RGCs. Thus, our results shed 

light on the role of ZNRF1 in regulating retinal waves via the regulation of dynamics of synaptic 

transmission. 
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Abstract: Synaptic refinement is a conserved process from c. elegans to humans by which the 

nervous system restructures its connectivity typically leading to a reduction in circuit 

complexity. During early development neurons over-proliferate and form excessive, weak 

connections which must be later refined through the selective strengthening and maintenance of 

some synapses and the elimination of others. Substantial efforts have been made to understand 

the mechanisms involved in synaptic refinement, revealing essential roles for glial phagocytosis, 

with more recent work demonstrating glial-dependent, non-phagocytic mechanisms as well. 

Failure to remove excessive synapses is often associated with developmental disorders including 

autism, while reactivating developmental refinement mechanisms later in life can result in 

neurodegenerative states. Identifying the molecular mechanisms underlying synaptic remodeling 

therefore holds great potential for understanding nervous system function and revealing potential 

therapeutic targets for treating numerous diseases. Detecting neuronal cues that lead to glial 

engulfment, however, has been challenging with relatively few “eat me” signals known for the 

nervous system. This is due in part to a lack of methodologies with the resolution to examine 

molecular changes occurring at the cell surface of neurons where neuron-glial signaling is 

actively occurring to recruit glial engulfment, leading the field to test candidate cues in a 

piecemeal fashion. To circumvent this, we are developing Bioorthogonal Identification of 

Targeted Engulfment (BITE), an unbiased proteomics-based strategy to reveal novel cell surface 

cues presented by neurons to instruct glial phagocytosis of neuronal material. Utilizing recent 

advances in bioorthogonal chemistry to examine a cell specific proteome in vivo, BITE 

incorporates the noncanonical amino acid azidonorleucine into the neuroproteome affectively 

labeling nearly all proteins from this cell population. This in turn facilitates the identification of 

neuronal proteins found within glia following cell sorting. In short, by labeling the 

neuroproteome during glial phagocytic events, we can then isolate glial cells and pull down 

internalized, labeled, neuron-derived proteins for proteomic analysis. Using BITE as a screening 

tool, we can detect neuronal cues specialized to elicit glial phagocytosis of neural material in an 

unbiased and context specific way. The development of this method has the potential to reveal 

entirely new mechanisms of glial phagocytosis and can be applied to a variety of disease models. 
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Abstract: The hippocampal (HPC)-medial prefrontal cortex (mPFC) circuit is vital for the 

processing and execution of higher order cognitive functions. Anatomical studies suggest a 

topographical distribution in which more ventral regions of the HPC project to more ventral 

regions of the mPFC. Although this circuit has been extensively studied for its synaptic and 

behavioral signatures in adulthood, very little is known about the maturation of the HPC-mPFC 

pathway and whether septotemporal differences in connectivity exist throughout development. 

Here, we used viral tracing, optogenetic-assisted patch clamping and behavior in mice to 

examine changes in hippocampus-mPFC projections along the septotemporal axis from postnatal 

day (P)10 to P60. We first examined mPFC projections stemming from the dorsal, intermediate 

and ventral CA1 (dCA1, iCA1 and vCA1, respectively) in adult mice, then mapped age-

dependent changes in projections specifically to the prelimbic (PL) and infralimbic (IL) cortices. 

We found topographical differences in projection patterns with adult-like vCA1 terminal density 

already present at the earliest age tested of P15 for both mPFC subregions, and an increase in 

iCA1 terminal density only in the PL at P30. Investigation of optically-evoked CA1 responses 

onto mPFC subdivisions showed that vCA1-PL synapses display a relatively delayed sex-

specific increase in presynaptic efficacy starting at P30, in contrast to vCA1-IL synapses which 

show stable paired pulse responses from P15. iCA1-PL presynaptic efficacy increases from P21, 

with iCA1-IL synapses showing a slightly delayed increase at P30. At the postsynaptic level, 

both vCA1-PL and -IL synapses display equivalent AMPA:NMDA ratios from P15, but iCA1-

PL and -IL synapses show increased AMPA:NMDA ratios starting at P30. These data identify 

distinct topographical signatures in the anatomical and synaptic maturation of the CA1-PFC 

pathway. Finally, the timing of vCA1-mPFC presynaptic maturation marked a sex- and pathway-

specific sensitive period in behavior, as chronic inhibition of the vCA1-mPFC pathways during 

juvenility led to a deficit in extradimensional set shifting exclusively in females, whereas a 

similar manipulation in adulthood did not affect cognitive flexibility. Our data establish a 

timeline for the postnatal maturation of HPC efferents in a subdomain- and target-defined 

manner, disambiguating the contributions of iCA1 and vCA1 to mPFC subdivisions. Critically, 



these findings identify a sex- and subprojection-specific developmental sensitive period with 

important implications for cognitive function. 
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Abstract: The dorsal peduncular cortex (DP), located within the ventral limit of the medial 

prefrontal cortex (mPFC), plays a key role in anxiety-like behavior, fear and emotional learning, 

as well as in stress responsivity and sympathetic responses. Deficits in mPFC synaptic 

maturation and neuronal development early in life have been linked to several 

neurodevelopmental and mental disorders, including changes in anxiety and emotional function. 

Yet, how early life changes in DP synaptic maturation and connectivity may affect anxiety, 

emotional learning and stress responsivity in adulthood is unknown. Here we examined the 

development of synaptic and intrinsic properties of DP pyramidal neurons in both superficial 

(layer 2/3) and deeper layers (layer 5) of C57BL/6J mice throughout the first postnatal month 

using whole cell patch clamp recordings. We found that the second postnatal week is marked by 

a shift into a mature cellular profile, encompassing the hyperpolarization of the resting 

membrane potential and action potential threshold, a decrease in input resistance and membrane 

time constant, an increase in rheobase and a decrease in after-hyperpolarization amplitude across 

layers. Excitatory spontaneous responses of DP layer 2/3 and 5 pyramidal neurons plateau during 

the second and third weeks of age, respectively, whereas spontaneous inhibitory responses show 



a gradual increase, plateauing by the fourth postnatal week. Overall, our data show similar 

maturation of intrinsic and synaptic properties of pyramidal neurons in both DP layers. Ongoing 

experiments aim to characterize the upstream and downstream connectivity of DP pyramidal 

neurons. This work will provide a blueprint for the developmental trajectory of the DP, 

highlighting potential sensitive periods of synaptic maturation when external factors such as 

stress may potentiate anxiety-like and fear behavior. 
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Abstract: Traumatic events experienced early in life can shift an individual’s behavioral 

repertoire in adolescence, causing increases in risk seeking and anxiety-like behaviors. 

Understanding the ways in which early life adversity (ELA) increases adolescent vulnerability to 

increased risk taking and anxiety-like behaviors is essential for preventing maladaptive mental 

health outcomes. ELA alters cellular function and neuronal activity in regions controlling these 

behaviors, including the basolateral amygdala (BLA), ventral hippocampus (vHipp) and 

prefrontal cortex (PFC). The connections between these areas are responsible for assessing 

threat, responding to novel stimuli, and assessing valence. Prior work from our lab has shown 

that ELA leads to hyper-innervation of glutamatergic BLA projections to the PFC in 

adolescence. The BLA is particularly poised to control risk and anxiety related behaviors, and is 

also vulnerable to ELA-related changes including increases in neuronal excitability, making the 

BLA an incredibly valuable target for investigating ELA-induced pathologies. Thus, examining 

the trajectory of ELA-induced activity changes in the BLA and its projection sites may uncover a 

targetable neural mechanism underpinning adolescent maladaptive behavior. Here we utilized a 

20-day model of maternal separation (MS) ELA, in which pups are separated from their mothers 

for 4 hours/day from postnatal day (PND) 2-20. In Experiment 1, MS-induced changes to cFos 

levels were measured to identify changes in activity in the BLA, vHipp, and PFC at various time 

points of MS or control rearing. This study elucidates the time course of both typical neuronal 

activity maturation, as well as activity changes induced by MS within these regions. In 



Experiment 2, BLA cells activated by MS rearing were tagged with an activity dependent viral 

vector on the final days of MS exposure. These cells were then chemogenetically inhibited in the 

adolescent timeperiod during a prepulse inhibition (PPI) task, which has been shown to rely on 

coordinated activity between the BLA, vHipp, and PFC. We hypothesize that MS over activates 

BLA cells, resulting in increased connectivity with the PFC and altered vHipp-PFC connectivity, 

and that inhibiting these tagged cells will restore typical behavior in PPI testing. The results of 

these studies contribute to the understanding of how ELA alters pathological behaviors in 

adolescence and inform strategies to develop treatments for disordered behaviors involving 

increased risk seeking and anxiety. 
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Abstract: The formation of neural circuits during early development can occur independent of 

neural activity, but the maturation and refinement of nascent connections is an activity-

dependent mechanism. In sensory systems, patterned spontaneous activity (SA) originates in the 

peripheral sense organ and propagates through the central nervous system. Interestingly, SA in 

the auditory system occurs prior to the onset of external stimuli (in mice, ear canal opens after 

postnatal day (P)10), highlighting the importance during neural circuit formation. Globular 

bushy cells located in the ventral cochlear nucleus (VCN) project contralaterally and innervate 

principal neurons (PNs) in the medial nucleus of the trapezoid body (MNTB) forming the calyx 

of Held (CH) nerve terminal. The CH:MNTB synaptic connection is utilized as a model system 

for studying the role of SA during neural circuit formation, in part because growth of the CH 

occurs rapidly (P2-P6) resulting in mono-innervation, and key biophysical properties have been 



characterized. The effects of removing cochlear SA on formation of the CH have proven 

inconclusive, perhaps due to homeostatic compensation by central neurons. To address this 

confounding factor, we directly manipulated synaptic transmission at the CH:MNTB connection 

through viral vector mediated, rapid-onset expression of tetanus neurotoxin (TeNT). Following 

unilateral viral injections into the VCN at P0, mCherry fluorescence (co-expressed with TeNT) 

was detectable within 48 hours in CHs innervating the contralateral MNTB. Whole-cell patch-

clamp recordings were performed at P4, P6, and P9 to investigate the effects of TeNT mediated 

synaptic silencing. Efficacy of TeNT expression was assessed through recordings of spontaneous 

excitatory postsynaptic currents (EPSCs) with reduced frequency and slower decay kinetics 

compared to non-transduced ipsilateral MNTB (iMNTB) PNs (control). Paired recordings 

simultaneously patching a transduced CH and associated PN were performed with presynaptic 

depolarizing current injections failing to elicit a postsynaptic spike or EPSC (P6; n = 3). 

Blocking SA at the CH:MNTB resulted in delayed maturation of PNs with increased input 

resistance, slower membrane time constant and delayed transition from tonic to phasic firing 

continuing into the second postnatal week. Immunostaining shows impaired growth of the CH 

expressing TeNT with reduced volume compared to iMNTB PNs (P6; 580 ± 278 μm3 vs 702 ± 

256 μm3; p = 0.32; n = 10 and P9; 447 ± 345 μm3 (n = 11) vs 1619 ± 505 μm3 (n = 7); p < 0.05). 

This study highlights an important role for SA triggering growth of the CH and the synchronous 

maturation of PNs biophysical properties. 
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Abstract: This study explores the relationship between activity-dependent plasticity and 

Hebbian plasticity, both crucial to learning and memory yet distinct in their scope and scale. 

Activity-dependent plasticity broadly describes changes in brain structure or function triggered 

by neural activity, while Hebbian plasticity is a more specific form of synaptic plasticity 

characterized by significant synaptic strengthening resulting from simultaneous cell activation. 

We hypothesize that activity-dependent plasticity is facilitated through mechanisms of Hebbian 

plasticity, as demonstrated by our computational models that utilize spike timing-dependent 

Hebbian plasticity (STDP) within a spiking neural network (SNN). Our research involved 

constructing a small group of SNN populations comprising an input population (source) 

generating Poisson spike trains and a receiving population (target) that receives these stimuli. 

During the simulations, we dynamically varied the frequency of spatiotemporal bursts from the 

source that varied in timing when reaching the target. As the number of synaptic connections 

from source to target was dynamically adjusted based on relative weight intensity, the network 

learned efficient pathways and rewired by pruning. We monitored long-term modifications in 

target neurons influenced by the relative timing of stimulus arrival and neuron spiking, thus 

providing a context for understanding changes due to STDP. We also observed changes in 

excitatory and inhibitory synaptic currents, classified as early or late, depending on the timing of 

synaptic input relative to postsynaptic activity. In such dynamic environments, networks showed 

a tendency to differentiate between familiar stimuli and novel patterns, responding accordingly. 

They displayed a more efficient response when familiar stimuli were presented. Based on the 

long-term statistical history of stimuli, the STDP rule determined whether the synchronous or 

asynchronous interactions resulted in potentiation or depression. This STDP rule alters the 

sensitivity of the target population, thus causing activity-dependent plasticity in the population. 

Additionally, we conducted experiments to manipulate the timing of postsynaptic spikes in 

response to incoming stimuli. By pairing continuous subthreshold stimuli with postsynaptic 

current injections, we noted potentiation or depression based on their relative timing intervals. 

These simulations underscore that STDP can effectively underpin activity-dependent circuit 

refinement, effectively bridging the gap between broad neural population adaptability and 

specific synaptic adjustments. 

Disclosures: Y. Lee: None. D. Lee: None. H. Park: None. 

Poster 

PSTR259: Neural Circuit Development 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR259.16/A42 

Topic: A.06. Synaptogenesis and Activity-Dependent Development 

Support: NIMH R01 MH124695-01  



Title: Striatal indirect pathway regulates the postnatal maturation of parvalbumin but not 

somatostatin inhibition in the prefrontal cortex. 

Authors: *M. JANECEK1, A. D'AGOSTINO2, R. PEIXOTO1;  
1Univ. of Pittsburgh, Pittsburgh, PA; 2UPMC, Pittsburgh, PA 

Abstract: Prefrontal cortex (PFC) and the basal ganglia are interconnected through a series of 

cortico-striato-thalamo-cortical (CSTC) loops that are critical for higher-order cognitive and 

motor functions, and whose dysfunction is implicated in multiple neurodevelopmental disorders. 

While cortical activity is known to regulate striatal development, comparatively little is known 

about the role of the striatum—the main input nucleus of the basal ganglia—in upstream cortical 

maturation. We previously found that partial ablation of spiny projection neurons of the indirect 

pathway (iSPN) disrupts the maturation of prefrontal GABAergic synapses. However, the 

interneuron cell types sensitive to loss of iSPN output underlying the loss of prefrontal inhibition 

were unknown. Since early cortical circuits are under the outsized influence of early-born 

somatostatin- (SST) and later parvalbumin- (PV) expressing interneurons, we investigated 

whether SST or PV connectivity onto principal pyramidal (PYR) cells is affected by iSPN 

ablation. We used transgenic SST-Flp mice and viral strategies to selectively express a light-

sensitive excitatory opsin in either cortical SST or PV interneurons and intracellularly recorded 

optically evoked inhibitory postsynaptic currents (oIPSCs) onto PYR cells in P14-15 prefrontal 

sections. We did not observe any changes in SST interneuron connectivity onto PYR synapses 

following iSPN ablation. However, we found a striking reduction of oIPSC amplitude at PV-to-

PYR synapses. Paired-pulse ratio measurement further revealed a facilitation in release 

probability, suggesting presynaptic alterations at PV-PYR synapses in response to iSPN ablation. 

We further characterized PV interneurons and while PV excitability and firing rate remain 

typical, we observe that inhibitory connectivity onto PV interneurons may be disrupted by iSPN 

ablation. Taken together, we elucidate the instructive role of CSTC loops in prefrontal cortical 

synapse maturation and demonstrate that early striatal imbalance caused by partial iSPN ablation 

disrupts PV-PYR but not SST-PYR synapses. These findings are consistent with our previously 

reported decrease in overall inhibitory synaptic input onto PYRs and indicate that PV 

interneurons play a role in shaping prefrontal synaptic plasticity in response to the output of 

CSTC loops. Intriguingly, PV interneuron firing remains preserved, suggesting that CSTC output 

might not instruct intrinsic PV maturation by the second postnatal week. 
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Abstract: Voltage-gated sodium channels (VGSCs) are critical for brain development and 

genetic variants in VGSCs are associated with a spectrum of neurodevelopmental phenotypes 

spanning fetal to adolescence periods. Here, we characterize the biophysical properties of 

pathogenic variants in VGSC subtypes SCN3A and SCN2A associated with malformations in 

cortical development (MCDs) in humans. Using patch clamp and pharmacology in in vitro 

models, we isolate sodium conductances and analyze biophysical features of VGSC 

activation/inactivation in several developing cell types isolated from the midgestational human 

cortex. We further identify splice isoforms of VGSCs and their potential functional contributions 

in developing neurons. These results demonstrate the biophysical pathophysiology of VGSC 

variants resulting in early brain malformations, and offer a key insight into how baseline sodium 

currents facilitate prenatal development. Additionally, our results suggest potential therapeutic 

targets within these channels that could ameliorate or prevent the progression of related 

developmental disorders. 
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Abstract: Age-related changes in behavior must be due, in part, to the changing neural 

architecture that occurs across the lifespan. During adolescence, there is a significant 

enhancement in cognitive capabilities that parallels the maturation of frontal cortical circuits, but 

how the development of frontal cortex drives cognitive development is still an area of active 

exploration. The protracted development of the frontal cortex during adolescence represents a 

vulnerable period for genetic and environmental insults that may drive brain structure and 

function into the disease states. Understanding the developmental trajectory of disease-relevant 

circuits across this vulnerable period of development can provide tractable means for therapeutic 

interventions. To tackle these questions, we have established a multi-systems approach that 

unpacks the genetic, synaptic, circuit and behavioral changes that occur over the course of 

adolescence across both mice and a non-human primate, the Common Marmoset. Firstly, we 

have identified synaptic, cellular, and behavioral changes that occur across the neurotypical 

adolescent development of the mouse which extends the period for cognitive maturation from 

weeks to months. Most notably, there is a prolonged and significant enhancement of the 

inhibitory maturation that alters cognitive performance in a reward-based decision-making in the 

two-armed bandit task (2-ABT). Consequently, these circuit-level changes drive age-related 

differences in cognition far beyond the traditional window of development. Secondly, marmosets 

display similar age-related changes in behavioral strategy during the 2-ABT and display 

anatomical changes in thalamic input that mirror changes in the mouse. Lastly, we performed 

single-nucleus RNA sequencing across similar periods of development and have mapped the 

shared cell-state changes that occur over this developmental period. In the future, these 

experiments will nominate shared and divergent pathways that may drive these age-related 

changes in both brain structure and function. These experiments establish the foundation for a 

multi-systems level approach to understanding how genetic and environmental risk factors may 

alter these developmental trajectories with the goal of identifying tractable targets for therapeutic 

intervention. 
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human prefrontal cortex 

Authors: K. J. MASTRO1, Y. LIN2, J. HOMMAN-LUDIYE3, J. A. BOURNE4, B. A. 

STEVENS5, *M. JOHNSON2;  
1Harvard Med. School/Broad, Boston, MA; 2Broad Inst. of MIT and Harvard, Cambridge, MA; 
3Monash Univ., Clayton, Australia; 4Section on Cell. and Cognitive Neurodevelopment, NIMH, 

Bethesda, MD; 5Harvard Med. Sch. Neurobio., Boston Children's Hosp., Boston, MA 

Abstract: The adolescent brain undergoes significant developmental changes in structure and 

function. Neuroimaging, histology, and transcriptomics define a developmental trajectory that 

extends through the second into the third decades of human life. Symptoms of severe mental 

illness, including psychosis and mood disorders, most commonly emerge during this same 

period, arising from the interplay of genetic predisposition, environmental risk factors, and the 

protracted development of the adolescent brain. The prefrontal cortex is among the brain regions 

displaying particularly extended adolescent maturation, is critical for cognitive functions 

disrupted in psychiatric disorders, and is a site of proposed pathological hallmarks of 

schizophrenia, namely decreased synaptic density and gray matter volume. To enable the 

generation of mechanistic hypotheses regarding the impact of genetic and environmental 

psychiatric risk factors on adolescent prefrontal and cognitive development, we have generated a 

single-cell transcriptome atlas of the marmoset dorsolateral prefrontal cortex across postnatal 

development, as well as a comparison dataset from mouse frontal cortex that aids in defining the 

relevant age range in this most common model species. We have integrated our data with 

analogous human data for a comparative analysis of molecular and cellular changes in the 

prefrontal cortex during the adolescent critical period of psychiatric vulnerability. We have 

annotated these data with the latest schizophrenia and bipolar disorder genetic associations, 

testing for heritability enrichment to identify cell types and states - including key stages of 

astrocyte and oligodendrocyte maturation - most likely to mediate psychiatric genetic risk. This 

resource and our analyses provide new insights into glial support of synapse maturation and 

circuit refinement during postnatal development and help bridge rodent functional studies to non-

human primate models and human therapeutic target nomination. 
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Abstract: Dysbindin is encoded by a major susceptible gene of Schizophrenia (SCZ). SCZ 

patients exhibited neurodevelopmental defects such as impaired primary sensory processing, 

including visual processing. Previous studies indicate that correct refinement of rodent visual 

circuits requires stage 2 retinal waves, initiated by the release from starburst amacrine cells 

(SACs) to neighboring SACs and retinal ganglion cells (RGCs). However, whether and how 

Dysbindin regulates visual system development in rodents remains unknown. In this study, we 

aimed to investigate the mechanism underlying Dysbindin regulation of retinal development. We 

found that the expression level of Dysbindin was down-regulated in developing rat retinas upon 

the completion of stage 2 waves (~P10). Dysbindin was highly expressed in the developing inner 

plexiform layer and RGCs, with significantly higher expression in P8 RGCs than in P2 or P6 

RGCs. By combining the cell-type specific promoter (the Brn3b promoter for RGCs) and live 

calcium imaging, we found that overexpressing Dysbindin in RGCs, but not SACs, decreased 

wave frequency and spatial propagation compared to control. Since Dysbindin has been shown to 

regulate transcription by affecting the nucleocytoplasmic shuttle, we further determined whether 

Dysbindin regulation of stage 2 retinal waves may be mediated by the nucleocytoplasmic shuttle 

in RGCs. To do this, we introduced a Dysbindin mutant harboring the defective nuclear export 

signal (Dysbindin-mNES; Dysbindin-L243,246,252,256A) in RGCs. Wave frequency and spatial 

propagation were significantly increased by overexpressing this mutant (Dysbindin-mNES) 

compared to control or wild-type Dysbindin in RGCs, suggesting that a reduction in the nuclear 

export of RGC’s Dysbindin may increase the spatiotemporal properties of stage 2 retinal waves. 

To further detect the developmental changes of the Dysbindin nucleocytoplasmic shuttle in 

RGCs, we analyzed Dysbindin immunoreactivity in the nucleus of developing RGCs at P2, P6, 

or P8. We found that Dysbindin immunoreactivity in the RGC’s nucleus was increased at P8 

compared to P2 or P6. Thus, Dysbindin may fine-tune the rhythm and propagation of stage 2 

waves via nucleocytoplasmic shuttle in RGCs, involved in regulating visual circuit refinement. 
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Abstract: Neurodevelopmental disorders have been firmly and repeatedly linked to early life 

inflammation, sex, and gender, with males 2-4 times more likely to be diagnosed with a 

neuropsychiatric disorder such as autism spectrum disorder (ASD). Despite the robust nature of 

these observations, the underlying mechanisms are largely unknown and the potential 

contribution of peripheral immune cells little considered. Natural killer (NK) cells are peripheral 

immune cells that can embody the immune dysregulation so frequently implicated. Peripheral 

NK cells isolated from individuals with ASD demonstrate a heightened basal activation state and 

spontaneous degranulation compared to NK cells from neurotypical counterparts. Canonically 

described as anti-viral and anti-tumor cells, past work from our lab has established their enriched 

presence in the developing rat brain compared to peripheral blood, a previously undescribed 

niche. When assessing the structural localization of NK cells in the brain during early life, we 

find they are most numerous in the developing cerebellum. Leveraging these findings, this 

project seeks to characterize this peripheral immune cell’s niche in the developing brain to better 

assess their contributions to typical neurodevelopment, and reciprocally, understand how this 

normal function might become deleterious in the context of early life inflammation. We begin 

our interrogation by asking if we can manipulate NK cell frequency in the developing brain. 

Measured by flow cytometry, we found that we can deplete NK cells within the developing brain 

using an anti-NK1.1 antibody administered directly to the brain in vivo. Complementarily, we 

found that when stimulating this population using an activating anti-IL15 receptor α subunit 

antibody, male NK cells increased 2-fold compared to females. We hypothesize that the intrinsic 

sex difference observed in this population following activation has functional consequences for 

neuroanatomy that begin in early development and contribute to the sex-bias in 

neurodevelopmental disorder diagnosis. To assess this question, we have ongoing experiments 

quantifying neurogenesis in the developing hippocampus and cerebellum following NK cell 

manipulation. Future studies will describe the chemoattractants responsible for recruitment and 

determine if they are resident and proliferate upon activation, or if they are recruited from the 

periphery. These studies will lay the foundation for understanding how NK cell sex differences 

may contribute or hinder typical neurodevelopment in the cerebellum while also elucidating the 

crosstalk ongoing between the innate immune and central nervous systems. 
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Abstract: Crosstalk between peripheral immune cells and the brain occurs in healthy conditions 

and during the progression of neurodevelopmental diseases. Identifying the role peripheral 

immune cells play during critical periods in brain development will lend insight into 

neuroimmune interactions at baseline and how this communication could go awry in 

neuropsychiatric diseases. Mast cells (MCs) are innate immune cells capable of releasing 

histamine, cytokines, and growth factors during host defense, allergy, and tissue remodeling. 

During neurodevelopment, a small MC population drives synaptic patterning and sexual 

differentiation of the preoptic area (POA) (Lenz et al., 2018 J. Neurosci), but little is known 

about other populations of brain MCs during development. We found a robust MC population 

adjacent to the hippocampus, peaking in cell number around postnatal (PN) day 7 and rapidly 

declining by PN14, a pattern reminiscent of a critical period. The temporally limited presence of 

these peri-hippocampal MCs leads to questions about their functional importance. Previous data 

shows that these MCs are not actively recruited from either blood or bone marrow sources and 

are proliferating to maintain this population (Blanchard et al., under review). Recent discoveries 

have shown that MCs possess dual hematopoietic ontogeny, as MCs from different peripheral 

tissues can be derived from either “definitive” hematopoiesis or earlier extraembryonic yolk sac 

hematopoiesis. Different ontological origin confers diverse functions to MCs in various tissues. 

We hypothesize that the developmentally restricted, peri-hippocampal MCs we observe are 

primarily yolk-sac derived, showcasing a unique hematopoietic signature. We will use the 

tamoxifen-inducible Cdh5-CreERT2-eYFP mouse line to temporally activate Cre in hemogenic 

endothelium, the earliest cell type to produce hematopoietic stem cells. Tamoxifen injection at 

either embryonic day 7.5 (E7.5) or E10.5 will label cells exclusively originating from either yolk 

sac or definitive hematopoiesis respectively. We predict that peri-hippocampal MCs will be 

primarily yolk-sac derived during their limited residence near the hippocampus in postnatal 

development, similarly to the primary myeloid cells of the brain, microglia, which are solely 

yolk-sac derived. Comparisons include MCs from the POA as well as various peripheral tissues 

like skin, tongue, and peritoneum to verify yolk sac vs. definitive hematopoietic fate. 



Understanding the hematopoietic origins of brain-resident, peri-hippocampal MCs will help 

unravel the functional significance of these peripheral immune cells in a neurodevelopmental 

niche. 
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Abstract: Our lab has been focusing on mast cells (MCs), innate immune cells mostly known for 

their involvement in allergic responses. We are concentrating on a large population transiently 

clustered in the peri-hippocampal region lining the choroid fissure during the first two weeks of 

life in rodents, peaking in numbers by post-natal day 7 (PN7), and absent by PN20. We have 

found that the MCs undergo “piecemeal” degranulation during this period, potentially releasing 

growth factors that are necessary for neurodevelopment. In adult human post-mortem tissue, 

MCs line cortical meninges and thalamic blood vessels, but the developmental peri-hippocampal 

population has, to our knowledge, not been characterized in newborn human brain. To fill this 

gap, we hypothesize that this transient MC population exists in the choroid fissure adjacent to the 

hippocampus in newborn human brain and undergoes “piecemeal” degranulation, similarly to the 

rodent population. To test this hypothesis, we’ve obtained post-mortem human hippocampal 

tissue from individuals ranging from 8 to 300 days of age from the Neuro BioBank at the 

University of Maryland School of Medicine. Samples have been paraffin embedded, cut at 20um 

on a cryostat, and stained with MC specific stains carboxypeptidase 3 (CPA3) and Avidin, in 

addition to Human Nuclear Antibody (HNA) to confirm the CPA3/Avidin signal is nucleus 

positive. In addition to counting the number of MCs per donor, we will be measuring MC 

degranulation by applying our 1-5 degranulation scale where fully granular MCs are a 1 and 

completely degranulated MCs/ghost cells are a 5. We have observed substantial co-staining of 

CPA3, Avidin, and HNA in the choroid fissure surrounding the hippocampus of human donor 

tissue and expect to see a similar variety of MC degranulation states, but fewer MCs compared to 

the rodent model. Our goal is to determine if the peri-hippocampal mast cell population 



transiently present in the rodent brain is similarly evident in the neonatal human brain. If so, this 

would suggest a conserved function across mammalian development and will be informative into 

the role of these innate immune cells in both health and disease. 
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Abstract: Immune cells and associated secreted factors play a poorly understood role in central 

nervous system (CNS) development. For example, both immunoglobulin M (IgM) and IgG can 

directly enhance glial maturation in the brain (PMIDs: 37296298 & 29507409). However, a 

mechanistic understanding of Ig diversification during early development remains incomplete. 

Mast cells are competent to induce B-cell class-switching in both human and murine model 

systems, but this concept has yet to be explored in the brain. Interestingly, a historically under-

studied population of mast cells exists within the CNS in the peri-hippocampal region during the 

first two weeks of postnatal life in rodents. Appearance of this distinct mast cell population 

coincides with a decrease in IgM+ B-cells in the brain. This inverse relationship suggests either 

death/efflux of B-cells from the CNS or, alternatively, induction of B-cell class-switching. 

Preliminary data support the latter hypothesis, with the finding that levels of IgG in the 

cerebrospinal fluid (CSF) fluctuate across the early postnatal period in rats, exhibiting distinct 

developmental peaks. Therefore, we seek to investigate whether peri-hippocampal mast cells 

(phMCs) exert effects on local B-cell Ig-receptor diversity. To examine this, we will use flow 

cytometry to characterize the surface Ig expression (IgD/IgM/IgG/IgE/IgA) of rat brain B-cells 

during the early postnatal period. Analysis of the presence/absence of various Ig isotypes will 

determine the extent of B-cell class-switching in the brain. Additionally, we will evaluate 

whether phMC activation may affect B-cell Ig expression profiles using intracerebroventricular 

injection of the mast cell degranulating compound 48/80 and subsequent regional flow 

cytometric analysis. Finally, we will examine the levels of secreted immunoglobulin in 



cerebrospinal fluid (CSF) as well as from regional tissue lysates across experimental conditions 

using ELISA-based methods. These data will provide insight into the extent of B-cell Ig receptor 

diversity in the neonatal brain, as well as a potential role for phMCs in regulating this process, 

the results of which may reveal novel mechanisms involving the role of immunoglobulin in CNS 

development. 
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Abstract: Rett Syndrome (RTT) is a progressive and pervasive X-linked neurodevelopmental 

disorder that predominantly affects girls by the early childhood. The detailed disease 

mechanisms remain unclear and fundamental treatments are yet to be established. The vast 

majority of RTT cases are triggered by sporadic mutations in the methyl CpG-binding protein 2 

(MeCP2) gene. Among many different symptoms, MeCP2 mutations affect multiple stages of the 

brain development. For the analysis of the disease mechanisms and drug development, in vitro 

models based on iPSC-derived cells carrying diseased MeCP2 are being investigated. We have 

developed an in vitro RTT model using shRNA knockdown of MeCP2. iPSC-derived neurons 

and human primary astrocytes were co-cultured and transduced with lentiviral vectors encoding 

MeCP2 shRNA. We also developed a method to quantitatively analyze the neurite structure 

using unstained bright-field images. The results showed that the neurons exhibited neurite 

atrophy defined as the reduction in the complexity of neural arborization, which is a hallmark of 

RTT. Furthermore, brain-derived neurotrophic factor (BDNF), an enhancer of neurite 

arborization in RTT, increased the neurite density in the MeCP2 knockdown co-cultures. 

Therefore, MeCp2 knockdown induces neurite atrophy that is rescued by a drug for RTT, 

suggesting that the RTT model exhibits a disease-related neurite phenotype. Detailed analyses 

further suggested the model also exhibited other cellular phenotypes of the RTT. Therefore, the 

model system provides a unique opportunity for the understanding of the disease mechanisms 

and drug discovery. 
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Abstract: Rett Syndrome is a severe neurodevelopmental disorder caused by loss-of-function 

mutations in the Methyl-CpG-binding protein-2 (MeCP2) gene. One of the most devastating 

symptoms of Rett Syndrome is the disruption of motor function. Patients lose purposeful use of 

their hands and develop repetitive movements, rigidity, and dystonia. The primary motor cortex, 

crucial for voluntary movement and motor learning, is modulated by the norepinephrine system, 

through projections from the Locus Coeruleus (LC). Phasic LC activity increases before 

movement execution and following reinforcement to promote motor learning via adaptive circuit 

gain. MeCP2 loss reduces global norepinephrine release, yet the impact on phasic LC activity 

and its relation to motor learning and function remains unexplored. To assess the impact of 

MeCP2 deficiency in the LC on motor function, we employed a go/no-go motor task. In this 

task, mice must swiftly decide to either execute or withhold a lever press based on the delivered 

cue tone, to obtain a reward or avoid a punishment. The precise spatiotemporal activity of LC 

projections to distinct targets including the motor cortex is known to facilitate movement 

execution and encode a reinforcement signal to facilitate accuracy of behavioral performance in 

this task. Mice with LC-specific loss of MeCP2 (LC-MeCP2) learned to execute the lever press 



in response to the go tone but failed to integrate the negative reinforcement signal and 

distinguish between the go and no-go tone. In addition, wildtype mice developed a stereotypical 

trajectory of their motor movements (i.e. lever presses) across the training period. While the 

trial-to-trial correlation of lever presses in WT mice increased with learning, that of LC-MeCP2 

mice did not. This indicates a role for LC-MeCP2 in both the accuracy of behavioral 

performance as well as the execution of goal-driven, reproducible motor movements. We 

performed in vivo, 2-photon calcium imaging of motor cortical neurons during learning of the 

motor task. Learning of goal-driven motor behaviors is known to correlate with synaptic 

plasticity and the emergence of reproducible, spatiotemporal neuronal activity in the motor 

cortex. Hence, we predict that loss of MeCP2 in the LC will lead to aberrant modulation of 

plasticity and disrupt correlated neuronal activity in the motor cortex. Together with 

measurements of phasic norepinephrine release, we expect these findings to elucidate a role for 

the norepinephrine system in the development of motor control and extend our understanding of 

the neuromodulatory systems that underlie motor dysfunction in Rett Syndrome. 
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Abstract: Mutations in the X-linked gene encoding methyl-CpG binding protein 2 (Mecp2) can 

lead to the progressive neurodevelopmental disorder known as Rett syndrome, characterized by 

regression in motor, social, and cognitive skills. The cerebellum, a brain region with high energy 

demands, particularly in the molecular layer where fast-spiking Parvalbumin (PV)-neurons are 

located, may be vulnerable to energy impairments. Mitochondria, responsible for regulating 

cellular energy production, exhibit abnormal morphology in cerebellar biopsies from Rett 



syndrome patients, though the specific cellular mechanisms underlying these changes remain 

unclear. To investigate it, we analyzed the molecular identity of Mecp2-containing cells in the 

cerebellum of wild-type mice using the Pvalb-Cre;RiboTag mouse line. Cell type-specific 

transcriptomic analysis revealed predominant Mecp2 expression in PV-neurons. 

Immunoprecipitation of cerebellar extracts confirmed Mecp2 mRNA enrichment in Purkinje 

cells and molecular layer interneurons, evidenced by increased expression of GABAergic and 

Purkinje cells-related transcripts (Pcp2, Gad1, Slc32a1, Pvalb) and by a reduction in 

glutamatergic and glial markers. Histological analysis in control and Mecp2-null mice showed 

decreased Purkinje cells somata area and reduced PV expression in Rett syndrome cerebellums, 

indicative of Purkinje cell atrophy due to Mecp2 deficiency. To further assess whether cerebellar 

PV-neurons are particularly vulnerable in Rett Syndrome mice, a transcriptomic analysis of this 

neuronal population was performed in control and Rett Syndrome mice. The analysis of 

differentially expressed genes (DGE) and the over-representation analysis (ORA) conducted with 

the RNA-sequencing data, revealed changes in genes encoding for mitochondrial complex 

proteins and genes related to mitochondrial membrane organization, suggesting impaired 

mitochondrial functionality in the cerebellar PV-neurons of Rett syndrome mice. Ongoing 

proteomic and functional studies performed in mitochondrial immunoprecipitates from Pvalb-

Cre;MITO-Tag;Mecp2 mice will validate these findings and provide novel insights into the 

mitochondrial dysfunctionality in Rett Syndrome cerebellum. Additionally, significant changes 

in transcripts encoding GABAergic signaling components were observed in the cerebellum of 

Rett Syndrome mice, suggesting impaired GABAergic transmission in PV-neurons. Forthcoming 

experiments would be focused on targeting these proteins to ameliorate the motor and social 

symptoms present in Rett syndrome. 
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Abstract: Rett syndrome (RTS) is a rare neurodevelopmental disorder occurring in one of 10000 

girls. RTS patients primarily show alterations in psychomotor performance, cognitive abilities, 

and comorbidities, such as epilepsy. The majority of RTS cases are caused by sporadic loss-of-

function mutations in the Methyl-CpG-binding Protein 2 (MeCP2) gene on the X chromosome, 

which is critical for normal neuronal development and function. As a consequence of the 

aberrant expression, there is an imbalance in the excitation/inhibition (E/I) ratio in RTS patients. 

Potentially contributing to this imbalance is a delay in the hyperpolarization shift of the chloride 

gradient in GABAergic interneurons. However, the contribution of GABA shifts to the E/I 

imbalance in RTS patients is still unclear. In this study, we characterize the developmental 

trajectory of neuronal networks from RTS patient-derived iPSCs (isogenic pair) and an 

engineered MeCP2 knockout line in vitro and thoroughly investigate their electrophysiological 

phenotypes. We employ high-throughput high-density microelectrode array (HD-MEA) 

measurements, patch clamp recordings, and immunohistochemical analyses to assess neuronal 

functionality and differentiation. Preliminary results suggest that the loss of the MeCP2 protein 

leads to deficiencies in neuronal maturation and differentiation, accompanied by abnormalities of 

GABAergic cells. Developmental tracking of neuronal networks indicates subtle differences in 

the electrophysiological phenotype. Furthermore, network activity changes seem to be highly 

correlated with the presence of astrocytes, highlighting their significance in this 

neurodevelopmental disorder. Our results confirm impaired functionality of MeCP2-deficient 

neurons, indicative of a deficit in their E/I ratio. 
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Abstract: Microscopy, and imaging in particular is a widely used tool to identify disease 

phenotypes across various cellular disease models. The most common type of imaging, 

immunofluorescence, requires the fixation of the cells and the addition of antibodies to identify 

relevant targets. Fixed staining, though useful, has a longer turnaround time, requires the 



validation of antibody specificity, and is a terminal assay. In contrast, phase contrast live 

imaging can be used continuously without causing any harm to cultured cells, enabling the 

assessment of specific phenotypes over time. For this study, we chose to use these tools to gain 

further insight into genetic epilepsies and neurodevelopmental disorder disease models in iPSC 

derived cortical neurons. Using digital phase contrast imaging (DPC), we imaged cells over 

multiple time points to quantify the progression of cell lines with different genetic backgrounds 

in an arrayed format. Using continuously label-free DPC imaging, we identified a significant 

fitness effect for MECP2-KO lines when compared to WT or other disease lines, as MECP2-KO 

showed increased proliferation when compared to other lines. We validated these findings using 

a Cell Titer Glo biochemical assay to validate ATP abundance. We further hypothesized that this 

increase in proliferation is due to inhibited neuronal differentiation of these cells. We validated 

this by measuring neural-progenitor marker expression in these lines using imaging. In summary, 

we show here an example for phenotypic discovery which is solely based on label free DPC live 

imaging. We further intend to continue developing our abilities to extract more complex 

phenotypes using this imaging method. 
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Abstract: Rett syndrome, also known as RTT, is a severe case of autism spectrum disorder that 

is caused by mutations in the X-linked MECP2 gene. The outcome of this genetic abnormality 

carries many neurological impairments with no current cure. Various clinical manifestations 

occur with this syndrome such as seizures, motor disability, weakness of the musculoskeletal 

system, communication deficit, and respiratory abnormalities. Among these symptoms, motor 

dysfunction is the most profound, as manifested by stereotypic hand movement, loss of acquired 

motor skills, and gait abnormalities. The mouse model of RTT, with the constitutive deletion of 

Mecp2, exhibits similar motor dysfunction. It is well-known that the cerebellum plays a crucial 

role in motor coordination and learning. Here, to study the role of MeCP2 in the cerebellar-

related motor function, we deleted the Mecp2 gene specifically from the major cerebellar 

neuronal type, Purkinje cells (PCs). We characterized aspects of motor impairment in this model 

following examination of several motor learning paradigms including an accelerating rotarod 

test, trace and delay classical eyeblink conditioning, and a skilled pellet reaching task. 

Furthermore, to dissect the underlying cellular mechanisms, we performed Ca2+ imaging, ex vivo 

slice electrophysiology, and in vivo single unit recordings to assess PC intrinsic properties and 

synaptic transmission and plasticity at afferent input to PCs from parallel fibers and climbing 

fibers. To complement this study, we also evaluated expression of presynaptic and postsynaptic 

proteins and examined PC dendritic arborization and spine morphology. Our data show that 

Mecp2 deletion in PCs results in impaired synaptic function and morphology, providing a 

mechanistic explanation for the deficits of motor learning. Altogether, this study clearly reveals 

the significance of impaired cerebellar function in RTT, which contributes to motor aspects of 

this brain dysfunction. 
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Abstract: Rett syndrome (RTT) is a neurodevelopmental disorder that is associated with loss-of-

function mutations in the Methyl CPG Binding Protein 2 (MeCP2) gene. MeCP2 is a 

transcription factor that regulates thousands of genes, creating a challenge to distinguish between 

those that are transcriptional noise and those that are pathogenic and might be targeted 

therapeutically. RTT is initially diagnosed based on symptoms and then confirmed by mutations 

in the MeCP2 gene (typical RTT); however, ~5% of RTT patients are found to be MeCP2-

mutation-negative (atypical RTT). To reduce transcriptional noise, we identified autopsy samples 

from five atypical patients and conducted differential RNA sequencing relative to samples from 

six typical RTT (R255X) and nine matched neurotypical controls. These experiments revealed 

that pathways associated with Heat-Shock (HS) signaling are dramatically elevated in both 

populations at baseline, and we have now confirmed this finding in 40 temporal cortex RTT 

autopsy samples and Mecp2+/- mice. To investigate whether increased HS signaling is 

compensatory or pathogenic, we conducted in vivo hyperthermia experiments complemented 

with cellular stress array analyses. Preliminary data points to altered kinetics and magnitude of 

induction of cellular stress genes at early time points. This suggests promiscuous HS signaling is 

pathogenic and amplifies the cellular stress response in the absence of MeCP2. Pharmacological 

data aligns with the hyperthermia experiments, as induction of the HS-response evokes 

epileptiform activity in mouse models of RTT. We will present our up-to-date findings on the 

role of altered HS signaling in RTT. 
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Abstract: Rett syndrome (RTT) is a neurodevelopmental disorder that results from loss of 

function mutations in the methyl-reader protein known as Methyl CpG Binding Protein 2 

(MeCP2). Previously, we established that RTT human autopsy samples have decreased levels of 

the M1 receptor and found that acute treatment with an M1 positive allosteric modulator (PAM, 

VU0453595) improves social, cognitive, and respiratory phenotypes in a Mecp2+/- mouse model. 

RNA sequencing and Western blot data from Mecp2+/- mice treated with VU0453595 suggest 

that efficacy on respiratory phenotypes may be linked to the assembly and presentation of 

NMDARs in the brainstem and levels of Gsk3β inhibition. Whole-brain, light-sheet imaging 

shows that M1 PAM efficacy is linked to normalization of hyperactivity in regions that mediate 

respiration. A positive correlation was also seen between the degree of apnea reduction induced 

by VU0453595 and increased inhibitory drive onto hyperactive respiratory nuclei in the medulla. 

These results further support M1 as a target for RTT therapeutics. However, MeCP2 mutations 

are heterogeneous in RTT patients, and each results in unique changes in gene expression 

patterns, including M1 receptor levels. This raises the question of whether target disruption is 

required for the efficacy of VU0453595. We have now established that mouse models of RTT 

also have distinct M1 expression patterns, and that reduced M1 levels is likely a prerequisite for 

compound efficacy. These results advocate for personalized medicine approaches for M1 PAMs 

as well as other potential RTT targets. Funding: This work is supported by R01NS112171 and 

IRSF 3503 
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Abstract: Parvalbumin-positive (PV+) fast-spiking basket cell maturation controls critical 

periods of brain development and is typically altered across many neurodevelopmental disorders. 

PV circuits are hyper-connected in Mecp2 knockout (KO) males and heterozygous (HET) female 

mouse models of Rett Syndrome (RTT). Here, we first confirmed an intensified PV+ ‘gate’ 

throughout the brain of Mecp2 mutants and in the post mortem cortex from Rett patients. We 

then identified potential factors underlying such PV+ hyper-maturation, focusing on the Otx2 

homeoprotein, a non-cell autonomous regulator of PV+ cell maturation. Notably, the choroid 

plexus (ChP) is a major source of Otx2 in the postnatal brain. We found a striking increase in 

Otx2 production in the ChP of Mecp2 mutants and in the cerebrospinal fluid from Rett patients. 

We tested whether selective down regulation of Otx2 in the ChP would prevent or delay the 

onset of RTT phenotypes. Both genetic and viral reduction of Otx2 protein from birth doubled 

the lifespan, improved physical appearance, motor performance and rescued cortical organization 

in Mecp2 KO mice. For greater clinical relevance, we then evaluated whether manipulation of 

Otx2 could also be effective during the active regression phase of the disorder. Mecp2 male and 

female mutant mice and wild-type control animals were injected at P30-35 or P56-70, 

respectively. We found that male lifespan increased, accompanied by a significant amelioration 

of physical appearance, motor performance and overall RTT phenotype. Females additionally 

improved on key RTT phenotypes, such as hindlimb clasping, gait and spontaneous movement. 

Our results establish the ChP as an accessible and effective therapeutic target for Rett Syndrome 

downstream of Mecp2 deficiency. 
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Abstract: Rett syndrome (RTT) is a neurodevelopmental disorder that is caused by loss-of-

function mutations in the Methyl CpG Binding Protein 2 (MeCP2) gene. Seminal studies have 



showcased the potential reversal of RTT in mouse models through MeCP2 level restoration; 

however, the optimal mechanism to achieve this clinically is unclear. While initially promising, 

gene therapy for RTT faces challenges due to MeCP2's dose sensitivity, whereby even a slight 

increase can lead to adverse effects. This narrow therapeutic window presents a significant 

challenge, as MeCP2 must be delivered efficiently throughout the entire human brain while 

ensuring each cell receives a precise and minimal amount of the protein. 

The 3' untranslated region (3'UTR) plays a critical role in gene regulation, with microRNAs 

(miRNAs) binding to mRNA to fine-tune expression. Given that each miRNA's contribution is 

modest, blocking miRNA binding emerges as a potential therapeutic strategy for diseases like 

RTT, where the therapeutic window is narrow. Research has shown that miRNAs play a 

repressive role in MeCP2 expression at multiple sites, and overexpression of these miRNAs has 

been demonstrated to reverse symptoms associated with excess MeCP2. 

To exploit their endogenous regulatory functions, we have developed an approach to de-repress 

MeCP2 expression using a series of site-blocking antisense oligonucleotides (sbASOs) designed 

to outcompete miRNAs for binding to the MeCP2 3’UTR. We anticipate that this approach will 

have efficacy in patients with missense or late-truncating mutations, where decreased function 

can be overcome by increased abundance. Our results demonstrate that sbASOs can 

incrementally elevate MeCP2 levels in a dose-dependent manner, plateauing at subtoxic 

thresholds in SH-SY5Y cells, RTT patient fibroblast, and neuronal stem cell lines. Additionally, 

quantifying downstream effector proteins VGF and BDNF, which are typically reduced in RTT 

syndrome, suggests that the increase in mutant MeCP2 protein leads to functional improvement. 

Preliminary in vivo experiments have shown efficacy in the brains of wild-type mice, both with 

regard to increased MeCP2 protein and anxiety-like phenotypes. Future studies will evaluate this 

approach in RTT mouse models, aiming to increase mutant MeCP2 expression and improve 

symptoms. These findings underscore the potential of sbASO-based therapies in treating 

MeCP2-related disorders and highlight the significance of precision medicine in addressing 

complex neurodevelopmental conditions. 
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Abstract: Rett syndrome (RTT) is a neuropsychiatric disorder predominantly caused by 

mutations in the X-linked gene methyl CpG-binding protein 2 (MECP2). In patients, it causes 

symptoms including anxiety, tremors, uncoordinated movements, respiratory dysrhythmias and 

breathing difficulties, and seizures. Males with mutations of their single copy of the gene suffer 

neonatal encephalopathy and die in infancy, and most surviving patients with RTT are females 

that are heterozygous for MECP2 mutations. In these females, random X-chromosome 

inactivation leads to mosaic wild type MECP2 expression and consequently a syndromic 

phenotype. Most previous studies in mouse models of RTT were conducted in Mecp2-null male 

mice, because they exhibit earlier and more severe phenotypes in many assays, avoiding the 

confounding influence of X chromosome inactivation. Given that RTT primarily affects females, 

heterozygous Mecp2-KO female mice represent a more translationally-relevant model of RTT 

than Mecp2-null male mice. Here we characterize the natural history of females heterozygous for 

the Mecp2-KO mutation. After several months, heterozygous female mice showed behavioral 

symptoms including abnormal Bird score, increased frequency of apnea, abnormal gait, and 

decreased electroconvulsive threshold. In conclusion, heterozygous female Mecp2-KO mice, in 

addition to their hemizygous male counterparts, are a robust platform for the in vivo evaluation 

of potential therapeutics for various forms of Rett Syndrome. 
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Abstract: Rett syndrome (RETT) is a rare neurodevelopmental disorder with a prevalence of 1 

in 10000-15000 individuals and affects mainly females. It is linked to sporadic mutations in the 

Methyl-CpG-binding Protein 2 (MeCP2) gene, which is essential for normal neuronal 

development and maintenance of neuronal function. RETT is characterized by an early period of 

apparently normal development, which is then followed by a sudden loss of acquired 

psychomotor skills. As of today, there is no cure for RETT and available pharmacological 

treatments primarily aim to manage symptoms. Therapeutic approaches, currently under 

development, aim to target the MeCP2 expression levels or their downstream pathways. To 

better understand how gene expression alterations in MeCP2, as well as MeCP2 protein levels, 

relate to neuronal dysfunction, and eventually the observed range of neurological symptoms in 

RETT patients, we set out to develop an integrated multimodal phenotypic screening approach. 

Here, we present preliminary data, obtained from 2D and 3D human stem cell-derived 

control/MeCP2-mutant neural cultures, by using a combination of functional and molecular 

assays. Applying high-throughput high-density microelectrode array (HD-MEA) measurements 

and immunohistochemical analyses, preliminary data indicate that MeCP2-deficient 2D neural 

cultures show a higher division rate, and later on altered neuronal firing rates. Co-culturing 

human neurons with rodent astrocytes resulted in more pronounced neuronal activity and 

allowed for long-term developmental tracking of cultures. Neuronal networks developed more 

robustly in 3D-spheroid cultures with higher expression of Map2 (microtubule-associated protein 

2) in WT-MeCP2 cultures and the spontaneous appearance of astrocytes along differentiation. 

Further work is aimed at genetically modulating MeCP2 expression on MeCP2-mutant cultures 

and assessing its effect on neuronal culture development and electrophysiology. 
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Title: Analyses of behavioral and neuronal responses during decision-making reveal deficits in 

Rett syndrome mice 
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Abstract: Rett syndrome (RTT) is a neurodevelopmental disorder characterized by a wide range 

of symptoms, with severe apraxia being a notable feature. Apraxia is the inability to perform 

motor planning and is often associated with basal ganglia dysfunction. However, our knowledge 

of the circuit alterations in the basal ganglia and how they relate to the behavioral symptoms in 

RTT is limited. Here we used a novel approach to analyze circuit malfunction underlying 

behavior in a mouse model of RTT that carries a methyl-CpG-binding protein 2 (Mecp2)-null 

allele (RTT mice). 

In an automated home-cage system (Hao et al, eLife, 2021), self-motivated mice engaged in 

tactile decision-making tasks for several months without human supervision. In the decision-

making task, mice discriminated object location using whiskers and reported object location 

using directional licking. Parallel testing allowed us to assay two dozen mice at the same time. 

Instead of cross-sectional analysis, this approach longitudinally tracked the onset and progression 

of behavior deficits in the RTT mice over time relative to littermate wild-type (WT) mice. We 

discovered that RTT mice were able to learn the decision-making task similarly to WT mice at 

12 to 16 weeks of age. Once the mice achieved proficiency in the decision-making task, we 

conducted additional assessments of their flexible motor planning by reversing the sensorimotor 

contingency. The sensorimotor contingency reversals allowed us to examine the mice's ability to 

adapt to new task rules. RTT mice exhibited slower reversal learning compared to WT mice at 

16 to 20 weeks of age, which deteriorated with age. 

To examine the underlying changes in neural dynamics, we combined this behavioral paradigm 

with multi-Neuropixels probe recordings across a frontal cortico-basal-ganglia loop required for 

the tactile decision-making, including anterior lateral motor cortex (ALM), lateral striatum, and 

ventromedial thalamus. Preliminary analyses revealed reduced preparatory activity across these 

brain regions in RTT mice. 

Our study outlines a platform to assay motor planning deficits in the Rett mouse model and their 

underlying neural dynamics that could allow future interrogations of the involved brain regions. 
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Abstract: The activity of neurons in the mouse medial prefrontal cortex (mPFC) is linked to 

interactions with others of the same species, and is thought to be responsible for encoding social 

memories that help establish social hierarchies. Neurodevelopmental disorders often present with 

atypical social behaviors, and in a mouse model of Rett syndrome, impaired social memory is 

caused by heightened activity of the monosynaptic projections from the ventral hippocampus to 

the mPFC. The classical ‘tube’ test over 6 consecutive days revealed that Mecp2 knockout (KO) 

mice formed social ranks, but displayed more submissive behaviors and a low social engagement 

compared to wildtype (WT) mice. We confirmed this low engagement of Mecp2 KO mice during 

social conflict using a novel ‘warm spot’ test, where the same 3 age-matched mice of each 

genotype compete to stand on a single warm spot in a cage with a cooled floor. The ‘dominant’ 

WT mouse occupied the warm spot far longer than the other 2 mice (‘intermediate’ and 

‘submissive’), while the 3 Mecp2 KO mice equally shared the warm spot regardless of their 

social rank and showing more submissive behaviors than WT mice. To record neural activity in 

the mPFC during the ‘warm spot’ test, we performed a single surgery to implant a GRIN lens 

previously coated with a mixture of AAVs expressing CaMKII-driven GCaMP8 and silk fibroin 

in the mPFC of Mecp2 and WT mice. After 3 weeks, in-vivo Ca2+ imaging from pyramidal 

neurons in the prelimbic mPFC confirmed the presence of socially sensitive neurons, i.e., 

neurons that increase or decrease activity during social interactions. mPFC pyramidal neurons in 

Mecp2 KO mice showed fewer and smaller Ca2+ transients during baseline, as well as during 

social interactions in the ‘warm spot’ test. In addition, the activity of socially sensitive neurons in 

Mecp2 KO mice seems to be less synchronous than in WT mice during specific epochs of social 

interactions in the ‘warm spot’ test. A different cohort of Mecp2 KO and WT mice were imaged 

while head-fixed during brief exposures to cagemate urine or almond-impregnated cotton tip 

swabs, and confirmed the specificity of socially sensitive neurons that responded mainly to the 

cagemate urine. Together, these results suggest that the low social engagement during social 

conflicts displayed by male Rett mice is related to an altered synchrony of socially sensitive 

pyramidal neurons in the mPFC during social interactions. 
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Abstract: The mammalian brain consists of an enormous diversity of neuronal and non-neuronal 

cells, the identities of which can be determined using their distinct transcriptomic profiles. 

Spatial transcriptomic studies have contributed immensely in uncovering the heterogeneity and 

spatial distribution of cell populations in distinct regions of the brain, but the use of this 

technology in investigating molecular and cellular changes that may occur in 

neurodevelopmental disease remains limited. Using MERFISH (Multiplexed Error-Robust 

Fluorescent in situ Hybridization), we have investigated changes in transcriptomic identity and 

cellular composition in mouse models of neurodevelopmental diseases, including models of Rett 

Syndrome and Foxg1 Syndrome. The expression levels of 490 genes were assessed in cells from 

distinct cortical areas and hippocampal regions. While the spatial locations of distinct cell 

populations were largely preserved in the investigated disease models, we found differences in 

the relative prevalence of cell ‘subclasses’ and ‘types’ in different brain regions. In heterozygous 

MeCP2 knockout (MeCP2 KO/+) female mice, a model for Rett Syndrome in which wild-type 

(WT) and MeCP2 KO cells form a mosaic, a significant positive correlation was observed 

between the level of non-CpG methylation and the upregulation of MeCP2-repressed genes at 

cellular and subregional levels. We investigated the role of MeCP2 in regulating type-specific 

gene expression programs in excitatory neurons residing in sublayers of layer (L) 2/3 of primary 

visual cortex (V1). In superficial L2/3, we find that MeCP2 maintains the suppression of genes 

normally preferentially expressed in the deep sublayer of L2/3. In MeCP2 KO excitatory neurons 

in superficial L2/3, we observed a reduction in the expression of genes that are normally 

preferentially expressed in this sublayer, suggesting a role of MeCP2 in the appropriate 

expression level of these genes. Together, the data suggests a critical role of MeCP2 in 

maintaining the fine-scale transcriptomic identity of highly related cell types in V1. Using 

heterozygous Foxg1 mutant mice, a model for Foxg1 Syndrome, MERFISH allowed for the 

detection of changes in the relative composition of neuronal and non-neuronal cell types in 

several cortical areas, particularly for a number of glutamatergic neuron types in L2/3, L4, L5, 

and L6. Together, the findings demonstrate the utility of spatial transcriptomic technology in 

investigating cellular and molecular disruptions in neurodevelopmental diseases. 
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Abstract: Rett syndrome, a severe neurodevelopmental disorder caused by mutations in the 

MeCP2-gene, is characterized by cognitive and social deficits. Previous research has identified 

hypoactivity in the mPFC pyramidal neurons of MeCP2-deficient mice in response to both social 

and nonsocial stimuli. In order to further explore the neural circuitry behind social deficits in 

Rett syndrome, we employed the miniaturized in-vivo fluorescence microscope to observe the 

activity of discrete mPFC neural ensembles in female wild-type and MeCP2-deficient mice 

during the 3-Chamber test of sociability. Our findings have identified six mPFC neural 

ensembles that were selectively tuned to different stimuli. Importantly, RTT mice recruited fewer 

neurons to ensembles responding to social interaction and consistently produced lower stimulus-

ON ensemble transient rates. Despite lower transient rates, RTT mice displayed an increase in 

the percentage of social-ON neurons in later sessions, indicating a potential compensatory 

mechanism for the decreased firing rate. These results highlight the limited plasticity that 

remains in the RTT mPFC and provides further insight into the neural circuit dynamics of social 

encoding. 
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Abstract: Rett Syndrome (RTT) is a neurodevelopmental disorder linked to a mutation of the X-

linkedgene, methyl-CpG-binding protein-2 (MeCP2). Although many off label medications are 

used tomanage the symptoms of RTT, there is currently a lack of therapies that halt 

diseaseprogression. Recent preclinical and clinical data demonstrated the therapeutic potential 

ofketamine, an N-methyl-D-aspartate receptor (NMDAR) antagonist, in Rett syndrome. 

Eventhough ketamine shows significant efficacy in RTT, it is associated with major adverse 

effects likerespiratory depression, psychomimetic effects and abuse potential. Glial dysfunction 

has beenimplicated in the pathogenesis and worsening of symptoms in Rett syndrome, but 

specificallytargeting glial cells with low dose of ketamine in the brain is challenging. For this 

purpose, wehave used PAMAM hydroxyl dendrimer (HD, ~4 nm, non-toxic) that specifically 

targetsdysregulated glia in Mecp2-deficient mice but not in the WT mice upon systemic 

administrationthereby reducing the off-target effects of free ketamine. Here, we first determined 

if targetedmonotherapy with dendrimer conjugated ketamine (HD-ketamine) improves the 

survival andneurobehavioral phenotype in Mecp2-null (KO) mice. We observed increased 

survival with HD-ketamine versus free ketamine-treated or saline-treated Mecp2 KO littermates. 

Systemicallyinjected HD-ketamine also improved the motor function in Mecp2 KO mice in open 

field test.We next treated the WT and 4 weeks old pre-symptomatic Mecp2-/+ Het mice 



biweekly for 8-weeks with saline or 2.5 mg/Kg IP of free ketamine or HD-ketamine and their 

neurobehavioralphenotype was examined pre- and post-treatment. The pre-symptomatic het mice 

treated withHD-ketamine showed delayed symptoms of RTT, improvement in neurobehavioral 

scores, andexploratory behavior. Our neurobehavioral studies showed improvement in the 

compositedisease phenotype. Further studies are ongoing to test the behavioral and 

histopathologicaleffects of HD-ketamine versus free ketamine in Mecp2 Het model. Our 

mechanistic studies willalso elucidate how the microglial targeting with HD-ketamine impacts 

the Rett phenotypethrough an increased BDNF and anti-inflammatory (non-NMDAR) pathways 

in vivo. Overall, ourdata provide preclinical proof of concept for the ability of dendrimer 

conjugated ketamine toameliorate neurological dysfunction and reverse at least some circuit-

level defects caused byloss of MeCP2 in Rett syndrome. 
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Mice, a Genetic Model of Down Syndrome 
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Abstract: Introduction: Down syndrome (DS) is characterized by developmental delays and 

alterations in neural circuit formation, particularly affecting the GABAergic system. In Ts65Dn 

mice, a genetic model of DS, these alterations manifest as enhanced efficiency of GABAergic 

signaling in the hippocampus. This study characterizes GABAB/Girk2 signaling in the dentate 

gyrus (DG) of neonatal Ts65Dn mice, assessing protein expression levels, signaling efficiency, 

and electrophysiological properties. Importantly, the impact of the GABAB receptor antagonist 

CGP35348 on the inhibitory-to-excitatory (I/E) ratio in the dentate gyrus was then evaluated 

through pharmacological intervention from postnatal day 2 to 16. 

Results: Enhanced GABAB/Girk2 signaling was observed in Ts65Dn mice, correlating with 

increased Girk2 protein levels and altered electrophysiological properties, including increased 

efficiency of postsynaptic GABAB receptor signaling and reduced intrinsic excitability. 

Treatment with CGP35348 effectively normalized the increased I/E ratio in Ts65Dn mice, 

without affecting normosomic littermates, suggesting a restoration of neural circuit dynamics. 

Conclusion: The study highlights the critical role of GABAB/Girk2 signaling in the abnormal 

neural development associated with DS and demonstrates the potential of early pharmacological 

intervention to correct these abnormalities. Modulating GABAB/Girk2 signaling during key 

developmental windows may offer a therapeutic strategy to mitigate cognitive deficits in Down 

syndrome. 
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Abstract: Down syndrome (DS), caused by a triplication of chromosome 21 (T21), results in 

intellectual and developmental disability, immune system dysregulation, and an increase in some 

immune mediated co-occurring conditions. One of these conditions is Down Syndrome 

Regression Disorder (DSRD), which is a rare but devastating condition in adolescents and young 

adults with symptoms that can include mutism, catatonia, and the loss of previously acquired 

daily living skills. This study compares three current therapy options: the benzodiazepine, 

lorazepam, and the immune modulating treatments of tofacitinib and intravenous 

immunoglobulin (IVIg). In this phase 2 open-label clinical trial, individuals with a confirmed 

diagnosis of DSRD ages 8-30 were randomized into one of three arms: 1. lorazepam (2 mg three 

times daily), 2. Intravenous immunoglobulin (IVIg) (2g/kg initial, then 1g/kg monthly); or 3. 

tofacitinib (5 mg twice daily). After screening, participants have five study visits over a 12-week 

treatment period and optional follow-up visit at 16 weeks. Participants underwent assessments to 

measure neurological health, activities of daily living, catatonia, movement and motor function, 

and speech at the Baseline and 12-week visits. Sixteen participants were enrolled in the first 

phase of the study across two sites (lorazepam n=5, IVIg n=5, tofacitinib n=6). A qualitative 

interim analysis indicates that all treatments were well-tolerated, with most adverse events 

reported as mild, regardless of the treatment arm. There was a total of 59 adverse events (AEs) 

possibly and definitely related to the study drug, and all were mild except one related to IVIG 

and four related to tofacitinib. While not all participants showed a global improvement on their 

assigned therapy, participants showed improved scores across multiple measurements of 

neurological health including catatonia (Bush-Francis Catatonia Rating Scale) with a median 

improvement of 6 points for the lorazepam arm, 12 points for the IVIg arm and 6.5 points in the 

tofacitinib arm. There were improvements in movement and motor function (Timed 25-foot 

Walk) with a median improvement of 1.24 seconds for the IVIg arm, and 3.61 seconds in the 

tofacitinib arm. All three treatments were associated with improvement in general cognition 

(Neuropsychiatric Inventory and Down Syndrome Mental Status Exam). The interim findings 

suggest that each of the three treatment arms could be safe interventions for DSRD. The study 

will continue to enrollment towards a total of 66 participants to investigate differences between 

therapy arms. 

Disclosures: R. Idate: None. A. Rachubinski: None. R. Kammeyer: None. B. Vogel: 

None. R.M. Shropshire: None. L. Nguyen: None. L. Patel: None. J.D. Santoro: None. 

Poster 

PSTR260: Neurodevelopmental Disorders I 

Location: MCP Hall A 



Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR260.20/A70 

Topic: A.07. Developmental Disorders 

Support: NIH Grant R01NS102382 

NIH Grant R01NS122108 

NIH Grant R01AG073779 

NIH Grant R01AG064579 

Title: A Trisomy 21-linked Hematopoietic Gene Variant Confers Human Microglia Resilience 

to Alzheimer’s Disease 

Authors: *M. JIN1, Z. MA1, R. DANG1, S. FINKBEINER2, E. HEAD3, P. JIANG1;  
1Rutgers Univ., Piscataway, NJ; 2Ctr. for Systems and Therapeut., Gladstone Inst., San 

Francisco, CA; 3Pathology & Lab. Med., Univ. of California, Irvine, Irvine, CA 

Abstract: While challenging, identifying individuals displaying resilience to Alzheimer’s 

disease (AD) and understanding the underlying mechanism holds great promise for the 

development of new therapeutic interventions to effectively treat AD. Down syndrome (DS), or 

trisomy 21, is the most common genetic cause of AD. Interestingly, some people with DS, 

despite developing AD neuropathology, show resilience to cognitive decline. Furthermore, DS 

individuals are at an increased risk of myeloid leukemia due to somatic mutations in 

hematopoietic cells. Recent studies indicate that somatic mutations in hematopoietic cells may 

lead to resilience to neurodegeneration. Microglia, derived from hematopoietic lineages, play a 

central role in AD etiology. We therefore hypothesize that microglia carrying the somatic 

mutations associated with DS myeloid leukemia may impart resilience to AD. Using CRISPR-

Cas9 gene editing, we introduce a trisomy 21-linked hotspot CSF2RB A455D mutation into 

human pluripotent stem cell (hPSC) lines derived from both DS and healthy individuals. 

Employing hPSC-based in vitro microglia culture and in vivo human microglia chimeric mouse 

brain models, we show that in response to pathological tau, the CSF2RB A455D mutation 

suppresses microglial type-1 interferon signaling, independent of trisomy 21 genetic background. 

This mutation reduces neuroinflammation and enhances phagocytic and autophagic functions, 

thereby ameliorating senescent and dystrophic phenotypes in human microglia. Moreover, the 

CSF2RB A455D mutation promotes the development of a unique microglia subcluster with 

tissue repair properties. Importantly, human microglia carrying CSF2RB A455D provide 

protection to neuronal function, such as neurogenesis and synaptic plasticity in chimeric mouse 

brains where human microglia largely repopulate the hippocampus. When co-transplanted into 

the same mouse brains, human microglia with CSF2RB A455D mutation phagocytize and 

replace human microglia carrying the wildtype CSF2RB gene following pathological tau 

treatment. Our findings suggest that hPSC-derived CSF2RB A455D microglia could be 

employed to develop effective microglial replacement therapy for AD and other age-related 

neurodegenerative diseases, even without the need to deplete endogenous diseased microglia 

prior to cell transplantation. 
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Abstract: Rett syndrome (RTT) is characterized by severe neurodevelopmental impairments due 

to loss-of-function mutations in the MeCP2 gene and requires precise gene dosage throughout 

the whole brain for effective therapeutic strategies. A recently developed miRNA-based 

synthetic incoherent feed-forward loop (IFFL) system maintains ectopic MeCP2 expression 

within a therapeutic window, which is essential for avoiding overexpression toxicity (Flynn, et 

al., 2024; Du et al., 2024). This circuit can be incorporated within advanced viral vectors for 

targeted, noninvasive systemic delivery to the brain. In a female RTT mouse model, it achieved 

gene dosage compensation and reduced behavioral symptoms associated with neurological 

dysfunction. However, it remains unclear how different levels of MeCP2 expression reshape 

neural activity in key brain areas and lead to motor and cognitive phenotypes such as those seen 

in RTT. To address this question, we analyzed how IFFL-MeCP2 circuits modify excitatory 

neurons in two relevant areas in RTT female mice: motor cortex and hippocampus. We first used 

2-photon imaging of GCaMP labeled neurons at single-cell resolution in layer 2/3 of the motor 

cortex during spontaneous locomotion in head-fixed RTT mice. These longitudinal recordings 

revealed bursting-like activity and sustained elevation in calcium signaling during locomotion, 

indicating an imbalance towards excitatory neurotransmission in motor coordination. Systemic 

delivery of a tightly regulated MeCP2 cassette reduced this bias and aligned this excitatory 

activity closer to physiological conditions at 13 weeks of age. We are also investigating the 

effects of MeCP2 overexpression on neuronal function in RTT mice treated with either a loosely 



regulated or unregulated MeCP2 cassette. In parallel, we examined the hippocampus, focusing 

on the dentate gyrus to assess the therapeutic impact on memory-related neuronal activity. 

During a trace fear conditioning task using fiber photometry, we observed prolonged excitatory 

activity following footshock and disrupted freezing behavior in aged RTT mice, suggesting an 

imbalance characterized by over-excitation that disrupts normal memory encoding. We are 

currently investigating whether tightly or unregulated MeCP2 delivery can reshape this elevated 

excitatory activity to either improve or reduce the encoding and retrieval of fear memory. 

Together, these findings underscore the role of precision gene therapy using novel systemically 

delivered IFFL circuits and AAV capsids that cross the blood-brain barrier, offering a refined 

and dosage compensated approach to addressing neurophysiological dysfunctions in RTT. 
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Abstract: Prenatal alcohol consumption leads to alterations in neurodevelopment that manifest 

as fetal alcohol spectrum disorder (FASD). Within the FASD phenotype, we can observe facial 

abnormalities and changes in mental function that persist into adulthood. Alternative splicing 

increases the complexity of the neuronal proteome and consequently regulates the establishment 

and maintenance of neuronal development and synaptic plasticity. Bioinformatics studies 

conducted in our laboratory reveal that alcohol exposure alters the expression of splicing variants 

of synaptic and post-transcriptional regulatory functions, both in humans and animal models. 

These molecular events influenced by alcohol are observable in the short term rather than in the 

long term. We evaluated mRNA expression of splicing factors in the hippocampus and prefrontal 

cortex, 6 and 24 hours after alcohol exposure on of 7 days old rats. We found a time- and tissue-

dependent expression specifically of the splicing factors (SF) SRRM4 and SRRM3. Currently, 

we are analyzing how these changes affect exon retention pattern in splicing variants, targets of 

these SFs, and their subsequent impact on cognitive alterations in FASD. 
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Abstract: Astrocytes have been shown to play a critical role in the developmental effects of 

ethanol. We have previously characterized the effects of ethanol on the astrocyte-produced 

extracellular matrix, which alters hippocampal pyramidal neuron neurite outgrowth and dendritic 

arborization. Using the Translating Ribosome Affinity Purification (TRAP) procedure followed 

by RNA-Seq, we are able to study the changes caused by neonatal ethanol exposure on 

astrocytes in vivo. Here we show the differences in hippocampal astrocyte gene translation 

during exposure and after withdrawal of ethanol. Litters of Aldh1l1-EGFP-Rpl10a mice were 



exposed to ethanol vapor or control conditions for 4 hours a day from postnatal day 2 (PD2) to 

PD7. Pups were either euthanized immediately following the ethanol or control exposure on PD7 

or on PD8, after a 20-hour withdrawal period. Following the TRAP procedure, astrocyte 

translating RNA was analyzed by RNAseq at both time-points; total hippocampal RNA from the 

input fractions was also sequenced. At PD7, when alcohol was still present in the pups’ blood, 

we identified 1576 genes regulated in hippocampal astrocytes and 932 genes regulated in the 

bulk hippocampus RNA. At PD8, we identified 1912 ethanol regulated genes in the astrocyte 

translating RNA and 373 ethanol regulated genes in the whole hippocampus. Comparing ethanol 

regulated genes between the astrocyte and input fractions showed 399 genes regulated in both 

fractions at PD7 and 174 genes at PD8. When comparing exposure and withdrawal time points, 

there is only modest overlap between ethanol regulated genes in astrocytes. Of the 1576 genes 

regulated in exposure group and 1912 genes regulated in withdrawal group, only 182 genes 

showed persistent regulation between the two time points. In addition, 65 genes switch the 

direction of regulation between the two time-points. Gene Ontology enrichment analysis 

identified peroxisome related categories in genes that were enriched in astrocytes and regulated 

by ethanol at PD8. Analysis of astrocyte enriched genes that were down-regulated by ethanol at 

PD7 showed enrichment in genes involved in chondroitin sulfate biosynthesis. Confirmation of 

these findings in two genes, Chpf2 and Chsy1, were conducted by qRT-PCR and RNA-FISH. 

These findings highlight the response of astrocytes to ethanol during a critical period of brain 

development. In addition, the different responses seen in astrocytes following ethanol exposure 

and withdrawal highlights the dynamic responses of astrocytes to ethanol. 
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Abstract: PACS1 Syndrome is a NDD hallmarked by craniofacial dysmorphisms and 

intellectual disability. Patients with PACS1 Syndrome have a single de novo missense mutation 

at c.607C>T of the Phosphofurin Acidic Cluster Sorting 1 (Pacs1) gene, which causes an 

Arginine to Tryptophan substitution in the peptide (p.R203W). PACS1 is a multifunctional 



sorting protein, with key roles in regulating trafficking of target proteins to and from the trans-

Golgi Network (tGN). The pathogenic variant is in the Furin Binding Region of PACS1, which 

is the region responsible for many known interactions with target proteins via acidic cluster motif 

recognition. We have previously shown that PACS1 (+/R203W) forebrain organoids develop 

mature glutamatergic neurons with impaired expression of synaptic signaling genes when 

compared to isogenic controls. Additionally, PACS1 (+/R203W) neurons have prolonged 

network bursts, which has implications for circuit formation. While these results highlight the 

impact that p.R203W may play in the broader context of neural development, it remains 

unknown how this pathogenic variant alters the function of PACS1 in the neuron. To decipher 

this question, I am using BioID technology to address how the p.R203W interactome differs 

from that of wildtype PACS1. I hypothesize that p.R203W operates as a neomorphic gain-of-

function allele and acquires new interactions with proteins implicated in synaptic transmission. 

Results from these experiments will be informative and clarify potential molecular mechanisms 

of PACS1 Syndrome pathogenesis. 
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Abstract: Periventricular nodular heterotopia (PVNH or PNH) is the most common type of 

brain-malformation due to the dysfunction of neuronal migration during early development. 

Dueto the limited understanding of PVNH pathology and the lack of well-known biomarkersfor 

PVNH, this disease cannot be diagnosed until patients show up with PVNH-relatedsymptoms 

such as seizures. Furthermore, patients with PVNH usually suffer fromseizures, learning 

disabilities, and cardiovascular diseases, which generate life-longissues and make PVNH a life-

threatening disease. Currently, the pathology of PVNH isnot well understood, and anti-seizure 

medications used to treat PVNH patients are stillfacing drug resistance. Genetic mutations of the 

neural precursor cell expresseddevelopmentally downregulated 4-like (Nedd4-2 or Nedd4L) 

gene have been identified inmany PVNH patients. As an E3 ubiquitin ligase, Nedd4-2 plays a 



critical role in regulatingion channel activities, protein synthesis under endoplasmic reticulum 

(ER) stress, andseizure susceptibility in the brain. However, the function of Nedd4-2 during 

neuronalmigration remains unknown. Therefore, we aim to uncover the role of Nedd4-2 

inregulating neuronal migration, by which the Nedd4-2 variants could lead to PVNH. Ourdata 

showed that conditional depletion of Nedd4-2 (Nedd4-2 cKO) in neurons caused thereduced 

migration. Moreover, PVNH-associated Nedd4-2 mutations led to a reducedactin polymerization 

rate in HEK 293T cells. The results suggest that Nedd4-2 mightmediate neuronal migration by 

regulating actin polymerization. Although we previouslyshowed that Nedd4-2 can regulate the 

activity of actin depolymerization protein cofilin,manipulating cofilin activity did not enhance 

neuronal migration caused by Nedd4-2depletion. It suggests that Nedd4-2 regulated actin 

polymerization as well as neuronalmigration through a cofilin-independent mechanism. In 

summary, our data indicates therole of Nedd4-2 in regulating neuronal migration, whose failure 

is the key reason for PVNH.The underlying mechanism still requires further investigation. 
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Abstract: Neurodevelopmental disorders are caused by abnormalities during brain development 

that lead to functional deficits in memory formation, emotion, and behavioral regulation. 

Therefore, studying mechanisms for neurodevelopment is essential for recovery from 

neurodevelopmental diseases. 14-3-3 proteins regulate several intracellular processes by binding 

to numerous target proteins, and although seven isoforms have been reported in mammals, 

individual isoforms are still insufficiently studied. Recent genetic studies have reported that 14-

3-3γ has been implicated in several neurodevelopmental disorders. However, the detailed 

function 14-3-3γ in neural development and differentiation remains unknown. In this study, we 

investigated the effects 14-3-3γ on neuronal morphogenesis and cerebral cortex development 

using 14-3-3γ knockout mice. In this study, 14-3-3γ knockout homozygous mice die before birth, 

and heterozygous mice have smaller brain sizes than wild-type mice. Moreover, 14-3-3γ was 



abundantly expressed in the early postnatal cortex and influenced cortical layer formation. 

Particularly, the most significant effects of 14-3-3γ deficiency were observed on specific cortical 

layers consisting of pyramidal neurons, and changes in the levels of specific transcription factors 

involved in the development of the neuronal projection were identified. Additionally, 14-3-3γ 

was the most expressed isoform in cortical neurons, with higher expression in cortical neurons 

than in glia. These results suggest the importance of 14-3-3γ in cortical neurodevelopment. 

Furthermore, in vitro studies of primary cortical neurons have shown that 14-3-3γ deficiency 

causes dendritic and excitatory synaptic defects. In vivo, sparse labeling of cortical neurons from 

14-3-3γ heterozygous knockout mice reconfirmed these results. Finally, biochemical analyses 

confirmed changes in glutamate receptor expression in the cortex of heterozygous knockout 

mice. This study demonstrates the importance of 14-3-3γ in identifying the pathogenesis and 

therapeutic approaches of neurodevelopmental disorders by identifying the role of 14-3-3γ in 

neuronal morphogenesis and development of cortical layers. 
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Abstract: Guanine (G)-rich nucleic acid sequences in the human genome and transcriptome can 

fold into non-canonical secondary structures known as G-quadruplexes (G4s or G4-DNA and 

G4-RNA). G4-DNA plays important roles in replication, transcription, DNA recombination, and 

telomere maintenance, while G4-RNA regulates various RNA functions including translation 

and splicing. However, overly stable G4-DNA induces genomic instability, whereas abnormally 

stabilized G4-RNA disrupts RNA-dependent processes. Many G4-binding transcription factors, 

G4-binding proteins (G4BPs), and G4 helicases bind to the G4 structures and modulate their 

landscapes in cells. Among the helicases, we focused on the DEAD-box protein 5 (DDX5), an 

ATP-dependent G4 helicase that resolves G4-DNA and G4-RNA and regulates notably 



transcription by unfolding promoter G4s. 

We indeed discovered that G4 homeostasis is altered in primary astrocytes cultured from the 

brain of young and aged patients who underwent epilepsy surgeries, with more G4s and lower 

expression of DDX5 in aged cells compared to young ones. To elucidate the role of DDX5 in 

regulating transcription, we conducted a genome-wide expression analysis (RNA-seq) and 

identified a total of 460 genes differentially regulated by DDX5 out of 14,821 genes with 

measured expression, 214 upregulated and 246 downregulated genes, belonging to networks 

involved in cell cycle, p53 signaling, senescence, and longevity. One of our top hit genes was 

ASXL3, the corresponding ASXL3 protein being a chromatin modifier and epigenetic regulator. 

Mutations in ASXL3 lead to Bainbridge-Ropers Syndrome, a neurodevelopmental disorder 

characterized by intellectual disability, behavioral abnormalities, seizures, and microcephaly. We 

discovered that ASXL3 expression levels decrease with age and showed that ectopically 

elevating DDX5 expression in astrocytes upregulates the levels of the ASXL3 protein. We also 

unveiled putative G4-DNA motifs in ASXL3’s promoter and gene sequence, indicating that 

DDX5 may positively modulate ASXL3 transcription by unfolding G4s in the ASXL3 promoter 

and gene. 

In conclusion, we discovered that ASXL3 gene expression is age-dependent and could be 

modulated by novel epigenetic changes governed by G4-DNA structures in primary human 

astrocytes. Our data revealed a novel mechanism of DDX5-dependent ASXL3 transcription, 

shedding light on the molecular mechanisms in age-related neurological disorders. 
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Abstract: 22q11 DiGeorge Syndrome (22q11DS), which is caused by heterozygous deletion of a 

minimum of 32 contiguous genes on human chromosome 22, is associated with multiple 

clinically defined neurodevelopmental disorders (NDDs). We previously reported that 

diminished bP proliferation in the LgDel mouse model of 22q11DS leads to altered frequency of 

layer 2/3 projection neurons (PNs), prefiguring aberrant cortical circuit connectivity and 

behavioral deficits similar to 22q11DS patients. Nevertheless, the precise nature of divergent 

cortical progenitor progression that results in diminished neurogenesis due to 22q11 gene 

deletion, remains uncertain. Using a combination of in vivo and in vitro cell biological assays, 

we have found selective disruption of cortical neural progenitor progression in the developing 

LgDel cortex. We have found that premature neurogenesis and parallel transcriptional changes in 

subventricular zone-located basal progenitors (bPs) diminish layer 2/3 PN frequency in LgDel. 

This disruption begins as layer 2/3 PN genesis begins and continues throughout the period of 

layer 2/3 PN neurogenesis (E12.5/E14.5/E16.5) based upon frequency of birthdated layer 2/3 PN 

cohorts in LgDel vs. wild type (WT) postnatal day 5 mouse pups. We are currently determining 

whether divergent bP proliferative capacity is cell-class autonomous, or reflects altered apical 

progenitor generation of bPs due to 22q11 gene deletion. Transcriptomic analysis reveals a 

transcriptional shift in LgDel bPs, characterized by overexpression of neurogenesis-promoting 

genes and a coordinated up-regulation of at least one epigenetically regulated multigene locus. 

Moreover, we identify alterations in the dynamic expression range of 22q11 and candidate genes 

within LgDel bPs, suggesting a complex interplay between genetic and epigenetic factors in 

neurogenesis regulation. Single cell transcriptome analysis is underway to determine whether 

these changes occur across the entire bP population or are targeted to a subclass of bPs. 

Together, our analysis shows cellular, transcriptional and epigenetic changes in the LgDel 

cortical neurogenesis, resulting in neurodevelopmental deficits associated with 22q11DS. 
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Abstract: Rare genetic variants in ANK3, which encodes ankyrin-G, are associated with 

neuropsychiatric disorders, however, their pathogenesis is poorly understood. We find that mice 

with both prenatal deletion in cortical excitatory neurons and oligodendrocytes (Ank3-/-:Emx1-

Cre), and adolescent deletion in forebrain excitatory neurons (Ank3-/-:CaMKIIα-Cre), display 

hyperactivity, hypoanxiety, and hypodepression like behaviors. Knockdown of Ank3 in primary 

cultured cortical neurons decreased GCaMP6f-mediated average fluorescence peak amplitude. 

Moreover, calcium imaging of cortical slices from Ank3-/-:CaMKIIα-Cre mice also shows 

decreased neuronal calcium peak amplitude. Quantitative proteomic analysis of cortical synaptic 

membranes reveals upregulation of Taok2, Serine/threonine-protein kinase TAO2, and 

downregulation of Mbp, Myelin basic protein, significantly. Long-term treatment of lithium, a 

well-known mood stabilizer for bipolar disorder, restores the expression level of Mbp in Ank3-/-

:CaMKIIα-Cre mice. Our results indicate that deleting Ank3 in adults leads to changes in the 

synaptic proteome, which disrupts neuronal network activity and results in neuropsychiatric 

behavioral impairments. 
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Abstract: CDKL5 deficiency disorder (CDD) is an X-linked neurodevelopmental disorder 

which is characterized by early-onset epilepsy, global developmental delay, intellectual 

disability, autistic features, visual impairment, and motor impairment. The prevalence of CDD is 

estimated to be 2.36 per 100 000 live births. Currently, there is no cure for CDD patients. To 

develop effective therapeutic strategies for CDD, it is crucial to gain a better understanding of 

the molecular and cellular functions of CDKL5 in brain development. However, the exact roles 

of CDKL5 in causing CDD pathophysiology are still unclear. Therefore, there is a need to 

develop a disease-relevant CDD human models to understand the functional roles of CDKL5 in 

CDD. It is also important to identify its bona fide substrates and dissect its function in clinically 

relevant cell types and models. The utilization of three-dimensional brain organoids generated 

from patients-derived induced pluripotent stem cells (iPSCs) offers a powerful model for 

unraveling mechanisms underlying CDD and provides a unique opportunity to advance our 

understanding of CDD pathology and potentially facilitate the development of therapeutic 

strategies. By combining single-cell RNA sequencing and immunostaining techniques, this study 

identified a previously uncharacterized deficits among neural progenitor cells, the major stem 

cells in developing human cortex, in CDD organoids. Given CDKL5 is a serine/threonine kinase, 

we explored several potential downstream substrates of CDKL5. The outcome of this study 

proposed a novel mechanism underlying CDD pathology and will provide important insights into 

exploration of novel treatment strategies for CDD. 
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Abstract: Cholinergic synapses are ubiquitous in the developing mammalian brain and actively 

neuromodulate brain functions including attention, learning, and memory. The cholinergic 

system is consistently perturbed in neurodevelopmental disorders (NDDs). Here, we address 

cholinergic alterations following forebrain excitatory neuron-specific deletion of TRIO, a high-

risk gene for autism, schizophrenia, and related developmental disorders. The integrity of the 

cholinergic system depends critically on proper synthesis, release, and hydrolysis of 



acetylcholine. Our comparative proteomic analyses revealed that several key regulators of 

cholinergic transmission (e.g. acetylcholinesterase, choline acetyltransferase, acetylcholine 

receptors) are significantly altered in TRIO-deficient mice. We are investigating whether these 

cholinergic deficits contribute to altered cholinergic tone in the prefrontal cortex by measuring 

ACh-evoked currents. In the cortex, TRIO-deficient mice demonstrate excitatory-inhibitory 

imbalance, which we plan to rescue with cholinergic-specific pharmacological targets. We also 

are evaluating if cholinergic alterations differentially impact attention, learning, and memory in 

TRIO-deficient mice compared to wild type littermates. This project will determine that altered 

cholinergic tone contributes to circuit dysfunction and behavioral deficits in the TRIO-deficient 

mouse model of NDDs. 
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Abstract: Introduction: Congenital heart disease (CHD) is the most common birth defect 

affecting about 1% of all live births in the US. Neurodevelopmental deficits (NDDs) are often 

found in conjunction with CHD, even after successful surgical palliation. The origin of neuronal 

development remains unidentified. The prior consensus for NDDs appearing in CHD patients 

points to compromised hemodynamics caused by defects in the heart. The defective heart being 

responsible for creating a deficiency in substrate delivery and causing a hypoxic injury on the 

developing brain. Our study aims to show that the NDDs are a result from a change of genes in 

addition to compromised hemodynamics, rather than hemodynamics alone. Human patients 

carrying PCDHA9 gene mutations exhibited varied degrees of CHD, including hypoplastic aorta, 

coarctation of the aorta (CoArc), and bicuspid aortic valve (BAV), which are commonly 

associated with the hypoplastic left heart syndrome (HLHS). Pcdha9m/m mice showed incomplete 

penetrance of the heart phenotype: ~11% had BAV whereas the rest appeared to have normal 

hearts. To test the hypothesis that the intrinsic causative mutation for CHD causes the NDD, we 



characterized the brain network architecture and neurocognitive behaviors on Pcdha9m/m mice 

that had normal hearts. Methods: Pcdha9m/m mice were subjected to series of neurocognitive 

testing, including an Open Field Assay, Three-Chamber Sociability Assay (three trials consisting 

of habituation and sociability), and the Sociability Trial. We have developed a robust high-

definition brain network (HDBN) analysis as the surrogate endpoint, using high-definition fiber 

tracking (HDFT) with diffusion tensor imaging (DTI) MRI followed by network topological 

analysis with graph theory to delineate brain network in Pcdha9m/m mice. Results/Discussion: 

We show that Pcdham/m mice exhibit NDDs. Our Behavior testing demonstrates that Pcdham/m 

mice behave differently than wild type mice. Using the behavior patterns demonstrated from the 

behavior testing, we can see areas such as the Hippocampus, Cortical Amygdala, Isocortex, and a 

few other areas of interest have some underlying 

differences. DTI networking further demonstrates that point by showing a significant difference 

between Pcdham/m mice and wild type mice. These areas’ differences in results showcase that 

NDD cannot solely be attributed to a change in hemodynamics and should include genomic 

changes. Conclusion: Our study found that the causative genes for CHD caused 

neurodevelopmental deficits in mice. 
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Abstract: LLGL2 (MIM: 618483) encodes a polarity protein complex component 2 (Lethal giant 

larvae 2) that establishes basolateral polarity, asymmetric cell division, and cell migration. 

Hereby, we report six individuals from 4 unrelated families harboring splicing and three 

missense variants in the LLGL2 segregating with neurodevelopmental delay (NDD) together 

with moderate to severe intellectual disability (ID) and microcephaly. This study aims to 

characterize the functional consequences of NDD-associated variants in LLGL2, identified using 

a whole exome sequencing approach. In silico analysis on splicing variant c.2901+G>A was 

predicted to decrease splicing donor site recognition confidence from 0.92 to 0.48. Exon trapping 

assay showed partial retention of the intron 22 sequence in the final transcript, predicted to lead 

to a frameshift due to aberrant splicing. To get a deeper insight into cellular mechanisms 

impacted by the variants, we generated a knock-in cell line for a variant c.1456G>A; 

p.Gln486Lys using HDR-mediated CRISPR-Cas9 genome. We observed dysregulated mRNA 

levels of LLGL2 and its predicted interactors. Subcellular localization of LLGL2 at plasma 

membrane protrusions in mutants was compromised. During cell division, increased frequency 

of multinucleated cells and abnormal cytokinesis in mutants were observed along with mitotic 

spindle disorganization. Chromosome segregation defects in knock-in cells accompanied normal 

mitotic spindles; thus, we observed the potential functional influence concerning DNA damage. 

Gamma-H2AX staining in mutant cells showed a significantly increased number of gamma-

H2AX foci compared to control cells. All observed findings in the knock-in variant were 

recapitulated by all missense variants through the overexpression system. Furthermore, we 

studied llgl2 role in early development using morpholino-mediated knockdown in zebrafish and 

observed significant developmental deficits in the llgl2 morphants. Upon behavioral assessment, 

morphants showed significantly reduced movement patterns via spontaneous motility assay 

compared to control siblings. Moreover, human wild-type mRNA but none of the mutant 

mRNA’s co-injections with llgl2 MO rescued the observed deficits, suggesting the evolutionary 

role of protein in early development. In our ongoing studies, we characterize the neurological 

impact imposed by the knockdown of llgl2 and recapitulate the effect of all four NDD-associated 

variants in yeast complementation studies. In summary, our in vitro and in vivo findings suggest 

LLGL2 as a potential regulator of early development in humans and zebrafish. 
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Abstract: Prenatal cannabinoid exposure (PCE) is implicated in disrupting fetal brain 

development and increasing susceptibility to neuropsychiatric disorders, including schizophrenia 

(SCZ). However, the underlying mechanisms behind this link remain poorly understood. Our 

research aims to elucidate these mechanisms using cerebral organoids derived from human 

induced pluripotent stem cells (iPSCs). Disturbances to the neurolipidome, representing 

alterations in the fatty acid and phospholipid composition of neural cells, are a hallmark of SCZ. 

Recent research on prenatal Δ9-tetrahydrocannabinol (THC) exposure has revealed persistent 

neurolipidomic abnormalities in rodents, alongside cognitive and emotional deficits resembling 

prodromal SCZ stages. As SCZ involves complex human-specific factors, we utilized patient-

derived cerebral organoids to characterize lipidomic anomalies within SCZ and explore how 

prenatal cannabinoid exposure alters the neurolipidomic landscape. Organoids from healthy 

controls (CTRL, n=4) and SCZ patients (n=4) were exposed to THC (100 ng/ml), cannabidiol 

(CBD; 500 ng/ml), or THC-CBD combination (100 ng THC/500 ng CBD) for 15 days, until 

organoids reached 1 month of development, a period resembling early fetal cortical growth. 

Techniques included lipidomic analyses using mass spectrometry imaging, gene expression 

assays via immunofluorescence, western blotting, quantitative PCR (qPCR), and RNA-

sequencing. Preliminary characterization revealed expected neuronal markers in the vehicle-

treated CTRL and SCZ organoids at day 30 and day 180 developmental stages. THC-CBD and 

THC exposure showed distinct lipidomic (mass spectrometry imaging) and transcriptomic 

(RNA-seq) profiles compared to CBD and vehicle in control cell lines; this was far more 

pronounced in SCZ lines. SCZ organoids exposed to THC exhibited severe alterations in all 

assessed metrics. These changes resembled rodent model findings of prenatal THC exposure and 

lipidomic and molecular anomalies. qPCR showed differential expressions of neuronal markers, 

particularly in SCZ THC organoids. Comprehensive RNA sequencing data comparing treatment 

groups will be presented, focusing on lipidomic pathways. Western blotting and 

immunofluorescence assays are ongoing. This study utilizing human-derived cerebral organoids 

has begun to unravel cellular-level effects of gestational exposure to THC on human brain 

development and its association with uniquely human neuropsychiatric disorders. 
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Abstract: Methylmercury (MeHg) is a neurotoxin of great concern to public health that is 

ubiquitously present in marine food chains. At the molecular level, MeHg irreversibly binds to 

catalytic selenium (Se) moieties present in antioxidant selenoproteins, leading to redox 

dysregulation and mitochondrial dysfunction. Growing evidence indicates that oxidative stress 

impedes maturation of GABAergic circuitry, resulting in a permanent imbalance between 

excitatory and inhibitory neurotransmission. Moreover, among GABAergic cell types, fast-

spiking, parvalbumin-expressing interneurons (PVIs) are most acutely impacted by redox 

imbalance. During development, PVIs are preferentially encapsulated by specialized 

extracellular matrix structures, termed perineuronal nets (PNNs), which stabilize perisomatic 

synaptic input and act as protective barriers against redox insults. Consequently, alterations in 

PVIs and PNNs are well chronicled in neuropsychiatric disease, and evidence from animal 

models indicates that redox imbalance during adolescence impedes their maturation. Herein, we 

examined the interactive effects of MeHg and Se on PVI maturation in primary cortical cultures. 

Parallel studies were conducted to monitor longitudinal progression of in vitro 

electrophysiological activity using microelectrode arrays (MEA). Cultures were raised in media 

containing optimal levels of Se (100 nM) until DIV14, followed by challenge with a subtoxic 

dosage of MeHg (200 nM) from DIV14 - DIV28, which represents a critical period where PNNs 

mature and neural networks stabilize. Relative to controls, MeHg treatment reduced antioxidant 

activity and impaired PNN formation at 28 days in vitro. MeHg also affected the 

electrophysiological profile of developing cultures, as MeHg-treated cultures exhibited 

impairments in long-term potentiation in conjunction with reduced spike counts for both network 

bursts and in response to stimulation. Further studies showed that co-administration of additional 

Se (400 nM) from DIV14 - DIV28 counteracted many of the deleterious effects caused by 200 



nM MeHg exposure. In sum, these findings demonstrate the interactive influence of Se and 

MeHg on redox homeostasis and GABAergic maturation. 
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Abstract: Transmembrane protein 184B (TMEM184B) is an endosomal seven-pass 

transmembrane protein with evolutionarily conserved roles in synaptic structure and axon 

degeneration. However, whether these roles extend to neuronal growth processes during 

development is unclear. Human variation in the TMEM184B gene has not previously been 

reported, and therefore the contribution of TMEM184B to human neurological development 

and/or function is unknown. Here we report a group of pediatric patients who have de novo 

heterozygous variants in TMEM184B. All patients harbor missense or nonsense changes and 

have neurodevelopmental disruptions including intellectual disability, corpus callosum 

hypoplasia, seizures, and/or microcephaly. To understand the contribution of TMEM184B to 

neural development in vivo, we modeled its reduction in zebrafish using morpholinos to target 

endogenous TMEM184B. We found this causes dose-dependent microcephaly phenotypes, 

aligning with patient syndromes. Using over-expression of patient variants to model dominant 

effects seen in the clinic, we constructed a variant allelic series and identified the K184E and 

G162R variants as likely dominant negative contributors. To assess if these patient variants 

compromise cell viability, we quantified their effects on apoptosis and their expression levels. 

K184E increased apoptosis and was expressed at lower levels, while G162R exhibited no 

differences for both. Although apoptosis and expression levels are different between our 



dominant negative variants, we found they cause the most significant increase in nuclear 

localization of transcription factor EB (TFEB), a master regulator of lysosomal biogenesis, 

suggesting nutrient signaling pathways are disrupted. Based on our data, we propose a model 

where TMEM184B structural disruptions decreases cell viability and alters lysosomal 

biogenesis, leading to neurodevelopmental disorders such as microcephaly. 
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Abstract: INTRODUCTION: Neonatal hypoxic-ischemia (HI) results may result in deficits in 

cognition, language, sensory, and motor function. Few neuroprotective options exist to combat 

these adverse outcomes. While treatments for adults with stroke include anticoagulants, motor 

and cognitive rehabilitation, neonatal stroke care is limited to supportive care, such as 

hyperthermia and hyperbaric oxygen therapy. A potential treatment option, Transcutaneous 

Vagus nerve stimulation (taVNS), has significant anti-inflammatory effects in adult ischemic 

brain injury and may decrease HI-induced brain injury and improve outcomes. In addition, 

preclinical and clinical research over the last decade has identified a role for the protein Brain-

Derived Neurotrophic Factor (BDNF) in brain plasticity within the intact brain and following 

central nervous system damage. Recent studies have also explored the relationship between 

taVNS and BDNF levels in other disordered states noting significantly increased average BDNF 

levels in the taVNS group. Hence, we explored the benefit of taVNS on functional recovery, 

BDNF, and plasticity after HI. 

METHODS: In post-natal day 7 (PND7) Sprague-Dawley rats, HI was induced using the 

Vannucci Model. For our model of hypoxic ischemic, a ligation of the right carotid artery was 

induced which is followed by a two-hour exposure to an 8% oxygen/ 92% nitrogen in an 

enclosed chamber. Male and female rat pups were subjected to a 2 h hypothermia in a 



temperature-controlled chamber as a standard of care. Rat pups were then subject to 30-minute 

taVNS treatments for 7 days. TaVNS was administered at an intensity of 1.0mA below the 

perceptual threshold. Each 30-minute treatment session included 6 trials of a 40sec train, 

0.5msec duration, 20Hz frequency, with 4.5 minute breaks between trials. To evaluate post-

stroke recovery, rats were assessed at PND 7 through 10 on the righting reflex, cliff avoidance, 

2-arm wire suspension, left arm wire suspension, negative geotaxis. Immunohistochemistry for 

synaptophysin and MAP2, which are reliable indicators of synaptic and dendritic plasticity, were 

also quantified. We also performed enzyme-linked immunosorbent assay (ELISA) analysis on 

serum samples taken from rat pups for mature BDNF. 

RESULTS: The objective of these studies is to address these gaps in knowledge and evaluate the 

role and therapeutic potential taVNS in neonatal HI recovery Preliminary data suggests a 

predictive relationship between taVNS treatment and recovery after HI. Our results imply that 

greater functional recovery correlates with higher levels of synaptophysin and MAP2 which 

suggests greater neuroplasticity with taVNS treatment. 
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Abstract: Primary cilia serve as cell antennae in most vertebrate cells including neurons. It is 

well-known that primary cilia regulate embryonic neurodevelopment, but little is known about 

their roles in postnatal neurodevelopment. We have previously shown that neuronal primary cilia 

in loosely layered cortical regions, such as the mouse neocortex, point in the same direction. 



However, primary cilia of principal neurons in the condensed laminated regions, such as the 

mouse hippocampal CA1 and piriform cortex, manifest opposite directionality. In contrast, 

astrocytes and interneurons in the hippocampus, and neurons in nucleated brain regions do not 

display specific cilia directionality. We further discovered that the cell bodies of principal 

neurons in the mouse hippocampal CA1 superficial sublayer, the subiculum, cingulate cortex, 

and neocortex undergo a previously unnoticed, slow but substantial “reverse movement” for 

postnatal positioning and lamina refinement. The 6-layered neocortex in the mammalian brain is 

homologous to the dorsal cortex in reptiles, while the 3-layered allocortex includes the olfactory 

cortex and hippocampus in mammals, which are equivalent to the lateral and medial cortex in 

reptiles, respectively. To evaluate the generality of reverse movement for postnatal positioning, 

we determine primary cilia orientations in different cortical regions in newts (amphibians), 

turtles (reptiles), mice (mammals), and monkeys (mammals and primates) and investigate the 

roles of neuronal primary cilia in postnatal cell positioning. This comparative cilia directionality 

analysis will help reveal how principal neurons in various cortices complete neuronal positioning 

and advance our understanding of how the allocortices evolve into the neocortices. 
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Abstract: CCDC120 (MIM:300947) encodes a coiled coil domain containing protein 120, which 

aids in the assembly of centriolar subdistal appendages, cytoskeletal rearrangement, and neurite 

outgrowth. Here, we report a frameshift and thirteen hemizygous missense variants in CCDC120 

segregating with phenotypes of neurodevelopmental disorder (NDD) in seventeen affected 

individuals from fourteen ethnically diverse families. All individuals exhibit NDD features, 

including mild to severe intellectual disability, epilepsy, and microcephaly, along with other 

congenital manifestations. This study aims to elucidate the functional consequences of NDD-

associated CCDC120 variants. We employ a multidisciplinary approach combining cellular and 

animal models using CRISPR/Cas9 genome editing to understand the molecular mechanism 

underlying CCDC120-related NDD phenotypes. In-silico analysis and 3D protein modeling 

simulation predicted alterations in protein folding and interaction with other molecules for the 

missense variants. In vitro, overexpression studies in mouse neuroblastoma Neuro2a cells 

showed an accumulation of protein around the cell body in the variant’s overexpressing cells 

instead of migrating within the vesicular structures in neurite shaft and to the growth cone 

relative to the wild type protein. Moreover, we observed significantly reduced CCDC120 

expression levels in overexpressed variants. Knocking down ccdc120 in neurod1-GFP 

transgenic zebrafish resulted in severe developmental deficits, including craniofacial skeletal 

deformities and microcephaly complementing the patient’s phenotype. Light and sound induced 

visual and acoustic locomotion analyses of morphants showed reduced to no movements, 

suggesting compromised motor abilities. Craniofacial cartilage staining of morphants revealed 

mandibular hypoplasia. Whole-mount brain imaging depicted significantly reduced brain size, 

neuronal population, and disrupted parallel fibers in the cerebellum of morphants, the motor 

coordinating center of the brain, giving compelling evidence of direct involvement of ccdc120 in 

neurodevelopment. Intriguingly, all observed morphant phenotypes were rescued by co-injection 

of human CCDC120WT mRNA but not by transcripts encoding NDD variants, emphasizing their 

loss of function impact. In preliminary studies, we are investigating the role of Ccdc120 in 

mouse neurodevelopment by employing in-utero electroporation and a CRISPR genome editing 

approach. Taken together, our investigations in cellular and animal models implicate CCDC120 

as a significant player in neurodevelopment and that its variants contribute to NDD phenotypes. 
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Abstract: Translation of mRNA to protein is a highly complex and regulated process that is 

essential for cells to function normally. eEF1A2, a neuronal and muscle specific translation 

factor, plays an important role in the elongation step of translation. Along with other factors, 

eEF1A2 controls translation in response to neuronal activity. Mutations in EEF1A2, the gene 

encoding eEF1A2, are associated with neurodevelopmental disabilities, including severe 

intractable epilepsy and autism, but the molecular mechanisms that result in neuron dysfunction 

caused by these mutations are not well understood. We have been determining how mutations in 

EEF1A2 associated with disease phenotypes affects translation. Under normal conditions, 

neurons increase protein synthesis in response to neuronal stimulation, but in mouse neurons, 

mutations in EEF1A2 cause decrease de novo protein synthesis. To determine whether induced 

pluripotent stem cell-derived human cortical neurons with mutations of the EEF1A2 gene 

properly upregulate translation in response to neuronal activity, we have stimulated these mutant 

neurons with BDNF and forskolin. Using SUnSET to measure translation, IHC to visualize, and 

western blotting to measure activity markers, we will compare activity-dependent translation in 

wild type and EEF1A2 mutant neurons. Preliminary results show that in response to forskolin, 

mutant neurons exhibit significant decreases in translation, whereas wild-type neurons exhibit 

increases in translation. In contrast, in response to BDNF, both mutant and wild-type neurons 

exhibit significantly increased translation. Understanding how translation is impacted by disease 

causing-EEF1A2 mutations can provide insight into the progression of this disorder and 

possibilities for treatment. 
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Abstract: Despite identification of high-confidence autism spectrum disorder (ASD) risk genes, 

translation to viable treatment targets remains elusive. Using affinity purification-mass 

spectrometry, we constructed a foundational protein-protein interaction (PPI) network involving 

100 ASD risk genes in HEK293 cells, revealing over 1,700 PPIs, 87% of which have not been 

previously described. Importantly, we found that the interactors were enriched for expression in 

the human brain, including neural progenitor cells, and for ASD but not Schizophrenia genetic 

risk. The network showed coalescence on protein complexes and specific processes, including 

neurogenesis, transcription and chromatin modification. Artificial intelligence (AI) using 

AlphaFold2 predicted putative PPI interfaces and overlay with ASD patient-derived mutations 

revealed altered PPIs that allowed for prioritization for interrogation in Xenopus tropicalis, 

human induced pluripotent stem cells and brain organoids. One such ASD mutation in the 

transcription factor Foxp1, which disrupted interaction with Foxp4, led to reconfiguration of 

DNA binding sites and developmental pathologies such as increased deep cortical layer neurons, 

a phenotype linked to ASD. This work provides insights into the molecular mechanisms of ASD, 

serving as a platform for therapeutics development for autism, other neuropsychiatric disorders 

as well as any genetically defined disease 
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Abstract: The association between metabolic dysregulation and poor neurological outcomes in 

hypoxic-ischemic encephalopathy (HIE) has been established. However, there are few studies 

investigating metabolomic signatures in HIE or translational neonatal hypoxia-ischemia (HI) 

models and their therapeutic implications.P10 mice were categorized into groups (n=9/group) 

based on induced insults: HI with unilateral carotid artery ligation and exposure to FiO2=8%x 45 

min (modified Rice-Vannucci model), providing HI-ipsilateral and hypoxia-contralateral, and 

naive samples. Brain tissue was frozen 24 hours after HI. LC-MS was utilized to measure 

hemisphere metabolites, analyzed via MetaboAnalyst and Ingenuity Pathway Analysis. Altered 

pathway activity was classified as increased, decreased, or of unknown directionality. 

Differential pathway activity was observed comparing HI to hypoxia or HI to naive hemispheres, 

implicating specific metabolic alterations due to the combination of hypoxia and ischemia. 

Dysregulation of arginine and carnitine metabolism, along with decreased taurine and N-acetyl 

aspartic acid levels, in HI suggests increased risk for epileptiform activity, susceptibility to 

excitotoxicity, loss of neuroprotective mechanisms, and impaired neurodevelopment. 

Furthermore, decreased NAD+ signaling, increased cADP-ribose levels, and inhibited tRNA 

charging observed in HI may correlate with axonal degeneration. Notably, dysregulation of 

NAD+ metabolism establishes a link between affected pathways, including sirtuin signaling 

crucial for axonal growth and dendritic arborization.Overall, these metabolic changes are 

associated with mitochondrial dysfunction, energy depletion, oxidative stress, impaired 

autoregulation and neuronal apoptosis. HIE induces metabolic injury leading to axonal 

degeneration and neuronal death. Our findings highlight potential therapeutic targets to mitigate 

HIE-induced metabolic dysregulation and prevent long-term neurodevelopmental deficits. 
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Title: Germline mutation in ANKRD11 identified in a cohort of individuals with refractory 

epilepsy and focal cortical dysplasia 

Authors: *A. E. BERGLIND1, M. GADE1, A. FREEMAN2, M. R. WINAWER2, M. HEGDE3, 

C. R. CADWELL3, E. L. HEINZEN1;  
1Univ. of North Carolina, Chapel Hill, Chapel Hill, NC; 2Columbia Univ., New York, NY; 
3Univ. of California, San Francisco, San Francisco, CA 

Abstract: Advances in sequencing technology and availability of resected tissue have allowed 

for the study of the contribution of genetic variation in epilepsy disorders with various 

underlying genetic etiologies and clinical manifestations, including focal cortical dysplasia 

(FCD). Different subtypes of FCD may show disorganized or absent cortical lamination, 

prominent radial architecture, blurring of the grey-white matter boundary, increased heterotopic 

neurons in the subcortical white matter, dysmorphic neurons, and balloon cells. In this study, we 

sequenced individuals with intractable focal epilepsy who have undergone brain resection, 

including individuals with FCD, to identify pathogenic somatic and germline variants that may 

contribute to disease risk on a subset of genetically unexplained cases. DNA isolated from 

resected tissue was analyzed in a cohort of 278 patients with radiographically lesional and 

nonlesional focal epilepsy, including hemimegalencephaly (n = 32), FCD type I and related 

phenotypes (n = 126), FCD type II (n = 98), or FCD type III (n = 22). High depth exome 

sequencing from a patient with FCD type I revealed a pathogenic germline mutation in 

ANKDR11 c.2197C>T (p.R733X). The mutation R733X has been previously reported in 

individuals with inborn genetic diseases and KBG syndrome. KBG syndrome is a rare autosomal 

dominant genetic disorder for which loss-of-function is a known mechanism of disease, 

characterized by short stature, distinctive craniofacial features, skeletal malformations, 

developmental delay, seizures, and intellectual disabilities. Neuropathological review of resected 

brain tissue from the R733X case revealed disorganization of neurons in the deep cortical layers. 

Two additional ANKRD11 variants [c.4604A>G (p.K1535R) and c.4147G>T (p.G1383C)] of 

unknown significance were identified in two additional cases with radiographically nonlesional 

focal epilepsy (neuropathologic assessments pending). The ANKRD11 locus encodes an ankyrin 

repeat-containing protein that inhibits ligand-dependent transactivation by recruiting histone 

deacetylases to the coactivator/nuclear receptor complex. ANKRD11 has been shown previously 

to regulate neuronal migration and positioning during cortical development in mice but this has 

not been shown in human tissue as these patients rarely undergo brain resections. These results 

support that ANKRD11 could potentially be a novel FCD gene. Additional functional studies are 

required to evaluate the role of ANKRD11 on neuronal activity and development. 
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Rutgers Univ., Piscataway, NJ 

Abstract: Maternal immune activation (MIA) has been associated with enhanced risk of 

offspring developing neurodevelopmental disorders, such as autism spectrum disorder (ASD), 

schizophrenia (SZ), and mood disorders. The precise molecular mechanisms connecting maternal 

inflammation and altered human brain development in the offspring remain elusive, hindering 

the development of therapeutic interventions. Several pro-inflammatory cytokines have been 

identified as being significantly upregulated during immune activation, including interleukin-6 

(IL-6). IL-6 is of particular interest in the context of MIA, as it has consistently been reported to 

be elevated during the ensuing immune response, can cross the blood-brain barrier in the 

developing fetus, and has been found to be elevated in the brains of individuals with autism. 

However, the specific impact of increased IL-6 levels on human neural development has yet to 

be uncovered. To study the cell-type specific effects of elevated IL-6 exposure, we have 

established a novel human induced pluripotent stem cell (iPSC)-based organoid model 

comprising excitatory and inhibitory neurons, macroglia, and microglia. We hypothesize that IL-

6 stimulation disrupts the fate of neural progenitors toward different types of macroglial cells 

(i.e., astrocytes and oligodendrocytes) and neurons, particularly specific interneuron subclasses. 

Furthermore, IL-6 alters microglial functions, disturbing synaptic development and refinement 

through their neurotrophic and pruning functions. We have validated the neural and glial cell 

type composition of our organoid model, as well as their responsiveness to the cytokine IL-6 

using a combination of immunohistochemistry and flow cytometry. Additionally, using this 

model we have revealed a significant increase in the calretinin interneuron subpopulation 

following elevated IL-6 exposure. Our work demonstrates the cytokine regulation of 

neurodevelopment, and our model can support the study of additional cytokines associated with 

physiological and pathological brain development. 
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Title: Transcriptomic atlas of ASD risk genes in idiopathic autism reveals molecular 

convergence 

Authors: *M. MAMUN1, J. RAMESH1, S. CHEN2, A. RAJAN3, S. CHETTY4;  
1Massachusetts Gen. Hosp., Boston, MA; 2Ctr. for Regenerative Med., Massachusetts Gen. 
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Abstract: Autism spectrum disorder (ASD) characterized by impairment in social 

communication and interaction, and repetitive or restricted patterns of behaviors or interests has 

typically been classified into syndromic and non-syndromic/idiopathic autism based on clinical 

criteria and disease etiology. The idiopathic ASD (iASD) is marked by the presence of these 

primary autistic features, however, the syndromic ASD involves presence of additional 

complications or broader neurological syndrome(s). Due to super-complexities of phenotypic 

heterogeneity and genetic architecture, 85% cases are of iASD with unknown disease etiology 

while only 10-15% are of syndromic ASD with known genetic etiology. Despite etiological 

heterogeneity in iASD, studies in molecular profiling revealed consistent patterns of 

transcriptomic dysregulation and enrichment of ASD risk genes in postmortem cortex of iASD. 

The genetic risk factors for syndromic ASD, by definition, can be traced and assessed at genomic 

levels, which could serve as strong candidates for study in iASD. To facilitate the exploration of 

transcriptomic signatures of ASD risk genes in the postmortem cerebral cortex of iASD and 

neurotypical controls, here we build up a publicly accessible database named ‘TARGAN’ 

(Transcriptomic Atlas of ASD Risk Genes in Non-syndromic Autism). Additionally, we 

analyzed the transcriptomics of ASD risk genes in postmortem brain tissues of ASD and 

neurotypical individuals as well as induced neuronal models of iASD-N (iASD with normal 

brain size) and iASD-DM (iASD with disproportionate megalencephaly). We show 

transcriptomic dysregulations of the ASD risk genes across the cortex with greatest differences 

found in primary visual and auditory cortex of iASD and 15qDup syndrome, and incremental 

transcriptomic perturbations are observed following disease severity in ASD. Co-expression 

network analysis reveals downregulation of neuronal and synaptic genes and alterations in cell-

type-specific gene expression affecting inhibitory and excitatory neurons in the both ASD groups 

including ASD-N and ASD-DM. Upregulated DE ASD risk genes enriches for astrocytes and 

microglial cells of prefrontal cortex in the iASD. Enrichment analysis by expression of 

transcription factors (TFs) ranks SOX5 as a top enriched perturbed TF across the cortex of iASD 

and 15qDup syndrome as well as induced neuronal models of ASD-N and ASD-DM. Thus, our 

findings collectively highlight how transcriptomic perturbations of ASD risk genes converge into 

specific molecular pathologies across the cerebral cortex in iASD with an invaluable resource 

‘TARGAN’ to advance disease biology of iASD. 
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Title: Molecular regulation of intellectual disability genes in the developing cerebral cortex 

Authors: *T. S. FINN;  

MCD Biol., Univ. of California Santa Cruz, Santa Cruz, CA 

Abstract: Intellectual disability (ID) is a DSM-5 defined mental disorder affecting 2-3% of the 

global population. It is characterized by defects in intellectual functioning and behavior which 

arise during critical developmental periods. ID has been linked to some environmental factors 

but the predominant underlying causes are genetic in origin. It is estimated that up to 10% of 

human genes may play a role in ID but a common feature has yet to be elucidated. Due to the 

role of the cerebral cortex in higher order information processing, it is likely the genetic origins 

of ID arise during cortical development. Interestingly, a large portion of ID genes are regulated 

by Satb2, which serves as a master regulator of cortical cell fate specification. Additionally, 

Satb2 haploinsufficiency results in a neurodevelopmental disorder called SATB2-Associated 

Syndrome which is characterized by developmental delay, severe intellectual deficiency, limited 

or absent speech, behavioral problems, and craniofacial abnormalities. Therefore, it is likely 

Satb2 plays a large role in ID gene regulation. Understanding the molecular mechanisms of 

Satb2 is critical for elucidating a common genetic origin of ID. We use Satb2 deficient mice as a 

model for ID to investigate the molecular mechanisms underlying chromatin structure, and gene 

expression, and how changes result in defective cortical architecture, excitatory neuronal 

projections, and electrophysiology. These findings suggest a larger role for Satb2 than initially 

thought and provide the foundation for further study in genetic factors of ID. 
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Title: Behavioral Phenotyping and Transcriptomic Insights into Astrocytic RBM8A 

Haploinsufficiency in Neurodevelopmental Disorders 

Authors: *T. PURI1, J. MOTT3, Y. MAO2;  
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Abstract: Neurodevelopmental disorders pose significant challenges to central nervous system 

(CNS) function and motor skills, encompassing a spectrum of conditions with diverse etiologies. 

Among the molecular players implicated in these disorders, RNA Binding Motif Protein 8a 

(RBM8A) has emerged as a crucial regulator of gene expression. RBM8A orchestrates various 

post-transcriptional processes, including mRNA splicing, translation, and degradation, exerting 

profound effects on neurodevelopmental pathways. Astrocytes, a predominant glial cell type in 

the CNS, play critical roles in supporting neuronal function and regulating brain homeostasis. 

Despite their importance, the specific contributions of astrocytic RBM8A to neurodevelopment 

and behavior remain poorly understood. To address this gap, we generated a conditional 

heterozygous knockout (cKO) mouse model targeting Rbm8a, specifically in astrocytes. 

Molecular analyses confirmed decreased RBM8A expression in astrocytes of cKO mice, 

utilizing multiple techniques, including RT-PCR, Sanger sequencing, qRT-PCR, 

immunohistochemistry, and Western blot. Behavioral assessments encompassing a range of 

locomotor and anxiety-related paradigms were conducted to characterize the phenotypic 

consequences of astrocytic RBM8A haploinsufficiency. The locomotor activity of the mice was 

assessed using open-field tests, revealing hyperactive behaviors in both male and female cKO 

mice compared to controls. Furthermore, sex-specific changes in anxiety-related behaviors were 

observed, with cKO mice displaying alterations in anxiety levels in the elevated plus maze test 

relative to controls. Interestingly, other behavioral tests did not reveal significant differences in 

obsessive, repetitive, or depressive behaviors between experimental and control groups. 

Furthermore, to elucidate the molecular mechanisms underlying RBM8A's function in 

astrocytes, we employed RNA Immunoprecipitation Sequencing (RIP-Seq) on adult WT C57/B6 

mouse brains, revealing1370 RBM8A-bound genes, identified through stringent criteria (fold 

change > 5, Q value < 0.05). Integration of behavioral phenotyping with molecular and cellular 

analyses offers insights into the role of RBM8A in astrocytes during neurodevelopment. 
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Title: Caught Red Handed: A methodological advancement of two-photon imaging to quantify 

macrophage behavior in mouse embryos with IVH 
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Abstract: A leading cause of morbidity in premature infants, post-hemorrhagic hydrocephalus 

(PHH) is a condition in which accumulation of cerebrospinal fluid (CSF) has been triggered by 

rupturing of capillaries in the germinal matrix that releases blood into the lateral ventricle. 

Permanent neurological deficits are caused not only by compression of brain tissue but also by 

red blood cell (RBC) products that may linger in the developing ventricles for days to weeks. 

Our histological examinations of embryonic mice 24 hours following intraventricular blood 

injections suggest that macrophages are likely to influence the severity of PHH by scavenging 

RBCs. This project’s goal is to introduce a novel imaging methodology to visualize the behavior 

of Kolmer cells, macrophages that line the ventricles and the surface of the choroid plexus (ChP) 

in our established model of PHH in mice. Our preliminary data have confirmed that we can 

reliably dissect the cerebral cortex with minimal blood loss to visualize the choroid plexus and 

the associated macrophages at E15.5, and that embryos remain viable for at least one hour. We 

will use real time two-photon recordings to quantify changes to the morphology, mobility, and 

motility of choroid plexus macrophages in saline and RBC injected embryos. By analyzing the 

difference in macrophage activity in the absence and presence of RBCs we will be able to 

elucidate the contribution of macrophages to the pathophysiology of PHH in a mouse model 

analogous to the human condition. We expect to find evidence for scavenging RBCs, suggesting 

a novel treatment target. 
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Title: Deciphering the Impact of Maternal Stress on Fetal Brain Development and Placental 

Function in Mice Through Single-Cell RNA Sequencing 

Authors: *B. VEROSKY1, H. CHEN1, T. L. GUR2;  
2Psychiatry and Behavioral Hlth., 1The Ohio State Univ., Columbus, OH 

Abstract: Maternal stress and related psychiatric disorders during pregnancy are associated with 

an elevated risk of psychopathology in the offspring. Utilizing a mouse model of maternal 

restraint stress, we have previously shown that prenatal stress causes deficits in social behavior 

and anxiety-like behavior in the offspring, which are partly mediated through immune 

disruptions in the fetus. However, the specific disruptions in the fetal brain induced by prenatal 

stress, as well as the underlying transmission mechanisms from the mother, remain unclear. 

Given that the placenta plays a critical role in shielding the fetus from perturbations in the 

maternal environment, its dysfunction likely has a significant role in facilitating stress-induced 

developmental changes. To investigate these effects, eleven-week-old pregnant C57BL/6 mice 

underwent daily restraint stress for two hours from gestational day (GD) 10.5 to GD16.5 or were 

left undisturbed (n = 3/group). One male and one female fetal brain per dam were collected 

immediately after the final stress exposure on GD16.5 for single cell RNA-sequencing 

(scRNAseq). Additionally, we collected fetal brains and placentas (n = 3 dams/group; 1 female 

and 1 male included from each dam) on GD17.5 for scRNAseq analysis to evaluate sustained 

transcriptional changes after stress exposure. Our findings indicate that prenatal stress 

significantly reduces the proportion of maternal macrophages relative to fetal macrophage 

populations in the placenta (p < 0.05). Gene set enrichment analysis of each cell cluster shows a 

significant decrease in interferon signaling across several immune cell types (padj < 0.05). 

Further, this analysis in both placental and fetal brain cells exhibited reduced oxidative 

phosphorylation in most neural and placental cell populations (padj < 0.05), suggesting perturbed 

energy utilization by the fetus. The transcriptomic profile of fetal brains shows an immediate 

stress response on GD16.5, which transitions to lasting changes by GD17.5 across multiple 

neural cell types. This study suggests that prenatal stress causes a transient response to stress 

with disruptions in interferon signaling and oxidative phosphorylation continuing after stress 

exposure, which may indicate these pathways as potential targets for mitigating adverse effects 

on fetal brain development and subsequent behavioral outcomes. 
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Abstract: Aberration in neuronal differentiation has emerged as a major convergence point for 

neurodevelopmental disorders (NDDs). Neuronal differentiation is regulated in part by lysine 

methylation on histone and non-histone proteins; in fact, our quantitative mass spectrometry 

(TMT LC-MS/MS) analysis reveals lysine methylation events on non-histone proteins across 

distinct stages of neuronal differentiation. Moreover, lysine methyltransferases (KMTs) and 

demethylases (KDMs) are critical for proper brain development, though the mechanisms are not 

defined. Dysregulation of KMTs/KDMs has critical developmental and cellular consequences, 

and ~30% of these enzymes are associated with NDDs. The KMT ASH1L is associated with 

NDDs in human patients and mouse models, and haploinsufficiency of ASH1L results in 

developmental and differentiation defects. Studies have shown that ASH1L regulates neuronal 

differentiation, arborization, and synaptic pruning; however, mechanistic understanding of how 

ASH1L regulates these processes is not known. While a role for ASH1L KMT activity has been 

proposed, it has not been directly tested, and there are conflicting reports in the literature on the 

physiologically relevant substrates of ASH1L. 

To address this gap in knowledge, we characterized differentiation of Lund human 

mesencephalic (LUHMES) neural progenitor cells (isolated from the mesencephalon of an 8-

week old female; immortalized via v-myc overexpression) into dopaminergic-like neurons while 

inhibiting ASH1L KMT activity with a small molecule compound, AS-99. Disruption of ASH1L 

KMT activity resulted in a decrease in neurite branching, supporting a direct role for ASH1L 

KMT activity in the regulation of neuronal differentiation. To gain mechanistic insight into 

ASH1L regulation of differentiation, we have performed an exhaustive biochemical 

characterization of ASH1L methyltransferase activity using in vitro peptide arrays, revealing its 

substrate selectivity. From this selectivity profile, we have identified putative non-histone 

substrates of ASH1L, and future work will be geared towards delineating ASH1L substrates and 

determining the consequences of histone and/or non-histone substrate methylation on neuronal 

differentiation progression. 
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Abstract: During prenatal brain development, maintenance of sodium and potassium currents in 

neurons begins prenatally through expression of the Na+/K+ ATPase α-3 subunit (ATP1A3). 

Modern gene discovery approaches have identified ATP1A3 mutations resulting in human 

disease phenotypes spanning various stages of childhood development, including malformations 

of cortical development (MCDs); rapid-onset dystonia-parkinsonism; alternating hemiplegia of 

childhood (AHC); and childhood onset schizophrenia, among others. MCDs are the earliest 

presenting ATP1A3 neurological disease and reflect abnormalities generated during the mid-

gestational stages of cortical development, a period with several overlapping developmental 

processes such as neural proliferation, migration, and differentiation. Interestingly, in children 

with ATP1A3 variants associated with postnatal disorders without MCDs (i.e. AHC), α-3 

dysfunction also exists prenatally. To explore α-3’s role in brain development, our study 

employed patch clamp and calcium imaging methods to investigate the influence of modulating 

Na+/K+ ATPase on the resting membrane potential (Vm) and neuronal activity patterns during 

normal cortical development. Our in vitro findings reveal that ATP1A3 function underlies both 

simple and complex neurophysiological patterns in the prenatal brain and provides a potential 

physiological basis for the broad spectrum of neurodevelopmental diseases associated with 

varying degrees of pump dysfunction and Vm regulation. 
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Title: Assembly of salt bridges and lipid membrane contacts control ionic current through single 

nicotinic receptor channels 

Authors: *L. ALHALHOOLY, S. M. SINE;  

Dept. of Physiol. and Biomed. Engin., Mayo Clin., Rochester, MN 

Abstract: Ion channels rapidly transport small inorganic ions along their electrochemical 

gradients. For most ion channels, charged residues within the ion translocation pathway 

determine the rate and selectivity of ion transport. By contrast, we find that a conserved 

intramembrane salt bridge and an adjacent lipid interacting residue set the unitary current 

amplitude of the homomeric α7 nicotinic receptor. Combining single channel electrophysiology 

and mutagenesis we find that disrupting either structure individually has little effect on the 

current amplitude, but that disrupting both structures markedly reduces the current amplitude. By 

combining wild type and double-mutant subunits, we find that each double-mutant subunit 

contributes equally to the decrease in current amplitude. Moreover, to assess effects on pore 

diameter, studies of monovalent cations of varying size reveal marked changes in the rank order 

of ionic permeability in receptors with double-mutant subunits. The results reveal a system of 

interdependent salt bridges and contacts with the lipid membrane that establishes a pore diameter 

appropriate for physiologically permeant cations. 
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Abstract: The α4β2 nicotinic acetylcholine receptors play important role in higher cognitive 

functions such as learning and memory and are implicated in many neuropsychiatric diseases and 



nicotine addiction. The pathophysiological importance of these brain receptors has encouraged 

efforts to develop pharmacophores that selectively potentiate α4β2 nAChRs (positive allosteric 

modulators, PAMs). A chemically synthesized carbamate (C9M; (R)-1-(3,5-diisopropyl-1H-

pyrazol-1-yl)-3-methylbutan-2-yl 4-ethoxyphenylcarbamate; Bioorg Med Chem Lett. 2008 Oct 

15;18(20):5643-7) has been identified as a PAM that preferentially potentiates the α4β2 

nAChRs, showing promising pharmacological effects on both (α4)2(β2)3 and (α4)3(β2)2 nAChR 

isoforms. This kindled our efforts to identify its binding site in the α4β2 nAChRs using 

mutational analyses coupled with in vitro electrophysiological recordings from Xenopus laevis 

oocytes. So far, the effects of amino acid substitutions at 19 positions within the α4 subunit were 

tested. Point mutation α4C254S, α4S258M, α4C259F, or α4L291V almost completely inhibited 

C9M potentiation. These results predict C9M binding site within the transmembrane domain in 

close proximity to the α4 subunit M1 helix. The effect of additional amino acid substitutions on 

C9M potentiation are currently being used to precisely determine the mode of C9M binding and 

its interactions with nearby amino acid residues. This information will aid in the development of 

ligands with higher affinity and selectivity for the α4β2 nAChRs. 
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Abstract: The (α4)3(β2)2 nicotinic acetylcholine receptor (nAChR) is the major heteromeric 

nAChR isoform expressed in the cortex that is believed to play a role in memory, cognition, and 

neuronal survival during aging. As such, selective potentiators of the (α4)3(β2)2 nAChR have 

potential therapeutic benefits in conditions associated with decline in the output of nAChR in the 

brain. In previous work, we have studied the pharmacology of the allosteric agonist CMPI (3-(2-



chlorophenyl)-5-(5-methyl-1-(piperidin-4-yl)-1H-pyrazol-4-yl) isoxazole) at the (α4)3(β2)2 

nAChR and identified its binding site at the α4:α4 subunit extracellular interface. As part of our 

ongoing efforts to define structural features that confer CMPI binding selectivity at the α4:α4 

interface, we synthesized and characterized the in vitro pharmacology of a series of CMPI 

analogs using whole-cell current recording from Xenopus laevis oocytes expressing (α4)3(β2)2 

nAChR. Of the analogs synthesized so far, all have maintained selectivity for (α4)3(β2)2 over 

(α4)2(β2)4 nAChR. They did not potentiate (α4)2(β2)3 nAChR when co-applied with either 1 

µM or 10 µM ACh, while analogs such as A12a, A12c, and A12e potentiated current induced by 

10 µM ACh at the (α4)3(β2)2 nAChR with a fold potentiation greater than 4 at 1 µM. 

Additionally, we found that amino acid substitutions in the α4 subunit extracellular domain that 

decrease CMPI potentiation (e.g., G67M, E90I, Q150F) also abolish/reduce A12a and A12e 

potentiation of (α4)3(β2)2 nAChR. These results establish that the binding pocket of A12a and 

A12e is located at the α4:α4 extracellular interface of (α4)3(β2)2 nAChR. Furthermore, we found 

that substitutions at the pyrazole ring of CMPI (e.g., to a thiazole in A12a or imidazole in A12c 

and A12e) are tolerated within the α4:α4 binding pocket and maintain selectivity for (α4)3(β2)2 

over (α4)2(β2)3 nAChR. Finally, we assessed the toxicology of the three derivatives in vivo 

(Danio rerio) and in vitro demonstrating that they are well tolerated. These results indicate that 

the CMPI binding pocket can accommodate ligand structural changes, allowing for the 

development of ligands that bind with higher affinity and selectivity at this positive allosteric 

modulator site. Ongoing experiments aim to characterize the pharmacology, application, and 

determine the concentration dependent effects of additional CMPI analogs. 
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Abstract: The decline in cigarette smoking from 20.9% to 11.5% between 2005 and 2021 

reflects a positive public health trend. However, there is an alarming surge in e-cigarette and 

nicotine pouch use among youth, with a 1,733% increase among high school students from 2011 

to 2019. Nicotine, a highly addictive substance, is associated with increased risks of 



cardiovascular, respiratory, and gastrointestinal disorders. Research into nicotine cessation is 

crucial for addressing the potential future health crises related to morbidity and mortality. 

Nicotine dependence can affect nearly anyone, but certain individuals struggle more with 

cessation, possibly due to upregulation of nicotinic acetylcholine receptors (nAChRs) in the 

brain stem and pre-frontal cortex (PFC). Exploring the genetic factors, particularly the CHRNA4 

and CHRNB2 genes, could provide insights into nicotine use that is resistant to cessation. 

Utilizing resources like the Allen Brain Cell Atlas, we co-localized these genes to the brain stem 

and PFC. Further, a review of the literature and analysis of single-nucleotide polymorphisms 

(SNPs), behavioral survey, and electronic health record (EHR) data from the All of Us research 

study suggests that specific SNPs, such as rs2236196, may influence treatment-resistant nicotine 

dependence, while the SNPs rs1044396 and rs1044397 appear to be particularly responsive to 

Varenicline (Chantix) therapy. Additionally, the rs2072661 SNP appears consistently across all 

cohorts, which suggests it may play a role in nicotine dependence in general. While our findings 

are preliminary, they underscore the need for more comprehensive research on the genetic and 

epigenetic factors contributing to challenges in nicotine cessation. 

Disclosures: D. Nothaft: None. A. Brasch: None. R. Bristol: None. S.E. Eaton: None. 

Poster 

PSTR262: Acetylcholine: Ligand-Gated Receptors and Ion Channels 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR262.05/B26 

Topic: B.02. Transmitter Receptors and Ligand-Gated Ion Channels 

Support: NIH R01DA043567 

NIH 5T32DA007027-48 

Title: Site and outcomes of lynx1 allosteric modulation of α3β4-nicotinic receptors with 

relevance to nicotine use disorder 

Authors: *D. KNEISLEY1, H. OH1, Y. CAO3, W. IM3, J. M. MIWA4, P. WHITEAKER2;  
1Pharmacol. & Toxicology, 2Dept. of Pharmacol. and Toxicology, Virginia Commonwealth 

Univ., Richmond, VA; 3Biol. Sci. & Bioengineering, 4Biol. Sci., Lehigh Univ., Bethlehem, PA 

Abstract: Smoking, maintained by nicotine-seeking behaviors, is the leading cause of 

preventable death worldwide. In the brain, nicotine acts on nicotinic acetylcholine receptors 

(nAChR). The α3β4-nAChR subtype mediates aspects of nicotine withdrawal by modulating 

activity of GABAergic neurons of the interpeduncular nucleus. The prototoxin lynx1 is also 

highly expressed in these neurons, and lynx1 allosterically diminishes α3β4-nAChR response 

(differentially depending on receptor subunit ratio). In order to determine the interactions 

through which lynx1 exerts its effects, molecular dynamics simulations were used to identify 



residues of α3β4 where lynx1 may interact. Two-electrode voltage clamp electrophysiology 

(TEVC) experiments were used to assess the effects of mutating the putative lynx1 allosteric 

binding site (at the α3/α3 subunit interface) on macroscopic receptor function. These mutations 

were expected to decrease receptor sensitivity to lynx1 effects and several did, confirming that 

lynx1 effects are mediated by this site. However, in some cases we observed increased sensitivity 

instead, and mutations resulted in diminished ACh-induced function in the absence of lynx1; 

combined, these observations may indicate competition between lynx1 and ACh at the α3/α3 

site. To understand how these mutations alter function of individual receptors, we used cell-

attached single-channel patch clamp electrophysiology to compare the properties of selected 

mutants to wild-type (WT) receptors. Lynx1 effects on the WT receptor include decreased 

single-channel conductance, shorter open bursts, and increased closed dwell times. Accordingly, 

mutants with diminished macroscopic function are expected to demonstrate less frequent and/or 

shorter bursting activity, decreased single-channel conductance, or longer closed times for their 

baseline function (in the absence of lynx1), contributing to their observed decrease in 

macroscopic function. With both our mutations and lynx1 diminishing receptor activity, possibly 

through related alterations in single-channel properties, addition of lynx1 to the mutated 

receptors is expected to further decrease measures of single-channel activity. The results of these 

experiments will help to elucidate the mechanisms by which the mutations and lynx1 interact to 

alter receptor function and lynx1 sensitivity at the α3/α3 subunit interface. 
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Abstract: Dopamine release from terminal axons of dopaminergic neurons in the striatum is 

crucial for movement, motivation, and proper function of the basal ganglia network. Dopamine 

transmission is characteristically signaled through alternating tonic and burst modes, as well as 



transient reductions below baseline tonic levels that follows a transient increase (burst-pause). 

These fluctuations in dopamine release are regulated by both somatodendritic and axonal 

mechanisms. While much is known about the mechanisms in the somatodendritic region 

regulating release, much less is understood about mechanisms intrinsic to the axon. The nicotinic 

acetylcholine receptor (nAChR) can excite dopaminergic axons, sometimes to the point at which 

they fire an action potential in the axon to elicit dopamine release. Interestingly, nicotinic 

signaling has also been implicated in a frequency-dependent inhibition of dopamine release at 

action potential burst frequencies over ~25 Hz. Nicotinic receptors have therefore been 

hypothesized to act as a molecular “low-pass filter”. Here we used calcium imaging and direct 

recordings of axonal voltage to examine that hypothesis. We find that, contrary to its role as a 

low-pass filter, acetylcholine activation of axonal nicotinic receptors can induce a high frequency 

burst of action potentials (over 100 Hz). This high frequency burst also puts dopaminergic axons 

into a brief refractory period that limits axonal excitability. In addition to firing action potentials, 

nAChRs also mediate a subthreshold depolarization in the axon. To test the effect of this 

subthreshold depolarization on excitability in isolation we locally pressure ejected ACh while 

recording axonal voltage. Simultaneously we injected current into the axon to produce an 

input/output curve in the presence and absence of nAChR activation. We find that the 

subthreshold depolarization has a minimal effect on excitability, slightly increasing the chance of 

firing an action potential. We therefore report a novel burst-pause mechanism of dopamine 

release that is intrinsic to the axonal compartment, and we confirm that subthreshold axonal 

nicotinic EPSPs are excitatory. 
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Abstract: Hippocampal interneurons are a sparse, but very diverse population of cells. These 

GABAergic interneurons may be few in number, but they play an important role in regulating the 



synchronous firing of the much more numerous hippocampal pyramidal neurons. Using single-

cell quantitative PCR to analyze 93 individual rat CA1 hippocampal interneurons, we quantified 

neuronal nicotinic acetylcholine receptor (nAChR) mRNA subunit expression and detailed 

possible nAChR subtype combinations for the α2, α3, α4, α5, α7, β2, β3, and β4 subunits. We 

show that the majority of interneurons in the CA1 of the rat hippocampus contain detectable 

levels of nAChR subunit mRNA. Our results highlight the complexity of the CA1 nAChR 

population. Interestingly, the α3 nAChR subunit is one of the highest expressed subunit mRNAs 

in this population, while the α4 is one of the least likely subunit mRNAs to be detected in CA1 

interneurons. The β2 nAChR subunit is the highest expressed beta subunit mRNA in these cells. 

Statistical analysis indicates that there are likely over 100 different nAChR subunit mRNA 

combinations expressed in rat CA1 interneurons. These results provide a valid avenue for 

identifying nAChR subtypes that may be effective hippocampus-specific pharmacological 

targets. 
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Abstract: This study investigated the functional effects of the Ascorbic acid analog, 3-O-Ethyl 

L-Ascorbic Acid (EA) on nicotinic acetylcholine receptors (nAChRs). L-Ascorbic acid has been 

identified as a positive allosteric modulator (PAM) on ⍺9/⍺10 nAChRs (Boffi JC et al., 2013). 

This is of interest due to the potential for PAMs of this receptor in the treatment of hidden and 

age related hearing loss. In order to better understand the molecular interactions of ascorbate, we 

have initiated SAR studies of ascorbic acid potentiation. During this study, we evaluated one 

commercially available analog, 3-O-Ethyl L-Ascorbic Acid as a potential ⍺9/⍺10 nAChR PAM. 

Using two electrode voltage clamp and nAChRs expressed in Xenopus laevis oocytes we 



evaluated the effects of EA on ⍺9/⍺10, ⍺7, and ⍺4/𝛽;2 nAChRs. EA was found to selectively 

potentiate ⍺9/⍺10 nicotinic receptors stimulated by acetylcholine in a concentration-dependent 

manner (EC50 = 0.18 μM, ∆Imax (acetylcholine) at 1μM EA =236%). This potency is over 

1600X greater than L-Ascorbic acid (EC50 = >300 μM). EA thus emerges as a novel candidate 

for development of ⍺9/⍺10 PAMS. Further research into EA's mechanisms, pharmacokinetics, 

and clinical efficacy is necessary to fully uncover its potential. We are also currently evaluating 

EA for its antioxidant properties and its interaction with ascorbate transporters. 
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Abstract: Synaptic diversity which arose during evolution of the central nervous system (CNS) 

has led to different synapse types utilizing both shared and distinct proteins at their respective 

postsynaptic compartments. Here, we have employed proximity labeling in the Drosophila CNS 

to probe the local protein network at cholinergic postsynaptic sites containing the nicotinic 

acetylcholine receptor (nAchR) subunits Dα1 and Dα6. Our results support the existence of a 

context-independent “core” proteome as well as a large suite of proteins which are preferentially 

or exclusively enriched in either the larval or adult stage. We also demonstrate that the proteome 

remains mostly intact in nAchR mutants, via subunit compensation, whereas mutants of the 

RhoGEF Sif lack this compensation and possess a highly disrupted nAchR interactome. 

Together, these findings support a unique molecular identity for the central cholinergic synapse 

and will inform future analyses regarding synaptic evolution and organization. 
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Abstract: The α5 subunit of nicotinic acetylcholine receptors (nAChRs) plays a key role in 

cholinergic signaling relevant to executive function, mood regulation, and addictive behaviour. 

Previous studies underscore its impact in maintaining a rapid and desensitization-resistant 

cholinergic response in the cortex. The expression of the α5 gene, Chrna5, is strongest in the 

interpeduncular nucleus, but its local contributions to endogenous cholinergic signalling are not 

well understood. The interpeduncular nucleus contains GABAergic neurons that innervate 

targets in the serotonergic raphe and the cholinergic lateral dorsal tegmental nucleus. A key 

excitatory input to the interpeduncular nucleus is from the medial habenula via combined 

cholinergic and glutamatergic co-transmission. The interplay between these co-transmitters and 

the role of α5 nicotinic receptors are not well understood. While exogenous acetylcholine and 

nicotinic agonists directly depolarize interpeduncular neurons in a Chrna5 dependent manner, the 

electrophysiological impact of endogenously activated nicotinic receptors is less straightforward. 

Here, we utilize electrical and optophysiological methods to probe interpeduncular cholinergic 

modulation and to assess the impact of specific cholinergic manipulations (e.g. nicotinic 

allosteric potentiation and acetylcholinesterase inhibition). These manipulations in brain slices 

from compound transgenic wild-type and Chrna5 knockout mice are an important next step to 

clarify the impact of endogenous nicotinic signalling in the interpeduncular nucleus and its 

dependence on Chrna5. 
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Abstract: Neurological conditions, like nicotine use disorder (NUD), are associated with 

disruptions in brain cholinergic tone, partly due to dysregulation of α4β2 nicotinic acetylcholine 

receptors (nAChRs). The predominant α4β2 nAChR subtype occurs in two isoforms with high 

and low sensitivity to agonists (HS and LS, respectively). Nicotine upregulates α4β2 nAChRs 

and enhances plasma membrane expression of the HS-isoform, contributing to overexcitation of 

brain reward pathways. Developing an efficacious NUD therapy may depend on reducing over 

activation of these α4β2nAChRs-expressing reward pathways. Visinin-like protein-1 (VILIP-1) 

is an endogenous calcium sensor that modulates α4β2 nAChR expression by interacting with the 

α4subunit. We hypothesize VILIP-1 modulates α4β2 nAChR function and isoform expression. 

Xenopus laevis oocytes were injected with concatenated (linked) α4 and β2 subunits to 

independently express either α4β2 nAChR isoform. Functional interaction of VILIP-1 was 

assessed using two-electrode voltage clamp electrophysiology. Acetylcholine (ACh) potency was 

measured by generating concentration-response curves, and receptor function was measured 

using the maximum receptor response. Our results show VILIP-1 does not affect HS or LS 

isoform ACh potency. However, VILIP-1 significantly attenuates LS isoform function, while 

having minimal effects on the HS isoform. VILIP-1 did not alter α7 nAChR ACh-driven function 

or potency, suggesting VILIP-1 is selective for the LS α4β2 nAChR isoform. As VILIP-1 

enhances plasma membrane expression of α4β2 nAChRs, it may also modulate expressed α4β2 

nAChR isoforms. Using individual α4 and β2 subunits to generate mixed populations of 

isoformexpression, and the α4(+)/β2(-) interface selective agonist Sazetidine-A, we evaluated the 

impact of VILIP-1 on α4β2 nAChR proportional isoform expression. Six days post c-RNA 

injection, oocytes exhibited approximately 20% HS-isoform expression. Interestingly, VILIP-1 

was able to restore LS-isoform proportional expression. These results suggest VILIP-1 functional 

modulation may occur at the α4/α4 interface which is unique to the LS-isoform. Mutating the 

VILIP-1 myristoylation site (VILIP-1(G2A)) had minimal effect on either isoform, suggesting 

myristoylation may not be needed to drive functional modulation. In a live cell culture model 

using neuronal-like mammalian N2a cells, groups containing VILIP-1 enhanced α4 subunit 

expression at the plasma membrane. Our findings advance the understanding of intrinsic control 

mechanisms regulating nAChR function and expression and may contribute to the advancement 

of nicotine use cessation therapies. 
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Abstract: This project investigates the hypothesis that part of the neurotrophic effect of Herpes 

virus1 (HSV1) may be linked to an interaction of herpes virus 1 glycoprotein D (HSV1 gD) with 

nicotinic acetylcholine receptors (nAChRs). nAChRs are ligand-gated ion channel receptors with 

important roles in both the central and peripheral nervous systems. Rabies virus and SARS-CoV-

2 have been shown to interact with nAChRs, potentially through similarities in structure to the 

LY6 family of proteins, a similarity shared with alpha bungarotoxin (𝞪;-Bgtx). HSV1 is another 

endemic neurotropic virus that has been linked to neurological diseases including encephalitis, 

and Alzheimer’s disease. An In-silico structural homology search using the known α7 receptor 

antagonist, 𝞪;-Bgtx identified structural homology between HSV1 gD and 𝞪;-Bgtx, a homology 

shared with LY6 proteins. We used a combination of binding and functional assays to investigate 

the ability of HSV1gD to interact with nicotinic receptors and to determine if the homologous 

loop region is involved in this interaction. Surface Plasmon Resonance (SPR )studies showed a 

clear interaction between the HSV1 gD ectodomain and the acetylcholine binding protein from 

Lymnaea stagnalis (L- AChBP) in a 1:1 binding model (Kd = 2.12 x 10-6 M). A smaller fragment 

of the HSV1 gD ectodomain containing the homologous loop region (92AA) also showed an 

interaction with the L-AChBP with a similar affinity (Kd = 1.07 x 10-7 M). A synthetic peptide 

containing the α-Bgtx homologous loop region of HSV1 gD (24AA) also showed an interaction, 

albeit with lower affinity (Kd = 4.32 x 10-4 M). Two electrode voltage clamp studies of nAChRs 

expressed in Xenopus laevis oocytes were used to determine the functional effects of binding. 

The whole ectodomain of HSV1 gD inhibited agonist induced currents at sub micromolar 

concentrations (Ki = 0.243 µM), the 92AA fragment containing the homologous loop inhibited 

responses at slightly lower potency (Ki = 2.05 µM), and the short 24AA peptide containing this 

loop inhibited with even lower potency (Ki = 86.2 µM). These data support the hypothesis that 



the neurotoxin-like loop region of HSV1 gD is capable of interacting with α7 nAChRs. 

Molecular docking studies of the HSV1 gD ectodomain suggest a putative binding site for HSV1 

gD near the critical C and F loops of the nAChR at a location similar to 𝞪;-Bgtx. These findings 

may help to understand the mechanism of action of HSV1 on the nAChRs and explore how 

HSV1 plays a role in Alzheimer’s disease. Potentially similar actions of HSV1 and SARS-Cov2 

may help explain the possible synergistic effects of these two viruses in the CNS. 
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Abstract: Aging is the largest risk factor for the development and progression of 

neurodegenerative diseases, with cellular senescence being known as a hallmark of aging. 

Astrocytes have also been identified as contributors to neuroinflammation and neurodegenerative 

diseases through cellular senescence. However, acquiring human senescent astrocytes is 

challenging, leading to restrictions in investigating their role in neurodegenerative diseases. The 

invention of iPSCs has simplified the process of obtaining human brain cells, yet obstacles arise 

concerning aging as iPSCs undergo reprogramming, which rejuvenates the cells. In our study, we 

have successfully established iPSC-derived senescent astrocytes and evaluated the impact on 

neuroinflammation and neurodegenerative diseases. The iPSC-derived senescent astrocytes 

showed elevated expression of senescent markers, including p16, γH2AX, and SA-β-Gal. 

Furthermore, we established a tri-culture system of neurons/astrocytes/microglia, utilizing the 

senescent astrocytes, and evaluated the morphology of microglia. Notably, microglia on the 

senescent astrocytes showed reduced processes, suggesting a shift towards an inflammatory 

state. We subsequently evaluated the involvement of the senescence astrocytes in 

neurodegenerative diseases. It has been reported that neurotoxic A1 astrocytes are increased in 

neurodegenerative diseases. Hence, we compared the sensitivity of the senescent astrocytes and 

normal astrocytes to stimuli known to induce neurotoxic astrocytes, observing distinct 

differences between the two groups. Additionally, we are currently evaluating the impact of the 

senescent astrocytes on neuronal function by calcium imaging. In this study, we have 



successfully generated the human iPSC-derived astrocytes expressing senescent markers. 

Furthermore, we observed that the senescent astrocytes made the environment tend towards an 

inflammatory state and they were more prone to transition into a neurotoxic state. Our senescent 

astrocytes will be useful for studying the mechanism of age-related neurodegenerative diseases 

and neuroinflammation. 
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Abstract: To fully understand how information is processed in complex cell circuits, we need 

techniques able to specifically target and control the activity of the elements involved, including 

astrocytes. Currently available tools like optogenetics and chemogenetics affect the entire 

astrocytic population, making it difficult to target specific subsets. This lack of specificity 

hinders our understanding of the role of astrocytes in behavior. 

We present a tool to translate the activity-mediated calcium signals of astrocytes into gene 

expression in a light-dependent manner, i.e. AstroLight. Using AstroLight in parallel with 

electrophysiology, pharmacology, fiber photometry and behavioral techniques, we demonstrate 

mice astrocytic involvement in motivated behaviors of the Nucleus Accumbens (NAc). First, we 

designed AstroLight vectors, validating their expression after viral infection. Then, using fiber 

photometry we monitored in vivo the astrocyte calcium dynamics in the NAc, demonstrating 

their involvement during a goal-directed behavioral task. Afterward, we used AstroLight to 

express channelrhodopsin (ChR2) in the active astrocytes related to reward consumption or 

exploratory behaviors. Three-dimensional quantification of the ChR2/AstroLight ratio across the 

NAc revealed astrocytic ensembles related to these different behavioral features. Finally, we 

modulated those ensembles through optogenetic stimulation, showing that activating the 



astrocyte ensemble related to a specific reward recalls the direction of behavior towards that 

precise option. 

Our results show AstroLight as a powerful tool to study astrocyte-neuron interaction’s function 

with precise spatial and temporal control and reveal that astrocytic ensembles can impact 

neuronal activity and shape behavioral responses positioning them as relevant component of the 

circuit. 
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Title: NPAS3 regulates astrocyte bioenergetics: implication for cognitive dysfunction 
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Abstract: Abnormal astrocyte bioenergetics has been implicated in cognitive impairment. 

Despite its name, the basic helix-loop-helix transcription factor neuronal PAS3 (NPAS3) is 

highly expressed in astrocytes, but its functions in astrocytes are still not well understood, 

including transcriptional regulation of metabolic pathways. Here, we assessed the contribution of 

NPAS3 to the astrocyte energy metabolism, neuronal functions, and behavior. Our unbiased 

transcriptional analysis identified NPAS3-dependent regulation of expression of Slc25a18 that 

encodes glutamate carrier 2 (GC2) to transport glutamate over the mitochondrial inner membrane 

for oxidation in the Krebs cycle. Constitutive knockout of Npas3 gene decreased RNA and 

protein levels of GC2 and was associated with reduced oxidative phosphorylation and decreased 

levels of lactate production and release in primary astrocytes. Over-expression of Slc25a18 in the 

Npas3-deficient primary astrocytes restored the decreased lactate level. Astrocyte-specific 

knockout of the Npas3 gene in the brain showed the same decrease in GC2 expression and 



oxidative phosphorylation in astrocytes directly isolated from the brain as well as reduced lactate 

levels in brain tissues and cerebrospinal fluid. Astrocyte-restricted knockout of Npas3 decreased 

neuronal excitability and reduced dendritic spine density of cortical pyramidal neurons as 

assessed in ex vivo. Both conditional transgenic and viral knockout of Npas3 in frontal cortical 

astrocytes of adult mice produced impaired trace fear conditioning without altering their 

locomotor activity in open field or anxiety in elevated plus maze test. Single intraperitoneal 

injection of L- but not D-lactate (1mg/kg) rescued deficient trace fear conditioning. Our findings 

provide mechanistic insights in the regulation of astrocyte bioenergetics by NPAS3 to contribute 

to neuronal function and cognition. 
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nigra pars compacta and its implications for Parkinson’s disease 
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Abstract: Astrocytes, which are the most abundant glial cells in the central nervous system, have 

rapidly emerged as critical regulators of neuronal function during health and disease. The ability 

of astrocytes to govern neuronal function via their secretome, neurotransmitter re-uptake, 

calcium signals, and the release of ATP as well as cytokines is now well established. 

Importantly, these processes are highly dependent on brain region-specific morphological 

relationships between astrocytes and neurons. In this regard, our lab has previously shown that in 

the mouse substantia nigra pars compacta (SNc), S100B labeled astrocytic processes completely 

envelope the somata of tyrosine hydroxylase (TH) expressing dopaminergic (DA) neurons. In 

this study, we sought to assess if this unique morphological relationship between astrocytic 

processes and DA somata in the SNc changes in a circadian and sex-dependent fashion. Three to 

four-month-old male and female C57BL/6 mice, exposed to a 12:12 h light-dark cycle, were 

transcardially perfused at 9 AM (subjective day and “inactive period”) and 9 PM (subjective 

night and “active period”), and midbrain sections were obtained and stained with TH and S100B. 



We discovered that when compared to the 9 AM timepoint, at 9 PM, wrapping of S100B-

containing astrocytic processes around SNc DA somata was significantly decreased by ~50 % 

only in male and not in female mice. This corresponded with a similar time-dependent decrease 

in S100B astrocytic process density across entire fields of view only in male mice. Surprisingly, 

at 9 PM, female, but not male mice demonstrated a significant ~30 % decrease in the intensity of 

S100B containing astrocytic processes across entire fields of view, as well as on SNc DA neuron 

somata. To elucidate the molecular mechanisms underlying these circadian-dependent structural 

changes in astrocytes, we focused on the 5-hydroxytryptamine (5-HT)-6 Receptors (5-HT6Rs) 

based on data from the Astrocyte RNASeq Explorer database that show high expression of 5-

HT6Rs in striatal astrocytes. We found a ~ 50% higher number of 5-HT6Rs in astrocytes from 

male mice at 9 PM compared to 9 AM. In mouse primary midbrain neuron-astrocyte co-cultures 

expressing 5-HT6Rs, serotonin administration changed actin dynamics in vitro, which could be 

inhibited by pre-treatment with the selective 5-HT6R antagonist SB399885. Taken together, our 

results have important implications for understanding the role of circadian rhythms and sex-

differences during the pathogenesis of Parkinson’s disease. 
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Title: Structural and Functional Plasticity of Cortical Astrocytes in Motor Learning 
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Abstract: Motor learning is the process of acquiring and adapting to novel motor skills through 

repetitive practice. While previous studies on the mechanisms of motor learning mostly centered 

on neuronal plasticity, empirical evidence has shown that astrocytes are also potentially 

important in the regulation of motor learning due to their active roles in modulating synaptic 

transmission and neuronal communication. In this project, we investigated the role of astrocytes 



in terms of their structural and functional plasticity during motor learning. Our results first 

demonstrate increased astrocytic volume in the peri-synaptic astrocytic processes (PAPs) and 

newly-formed tripartite synapses upon motor learning, together with a reorganized profile of 

glutamate transporters and mitochondrial morphologies in PAPs. We also monitored the calcium 

dynamics in M1 astrocytes using two-photon imaging and dissected the spatiotemporal 

distribution of Ca2+ signals in M1 astrocytes throughout the task training. Our results showed 

that abundant astrocytic Ca2+ activities were involved in the motor learning process and that a 

clear temporal pattern more concentrated around the movement window was gradually shaped 

with the progress of learning. These reorganized Ca2+ activities are more likely to occur within 

microdomains rather than somata, and are more likely to possess a propagating nature rather than 

being static. Together, we have provided strong evidence that astrocytes play an active role in the 

process of motor learning by revealing the substantial plasticity of astrocytes in terms of 

morphologies and Ca2+ activities. 

Disclosures: Y. Zheng: None. S. Wang: None. Y. Ke: None. W. Yung: None. 

Poster 

PSTR263: Astrocytes in Animal Behaviors 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR263.06/B39 

Topic: B.09. Glial Mechanisms 

Title: The AMPK dynamics in hypothalamic astrocytes determines circadian behavior in mice 

Authors: *M. LUENGO MATEOS1, A. GONZÁLEZ VILA1,2, M. SILVEIRA LOUREIRO3,1, 

Á. ESTÉVEZ SALGUERO3, P. FERNÁNDEZ-SANMARTÍN3, A. MOHAMMAD 

ALASOUFI1,2, M. LÓPEZ3, O. BARCA-MAYO1;  
1Circadian and Glial Biol. Lab, Physiol. Department, Mol. Medicine, and Chronic Dis. Res. Ctr. 

(CiMUS), Univ. of Santiago de Compostela, Santiago de Compostela, Spain; 2Biology, 

Alhussein Bin Talal Univ., Maan, Jordan; 3NeurObesity Lab, Physiol. Department, Mol. 

Medicine, and Chronic Dis. Res. Ctr. (CiMUS), Univ. of Santiago de Compostela, Santiago de 

Compostela, Spain 

Abstract: The intricate interplay between metabolism and circadian physiology involves the 

molecular clock, a ubiquitous circuit present in every cell of an organism. This clock comprises 

rhythmic and self-sustained transcriptional-translational feedback loops, governing genes 

involved in rhythmic processes such as feeding behavior or sleep-wake cycles. Two pacemakers 

control circadian behavior and outputs: the suprachiasmatic nucleus (SCN) and the food-

entrainable oscillator (FEO), the location of which remains unknown, synchronize with light and 

feeding signals, respectively. Astrocytes, serving as sensors of peripheral metabolic signals, act 

as competent oscillators crucial for generating and coordinating physiological and behavioral 



circadian outputs. In this study, we investigate the role of astrocytic AMPK and the connection 

between metabolic homeostasis and the circadian clock. 

We observed that rhythmic AMPK phosphorylation is endogenously controlled by the circadian 

clock in primary hypothalamic astrocytes and in the hypothalamus of mice in the absence of 

entrainment signals (light and food). This suggests that phosphoAMPK demonstrates an 

intrinsic, energy-independent rhythmicity. To evaluate the impact of rhythmic AMPK activation 

in astrocytes, we generated mouse models with deletion of the AMPKg2 or AMPKa1 subunits 

specifically in GLAST-positive astrocytes, resulting in constant activation or inactivation of 

AMPK during the circadian cycle, respectively. Notably, constitutive activation of AMPK in 

astrocytes impairs food anticipatory activity (FAA), while deletion of AMPK enhances FAA, 

indicating that modulation of AMPK signaling can regulate entrainment by feeding signals. 

Moreover, constitutive activation of AMPK in astrocytes in male mice increases the free-running 

period and decreases intercellular coupling within the SCN, whereas deletion of AMPK has the 

opposite effects. Intriguingly, both models result in a positive energy balance. Furthermore, 

employing virogenetic approaches and mouse models with deletion of the g2 or a1 subunits in 

SF1 neurons of the ventromedial hypothalamus, we found that ventromedial astrocytes, but not 

neurons, are integral to the FEO. 

In summary, these findings underscore the crucial role of AMPK oscillation in astrocytes, 

highlighting its necessity in synchronizing circadian rhythms to both light and feeding cues. 
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Abstract: The Dorsal Raphe Nucleus (DRN) not only is the largest of the serotonergic nuclei 

containing approximately a third of all serotonergic neurons (DRN5-HT), but it comprises also a 

wide variety of neuronal subpopulations, including dopaminergic cells (DRNDA) and astrocytes 

(DRNASTRO), which may represent a source of local DRN modulation. The DRN participates in a 

wide range of behavioral responses related to the processing of aversive stimuli, leading to 



anxiety state. While the role of DRN5-HT and DRNDA in valence processing is emerging, the 

contribution of DRNASTRO, as well as the underpinning cellular mechanisms, remain elusive. Our 

unpublished findings suggest that aversive stimuli prompt increased astrocytic Ca2+ activity and 

noradrenergic signaling in the DRN, with optogenetic stimulation of Locus Coeruleus (LC) 

projections inducing freezing-like behavior in mice. In this study, we aimed to investigate how 

DRNASTRO and regulation of their activity by LC-NE projections influence stimulus valence 

processing within the DRN circuitry. To this purpose, we combined intersectional viral 

strategies, ex-vivo two-photon Ca2+ imaging and in vivo fiber-photometry to investigate 

Pavlovian learning by presenting stimuli with diverse valence. These findings may offer insights 

into linking aberrant modulation within the DRN to the pathophysiology of comorbid affective 

symptoms in neurological disorders such as depression, anxiety, and neurodegenerative diseases, 

all of which entail astrocytic involvement. 
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Title: The role of norepinephrine astrocyte signaling in reinforcement learning 
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Abstract: The locus coeruleus (LC) is a small brainstem nucleus that serves as the primary 

source of the neuromodulator norepinephrine (NE) in the brain. While LC neurons release NE 



throughout the brain to regulate arousal and attention, recent work from our lab has also shown 

two distinct functions of LC-NE in reinforcement learning. In an instrumentally conditioned 

go/no-go task with graded auditory stimulus detection, phasic LC-NE activity is crucial for task 

execution under high uncertainty conditions and for optimizing task performance after surprising 

outcomes. LC-NE silencing during this task reduces the amount of information about the 

stimulus and the choice in individual neurons in the prefrontal cortex (PFC) and motor cortex 

(MC). Large LC-NE release following a false alarm trial affects neuronal population dynamics to 

improve discrimination between go and no-go stimuli on the next trial. While the effect of a 

previous trial's outcome on the following trial requires LC-NE signals to persist for several 

seconds, phasic LC-NE activity only lasts for tens of milliseconds. LC-NE has been shown to act 

on astrocytes, which can integrate and alter neuron signals over diverse timescales, suggesting a 

means by which information from phasic LC-NE signals can be sustained through the 

subsequent trial. Here, we explored the effects of LC-NE on astrocytes in the PFC and MC of 

mice performing our reinforcement learning task. Using 2-photon calcium imaging to record 

astrocyte and neuronal calcium dynamics in the MC, we find that astrocytes show long-lasting 

increases in calcium activity following a false alarm. Chemogenetic manipulation of astrocyte 

calcium using astrocyte-specific GqDREADD-CNO blocks the improvement in performance 

following a false alarm, suggesting that astrocyte signaling influences this behavioral outcome. 

To determine how astrocyte manipulations affect neuronal responses during the task, we used 

high-density neuropixels recordings to analyze PFC and MC neuronal activity while 

chemogenetically manipulating astrocyte calcium. Disrupting astrocyte calcium activity 

decreases neuronal encoding during the task. Finally, by knocking down alpha-1a-adrenergic 

receptors in PFC and MC astrocytes while imaging astrocyte and neuronal responses during the 

task, we are exploring the role of NE specifically on astrocytes during reinforcement learning. 

Taken together, our findings indicate a critical role for cortical astrocyte signaling in 

reinforcement learning. 
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Title: Cerebellar astrocytes encode and regulate reward-associated behavior 
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Abstract: The cerebellum, traditionally linked to movement, has recently surprised scientists 

with its involvement in cognitive processes. Astrocytes, previously considered supportive cells, 

are now recognized for their contributions to higher-order brain functions. We investigated their 

role in reward processing using fiber photometry in mice genetically modified to express the 

Ca2+ sensor GCaMP6f specifically in astrocytes. For the behavior task, mice entered the trigger 

and then reward zones to receive water rewards. Our preliminary data revealed a fascinating link 

between astrocytic Ca2+ dynamics and reward processing. Within each recording region of the 

cerebellar cortex, astrocytes displayed a combination of two distinct Ca2+ signaling patterns: 

1. Slow Ramping Signal: This signal exhibited a complex relationship with reward processing 

and varied depending on the specific cerebellar region. In some regions, it showed a gradual rise 

in Ca2+ as mice approached the reward zone, followed by a decrease and a subsequent rise during 

licking. However, other regions exhibited the opposite trend. Interestingly, the timing of these 

alterations might be influenced by the learning process; 

2. Fast Signal: This category encompasses two subtypes: 

I. Spatiotemporal Signal: It likely reflected spatial or visual cues, with rapid Ca2+ transients upon 

entering the reward zone or leaving the trigger zone, suggesting a response to zone transitions; 

II. Auditory Cue Signal: It showed rapid Ca2+ transients specifically when mice entered the 

trigger zone with a cued tone, potentially linking them to auditory cues or the task initiation. 

Importantly, a single recording region exhibited only one type of fast signal occurring together 

with one slow ramping signal. Recordings from the norepinephrine (NE) sensor (GRAB_NE1m) 

mirrored the patterns observed in astrocytic Ca2+ signals, suggesting a potential causal link 

between NE release and these dynamics. Additionally, conditional knockout of D1 dopamine 

receptors specifically in cerebellar cortex astrocytes resulted in a significant decrease in the 

amplitude of the slow ramping signal, hinting at a role for D1 receptors in this process. 

Finally, we employed chemogenetic tools to manipulate astrocytic activity in specific 

regions.This manipulation led to observable changes in reward behaviors, including fewer 

activated trials and reduced licking time. 

Overall, our study provides compelling evidence that cerebellar cortex astrocytes actively 

contribute to reward processing by displaying distinct combinations of Ca2+ signaling patterns, 

highlighting the regional diversity of their roles in the reward circuitry. 
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Abstract: The mediodorsal thalamus (MD) is a key relay between limbic circuits and the medial 

prefrontal cortex (mPFC). Output from the MD to mPFC is important for reward learning as well 

as decision making, and disruptions in these connections have been linked to disease states such 

as schizophrenia and depression. Previous studies on the function of the MD have focused on 

dynamic fluctuations in neuronal activity within input and output pathways. However, a growing 

literature emphasizes a key role for astrocytes in the control of complex behaviors through the 

regulation of synaptic communication and release of gliotransmitters. Astrocytes exhibit task-

related fluctuations in intracellular calcium dynamics that may allow them to contribute to this 

circuitry on the synaptic and behavioral levels. To gain insight on the functional role of MD 

astrocytes, we designed a set of experiments to investigate astrocytic calcium dynamics during 

reward learning, paired with causal manipulations of their excitability, and their integration into 

local MD networks. In preliminary experiments, MD astrocytic calcium dynamics were directly 

measured in mice (n=7) using an astrocyte specific GcAMP and fiber photometry as mice were 

engaged in a Pavlovian cue-reward learning task. Analysis of task data revealed a transient 

increase in astrocytic calcium evoked by a reward-predicting light cue early in training. As mice 

learned the association between cue and reward, this astrocyte calcium response shifted to the 

time of reward delivery. Interestingly, this response was dependent on reward delivery and 

diminished during a single extinction session. We hypothesize that these learning-related 

responses in astrocytes are a key component of mediodorsal thalamic modulation of reward 

learning. Ongoing experiments will investigate the chemogenetic manipulations of astrocytes to 

determine their necessity during reward learning tasks as well as morphological analysis of 

astrocytes to see how they change over the course of the reward learning task. 
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Abstract: Beyond their homeostatic activities, astrocytes interact with their neighboring neurons 

and take part in information processing. Interestingly, it was recently found that hippocampal 

astrocytes exhibited persistent ramping activity when mice approached a reward in a familiar 

virtual reality environment. This effect was gone after a reward location shift or in a novel 

environment, and reestablished after training. These results indicate that astrocytes can encode a 

reward in an expected location, but it is unknown whether they can also do that in a non-spatial 

environment, for example an auditory one. To address this question, we trained mice to run on a 

treadmill in a linear track while hearing a gradually elevating pitch that was location 

independent, and to obtain water rewards coupled with the highest tone. Here we show that 

trained mice run slower on average as they approach the reward, and immediately after they 

receive it. The mice get better at performing the task as the training proceeds. We also refined 

the training method and the technical requirements needed on the experimental set during a 

session, to enable future real-time Ca2+ transients imaging in astrocyte somata and main 

processes. We hypothesize that astrocytes can encode the reward even when it, and the cues 

leading to it, are completely location independent. This further exploration will drive a 

considerable progress in our current understanding of the role of the hippocampal astrocytes in 

reward encoding. 
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Title: A multi-omic single-cell atlas of astrocyte diversity in the healthy and inflamed brain 
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Abstract: Astrocytes are increasingly recognized as a diverse cell type composed of many 

distinct molecular subtypes. Several recent studies have defined these astrocyte subtypes by gene 

expression and found that many subtypes are localized in discrete areas of the brain; however, 

existing studies have reached only limited consensus as to what astrocyte populations exist 

across the mammalian brain. This may be because prior single-cell RNA sequencing studies 

typically exhibit poor astrocyte capture efficiency compared to the abundance of these cells in 

the brain and subsequently produce low numbers of astrocytes per sample. Together with the 

generally lower RNA content of astrocytes compared to other neural cell types, these factors 

greatly limit the power of single-cell sequencing experiments and amplify the artifactual effects 

of technical variation between datasets. Additionally, given the difficulty of purifying large 

numbers of astrocytes for sequencing, prior studies have been limited to single modality 

methods. Multi-modal single-cell profiling methods have the potential to improve the 

identification of astrocyte subtypes by providing orthogonal validation of discrete subpopulations 

and additional biological context for the gene expression observed in a single cell. Using paired 

single-nucleus RNA and assay for transposase-accessible chromatin (ATAC) sequencing, we 

profiled the transcriptomes and epigenomes of over 100,000 astrocytes across the adult mouse 

brain, both in healthy animals and in animals experiencing an acute inflammatory insult 

(intraperitoneal lipopolysaccharide injection), creating a multi-omic single-cell atlas of astrocyte 

diversity in the healthy and inflamed brain. This approach revealed both previously described 

and novel astrocyte subtypes, which we then mapped to distinct brain regions using MERFISH 

spatial transcriptomics. We further present a deep generative model to integrate our multi-omic 

astrocyte atlas with prior single-cell datasets, demonstrating our atlas can be used to improve 

identification of astrocyte subtypes in underpowered datasets. This integration method can also 

be used to impute missing gene expression or chromatin accessibility information from single-

modality datasets, allowing other studies to leverage our atlas to predict additional genomic 

information about the cells in their own data. This work provides a new resource describing 

astrocyte diversity in both the healthy and inflamed brain and develops a model for dataset 

integration which will empower future studies of the roles of heterogeneous astrocyte 

populations in nervous system function and dysfunction. 
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Title: Astrocytes activity in the prefrontal cortex determine the duration of working memory 

Authors: *A. RIVERA VILLASEÑOR1,2, R. FALCON MOYA3, O. PEREZ4, A. ARAQUE5, 

M. LOPEZ-HIDALGO2;  
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Abstract: Introduction: Astrocytes integrate, process, and store information of the underlying 

neural circuitry into calcium activity (Mu et al., 2019) acting as a memory of the synaptic 

activity (López-Hidalgo and Schummers., 2014; Deemyad et al., 2018). This allows astrocytes to 

regulate neuronal activity on different time scales participating in cognitive functions such as 

working memory (WM). Aim: To evaluate the role of astrocytes in the prefrontal cortex in the 

duration of working memory. Methods: Male C57BL6/J water-restricted mice (3 months old) 

were injected into the mPFC with AAV5-GFAP-GCaMP6f and pAAV-GFAP-hM3D(Gq)-

mCherry. Mice were trained to discriminate between two vibrotactile frequencies (20/80Hz) and 

to choose between the left or right nose poke, respectively, to get a reward (4μL of water). Once 

mice reached a performance of ~80% of correct trials, working memory was evaluated by 

modifying the delay time in the door opening (1, 3, 6, 9, 12, 15, 18, 25, 40, 60, and 90s). We 

used chemogenetic (DREADDs) to increase calcium levels in astrocytes of the prefrontal cortex. 

All the subjects were evaluated under three conditions: Control, saline, and in the presence of the 

DREADDs ligand, CNO. Results: In control conditions, working memory decreased as the delay 

time in the door opening increased, with random responses starting at 15s. Calcium activity in 

astrocytes induced by CNO administration significantly increased mice performance in the 

working memory task at delays of 6, 9, 12, 15, 18, and 25s (repeated measures ANOVA, 

*p<0.05). Conclusion: Increased calcium activity in astrocytes increases the duration of working 

memory in a vibrotactile discrimination paradigm. Keywords: Astrocytes, working memory, 
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Abstract: Mu opioid receptor (MOR) coded by the Oprm1 gene is the most abundantly 

expressed opioid signaling GPCR in the brain. Neuronal MORs have been implicated in the 

mechanisms of reward and affective states. Much less is known about the functions of MOR 

expressed on glial cells. We found that decreased expression of astrocytic MOR was associated 

with elevated oxidative phosphorylation and pro-inflammatory changes in astrocytes and 

microglia. These findings led us to hypothesize that pro-inflammatory changes in MOR-deficient 

astrocytes of the dorsal hippocampus could potentially affect activity of hippocampal pyramidal 

neurons and mouse behavior. Using AAV approach, we knockdown (KD) Oprm1 in astrocytes 

of the dorsal hippocampus (dHip) and evaluated activity of dHip pyramidal neurons during 

social interaction in mice. KD decreased expression of MOR in astrocyte up to 60-70%. Using 

fiber photometry, we found that decreased expression of MOR in dHip astrocytes was associated 

with increased activity (Ca transients) of dHip pyramidal neurons in mice. During social 

approach, control mice exhibit decreased activity of neurons during investigation of the live 

mouse and increased activity during disengagement from this investigation (i.e., withdrawal). 

This pattern of neuronal activity was disrupted in mice with decreased expression of dHip 

astrocytic MOR. Compared to control mice, MOR KD also reduced social approach in mice 

treated with sub-threshold doses of the NMDA antagonist, MK-801. Our study indicates that 

decreased expression of astrocytic MOR in the dorsal hippocampus alters the activity of 



pyramidal neurons during social approach and reduces social behavior in mice, possibly via 

affecting of secretion of glutamate by astrocytes. Our data suggests that astrocytic MOR might 

point to a new direction for treatment of abnormal social behaviors and affective states. 
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tanycyte physiology 
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Abstract: Mouse models are a reliable model system for demonstrating behavioral and cellular 

phenotypes influencing maternal rearing of progeny. These behaviors and cellular phenotypes 

are governed through neuroendocrine functions. These endocrine functions relate to cognitive 

and emotional responses of the organism when they are subjected to environmental stressors. 

Poor maternal care can produce offspring that are more susceptible to various health conditions 

such as anxiety, depression, high blood pressure, and an increased rate of diabetes onset. FGFR1 

is a receptor that is highly expressed in neural stem cells within the central nervous system 

(CNS) and in astroglia. FGFR1 is important for stem cell division, stem cell maintenance, 

neurogenesis, and tripartite synapses between glia and neuronal cell types. Within the 3rd 

ventricle (3V), tanycytes are distributed lining the ventral and medial walls. Tanycytes are a 

specialized astrocyte that possesses radial glial properties. Tanycytes can alter their phenotypes 

based on environmental stimuli to maintain homeostasis of the hypothalamus. We previously 

demonstrated that mice with an inactivation of Fgfr1 in neural stem cells and their daughter cells 

results in an alteration of tanycyte morphology and proliferative capabilities. Our previous 

experiences with maintaining this mouse colony demonstrated an increase rate of pup mortality 

when mothers lacked Fgfr1 compared to control littermate mothers without conditional 



inactivation. In our current experiments, we examine the effects of Fgfr1 inactivation on dams 

and their 1st litters. There was no observable behavioral difference when measuring nesting, 

exploring, feeding, or self-grooming. We found there was not a difference in the amount of time 

it took mothers to retrieve pups under stressful stimuli. We did find there was a distinction 

between groups with regards to the amount of progeny that possessed milk spots. This led us to 

evaluate lactation associated hormonal pathways involving prolactin and oxytocin. Prolactin has 

been found to interact with mammillary tissues to stimulate milk production and secretion. 

Meanwhile, oxytocin has been shown to induce maternal bonding associated behaviors towards 

progeny while also reducing memory associated phenotypes. Here we formally assess why 

mothers are not adequately feeding their progeny, and how this may molecularly be resulting in 

the increased pup mortality rates we have previously observed. 
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Abstract: A-Kinase Anchoring Protein 11 (Akap11) has been identified as a shared risk gene for 

Schizophrenia (SCZ) and bipolar disorder (BP), yet its specific role within the brain remains 

poorly understood. To gain mechanistic insights into Akap11 function, we conducted a 

comprehensive analysis involving single-cell RNA sequencing of mouse astrocytes, bulk RNA 

sequencing, and proteomics of cultured astrocytes, as well as metabolomics of mouse brain 

tissue and cultured astrocytes derived from Akap11 wild-type (WT), heterozygous (HET), and 

knockout (KO) mice. Our investigation unveiled several significant findings: (1) notable 

transcriptomic and proteomic alterations across various molecular pathways in Akap11 mutant 

mice and cultured astrocytes, (2) elevated protein levels of protein kinase A (PKA) subunits, (3) 

increased 3’,5’ cyclic AMP levels, (4) upregulation of lipid metabolic pathways, particularly 

fatty acid and cholesterol biosynthesis, and (5) accumulation of lipid species such as 



lysophosphatidylcholine, phosphatidylcholine, and cholesterol esters. In addition, we provided 

cellular and biochemical evidence elucidating Akap11's involvement in regulating autophagy of 

PKA subunits, cAMP elevation, PKA activity, and lipid droplet accumulation. Furthermore, we 

demonstrated that Akap11 dysfunction in astrocytes impacts neuronal biology. These findings 

provide molecular insights into the complex cellular functions of Akap11 in the brain and its 

potential relevance to the pathophysiology of SCZ and BP. 
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spanning behavioral control to biological information processing 
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Abstract: Revealing the biological basis of behavioral control is key given the remarkable 

capacity for humans to display self-destructive behavior. Behavioral control is often depicted as 

the net integration of bottom-up and top-down processes. A compelling yet insufficiently 

explored idea is that higher-order cognition has an anatomical and a molecular basis. The 

premise for the latter is that evolutionarily new mechanisms were needed for the computational 

requirements of cognition but not needed for basic behavior regulation. This hypothesis can be 

tested by manipulating system xc
- (Sxc), which is an evolutionarily new astrocytic glutamate 

release mechanism that regulates neuronal activity and contributes to a rodent model of 

maladaptive behavior - non-reinforced cocaine seeking. Here, we used a genetically modified rat 

model created to eliminate Sxc activity (MSxc rats) to determine which types of behavioral 

control are reliant on Sxc-mediated astrocyte to neuron signaling. To do this, MSxc and WT rat 

behavior were compared in paradigms that differentially require basic and complex behavioral 

control mechanisms. Adult male MSxc rats performed similarly to WT rats in simple tasks 

including visual/spatial discrimination, classical conditioning, operant responding, fear-



conditioning, hedonic-based feeding, cocaine self-administration, and anxiety-based impulse 

generation. In contrast, MSxc rats displayed significant differences from WT in gambling task, 

temporal/probabilistic discounting, and five-choice serial reaction task. Collectively, the 

behavioral abnormalities displayed by MSxc rats resemble those previously observed by others 

following impaired prefrontal cortical function. However, obtaining these results with a global 

manipulation of an astrocytic mechanism expressed throughout the brain is significant for several 

reasons. First, it builds upon evidence supporting the possibility that there is a molecular basis to 

higher-order brain function, which could lead to new approaches to understand and treat 

cognitive dysfunction. Second, it is relevant to the emerging understanding of astrocytes. Third, 

these findings may be pertinent to ideas being investigated by computational neuroscientists and 

others, including the suggestion that the unique intracellular signaling characteristics of 

astrocytes perform transformer-like information processing. Transformers “attend” to encoded 

information and assign weight to important items, while incorporating distinct temporal and 

spatial characteristics, similar to astrocytic maintenance of synaptic transmission. 
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Abstract: Previous studies define two contributors to neurovascular coupling: release of 

vasoactive substances from (1) neuronal terminals and (2) astrocytic Ca2+-signaling activating 

eicosanoid (cPLA2, Filosa et al. 2006) and K+-siphoning (BK channel, Metea et al. 2007) 

mechanisms. A recent study (Suarez et al. 2022, SfN), quantitaively evaluated contributor (2) 

using laser Doppler flowmetry (LDF) to measure regional cerebral blood flow (rCBF) changes 

evoked by channel rhodopsin activation selectively expressed in astrocytes after pharmacological 

manipulation. This study uses the same pharmacological agents to block contributor (2) while 

bringing some insights to contributor (1) by employing a hindlimb (HL) stimulation. We used 

WT mice (strain: C57BL/6J age: 20-35 weeks) undergoing electrical pulses (10 ms, 3 Hz, 2.2 



mA, AM-System) for 25s to evoke a rCBF response like that observed by Suarez et al. rCBF was 

measured with LDF through an open craniotomy centered at the HL somatosensory cortex (S1) 

(N=5). We evaluated the effect of cPLA2 and BK channel inhibition individually and in union. 

Figure 1. Panel A: astrocytic CHR2-activation. Panel B: HL stimulation. (Top Panels) typical 

rCBF response after stimulus onset (Middle Panels) 15 min after (4uL) MAFP application 

evoked rCBFs show suppression of vasodilation under both paradigms (Bottom Panels) (4uL) 

Paxilline in conjunction with MAFP causes further sustained reduction in vasodilation. Panel C: 

Subtraction of WT response in electrical data from ChR2-Mlc1 response. (Top Panel) Time 

dynamic, intensity and scaling factor differences may explain the negative response shown when 

comparing stimulation paradigms under normal conditions. (Middle-Bottom Panels) Blocking 

the cPLA2 and BK channel removed most of rCBF suggesting it is mainly governed by 

astrocytic pathways. Future experiments entail blocking nitric oxide (NO) synthase with 7-

nitroindazole to isolate neuronal-based NO contribution. 
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Abstract: Astrocytic Contributions to Adaptive Stress Responses in the Medial Prefrontal 

Cortex Niharika Loomba1, Michelle Wong2, Danyal Zaidi2, Yeonju Sin2, Saptarnab 

Naskar2, Sachin Patel21Vanderbilt Brain Institute, Vanderbilt University2 Dept. of 

Psychiatry and Behavioral Sciences, Northwestern University Dysfunction in the medial 

prefrontal cortex (mPFC) is implicated in maladaptive fear responses to threats, a common 

symptom of various psychiatric disorders (Penninx et al., 2021). Most studies examining the role 

of the mPFC in responding to aversive stimuli have focused on neuronal mechanisms; however, 

non-neuronal cells compose up to half of the brain’s cell population. Astrocytes, the most 

abundant non-neuronal cell type in the brain, interact with neurons in the tripartite synapse to 

regulate synaptic transmission. However, there is still a major knowledge gap in linking how 

these cells interact with neurons to drive maladaptive behaviors often displayed in psychiatric 

disorders. Using a combination of fiber photometry, optogenetics, and miniscope imaging in 

adult C57BL/6J mice, we investigated the role cortical astrocytes in responding to stressful 

stimuli to regulate defensive behaviors and coping mechanisms. We found astrocyte Ca2+ is 

correlated with a significant increase at the onset of struggle bouts in both immobilization stress 

and tail-suspension stress, suggesting a role in active coping mechanisms to stress. Furthermore, 

just prior to and during initiation of a struggle bout, neuron Ca2+ activity modestly rises and is 

immediately followed by a robust increase in astrocyte Ca2+. To further probe the relationship 

between neuron-astrocyte interactions, we optogenetically stimulated neurons while recording 

Ca2+ activity from astrocytes. Neuronal stimulation from frequencies ranging from 5-30Hz 

caused an increase in astrocyte Ca2+ activity. Together, our results indicate that astrocyte 

activity is correlated with active stress coping and neurons may interact with astrocytes to 

modulate behavioral responses to stressful stimuli. These findings will help elucidate the non-

neuronal mechanisms underlying maladaptive behavioral responses present in psychiatric 

disorders. 
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Abstract: Astrocytes maintain neuronal homeostasis and regulate synaptic glutamate (Glu) and 

GABA, the major excitatory and inhibitory neurotransmitters in the central nervous system. Glu 

and GABA support learning and memory through synaptic plasticity. The astrocyte-specific 

enzyme, glutamine synthetase (GS), converts Glu and GABA to glutamine, which is necessary 

for maintaining neuronal Glu/GABA pools. We explored the role of GS in the hippocampus 

(HC) and prelimbic cortex (PrL), regions known to be involved in spatial working memory. We 

hypothesized that GS inhibition by methionine sulfoximine (MSO) will impair spatial working 

memory. Male and female Long-Evans rats were surgically implanted with HC or PrL bilateral 

guide cannulae. Following recovery, spatial working memory was assessed using spontaneous 

alternation: a twenty-minute, four-arm maze task measuring innate spatial navigation using 

extramaze cues. Fifteen minutes prior to each testing session, rats were intracranially 

microinjected with saline or MSO (0.4 mM, 2 mM, or 10 mM MSO) using a Latin square 

administration schedule. At least 48hr separated each session and novel extramaze cues were 

used each session. Percent alternation, the proportion of times when a rat entered all four arms 

within sets of five arm entries, was used to assess spatial working memory. Female rats’ estrous 

cycle stage was assessed with vaginal smears. Preliminary results suggest that GS inhibition has 

a dose-dependent effect on percent alternation in the HC where there is a trend of spatial working 

memory improvement at low (0.4 mM) MSO concentration and deficits at high (10 mM) MSO 

concentration. The same effect is not seen in the PrL, where GS inhibition does not affect percent 

alternation. GS inhibition does not affect the number of arm entries, suggesting that motivation 

and movement are unaffected by MSO. Current results do not show any sex differences or 

effects of estrous cycle stage on percent alternation for either the HC or PrL group. This 

experiment supports a role for astrocytic GS in hippocampal working memory. The greater 

sensitivity of the HC to GS inhibition in spatial working memory may reflect a particular role for 

astrocytic support of spatial cognition in the HC when there is no delay involved in the task. 
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Abstract: Astrocytes influence metabolism, neurotransmitter activity, and ionic balance— 

fundamental components of synaptic plasticity necessary for memory. In our study, we sought to 

characterize the relationship between astrocytes and spatial working memory. We used a 

chemogenetic technique (Designer Receptors Exclusively Activated by Designer Drugs, or 

DREADDs) to activate astrocytes in the prelimbic cortex or hippocampus of Long Evans rats 

during a delayed spontaneous alternation (dSA) task. Bilateral injections of pAAV-GFAP-

hM3D(Gq)-mCherry (DREADD-A), (PHP.eB)-GfaABC1D-DREADD hM3D-mCherry-4x6T-

CW3SL (DREADD-miRNA-T) or a control virus (PHP.eB-GfaABC1D-smV5-4x6T7 or 

pAAV.GFAP.eGFP.WPRE.hGH) were given. Following two weeks to allow for expression, rats 

received intraperitoneal injections of either the corresponding hM3D(Gq) receptor agonist, 

compound 21 (C21), or the vehicle (saline) 30 minutes before dSA testing in a counterbalanced 

order with novel visual cues in each session. There was a significant interaction of drug 

administration, virus type, and sex on spatial working memory. Females with C21 activation who 

received the DREADD-A virus showed a significant impairment in SWM; this effect was not 

seen in the females who received the DREADD-miRNA-T virus or either of the control viruses. 

Males did not show improvements with C21 administration in the presence of controls or 

DREADD-A virus, but in those who received the DREADD-miRNA-T virus, we observed a 

trend of SWM improvement with C21 activation. Astrocytes expressing the DREADD-A virus 

showed greater GFAP branching than astrocytes that did not express the virus. This effect was 

greater in females suggesting the reactive states of the astrocytes might lead to some of the 

impairments in SWM in females. We are currently exploring whether the microRNA targeting 

cassette mitigates this effect. We also expect that the DREADD-miRNA-T will limit nonspecific 

expression of hM3D(Gq) as seen in previous studies in mice. 
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Abstract: Preeclampsia (PreE), a hypertensive disorder during pregnancy, is a significant 

contributor to global fetal health risks. Among its long-term repercussions are increased chances 

of cognitive and behavioral issues in children born to affected mothers. Our research aims to 

delve into how PreE affects glial cell populations in offspring shortly after birth, and to assess its 

impact on offspring memory. To induce PreE in mice, we infused arginine vasopressin or saline 

to 10-week-old C57BL/6J virgin females via subcutaneous osmotic mini-pump throughout 

pregnancy. After natural parturition, we analyzed offspring at various timepoints post-birth for 

glia cell composition, brain-derived neurotropic factor levels, and concentrations of brain 

chemokines/cytokines. Brain tissue samples from the offspring were enzymatically digested to 

obtain single cell suspensions, which were then subjected to flow. Brain lysates were analyzed 

using a multiplex platform to explore changes in chemokines and cytokines associated with 

microglia/macrophages. Lastly, adult offspring were subject to the Plus-maze test. When 

feasible, we analyzed male and female offspring separately. Offspring from pregnancies affected 

by PreE exhibited reduced microglia and astrocyte populations one week after birth, regardless 

of sex. Interestingly, by the seventh week, we observed sex-specific alterations in microglia and 

astrocyte frequencies. In females, both microglia and astrocytes were significantly elevated in 

PreE-affected offspring. Conversely, in males, only astrocytes showed a significant increase at 

week seven. We found no significant differences in microglia/macrophage-associated brain 

chemokines or cytokines in males or females at week 12 post-birth. Moreover, only female 

offspring of PreE had elevated levels of brain-derived neurotropic factor at this timepoint. Lastly, 

offspring born from PreE-affected pregnancies displayed impaired spatial working memory in 

the spontaneous alternation Plus-maze task. Our results underscore the adverse effects of PreE on 

spatial working memory in offspring of affected pregnancies, as well as sex-specific fluctuations 



in glial cell populations during early postnatal development. Ongoing investigations in our 

laboratory are aimed at broadening our comprehension of these developmental changes in glial 

cells and exploring potential alterations in function of microglia and astrocytes. Additionally, we 

are broadening our scope of behavioral and cognitive evaluations in offspring to deepen our 

understanding of how PreE impacts the health and development of offspring, both in the early 

stages and later in life. 
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Abstract: Mitochondria, even on the level of an individual cell, show an enormous degree of 

morphological and functional heterogeneity. Furthermore, they dynamically adapt to the current 

metabolic status of their hosting cell. This also includes their redox conditions, as mitochondria 

are not only a prominent source of reactive oxygen species but also a target for oxidative stress. 

Much is still to be investigated about such subcellular redox-signaling in health and disease. 

Here we took advantage of a transgenic redox-indicator mouse model expressing roGFP 

(reduction-oxidation sensitive green fluorescent protein) in the mitochondrial matrix of 

excitatory projection neurons (Wagener et al. 2016, Antioxid Red Signal 25: 41-58; Hanson et 

al. 2004, J Biol Chem 279: 13044-53). Aiming at the visualization of individual neuronal 

mitochondria in acute brain tissue slices (400 µm thickness) and the quantification of their redox 

conditions by excitation-ratiometric two-photon microscopy, we chose to analyze axonal fiber 

tracts. After solving the issues of laser-radiation-mediated tissue bleaching and performing 

adequate redox sensor calibrations, we tested the mitochondrial redox-imaging approach in 

various brain regions (corpus callosum, capsula interna, putamen). Based on the promising 

results obtained, we finally focused on the putamen. To characterize the relationship between 

age, gender, morphology, and redox state of neuronal mitochondria, we compared mice on 

postnatal days p50, p150, p350, and p675. In general, the degree of roGFP oxidation was highest 



in those mitochondria showing a more spherical morphology. A transition of mitochondrial 

morphology to a more spherical shape was provoked by exposure to 15 min of oxygen 

withdrawal. Furthermore, the fraction of spherical mitochondria increased with ageing. At age 

p350, this led to a significantly higher fraction of roundish mitochondria in female than in male 

mice. In addition, female mice at p150 showed a lower degree of roGFP oxidation than their 

male siblings. Both of these findings might be linked to the estrogen levels, which start to 

decrease in female mice with reproductive senescence around p300. In view of the pivotal role of 

mitochondria for cellular wellbeing and their involvement in various neurological conditions and 

disorders, this interplay of gender-, aging-, and mitochondrial-morphology related redox 

alterations may be crucial and deserve further detailed studies. 
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Abstract: Mitochondria are highly dynamic organelles, which require proper regulation to 

maintain neuronal health. ALS is a devastating neurodegenerative disease characterized by the 

loss of upper and lower motor neurons. Of note, misregulation of both mitochondria and RNA 

have been proposed to contribute to the molecular mechanisms underlying ALS, suggesting that 

further understanding their crosstalk may shed light on ALS pathogenesis. Moreover, while 

mitochondria contain their own mtRNA, the mechanisms regulating mtRNA and its ability to be 

dynamically co-regulated with cytosolic RNA is still not well understood. Using live super-

resolution microscopy over time, we identify a mitochondrial RNA binding protein which 

undergoes novel trafficking dynamics and phase separation dependent on mitochondrial 

function. Importantly, these dynamics were directly dependent on its ability to bind RNA. 

Interestingly, modulation of cytosolic RNA was further able to disrupt its proper trafficking 

dynamics. Finally, we find that trafficking dynamics of this mitochondrial RNA binding protein 

may be disrupted in models of ALS, potentially contributing to mitochondrial dysfunction in 

disease. In summary, our findings highlight a novel highly dynamic pathway for co-regulating 



mitochondrial RNA and cytosolic RNA, which may have important implications for 

understanding mitochondrial homeostasis and ALS cellular mechanisms. 
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Abstract: To date, ~30 patients around the world have been identified with mitochondrial enoyl 

CoA reductase protein-associated neurodegeneration (MEPAN), a rare genetic disease 

characterized by childhood-onset of progressive dystonia, chorea, and/or ataxia, optic atrophy, 

and impaired speech due to dysarthria. MEPAN is caused by mutations in the mitochondrial 

trans-2-enoyl-coenzyme A-reductase (MECR) gene. MECR is part of the mitochondrial fatty 

acid synthesis (mtFAS) system. Mecr knockdown or deletion in cells resulted in severe loss of 

mitochondrial electron transport chain (ETC) components, reduced ETC activities, disturbed 

redox state and PPAR transcription system. There is no cure for MEPAN. Animal models are 

invaluable in modeling human diseases and therapeutic development. However, there is a lack of 

sensitive and robust in vivo tools to map mitochondrial function in intact brains in a spatially 

specific manner, to guide mechanistic investigations and to evaluate therapeutic efficacy. We 

successfully developed a novel functional MRI method, called 4D Oxy-wavelet MRI, which is 

capable of in vivo detection of mitochondrial ETC defects in intact live brains with high spatial 

resolutions. A MEPAN mouse model has been established carrying the patient variants of the 10-

basepair deletion and 285-point mutation alleles. In vivo 4D Oxy-wavelet MRI found that live 

MEPAN mouse brains showed extensive in vivo mitochondrial 

abnormality in many brain regions, such as cerebellum, somatosensory cortex, isocortex, 

striatum, fimbria, thalamus, pallidum, hippocampus (dentate gyrus, CA2, CA3), and 

hypothalamus. Our preliminary testing showed that the in vivo 4D Oxy-wavelet MRI is capable 



of spatial mapping of mitochondrial dysfunction in MEPAN mice. This can provide in vivo non-

invasive surrogate biomarkers for robust and sensitive brain phenotyping in MEPAN mice, 

guiding mechanistic investigation and facilitating and accelerating preclinical therapeutic 

development. 
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Abstract: Severe hypoglycemia (HPG) is a critical adverse effect of insulin therapy in diabetes, 

potentially leading to brain damage. Our study delves into the crosstalk between mitochondrial 

dynamics and neuroinflammation to understand hypoglycemic neuronal damage mechanisms 

and identify potential therapeutic interventions. Male C57BL/6 mice were fasted for 24 hours 

and HPG (below 20 mg/dL) was induced by intraperitoneal (i.p.) injection of insulin. HPG was 

induced for 5 hours and terminated by 25 % glucose solution i.p. injection. Mice were then 

sacrificed on day 1,4, and 7. Unbiased screening revealed the retrosplenial cortex (RSC) as 

vulnerable to HPG among other cortex regions, evidenced by elevated oxidative stress with 4-

Hydroxynonenal immunohistochemistry on day 7. Progressive increases in oxidative stress and 

apoptosis, analyzed by terminal deoxynucleotidyl transferase dUTP nick end labelling staining, 

were observed in the RSC. While mitochondrial fragmentation, examined through transmission 

electron microscopy, immunoblotting, and immunohistochemistry, and inflammatory activation 

with IL-1β expression level were already significantly increased at day 1 whereas TNF-α and IL-

6 expression levels were unchanged. Treatment with mitochondrial fission inhibitor (mdivi-1) or 



IL-1 receptor antagonist (IL-1ra) effectively mitigated hypoglycemic neuronal damage. Notably, 

elevated mitochondrial fission was only significantly increased in neurons, not microglia and 

astrocytes, as analyzed by co-localization of phosphorylated dynamin-related protein, a marker 

of activated mitochondrial fission, with markers specific to neurons, microglia, and astrocytes. In 

vitro experiments with cell-type-specific regulation revealed that preventing mitochondrial 

fragmentation with mdivi-1 in SH-SY5Y, neuronal cells, and inhibiting IL-1 signaling with IL-

1ra in either BV-2, microglial cells, or SH-SY5Y significantly prevented hypoglycemic damage. 

Morris water maze assessments confirmed the protective effects of these interventions against 

spatial memory impairment induced by HPG. Although the hippocampus is crucial for cognitive 

function, we found no significant increase in oxidative damage after HPG. No depressive or 

anxious phenotypes were observed in HPG-experienced mice compared to controls in the open 

field, tail suspension, and elevated plus maze tests. These results suggest that direct regulation of 

neuronal mitochondrial fission, combined with indirect modulation through the crosstalk 

between neuroinflammation with IL-1 signaling, could prevent hypoglycemic neuronal damage 

and spatial memory impairment. 
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Abstract: Introduction Metabolic alteration in neuroinflammation is an important contributor to 

the pathogenesis of neurodegenerative diseases. The equilibrative nucleoside transporter 2 (Ent2) 

plays a critical role in maintaining the homeostasis of nucleosides, the building block of many 

intermediates involved in energy metabolism. Previously, Ent2 deletion has been demonstrated 



to confer protection against lipopolysaccharide (LPS)-induced neuroinflammation and memory 

deficit. How Ent2 may regulate energy metabolism under neuroinflammation deserves to be 

further explored. Objectives This study was to investigate the impacts of Ent2 deletion on the 

metabolomic profile and mitochondria function in the cortex of mice with LPS-induced 

neuroinflammation. Methods Ent2-/- (C57BL/6-slc29a2em1) mice were generated using the 

CRISPR-Cas9 technique. Both Ent2-/- mice and the wild-type (WT) littermate controls (10-13 

weeks of age) were treated with 2.5 mg/kg (1.5 × 106 endotoxin units/mg) LPS via 

intraperitoneal administration for consecutive 7 days. Animals were sacrificed 24 hours after the 

last injection of LPS. Only male mice were used in this study to avoid gender effect. The 

metabolomic assay was conducted using UPLC-MS/MS analysis. Mitochondria function of brain 

slices was examined by the seahorse assay under glycemic and aglycemic conditions. Results In 

terms of oxygen consumption rate (OCR), LPS treatment significantly altered the mitochondria 

function by reducing basal respiration and ATP production under a glycemic condition and 

elevating basal respiration under an aglycemic condition in the cortex of the WT mice. Ent2 

deletion reversed the change in basal respiration under both glycemic and aglycemic conditions 

in the cortex. On the other hand, LPS treatment tended to reduce the extracellular acidification 

rate (ECAR) in the cortex of the WT mice, whereas Ent2 deletion reversed the reduction in 

ECAR. The metabolomic analysis showed that LPS treatment increased the levels of inosine and 

the NAD+/NADH ratio in the cortex. Ent2 deletion normalized the changes in the levels of 

inosine and NAD+/NADH ratio. Conclusion These findings showed that LPS treatment can alter 

mitochondria function and energy metabolism in the cortex. Ent2 deletion may normalize the 

changes caused by LPS treatment. 
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Abstract: A wealth of studies supports the accumulation of mitochondrial DNA (mtDNA) 

mutations as one of the drivers of aging and age-related diseases. One of the best-studied models 

used to evaluate this relationship is the mtDNA mutator mouse, which expresses a proofreading 

deficient version of mtDNA polymerase-γ, (PolgA). This model accumulates mtDNA mutations 

and deletions, resulting in a premature aging phenotype, including reduced lifespan, weight loss, 

reduced fertility, canities (graying of fur), alopecia (hair loss), kyphosis (curvature of spine), 

osteoporosis, reduced subcutaneous fat, enlarged heart, anemia, sarcopenia (muscle wasting), 

and hearing loss. Previous work with this mouse model has investigated the impact of voluntary 

exercise on the aging phenotype and mtDNA mutation load. We showed that voluntary exercise 

improved the overall premature aging phenotype, decreased total mtDNA mutations, and 

normalized the proteomic landscape in this mouse model. It remains unclear, however, whether 

voluntary exercise directly decreased the mtDNA mutation load or rather stopped further 

accumulation, thereby preventing the progression of the aging phenotype. Using a Cre-LoxP 

recombination system to excise the mutated PolgA to stop de novo mtDNA mutations, we are 

studying the impact of voluntary exercise on pre-existing mtDNA mutations across different 

tissues. Ongoing studies utilizing methods, such as next generation sequencing, western blot, 

qPCR, and immunohistochemistry aim to further elucidate the role that exercise plays in 

counteracting the mitochondrial impairment associated with the aging process. 
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Abstract: Cellular energy transformation by brain mitochondria is impaired by genetic 

mitochondrial DNA defects, causing mitochondrial diseases (MitoD) associated with 

neurological disorders. In the same way as brain lesions studies shed new light into the 

functional significance of anatomical brain regions, studying individuals with genetic lesions 

affecting mitochondria can shed light on their role in the pathophysiology of both normal and 

abnormal brain function. However, the impact of impaired mitochondrial energy transformation 

capacity on brain activity remains poorly understood. To address this gap, we scanned 29 

participants with mitochondrial disease and 62 matched controls with functional magnetic 

resonance imaging (fMRI) during a series of tasks designed to probe multisensory visual and 

auditory perception, cold-induced pain, psychosocial stress (speech preparation), and working 

memory (N-back). Mass univariate analysis confirmed that all tasks evoked strong and 

significant activation of relevant brain areas, and the whole brain task activation map can be 

significantly decoded using support vector machine classifier (Paired classification accuracy 

>80%, and effect size cohen’s d > 0.9 for all tasks), validating the quality of the data and analytic 

approach. Cross-validated Support Vector Machine-based classification revealed that brain 

activity during working memory task (60%, p = 0.02 in permutation test) and pain (58%, p = 

0.05 in permutation test) significantly differentiated mitochondrial disease patients from controls, 

whereas multisensory and stress tasks were not different for healthy and disease. Finally, 

activation in an a priori working memory network was significantly correlated with a clinical 

measure of neurological symptoms (Columbia Neurological Score, r = 0.25, p = 0.02). These 

findings indicate that mitochondrial disease selectively impairs cognitive functions that demand 

high metabolic resources. This specificity suggests that functional brain processes related to 

working memory and pain are vulnerable to mitochondrial dysfunction. 
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Abstract: Reactive oxygen species (ROS) are free radicals produced in normal cellular 

processes that drive mitochondrial energy respiration. In normal states, cells are equipped with 

radical scavengers that attenuate their negative impact on membrane integrity and cell health. In 

ferroptosis, iron (i.e., Fe2+) reacts with hydrogen peroxide (H2O2) and produces hydroxyl 

radicals. ROS produced in this process propagates lipid peroxidation and causes cell death. This 

is implicated in the cause and progression of neurodegenerative disorders like Alzheimer’s 

disease. Although the toxicity of ROS is established, some of the mechanisms that govern cell 

defense against ferroptosis-induced oxidative stress remain elusive. The current study aims to 

investigate a novel mechanism in neuronal cells that counteract ferroptosis-induced oxidative 

stress through the GSH-GPX4 pathway. In Neuro-2A cells pharmacological activation of lipid 

ROS was achieved by RSL-3 treatment in vitro. In ascending concentration gradients, there was 

a correlation between treatment concentration and cell survival assessed through a standardized 

MTT assay. However, treatment with Liprostatin-1, a molecule that enhances GSH 

(Glutathione)-GPX4 (Glutathione Peroxidase 4) levels, suppresses lipid ROS production and 

enhances cell survival of Neuro-2A cells. To verify that GPX4 is required for liprostatin-1-

mediated cell survival, CRISPR-Cas9 knockout of GPX4 was performed in Neuro-2A cells, and 

further assessed in a cell survival assay with RSL-3 treatment. Detection of lipid peroxidation 

thresholds will be achieved by functional mitochondrial staining, glutathione, iron, cell ROX 

green, liperfluo, MDA assays. Annexin assay will also be performed to distinguish between 

ferroptotic and apoptotic cell death. In pharmacological experiments, the results showed that 

liprostatin-1 is protective against lipid ROS production that is induced by GPx4 inhibition 

through RSL-3. These results will be further verified through GPX4 knockout to ascertain that 

liprostatin -1 enhances radical scavenging downstream of GSH. Liprostatin-1 and other 

molecules that target GPX4 signaling are potential therapeutic targets for attenuating ferroptosis-

linked neurodegenerative disorders, and oxidative stress in neurons. 
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Abstract: Ageing is the primary risk factor for most neurodegenerative diseases. APOE4 was 

the first genetic variation associated with decreased longevity. This association is likely linked to 

the neurotoxic effects of APOE4, namely its impact on mitochondrial plasticity, including 

interference of mitophagy, dysfunction of mitochondrial dynamics, and metabolic variations. 

These alterations affect mitochondrial quality control (MQC), which can lead to the 

accumulation of dysfunctional mitochondria and long-term impairment of cell function. 

However, the precise mechanism by which APOE4 affects mitochondrial dysfunction is unclear. 

Fibroblasts are connective tissue cells that show mitochondrial deficiencies similar to those of 

neuronal cells in patients with neurodegenerative processes; therefore, fibroblasts are proposed 

as a cellular model for studying mitochondrial biology in aging under a genetic context. This 

dissertation aims to determine the impact of APOE4 on the MQC of aged human fibroblasts. The 

project hypothesis focuses on APOE4 altering the rate of biogenesis/mitophagy, leading to 

mitochondrial dysfunction. Therefore, we performed primary cultures of aged human fibroblasts 

expressing the APOE3 allele, presenting sporadic AD, and with the APOE4. Human fibroblasts 

were obtained from Coriell Institute. Likewise, we focused on MCC to understand the impact of 

APOE4 on pathological aging. Alterations in the expression of TFAM and PGC1a transcripts, in 

addition to mtDNA damage, were observed by RT-qPCR. Mitochondrial membrane potential 

was analyzed by microscopy with TMRE, observing hyperpolarization by APOE4, while 

mitochondrial network formation was analyzed by producing a binary morphological skeleton 

with ImageJ software, where mitochondrial network formation was decreased for APOE4. 

Mitochondrial H2O2 levels were assessed through the HyPer7 sensor. Subsequently, the 

autophagic pathway was analyzed by transfecting fibroblasts with the mCherry-GFP-LC3 

reporter, resulting in an apparent blockage of autophagic flux. To confirm autophagic blockade, 

western blots of essential mitophagy proteins were performed. We observed increased 

autophagic activity and early endosome formation in the APOE4. Our data further confirm the 

hypothesis of a prominent link between impaired mitophagy, impaired energy homeostasis, and 

endosomal system failures as a critical early event during APOE4-induced accelerated 

pathological aging. Combining central and peripheral measures of mitochondrial function can be 

more promising for future mechanistic disease stratification than applying a single biomarker. 
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Abstract: The E50K Optineurin (OPTN) mutation is associated with normal tension glaucoma 

(NTG). Preliminary electron microscopy done by our group showed E50K mitochondria (Mt) to 

be fragmented, round, dilated and darker than controls. Such features are reported to be related to 

an immature type of metabolism, characterised by inner membrane proton leak, uncoupled 

phosphorylation, and increased glycolysis. We have shown an important source of leak channel 

activity to be composed of the c-subunit ring of ATP synthase. We hypothesised E50K Mt have 

a leak metabolism, in which assembled ATP synthase operates in reverse, consuming ATP to 

restore the inner membrane potential with the free c-subunit ring acting as the pore.We found 

that E50K cells have an accelerated cell growth rate and overall increased protein synthesis rate 

(P<0.05). Upon addition of oligomycin, E50K Mt depolarized whereas controls hyperpolarized, 

consistent with the E50K mutants manifesting reversal of ATP synthase into hydrolysis mode. 

E50K cells have increased OCR, glycolytic rate, NADH/NAD+ ratio, lactate levels and 

glycolytic ATP production (all P<0.05). E50K Mt exhibit an increase in ATP synthase c-subunit 

protein levels (P<0.05), while the beta subunit is relatively constant across cell lines. In 

conclusion, E50K mutant Mt depolarize upon oligomycin treatment suggesting the presence of 

an inner mitochondrial membrane proton leak with ATP synthase reversal consuming, rather 

than producing, ATP. To sustain the ATP demand, glycolysis is upregulated. The data support 

that the leak channel is via the c-subunit of ATP synthase. Presence of a leak leads to uncoupling 

of oxidation from phosphorylation and to an immature phenotype, as shown by increased cell 

and protein synthesis rate. 
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Abstract: Cholinergic neurons of the basal forebrain (BFCNs) play an integral role in cognitive 

functions by providing the major cholinergic input into the cortex and regulate attention, 

learning, and memory. Degeneration of BFCNs correlates with memory loss in aging, and BFCN 

degeneration is exacerbated in Down syndrome (DS, T21), Alzheimer’s disease (AD), and 

Dementia with Lewy Bodies, and Parkinson disease. However, little remains know about BFCN 

development. We performed single nucleus RNA-sequencing (snRNA-seq) of early human post-

natal (age 0-2) unaffected basal forebrain tissue. snRNA-seq clustering analysis reveals 

cholinergic neurons, GABAergic interneurons, oligodendrocytes, astrocytes, and microglia are 

present in the basal forebrain. This is the first RNA-sequencing investigation of human basal 

forebrain tissue. 

Little is known about early mechanisms contributing to the susceptibility of BFCNs in 

neurodegenerative diseases. We sought to determine if there are early characteristics of BFCNs 

that may promote their susceptibility later in life in the context of DS, where BFCN degeneration 

begins in the third decade of life and individuals have an early onset of AD. We performed single 

nucleus RNA-sequencing (snRNA-seq) of early human post-natal (age 0-2) DS basal forebrain 

tissue. snRNA-seq clustering analysis confirms that the same cell populations present in the 

unaffected control are present in DS, indicating no major changes in the cellular composition of 

the DS basal forebrain. Comparison of unaffected and DS snRNA-seq reveals genes and 

pathways related to cellular metabolism, protein homeostasis, and autophagy are altered in DS 

BFCNs. These results suggest that BFCN pathology begins during prenatal development in DS 

and may contribute to BFCN susceptibility later in life. 

Because access to prenatal tissue is limited, we wanted to determine whether induced pluripotent 

stem cell (iPSC)-derived BFCNs are similar to in vivo BFCNs and if they can model BFCN 

development. Single cell RNA-sequencing (scRNA-seq) of T21 and isogenic control iPSC-

derived BFCNs indicates that the iPSC differentiation results in a similar number of BFCNs from 

T21 and control cells. scRNA-seq also reveals that genes and pathways related to cellular 

metabolism, protein homeostasis, and autophagy are altered in T21 BFCNs. These results 

confirm that BFCN pathology begins early in DS development. The shared DEGs and pathways 



between BF tissue and iPSC-derived BFCNs validates the use this iPSC model to study BFCN 

development in DS. Future work will utilize iPSC-derived BFCNs to probe the differences 

discovered in the RNA-seq analysis of DS tissue and T21 iPSC-derived BFCNs. 
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Abstract: The mitochondrial contact site and cristae organizing system (MICOS) complex have 

been implicated in regulating mitochondrial structure and pathology in models of aging 

(amygdala and hypothalamus) and Alzheimer's disease (AD), which is characterized by cognitive 

and motor impairments. However, the impact of MICOS and mitochondrial morphology on 

neuronal function in the amygdala and hypothalamus remains unclear.We examined postmortem 

brains from control and AD patients and confirmed abnormal protein accumulation. MICOS 

gene expression showed upregulation of MICOS (Mic27 and Mic10) in AD brains, suggesting a 

role in AD pathogenesis. Gene expression of MICOS and mitochondria-regulating genes (Opa1 

and Drp1) was also performed in D. melanogaster, murine, and human models. In laboratory-

evolved D. melanogaster brains, Opa1, Drp1, and MICOS (Mic19) was upregulated in the 

advanced aging cohort. In aged mice and humans, MICOS, Drp1 and Opa1 were downregulated 



in the amygdala and hypothalamus, which is linked to lowered mitophagy.We also explored the 

impact of aging on mitochondrial morphology by performing three-dimensional (3D) 

reconstruction of mitochondria and axons from the amygdala and hypothalamus in 3-month-old 

versus 2-year-old mice (young versus old). We utilized serial block face-scanning electron 

microscopy and the Amira Software and found that mitochondria are increased in size and 

complexity in the amygdala and decreased in size and more spherical in the hypothalamus, 

suggesting better functionality in the hypothalamus. Mitochondrial transport in axons is 

important for maintaining neuronal function. Thus, we analyzed the 3D morphology of axonal 

and non-axonal mitochondria. The axonal mitochondria are larger with higher branching index in 

the hypothalamus of young mice and no changes in axonal mitochondria in the amygdala. This 

suggests higher functional capacity of mitochondria in the hypothalamus and age-related 

impairment of mitochondrial transport in the amygdala, common in neurodegenerative disease. 

We then explored the impact of mitochondria structural changes by analyzing calcium signaling 

in human embryonic kidney cells (HEK293), which express many neuronal genes. Knockout of 

MICOS genes chchd6 (Mic25) and mitofilin (Mic 60) in HEK293 cells resulted in decreased 

calcium uptake rate and mitochondrial calcium capacity rate. 
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Abstract: Aging is associated with cognitive decline; however, the precise neural mechanisms 

driving this connection remain ambiguous. We found that neuronal calcium transients in the 

cortical neurons of aged mice were significantly lower, indicating reduced neuronal excitability. 

To explore the influence of metabolism on this age-associated decline in neuronal excitability 

and cognitive impairment, we performed metabolomics analysis on the prefrontal cortex of aged 

mice. We found that purine catabolism was significantly enhanced in aged mice. The increase in 

purine catabolism led to a significant elevation of uric acid levels, effectively suppressing the 

firing frequency of action potentials. To investigate the effects of elevated uric acid on neuronal 

excitability and cognitive function in vivo, we increased the uric acid levels in the prefrontal 

cortex of adult mice with a diet rich in uric acid. We found that this significantly reduced the 

excitability of cortical neurons and resulted in apparent cognitive impairment. To further validate 

these findings, we employed febuxostat to inhibit uric acid production in aged mice. 

Intracerebroventricular injection of febuxostat effectively reduced uric acid concentrations, 

elevated neuronal excitability, and improved cognitive function in aged mice. These findings 

suggest that elevated uric acid levels are crucial in aging-related reductions in neuronal 

excitability and cognitive function. Furthermore, we examined the mechanism underlying the 

aging-induced abnormality in purine metabolism. Aging coincided with an increase in MCU 

expression in the mitochondria of cortical neurons. MCU upregulation resulted in heightened 

mitochondrial Ca2+ signaling, aberrant mitochondrial morphology, disrupted metabolic networks, 

increased purine catabolism, elevated uric acid production, reduced neuronal excitability, and 

impaired cognitive function in mice. In contrast, the reduction of MCU expression reversed these 

processes. These results suggest that MCU upregulation is a critical factor in aging-related 

impairments. 
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Abstract: The transcription factor (TF) ATF4 is the central downstream effector of the 

Integrated Stress Response (ISR) and a master regulator of cellular homeostasis in response to 

cellular stressors such as proteotoxic and oxidative stress. The ISR is a convergent signaling 



pathway, funneling diverse upstream signals to a single shared effector, ATF4. ATF4 is 

expressed in multiple neurodegenerative diseases including Alzheimer’s disease (AD) and 

Parkinson’s disease (PD), where it can promote both pro-survival and pro-death transcriptional 

programs. How ATF4 transcriptional flexibility is regulated in response to different types of 

cellular stress, or in different neurodegenerative diseases, is not known. ATF4 is an obligate 

dimeric TF, meaning it must form a complex with other TFs in order to be transcriptionally 

active. We hypothesized that the transcriptional effect of ATF4 in different contexts may be 

regulated in part by its interactome, or the other TFs and regulatory molecules it complexes with. 

To test this hypothesis, we leveraged a technique called proximity-labeling (PL) proteomics, 

which is a rapid, sensitive technique for the identification of protein interactomes in which a 

protein of interest is tagged with an enzyme that chemically labels nearby proteins with biotin, 

followed by affinity purification and mass spectrometry to identify the labelled proteins. We 

developed an ATF4-PL construct utilizing the engineered ascorbate peroxidase, APEX2, and 

expressed this construct in HEK 293T cells exposed to different cell stress conditions, such as 

ER stress, proteasome inhibition, and mitochondrial stress. Through this approach, we have 

identified and validated several stress-responsive ATF4 heterodimerization partners, including 

the AP-1 TF, c-Jun, and others. Ongoing experiments are focused on elucidating how these 

different heterodimerization partners modulate ATF4 transcriptional activity in different stress 

conditions. In the future, we plan to apply similar methodologies to interrogate the ATF4 

interactome in different neurodegenerative disease models. We expect that ATF4 combinatorial 

regulation may help explain clinical differences between and within neurodegenerative diseases 

and highlight novel targets for therapeutic intervention. 
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Abstract: Mitochondrial dysfunction is a key feature of the aging process, and multimorbidity 

associated with old age. While many studies have explored the role of the mitochondrial activity, 

biomass and dynamics in the ageing process, a direct connection between mitochondrial 

metabolic (coupling) efficiency and longevity or healthspan has not been explored. Our recent 

work indicates that a decline in mitochondrial metabolic efficiency, measured as the ratio of 

cellular ATP produced over oxygen uptake, with age, is central to impairments in key functions 

such as energy homeostasis and anaplerosis. We have observed that modulation of inner 

membrane ion leak currents is a key determinant of metabolic efficiency across life course in 

multiple organ systems. Our studies in C. elegans suggest that regulation of this mechanism is 

critical for maintaining physiological resilience and physical activity in old animals. This work 

also suggests that this mechanism of metabolic efficiency is required for the benefits of 

metabolic of exercise in a novel model of physical activity. We have also developed high 

throughput assays for identifying nutraceuticals and pharmacologial compounds that can 

specifically target this mechanism to enhance healthy ageing and extend lifespan. 

Disclosures: A. Ali: None. S. Balakrishnan: None. H. Bae: None. A. Abulimiti: None. M. 

Tsujishita: None. C. Whittle: None. M. Barkoulas: None. A. Brown: None. P.J. Smith: 

None. K.N. Alavian: None. 

Poster 

PSTR265: Memory Circuit Alterations in Alzheimer’s Disease 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR265.01/B71 

Topic: H.08. Learning and Memory 

Support: Alzheimer Society of Canada Proof of Concept Grant 

CFI Leaders Opportunity Fund 

Title: Abnormal hippocampal sharp wave ripple dynamics in TgCRND8 mice 

Authors: *Y. SUN1, S. CHEKHOV2, S. MARGARIAN2, P. E. FRASER3,4,5, K. TAKEHARA-

NISHIUCHI2,1,5;  
1Cell and Systems Biol., 2Psychology, 3Med. Biophysics, 4Tanz Ctr. for Res. in 

Neurodegenerative Dis., 5Collaborative program in Neurosci., Univ. of Toronto, Toronto, ON, 

Canada 

Abstract: Alzheimer’s disease (AD) is a progressive neurological disease associated with the 

decline in episodic memory. Throughout the hippocampus, transient bursts of oscillatory activity 

known as sharp wave ripples (SWR, 100-250 Hz) occur during NREM sleep and awake rest. 

Critical for memory consolidation, many studies using mouse models of AD reveal abnormalities 

in SWRs and other associated neural activity. Previously, we reported disruptions of dorsal CA1 



spike dynamics associated with SWRs in the TgCRND8 model with AD-related amyloidosis and 

spatial memory deficits. To supplement these findings, we examined how hippocampal SWR 

dynamics and the cross-region interactions with cortical spindle and delta oscillations are 

affected during NREM sleep. Using wire electrodes, we recorded local field potential activity 

from the dorsal CA1 hippocampus and anterior cingulate cortex (ACC) of 3-5 month-old 

wildtype (WT) and TgCRND8 mice. Recordings were performed during rest periods before and 

after animals were subjected to an object location memory task. We extracted oscillatory patterns 

from the recorded signals and found no change in the incidence rate and amplitude of cortical 

spindle and delta events in the TgCRND8 mice compared to WT mice. Differences in incidence 

rate of SWRs however were dependent on the applied detection thresholds. TgCRND8 mice had 

a higher proportion of large amplitude SWRs in comparison to WT mice and the overall average 

SWR amplitude was increased. Furthermore, both SWR and delta incidence rate increased after 

experience comparably for the TgCRND8 and WT mice. We then examined the temporal 

coordination of these network patterns and found no difference in the event and amplitude cross-

correlations of SWR-spindle, SWR-delta or delta-spindle between TgCRND8 and WT mice, or 

before and after experience. However, fine-tuned nesting of SWRs in spindle troughs was 

disrupted in TgCRND8 mice. SWRs from TgCRND8 mice co-occurred around spindle peaks 

rather than spindle troughs as observed in WT mice. Overall, aberrant oscillatory patterns in the 

TgCRND8 amyloidosis model were specific to hippocampal SWRs, suggesting a possible 

impairment in local inhibition that connects our previously found disruptions of SWR-spike 

phase modulation with abnormal SWR dynamics. 

Disclosures: Y. Sun: None. S. Chekhov: None. S. Margarian: None. P.E. Fraser: None. K. 

Takehara-Nishiuchi: None. 

Poster 

PSTR265: Memory Circuit Alterations in Alzheimer’s Disease 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR265.02/B72 

Topic: C.02. Alzheimer's Disease and Other Dementias 

Support: NRF-2022R1A2C2009265 

NRF-2022M3E5E8018421 

NRF-2021R1A6A3A01086526 

R01 MH099073 

R21 AG067008-01 

Title: Altered CA1 and CA3 place cell spiking patterns in APP/PS1 Alzheimer’s disease mice 

Authors: *S. PARK1, M.-J. PARK2, E. KIM3, H. RHIM2, J. J. KIM3, Y. HUH4, J. CHO5;  
1Ewha Women's Univ., Seoul, Korea, Republic of; 2Korea Inst. of Sci. and Technol., SEOUL, 



Korea, Republic of; 3Psychology, Univ. of Washington, Seattle, WA; 4Catholic Kwandong 

Univ., Incheon, Korea, Republic of; 5Brain Cognitive Sci., Ewha Womans Univ., Seoul, Korea, 

Republic of 

Abstract: The hippocampus is susceptible to neurodegenerative disorders such as Alzheimer’s 

disease (AD). The APPswe/PSEN1dE9 (APP/PS1) transgenic mouse model is widely used to 

study the pathology of AD and previous research established AD-associated impairments in 

hippocampal-dependent learning and memory. However, the neurophysiological mechanisms 

underlying cognitive dysfunctions in AD is less well known, so we investigated place cell 

activities of CA1 and CA3 hippocampal subregions in APP/PS1 mice. Behaviorally, APP/PS1 

mice demonstrated impaired spatial recognition memory compared to wild-type(WT) mice in the 

object location test. Physiologically, the spatial representation ability of APP/PS1 CA1 and CA3 

place cells deteriorated compared to the WT. The activity of the APP/PS1 CA1 place cells were 

more altered than the APP/PS1 CA3 place cells compared to the WT place cells. Burst firing 

patterns were also altered in both the APP/PS1 CA1 and CA3 place cells. Additionally, theta, 

low-gamma, and high-gamma rhythms were significantly attenuated in the CA1 and CA3 of 

APP/PS1 mice compared to the WT. Our results suggest that altered APP/PS1 CA1 and CA3 

place cell activities, burst firing, and rhythms collectively contribute to impaired hippocampal-

dependent spatial learning and memory in AD. 
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Abstract: BACE1 is a promising drug target for treating Alzheimer’s disease (AD). However, 

clinical trials of BACE1 inhibitors failed to show efficacy and even led to cognitive worsening. 



This suggests that BACE1 may play a role in regulating cognition-relevant neural circuits. 

Recently, we reported that parvalbumin-positive inhibitory interneurons (PV INs) in 

hippocampal CA1 express BACE1 at a high level and the CA1 fast-spiking PV INs with BACE1 

deletion exhibited an enhanced response of postsynaptic N-methyl-D-aspartate (NMDA) 

receptors to local stimulation on CA1 oriens, with average intrinsic electrical properties and 

fidelity in synaptic integration with our mouse strain with conditional knockout of BACE1 in PV 

neurons (PV-Cre;BACE1fl/fl). Intriguingly, the BACE1 deletion reorganized the CA1 recurrent 

inhibitory motif assembled by the heterogeneous pyramidal neurons (PNs) and the adjacent fast-

spiking PV INs from the superficial to the deep layer. Moreover, the conditional BACE1 deletion 

impaired the AMPARs-mediated excitatory transmission of deep CA1 PNs, while the superficial 

CA1 PNs exhibited a moderate increase in the AMPARs-mediated excitatory postsynaptic 

currents. Further rescue experiments confirmed that these phenotypes require the enzymatic 

activity of BACE1. In the present study, we further sought to investigate whether the fast-spiking 

PV INs regulate the long-term potentiation (LTP) of these two subtypes of CA1 PNs in a non-

uniform way, and how BACE1 is involved in this microcircuit working model. Our results 

showed that BACE1 deletion in the PV INs decreased the high-frequency stimulation (HFS)-

induced plasticity of deep CA1 PNs while increasing that of the superficial ones. We also used 

channelrhodopsin expressing AAV to manipulate the PV INs, specifically in acute hippocampal 

slices and found that BACE1 deletion made the PV INs lose a stable response to the HFS-LTP 

during the induction and expression of CA3-CA1 synaptic plasticity. Using an inhibitory 

optogenetic AAV-eNpHR, we explored the mechanism underlying how PV INs with or without 

BACE1 expression tune the CA3-CA1 plasticity. We observed that inhibiting PV INs temporally 

contributed to the HFS-LTP of CA3-CA1 projection. Our findings suggest that BACE1 helps 

maintain the homeostasis of the CA1 microcircuit motif in synaptic plasticity related to 

hippocampus-dependent learning and memory. We propose a neuron-specific working model of 

BACE1 in regulating CA1 microcircuits and enabling the hippocampal CA1 as a computational 

unit with spatial and temporal precision. 
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Abstract: Alzheimer’s disease (AD) is a refractory disease with complex pathogenesis. The 

synaptic degeneration and decline in plasticity in the hippocampal circuit play a central role in 

AD. Previous studies have elucidated the role of hippocampal long-projecting circuits in the AD 

brain. Nevertheless, how the hippocampal microcircuits are involved in the AD process is 

unclear. The known pieces of evidence revealed that the fast-spiking parvalbumin (PV) positive 

basket interneurons (PVBCs) connect the adjacent deep CA1 pyramidal neurons (deep CA1PNs) 

and superficial CA1 pyramidal neurons (superficial CA1PNs) to form a recurrent inhibitory 

microcircuit relevant to learning and memory. In this study, we examined how PVBCs regulate 

CA1 plasticity in an AD mouse model, taking into account neuronal heterogeneity in the CA1 

microcircuit.We found that the single-cell long-term potentiation (LTP) of superficial CA1PNs 

was selectively impaired, while deep CA1PNs remained normal in 5xFAD mice at six months, 

compared to their wild-type littermates. The CA1 PVBCs functioning as filters at higher 

frequencies were damaged in the 5xFAD mouse brain. In addition, the amplitude of NMDAR-

EPSCs in PVBCs was enhanced in the mouse model brain. Intriguingly, the administration of 

memantine in acute hippocampal slices rescued the diminished LTP in superficial CA1PNs of 

5xFAD mice compared to wild-type mice. Therefore, we propose that the CA1 fast-spiking 

PVBCs are significantly more susceptible to AD-like microenvironments. The dysfunction of 

filter property and postsynaptic NMDAR response might cause the decline in synaptic 

transmission and LTP of CA1PNs in AD-like progress. Modulating electrophysiological 

properties and NMDAR functions in PVBCs may improve cognitive behaviors by retuning the 

working mode of the PVBC-CA1PNs microcircuit in the AD brain. The study may pave a 

promising path to a combination of drug therapies and non-invasive administration for AD. 
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Abstract: Alzheimer’s Disease (AD) is characterized by impairment in memory and cognition, 

and by aberrant neuronal activity notably in the vicinity of amyloid plaques. To understand how 

amyloidosis in AD changes circuit properties affecting memory encoding and recall, we 

examined the relationship between neuronal activity, distance to amyloid plaques, and spatial 

memory readout from hippocampal CA1 place cells. We performed two-photon calcium imaging 

in head-fixed mice navigating an air-lifted circular track. Cells were labelled with jGCaMP7s 

while amyloid plaques were labelled with Methoxy-x04. We studied 5xFAD (AD model) mice 

and their wildtype littermates divided into two age groups: young (2-3 months) and old (6.5-10 

months), with 6 mice in every group. We found that during non-running periods, neuronal 

activity in CA1 was higher in 5xFAD mice compared to wildtype (WT) littermates in both young 

(WT: mean 4.10 a.u./min SEM 0.06, n=5309 cells; 5xFAD: 4.50±0.06 a.u./min, n=4836; 

p<0.0005 by Kruskal-Wallis test) and old (WT: mean 3.19±0.07 a.u./min, n=2548 cells; 5xFAD: 

3.68±0.05 a.u./min, n=9666; p<0.0005) groups. Moreover, neurons close to amyloid plaques 

(<20µm in old, <40µm in young) had elevated activity. Old 5xFAD mice ran faster than old WT 

mice but showed significantly impaired dynamic range of neuronal activity in response to speed 

(WT: 9.25±0.19 a.u./min; 5xFAD: 7.43±0.06 a.u./min, p<0.0005). Compared to old WT cells, 

old 5xFAD cells had less spatial information and lower dynamic range of activity in response to 

location. In young mice, both spatial information and dynamic range in response to location were 

higher in 5xFAD cells compared to WT cells. However, young 5xFAD place cells had less 

spatial information and lower dynamic range (in response to location) near plaques, suggesting 

that disrupted neural coding starts there. 

We then analyzed how these changes in circuit properties affect memory encoding and recall. 

Compared to WT mice, old 5xFAD mice required more laps around a familiar track for cells to 

exhibit place tuning, indicating impaired memory recall. Impaired memory encoding in a novel 

environment was similarly observed in 5xFAD mice in both age groups. Old 5xFAD place fields 

for a familiar track were less stable within a trial compared to old WT place fields. The same was 

observed in a novel environment where intra-trial stability for old 5xFAD place fields was even 

lower. Our study provide insight into the progression of spatial information coding deficits in 

5xFAD mice and how these affect learning of new spatial memories versus recalling of old. 
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Abstract: Despite recent diagnostic advances, Alzheimer’s disease (AD) is still predominantly 

detected in patients after significant brain atrophy has already occurred, posing a great challenge 

for disease-modifying treatments, and effective management of clinical symptoms. Deep Brain 

Stimulation (DBS) has shown promising results in various neurological disorders with reports of 

increased cognitive performance, but its effects on the local neuronal network are poorly 

understood and only a handful of studies have explored its potential as a treatment for late-stage 

AD. Our study aimed at understanding how DBS affects the local neuronal network, by using 

linear multichannel electrodes, lowered into the hippocampus (HIP) of lightly anesthetized 

TgF344-AD rats, in the late stage of the disease process (16 months of age). Using sub-

millisecond switching, we alternated a series of DBS parameters (high vs. low stimulation 

frequency with different amplitudes) with extracellular neuronal response recording. Local field 

potentials (LFP) analysis pre- vs. post-DBS demonstrated that the AD-induced attenuation in 

power (e.g. -26.6% ±13.1% for the delta band in the dorsal HIP in TgF344-AD rats), and 

coupling of the hippocampal oscillations could be transiently potentiated by the higher DBS 

frequency (e.g. +40.0% ±12.4% increase in delta power for TgF344AD vs +29.5% ±11.2% for 

controls at 10 Hz and 0.2 mC/cm2/pulse), whereas low-frequency (1 Hz) stimulation had little 

effect. The relative increase in power in the TgF344-AD rats affected the lower frequency bands 

(delta, theta and alpha, 1-12 Hz) while the DBS-induced increase in the modulation index 

occurred in all combinations of low-band phase and gamma amplitudes. The analysis of the 

spiking activity in the 0.75-3 kHz band revealed that the TgF344-AD rats’ neurons increased 

their firing both during and after DBS, but the increase in synchronization to the stimulation 

frequency observed following DBS offset was less pronounced in TgF344AD rats’ vs. nTg rats’ 

neurons. These findings indicate that higher DBS frequency may be an effective way to 

ameliorate hippocampal neuronal network dysfunction in late-stage AD pathology. Further 

investigation is warranted to explore the potential long-term benefits of chronic DBS treatments 

in the clinic. 
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Abstract: To develop treatments to prevent or halt cognitive decline in Alzheimer’s Disease 

(AD), it is essential to intervene early in the disease. Defining when and where early disease-

related changes happen in the brain thus is a central goal of our research. Neuronal 

hyperexcitability has been implicated both in AD patients and in mouse models of AD pathology 

and is a key driver of AD pathogenesis. Therefore, brain region-specific hyperexcitability serves 

as a promising target for early treatment. The entorhinal cortex (ENT)-hippocampus circuit has 

been a major focus in AD research since its dysfunction contributes to key AD symptoms such as 

impaired spatial memory. However, it is not clear whether AD-related cellular and circuit 

abnormalities begin there in the ENT or arise from upstream inputs that then influence ENT 

function. To identify input populations that may cause ENT dysfunction, we used a rabies virus 

retrograde tracing approach to map changes in ENT inputs in the 5xFAD mouse model of AD 

pathology. We observed increased inputs from retrosplenial cortex (RSC) to ENT at a prodromal 

time point (2 months of age) in 5xFAD mice compared to controls, prior to the onset of plaque 

formation and memory impairment, indicating increased RSC activity. Consistently, we found in 

vivo hyperactivity using fiber photometry and in vitro neuronal hyperexcitability using whole-

cell patch clamp recordings in RSC layer 5 (RSCL5) cells of 5xFAD mice at the prodromal time 

point, while spontaneous synaptic activity was largely normal at this time. Furthermore, 

performing in vivo calcium imaging with a head-mounted miniature microscope on a linear track 

revealed increased frequency and amplitude of calcium events and decreased spatial information 

in RSCL5 cells of 2-month-old 5xFAD mice compared to controls, confirming our observation of 

cellular hyperexcitability, and revealing impaired spatial coding at this prodromal time point. In 

conclusion, our results show early cellular hyperexcitability and disrupted spatial coding in 

RSCL5 cells in 5xFAD mice at a prodromal time point, which may drive deficits in cellular 

functions and information coding locally and downstream later during AD progression. 
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Abstract: As the global population ages, the prevalence of dementia and its impact on families, 

society, and healthcare systems is rising. Alzheimer's Disease (AD) is the most common cause of 

dementia. Yet, some elders who exhibit the pathological hallmarks of AD— amyloid deposition 

and hyperphosphorylated tau—do not show symptoms of dementia. This intriguing phenomenon 

of brain resilience suggests that factors beyond traditional pathological markers may play a role 

in the etiology of cognitive impairment in AD. One such factor could be the stochasticity in 

neuronal reactivity. Recent studies indicate that healthy brain function undergoes continuous 

remodeling of neuronal functional properties even in environmentally and behaviorally stable 

conditions. This basal plasticity likely leads to ongoing, activity-independent synaptic changes 

that contribute to the stochastic responsiveness of neurons to stimulation. Evidence also shows 

that reduction in volatility of neuronal responses to repeated stimulation is associated with 

impaired information processing. We hypothesize that a lower trial-dependent variation in the 

neurons activated by a repetitive stimulus leads to greater impairment upon AD progression. 

Here we employed ultra high-density Neuropixels probes to estimate the neuronal stochasticity 

in the somatosensory cortex and the hippocampus. Our findings indicate that impaired 

TgF344AD rats displayed altered across-trial neuronal response rate, reduced number of 

responsive neurons, and diminished high-frequency oscillatory activity in the hippocampus 

compared to their non-transgenic littermates. This work may identify a novel target for 

presymptomatic AD interventions, and early stratification of AD patients by their susceptibility 

to dementia. 
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Abstract: Alzheimer’s disease (AD) is a progressive neurodegenerative disease characterized by 

aggregation of amyloid and tau pathology across distinct brain regions. The unique distribution 

patterns of AD pathology and its spread suggest that some brain regions and their constituent cell 

types are more susceptible/resilient to AD neurodegeneration and cell death. Neurodegeneration 

of the subiculum (SUB) is a critical biomarker of AD clinical symptoms, but it is unknown if 

SUB cell types are differentially affected by AD. The 5xFAD mouse model of AD has been 

shown to present a clear progressive timeline of AD pathology with elevated levels of amyloid 

precursor protein at 2 months of age followed by amyloid plaque accumulation in SUB and 

cortex, and significant neurodegenerative cell loss in the SUB by 8 months of age. Our previous 

work creating the mouse Hippocampus Gene Expression Atlas (HGEA; Bienkowski et al, 2018) 

identified the laminar organization of four unique SUB cell types each with unique gene 

expression and connectivity. Additionally, the laminar organization of SUB cell types is also 

present in human, suggesting conserved cell type homology across evolution (Bienkowski et al, 

2021). Guided by the HGEA, we hypothesized that SUB neurons in 5xFAD mice differentially 

undergo cell type specific changes to gene expression, connectivity, and morphology across 

progressive disease timepoints before cell death. Using RNAscope single molecule fluorescent in 

situ hybridization (smFISH), we identified that SUB_3 cell types in the ventral SUB of male and 

female 5xFAD mice are highly susceptible to AD cell death by late stage of the disease and 

earlier timepoints are characterized by changes to gene expression. Using anterograde viral 

tracers, we have found that SUB axons display axonopathy and anterogradely-labeled axons in 

the fornix white matter tract are significantly diminished compared to littermate control at 8 

months of age. Finally, retrograde labeling of distinct SUB cell type projection neuron 

populations using G-deleted rabies viral tracing revealed neurodegenerative characteristics of 

soma and dendritic morphology that become progressively more common and severe across age 



timepoints. Together, these data provide advanced characterization of AD neurodegeneration 

within the SUB and its constituent neuronal cell type populations. Future studies will investigate 

the underlying cellular and molecular processes mediating SUB cell type susceptibility to AD 

neurodegeneration. 
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Abstract: Alzheimer's Disease (AD) is commonly associated with pronounced memory 

challenges, particularly in spatial tasks. Yet, the integrated memory that involves both spatial and 

social elements is not well-understood. This research explores initial social recognition 

difficulties in the triple transgenic mouse model of AD (3xTgAD), examining how these issues 

align with AD's pathological evolution. Female 3xTgAD mice, aged between 2-4 months and 6-8 

months, were subjected to a social recognition assay. By the age of 6-8 months, these mice 

showed notable difficulties in identifying unfamiliar mice. Immunofluorescence methods 

targeting beta-amyloid and tau proteins, as well as comprehensive brain analysis, were conducted 

at 3, 6, 9, and 12 months. The findings revealed premature intracellular beta-amyloid build-up 

within the hippocampus and significant extracellular accumulations by 9-12 months, linking 

these biological markers with the observed social recognition issues. Additionally, calcium 

imaging was used to assess dCA1 place cell responses to urinary cues, crucial for rodent social 



and territorial behavior. Results indicated strong cell activity in younger mice, while those aged 

6-8 months showed a substantial reduction in dCA1 place cell engagement, suggesting 

difficulties in integrating social cues into hippocampal memory circuits. These results underscore 

the emergence of social recognition deficits before significant beta-amyloid deposition in 

3xTgAD mice. The evident decline in dCA1 place cell function related to social recognition 

challenges points to potential early indicators of AD progression, enriching our understanding of 

the disease's effects on comprehensive memory systems.Funding: Ministry of Science, 

Innovation and Universities, PID2022-141733NB-I00/AEI/10.13039/501100011033/ FEDER, 
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Abstract: Background: Synaptic loss is the earliest change in Alzheimer’s disease (AD) and 

serves as its primary biomarker. The scaffolding protein PSD-95, crucial for synaptic integrity, is 

significantly depleted in AD. PSD-95 association with post-synaptic membranes is regulated by 

palmitoylation, a reversible process modulated by specific enzymes including ABHD17, which 

depalmitoylates PSD-95. In vitro studies have demonstrated that inhibition of ABHD17 can 

counteract Aβ-induced synaptic depression and dendritic spine changes. 

Methods and Results: In this study, we used PF11, an intrabody that specifically binds to 

palmitoylated PSD-95, and observed a significant reduction (40-50%) in palmitoylated PSD-95 

in the hippocampus of 6 to 9-month-old female APP/PS1 mice, a model of Alzheimer's disease, 

with no change in total PSD-95 levels. This reduction was not evident in male mice. Moreover, 

treatment with Palmostatin B, which inhibits PSD-95 depalmitoylation, restored palmitoylated 

PSD-95 levels in a dose-dependent manner in AD mice, indicating this drug can cross the blood-



brain barrier and act on synapses in the brain. Importantly, Palmostatin B injections in 9-month-

old female AD mice rescued memory deficits observed in the Morris Water Maze test but did not 

improve the performance of male mice. Moreover, electrophysiological recordings of miniature 

excitatory synaptic currents (mEPSCs) revealed the synaptic transmission deficits in AD female 

mice can be restored by Palmostatin B injections. This rescue effect on synapses was also 

confirmed by assessing dendritic spine density and morphology using fluorescent dye DiI 

labeling. 

Conclusion: Our data show that proteins implicated in Alzheimer's disease pathogenesis 

significantly reduce PSD-95 palmitoylation, which might indicate a previously unknown step in 

the pathophysiology of Alzheimer’s disease. Furthermore, the palmitoylation status of PSD-95 

plays a critical role in the pathophysiology of Alzheimer's disease. Enhancing PSD-95 

palmitoylation in the hippocampus can reverse memory deficits and synaptic dysfunction in 

older, symptomatic AD model mice, identifying ABHD17 as a promising target for AD 

therapeutics. 
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Abstract: Spatial disorientation is one of the earliest symptoms of Alzheimer's disease (AD). 

The hippocampal formation creates a cognitive map as place cells form firing fields linked to 

specific locations within an environment, supporting spatial orientation. In rodent models of AD-

like pathology, place cells have been shown to exhibit broadened tuning and altered responses to 

environmental changes. Additionally, events known as sharp wave ripples (SWRs), that 

coordinate the firing of hippocampal neurons, are disrupted in mouse models of AD. Previously, 



our lab found that treatment with antibodies against Ly6G increases cerebral blood flow by 

reducing the number of capillaries with stalled blood flow. This led to improved performance on 

spatial memory tasks. Here, we investigate the effect of anti-Ly6G treatment on neural 

mechanisms associated with cognitive map stability across contexts. We investigated the 

association between anti-Ly6G treatment and cognitive map stability in 7-9-month-old APP/PS1 

mice and wild-type (WT) controls by recording neural activity in hippocampus area CA1 using 

64-channel silicon probes. Neuronal activity was recorded while mice explored open field arenas 

in one of two environmental contexts, A or B, and during pre- and post-task sleep. We detected 

place cells, identified as neurons with significant spatial information in their firing rate maps; 

neural assemblies, groups of neurons with correlated firing during context exploration as 

revealed by independent component analysis; and SWRs using local field potential recordings 

from pyramidal and stratum radiatum layers of CA1. Place cells from WT mice showed higher 

within-context (AA or BB) than between-context (AB) ratemap correlations. In contrast, place 

cells from APP/PS1 were unstable and remapped within and between environments, suggesting 

that the instability of the hippocampal network may underlie context encoding deficits. APP/PS1 

mice also had a reduced rate and duration of awake SWRs compared to controls, and neural 

assemblies showed reduced reactivation in SWRs during sleep. Following treatment with anti-

Ly6G antibodies, context discrimination by place cells, duration of awake-SWRs, and assembly 

reactivation during SWRs in post-task sleep increased in APP/PS1 mice. These results highlight 

the association between SWR dynamics and modified place cell stability, a potential mechanism 

contributing to the instability of the cognitive map in AD. Importantly, stabilizing the cognitive 

map following anti-Ly6G treatment suggests treatments to increase CBF may mitigate spatial 

disorientation and memory impairments in AD. 
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Abstract: Alzheimer's disease (AD), the leading cause of dementia, disproportionately impacts 

women compared to men. Early detection and intervention strategies are needed to reduce future 

disease risk. Loneliness and isolation represent significant risks in dementia transition. 

Maintaining strong social connections is associated with reduced mortality rates and a lower risk 

of AD. An increasing prevalence of loneliness and AD after the COVID-19 pandemic proposes 

an urgent need to better understand the connection between isolation and AD progression within 

the context of sex differences. Following isolation or group housing of AD and control mice at 2-

3 months of age, we measured social interaction and fear memory.Interestingly, we observed 

increased memory retention in isolated AD female mice compared to group-housed female and 

male mice. Our results provide the first evidence of potential memory enhancement after acute 

isolation. Previous studies were only performed in male rodent models and have not investigated 

an earlier time point before AD pathology. Using immunohistochemistry targeting c-Fos, PV 

interneurons, and inflammatory markers, we aim to understand the brain circuitry involved, how 

aging and long-term isolation impact these results, and whether this memory enhancement 

remains intact in other memory tasks. 
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Abstract: Alzheimer’s Disease (AD) is a debilitating neurodegenerative disease characterized by 

declines in cognition and memory and is estimated to affect more than 44 million people 

worldwide. AD pathophysiology includes the accumulation of amyloid beta (Aβ) plaques and 



neurofibrillary tangles that are thought to contribute to neuronal loss. Vulnerability to early onset 

is also associated with mutations of genes in the amyloid and tau pathways including APP, 

PSEN1, PSEN2 and MAPT. Furthermore, the increased prevalence of AD in women is linked to 

the depletion of circulating sex steroid hormones including estradiol that is significantly reduced 

following menopause. Here we tested the hypothesis that estradiol depletion through 

ovariectomy would accelerate the severity and progression of memory impairments in 3xTg-AD 

mice compared to intact females and males. AD model mice (3xTg-AD) homozygous for three 

mutant alleles: APPSwe, PsenI, and tauP301L:(B6;129-Tg(APPSwe,tauP301L)1Lfa 

Psen1tm1Mpm/Mmjax) underwent testing across several memory tasks at 3 months of age. We 

assessed memory retention performance in the Barnes Maze, which has 3 days of training 

consisting of 4 trials per day and a probe trial conducted 48 hours later, Novel Object 

Recognition Task, Y-maze Spontaneous Alternation Task, and Fear Conditioning (Context and 

Tone). We found that at 3-month old ovariectomized females showed decreased spontaneous 

alternation behavior in the Y Maze, indicating a deficit in spatial working memory and in cued 

fear-condition memory. Interestingly, we also found that 3xTg-AD males showed evidence of 

deficits in acquisition on the Barnes Maze as early as 3 months of age. Future work will test 

animals at 5 months and 11 months of age to examine if estradiol depletion has a compounding 

affect that accelerates the decline in memory compared to non-ovariectomized animals. 
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Abstract: Alzheimer's disease (AD) is a progressive neurodegenerative disorder. Several 

hypotheses have been proposed to explain the molecular pathogenesis of AD. Notably, the 

cholinergic hypothesis suggests that cholinergic signaling, crucial for cognition, is diminished in 

AD brains, underlying cognitive malfunction. Cholinergic neurons use Acetylcholine (ACh) as a 

neurotransmitter and have two primary receptor classes: the muscarinic ACh receptors 



(mAChRs), which have five subtypes (CHRM1-5), and nicotinic ACh receptors. Among the 

mAChRs, CHRM1 is predominantly expressed in the cortex and hippocampus, and its significant 

reduction in a cohort of AD patients' brains highlights its role in AD. In a recent study using 

Chrm1 knockout mice, we demonstrated that Chrm1 is localized in neuronal mitochondria and 

that the loss of Chrm1 differentially affected mitochondrial ultrastructure, respiratory 

supercomplex assembly, post-translational modifications of oxidative phosphorylation-

associated proteins, and respiratory function in a brain tissue-specific manner (cortex versus 

hippocampus). Building on these findings, we hypothesize that all mAChRs are localized in the 

mitochondria and can modulate mitochondrial function through ACh signaling. This hypothesis 

was tested by studying the localization of transiently expressed fluorescence-tagged mAChRs in 

cultured primary mouse dorsal root ganglion neurons. Furthermore, ACh-mAChR-mediated 

modulation of mitochondrial function was analyzed using different prostate cancer (PC) cells. 

The prostate gland is innervated by the autonomic nervous system, and four PC cell lines 

(DU145, PC3, 22RV1, and LNCap) displaying varying expressions of mAChRs were 

characterized for respective mAChR expression using reverse transcription polymerase chain 

reaction. ACh-induced mitochondrial metabolism in mAChR-positive or negative PC cells was 

assessed by measuring mitochondrial oxygen consumption (respiration) and extracellular 

acidification rate (glycolysis). Our findings revealed that all mAChRs are associated with 

fluorescence protein-labeled mitochondria in neuronal cells, and we found a correlation between 

mAChR expression and ACh-mediated modulation of mitochondrial respiration in PC cells, 

suggesting that mAChRs regulate mitochondrial function, thereby influencing cell growth and 

survival. The implication of these findings is that it provides a model system to further study the 

intricate molecular signaling pathway controlling ACh-mAChRs mediated regulation of 

mitochondrial signaling that is highly relevant in understanding dysfunction of cholinergic 

synapse in AD brains. 
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Abstract: The transfer of Ca2+ between the endoplasmic reticulum (ER) and mitochondria acts 

as an integratory mechanism between neuronal activity and bioenergetic output. The efflux of 

ER-Ca2+ in response to neuronal signaling is regulated by the ER-localized ryanodine receptor 

(RyR) and inositol triphosphate receptor (IP3R), which can directly supply Ca2+ to the cytosol 

and mitochondria. In Alzheimer’s disease (AD), a “leaky” phenotype of the RyR is observed and 

results in unregulated and excessive ER-Ca2+ release with detrimental effects on synaptic 

function, protein handling, and memory encoding. Due to the proximity and reliance of the 

mitochondria on tightly regulated ER-Ca2+ signaling, we hypothesize that dysregulated RyR-

Ca2+ signaling directly alters mitochondrial functions and contributes to maladaptive Ca2+ 

handling, increased oxidative stress, dysfunctional mitophagy, and increased susceptibility to 

apoptosis. To test this, we measured mitochondrial functions in human-induced neurons (HiNs) 

derived from AD and nonAD patients. Changes in mitochondrial functions were monitored 

under live cell fluorescent microscopy in tandem with genetically encoded Ca2+ indicators and 

organelle-targeted fluorophores. We utilized these biosensors to compare mitochondrial Ca2+ 

uptake, membrane potential, superoxide production, and mitophagy between AD and nonAD 

HiNs. In AD HiNs, mitochondrial Ca2+ levels, membrane potential, and superoxide production 

were significantly higher than in nonAD HiNs, along with defective mitophagy. Furthermore, 

evoked RyR-Ca2+ release generated by caffeine perfusions resulted in significantly elevated 

mitochondrial Ca2+ uptake and mitochondrial membrane depolarization relative to nonAD HiNs. 

The attenuation of RyR-Ca2+ signaling with Ryanodex reduced observed mitochondrial defects, 

decreased superoxide production, and restored mitophagy in AD HiNs. Additionally, increased 

susceptibility to apoptosis was observed in AD HiNs with increased caspase 3 activity and an 

increased pool of readily releasable cytochrome c.Our data demonstrate that dysregulated RyR-

Ca2+ signaling can act as an upstream mechanism of mitochondrial dysfunction. The complete or 

partial rescuing of mitochondrial functions through pharmacological interventions emphasizes 

the importance of dysfunctional RyR-Ca2+ signaling as a driving factor for mitochondrial 

dysfunction and provides a potential therapeutic target for combating cellular dysfunction in 

early AD. 
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Abstract: Alzheimer’s disease (AD) is the most common type of dementia. About 6 million 

Americans are currently living with AD, and the number of people beyond age 65 living with the 

disease doubles every 5 years. AD can be divided into familial and sporadic cases. AD with 

familial autosomal dominant inheritance is rare, accounting for <1% of cases, whereas sporadic 

late-onset AD is the most common form. Despite the intense studies of the molecular, 

biochemical and cellular mechanisms of the disease for decades, the true aetiology and 

pathogenesis of AD remain unknown. Here, to gain insights into the molecular events 

underpinning the true cause of AD, we examined and compared the molecular features of 

neuronal cells derived from patients with familial AD vs sporadic AD, using human iPSC-

derived neural stem cells. We characterized the parameters in heme homeostasis, oxidative 

metabolism, and oxidative stress in neuronal cells. Our data indicate that neuronal cells from 

sporadic AD, not familial AD, exhibit dramatic changes in heme homeostasis and oxidative 

energy metabolism. This suggests that the initiating molecular events underlying sporadic and 

familial AD may be distinct, with altered heme homeostasis and oxidative metabolism being the 

dominant factor in sporadic AD pathogenesis. Current experiments are underway to further 

illuminate the broad molecular alterations in neuronal cells derived from sporadic AD. 
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Abstract: Alzheimer’s Disease (AD) is a neurodegenerative disorder characterized by cognitive 

decline and neuronal dysfunction, as well as increased risk of metabolic impairment and 

disruption of gut microbiota composition. Moreover, we recently demonstrated systemic 

metabolic dysfunction may be driven by these alterations in gut microbiome composition. 

However, how specific metabolite production and utilization is altered with AD, and whether 

this is tissue specific, remains unknown. Therefore, the primary objective of this study is to 

assess metabolic perturbation within both the central nervous system and intestine through 

untargeted metabolomic investigation using an aged transgenic rat model of AD (TgF344-AD). 

These rats exhibit AD-like neuropathology, metabolic impairment, and cognitive decline that 

progressively worsen with age, making it a suitable model for our studies. Small and large 

intestinal content, along with hippocampal and frontal cortical samples, were taken from 19-

month-old TgF344-AD and WT rats. Samples were analyzed using liquid chromatography/mass 

spectrometry (LC/MS). Data normalization and multivariate partial least squares discriminate 

(PLS-DA) analyses, including Variable importance in projection (VIP) and Principal Component 

(PCA) analyses, were performed using MetaboAnalyst 6.0. PCA analysis revealed a statistically 

significant separation of metabolite profiles between TgF344-AD and WT groups in intestinal 

and brain tissues, demonstrating regional specificity of metabolic-related alterations in AD. 

Several individual metabolites contributed to the differential metabolite profiles between 

TgF344-AD and WT groups, including several neurotransmitters and essential amino acids that 

were up or down regulated uniquely across tissues. Notably, glutamate was upregulated within 

the hippocampus, but downregulated within frontal cortex. These data align with regional 

differences in excitatory signaling that occur with aging and AD. Moreover, there were 

significant differences in metabolome across sex as well as interactions between sex and 

genotype, such that metabolite profiles differed across genotype differently in male and female 

subjects. These data demonstrate AD-related impairments in the metabolome of aged subjects 

include a broad range of metabolites and are sex- and region-specific. Moreover, this work 

further highlights targeting the gut for therapeutic interventions aimed at alleviating AD-related 

dysfunction. 
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Abstract: Alzheimer's disease (AD) is a prevalent health concern, with women constituting 

about two-thirds of its cases. Beyond classic hallmarks, including amyloid-beta (Aβ) plaques and 

neurofibrillary tangles, brain glucose hypometabolism is underscored as an early biomarker. 

Women exhibit distinct alterations in glucose metabolism in various brain regions compared to 

men. Also, research suggests a decrease in the activity of key glycolytic enzymes before 

mitochondrial dysfunction occurs in the hippocampus of female mice. Despite its potential 

involvement in AD progression and evidence of it being a primary region of metabolic changes 

in AD, the role of the hypothalamus in AD is often overlooked. Aging women but not men have 

shown glucose hypometabolism in their hypothalamus. We aimed to investigate and compare 

glucose metabolism, specifically glycolysis, between male and female hypothalamic neuronal 

cell lines in AD-like conditions. To do this, we cultured mHypoA-BMAL1-WT male and female 

adult mixed hypothalamic cell lines. First, cells were incubated with varying concentrations of 

mouse Aβ peptide to mimic AD conditions. Annexin V-FITC/PI cytotoxicity assay was run to 

determine the least Aβ concentration which can produce significant cytotoxicity in cells. We then 

used the Seahorse Glycolysis Stress Test to determine how each sex responds to challenging 

energetic conditions by increasing their glycolysis rate, as measured by Extra Cellular 

Acidification rate (ECAR) (n=4 in each group). This test also measures Oxygen Consumption 

Rate (OCR) to assess aerobic respiration, simultaneously. We found that Aβ with a dose of 5µM 

significantly lowered cell viability by inducing apoptosis. There was a trend toward glycolysis as 

a preferred pathway to meet the energy demand in female vs. male and Aβ vs. control cells. 

Glycolytic capacity had a declining trend in Aβ-treated cells vs. healthy cells and in males vs. 

females. Interestingly, the ability of cells to increase glycolytic activity when faced with an 

energetic crisis, known as glycolytic reserve, was significantly reduced by Aβ treatment in 

females (ECAR = 0.13 ± 0.01 in Aβ vs. 0.48 ± 0.05 mpH/min/cell in control), but not in males. 

Moreover, the energy map indicated that Aβ-treated female hypothalamic neurons have the 

lowest energetic profile. Our data provide evidence that Aβ treatment as well as the female sex 

reduce the ability of hypothalamic neurons to use glycolysis in times of energetic adversity and 

may increase preference toward glycolysis when in non-stress conditions. This can partly explain 

the sex differences in AD progression in the hypothalamus. 
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Abstract: Alzheimer's disease (AD) is a neurological disorder characterized by accumulation of 

brain pathology and worsening dementia. More than 6 million Americans are living with AD, 

and the numbers are only rising. There is currently no cure for AD, and the only help available to 

patients is few medications to relieve symptoms. As AD progresses, it is associated with a 

number of comorbidities, including respiratory dysfunction. Several animal models exist that 

recapitulate AD pathology, such as amyloidopathy, but whether these have respiratory 

dysfunction is unknown. In this experiment, we hypothesized that the Amyloid Precursor 

Protein/ Presenilin 1 (APP/PS1) mouse will display respiratory dysfunction that will be more 

prominent as mice age, and will be associated with pathological changes in the brainstem. In this 

ongoing study, young (2-4 mos) and older (> 6 mos) APP/PS1 mice were instrumented for 

EEG/EMG recording to assess sleep-wake state, allowed to recover, and presented with 7% CO2 

or room air stimuli during wake or sleep while measuring EEG and breathing. Brains were 

collected after trials for immunohistochemistry to examine the accumulation of amyloid plaques 

within the brainstem So far, older mice demonstrate impaired arousal and ventilatory responses 

to CO2. Furthermore, a few mice have been found deceased in full hindlimb extension indicating 

seizure-related death. Continuing work will include more trials in mice of both age groups, trials 

in wildtype control animals, and assessment for brainstem pathology. 
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Title: Calorie restriction attenuates Alzheimer’s disease pathology in 5xFAD mice 
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Abstract: Calorie restriction (CR) is a natural dietary therapy that has been shown to improve 

health and extend lifespan. CR affects synaptic proteins in hippocampal CA3 and spatial learning 

ability. CR ameliorates age-related behavioral deficits in the AD mouse model. However, the 

cellular mechanisms of CR in AD pathological environments are not clearly understood yet. In 

this study, we used the 5x FAD mice which is the Alzheimer’s disease mouse model to find the 

protective effect and molecular mechanism of CR in AD. Mice at the age of 14 months were fed 

either ad libitum (AL) or CR diet (CR, 80% at 1st week,70% at 2nd week, and 60% CR at 3rd and 

4th week) for 4 weeks. After 4 weeks feed, we performed multiple behavioral tests, including 

Morris water maze test, elevated plus maze test, and tail suspension test to measure the cognitive 

function of 5xFAD mice. CR group showed the increased mitochondrial enzyme activities and 

oxidative phosphorylation levels. We also found that glucose restriction (5.5mM) increase cell 

viability of the HT-22 hippocampal cells under the hypoxia conditions. It also increased the pro-

inflammatory gene expressions in BV2 microglia cells under the hypoxia conditions. These 

results suggest that CR attenuate AD pathology by affecting mitochondria activities and neuro-

inflammatory responses in the brain 
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Abstract: ApoE is a lipid carrier that in the brain is primarily secreted by astrocytes for lipid 

export to neurons. Polymorphisms in the APOE gene have strong associations to late-onset 

Alzheimer's disease (AD) risk, with the APOE E4 (APOE4) variant increasing AD risk up to 15-

fold in homozygotes relative to carriers of the neutral allele APOE E3 (APOE3). While APOE4 

has been shown to induce intracellular lipid accumulation and elevated cytokine secretion in 

astrocytes, the underlying mechanisms remain poorly understood. To better understand the 

impact of APOE4 on astrocyte function, we performed RNA-seq of isogenic APOE 4/4 and 

APOE 3/3 astrocytes derived from human induced pluripotent stem cells (hiPSC) from AD 

APOE 4/4 patients (N=3), finding that the lysosome was among the top most significantly down-

regulated pathways in APOE 4/4 astrocytes. This result was validated using snRNA-seq data 

from the Seattle Alzheimer’s Disease Brain Cell Atlas, which showed that astrocytes from the 

dorsolateral prefrontal cortex and middle temporal gyrus of postmortem AD APOE4-carriers 

(N=84 donors) exhibit significant down-regulation of lysosome and autophagy pathways. As the 

lysosome is a key site for regulation of cellular growth and catabolism, we hypothesized 

lysosomal dysfunction may underlie toxic lipid accumulation found in APOE 4/4 astrocytes. 

Here, we utilized isogenic APOE 3/3 and 4/4 astrocytes derived from a male and female hiPSC 

line in experiments utilizing fluorescent reporters, flow cytometry, immunocytochemistry, and 

Western blot. We found APOE 4/4 astrocytes exhibited reduction of lysosomal acidification, 

proteolytic activity, lipid catabolism, and expression of lysosome membrane proteins. 

Macroautophagy, a process by which intracellular macromolecules are trafficked to the lysosome 

for degradation during stress, was significantly reduced in APOE 4/4 astrocytes. Mechanistically, 

we found APOE 4/4 astrocytes have increased signaling by mTORC1, a master growth regulator 

implicated in aging and AD. Finally, inhibition of mTORC1 rescued lipid, inflammation, and 

lysosome phenotypes in APOE 4/4 astrocytes. These results provide an underlying mechanism of 

lipid accumulation in APOE 4/4 astrocytes and further implicates mTORC1 signaling in the 

pathophysiology of AD. 
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Abstract: The specific mechanisms of cognitive decline and dementia associated with 

Alzheimer’s disease (AD) remain unclear; however, changes in brain mitochondrial metabolism 

are coincident with functional decline associated with AD. Direct links between pathology and 

cellular energetics have not been established, nor have therapeutic strategies explored this 

connection. Here, we interrogate the therapeutic potential of mitochondrial targeting via the 

adiponectin receptor activator AdipoRon (AR). Adiponectin is an adipose-tissue-derived 

hormone previously linked to metabolic syndrome and aging, and adiponectin receptors are 

expressed in all cell types of the brain. Here, we show that AR clears neurofibrillary tangles 

(NFTs), a hallmark of AD, and rescues diverse tauopathy-associated defects in primary neurons. 

Specifically, AR reduced levels of phospho-tau and lowered NFT burden by a mechanism 

requiring AMPK, an energy-sensing kinase linked to adiponectin signaling. The transcriptional 

response to AR extended beyond the expected reprogramming of mitochondrial metabolism, 

influencing postsynaptic receptors, cellular maintenance, and homeostatic pathways. At the 

organelle level, activation of the autolysosomal pathway involved increased protein levels of 

LC3 and p62 and was dependent on AMPK. Regarding metabolism, the negative consequences 

of NFTs on mitochondrial activity and ATP production were corrected. Furthermore, AR 

restored decreases in dendritic complexity caused by tauopathy, and this effect was dependent on 

AMPK and the stress-responsive kinase JNK. Whole-cell patch-clamp experiments identified 

NFT-associated defects in electrophysiological passive parameters (e.g., resting potential, 

resistance) and active parameters (e.g., action potential firing), both of which were corrected by 

AR. The translatability of the NFT clearance and electrophysiological phenotypes observed in 



cell culture findings to an in vivo system was conducted. A four-month AR feeding paradigm 

(50mg/kg diet daily fed) administered to hTau P301S mice was sufficient to prevent Tau-

associated deficits in CA1 pyramidal cell spike firing and spike parameters (i.e., spike amplitude 

and width). Together, these data reveal a neuronal intracellular network linking mitochondrial 

function to cellular maintenance processes and electrical aspects of neuronal function that can be 

targeted via adiponectin receptor activation. 
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Abstract: Human FDG PET studies demonstrate that altered glucose metabolism is an early 

event in the pathogenesis of Alzheimer's disease (AD), occurring soon after the deposition of 

amyloid plaques. It is unclear, based on these observational studies, whether this altered 

metabolism is reversible, or which cell types are contributing to the changes. In this study, we 

use two-photon fluorescence lifetime imaging (TP-FLIM) to measure changes in nicotinamide 

adenine dinucleotide (NAD(P)H) and flavin adenine (FAD) in the brains of living APP/PS1-

Thy1-RGECO female mice (varying ages) under isoflurane anesthesia. NAD(P)H and FAD, 

metabolites critical to glycolysis and mitochondrial metabolism, have intrinsic fluorescent 

characteristics that permit measurement of bound vs. free forms using FLIM. Given that protein-

bound NAD(P)H is thought to be relatively stable over time, the ratio of free vs bound 

(NAD(P)H free/bound) NAD(P)H can partly reflect the ratio of glycolytic vs oxidative metabolism. 

Furthermore, a higher NAD(P)H-to-FAD (N/F) ratio is typically associated with more 

glycolysis. Together these ratios provide a quantitative measure of a metabolic shift towards or 

away from glycolysis. We analyzed N/F and NADH free/bound in excitatory neurons relative to 

their distance from the amyloid plaque. We found that regardless of age, neurons near the plaque 

have lower N/F and NADH free/bound ratios, whereas those further away have a higher N/F and 



NADH free/bound; suggesting that neurons closer to the plaque have less glycolysis and altered 

metabolism than those further away from it. Further characterization and validation are needed, 

but these data provide evidence that we can measure metabolites in living mice at single cell 

resolution. Future studies will examine other cell types and determine whether changes in 

metabolism are reversible with the reduction of plaque size/load using anti-Abeta antibodies. 
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Abstract: Estrogen acts as a master regulator of systems biology in the female brain, 

coordinating metabolic, immune, and neuronal homeostasis. Loss of estrogen during the 

menopausal transition is associated with declining brain glucose metabolism and increasing 

neuroinflammation, which may contribute to neuronal vulnerability and lead to the doubled 

lifetime risk of Alzheimer’s disease (AD) in women. However, the neuronal and glial cell type-

specific response to estrogen deficiency in hippocampus, a brain region critically affected in AD, 

is incompletely understood. 

To identify hippocampal cells and pathways affected by estrogen loss, 5-month-old female 

Sprague Dawley rats were randomly assigned to sham ovariectomized (SHAM), ovariectomized 

plus vehicle (OVX), or OVX with 17β-estradiol (OVX+E2). Animals were weighed before and 

weekly after surgery. Animals were sacrificed at 5 weeks post-surgery. 

Nuclei were isolated from dorsal hippocampus and two biological replicates per treatment group 

were pooled and a 10X Genomics Chromium Single Cell 3’ kit was used to generate a single-

nuclei cDNA library for each condition. Libraries were sequenced on an Illumina NovaSeq6000, 

and demultiplexed FASTQ files were analyzed using CellRanger 7.1.0 and Loupe Browser 8.0. 

After filtering out nuclei with >5% mitochondrial reads, established cell type-specific marker 

genes allowed annotation of distinct clusters of major brain cell types including excitatory 

neurons, inhibitory neurons, astrocytes, oligodendrocytes, oligodendrocyte precursor cells 

(OPCs), microglia, and endothelial cells. 

Single-nuclei transcriptomics identified a reduction in cell percentage of a neuron cluster 

expressing Slc17a6 (vGlut2) in OVX hippocampus, which was partially rescued in OVX+E2, 

relative to control. Additional subpopulations affected include other inhibitory and excitatory 

neuron clusters, as well as oligodendrocytes. Bulk analysis indicated KEGG pathways altered in 

OVX condition included antigen processing, cholesterol metabolism, insulin resistance, and 

glutamatergic synapse pathways. 

These findings support previous reports of estrogen loss affecting neuroinflammation, 

bioenergetics, and synaptic function and are being elucidated in ongoing studies to identify cell-

type specific pathway contributions. Outcomes will advance an understanding of brain cell-

specific responses to estrogen loss and help identify specific drivers of brain vulnerability in the 

estrogen-deficient female brain. 
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Abstract: Age, sex, and APOE4 genotype are key non-modifiable risk factors for Alzheimer’s 

disease (AD), with APOE4 significantly increasing risk, especially in women. The APOE-sex 

(APOE-SX) interaction underscores the need for personalized AD treatments. We analyzed 

plasma blood proteomic data from the UK Biobank to identify sex and APOE-specific protein 

and pathway signatures. Plasma samples were analyzed for participants diagnosed with AD and 

controls. After propensity-score matching on age and education level, 199 AD cases (133 

females, F; 66 males, M) and 199 controls (104 F, 95 M) from APOE3/3, 3/4 and 4/4 individuals 

were retained. Protein levels were normalized using z-scores. For each APOE-SX condition, 

differentially expressed proteins (DEPs, p-value < 0.05) between AD and controls were 

identified using linear regression with empirical Bayes estimators to calibrate the per-protein 

variance using information from all the proteins. Gene Set Enrichment Analysis (GSEA) was 

subsequently conducted using Gene Ontology Biological Processes (GO-BP) accounting for 

DEP fold change. Redundant GO-BP terms (adjusted p-values<0.05) were removed by 

computing GO-BP semantic similarity (cut-off of 0.6). Comparison analyses were then 

conducted to identify common and unique DEPs and enriched GO-BPs across APOE-SX 

conditions. Across all APOE-SX conditions, F4/4 exhibited the greatest number of DEPs 

(n=741), while M-44 had the fewest (n=102), compared to matched controls. Proteomic analysis 

revealed DEPs specific and common across all conditions. For example, CCL8, involved in 

immunoregulatory processes, was overexpressed only in females. GSEA revealed the highest 

numbers of AD-enriched pathways in APOE3/3 carriers (n=37-40 GO-BPs), whereas M3/4 and 

M4/4 exhibited the fewest (n=13 and 17). Both unique and common GO-BPs were found related 

to APOE-SX signatures, such as downregulated pathways related to protein kinase activity were 

specific to F4/4, while intracellular transport and receptor signaling common to F3/4, F4/4, and 

M4/4. Notably, no common DEPs or GO-BP terms were found across all APOE-SX conditions. 

These findings suggest APOE-SX specific proteomic signatures and altered biological processes 

in AD, supporting the development of personalized therapeutics considering APOE-SX 

interaction. 
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Abstract: The preclinical phase of Alzheimer’s Disease can begin decades prior to the onset of 

clinical symptoms. During this stage, pathophysiological changes that drive hallmark beta 

amyloid and tau accumulation occur. These changes include brain and peripheral inflammation 

along with dysregulated glucose and lipid metabolism. Targeting these systems of biology 

through FDA-approved therapeutics could be an effective strategy to address early AD risk 

mechanisms thereby reducing the burden of AD. Our previous analyses indicated that lipid-

lowering, glucose metabolism regulators, and anti-inflammatory therapeutics resulted in 

statistically lower AD risk. To investigate the impact of combination therapeutics on AD 

pathology, we utilized a late onset AD risk mouse model expressing humanized (h) hAPP 

hAPOE3/3 and hAPP hAPOE4/4 genes. Male and female mice, beginning at 15 months of age, 

were exposed to midlife interventions involving lipid-lowering, glucose-regulating, or anti-

inflammatory treatments, either as monotherapy or in combination, for 90 days. Treatments were 

administered daily through the mice's chow. A control group was fed a calorie-matched diet 

without drug treatment. Mice underwent cognitive assessments using novel object recognition 

(NOR) before and after treatment and weekly nesting tests, as well as monthly body composition 

measurements using EchoMRI. At day 90, plasma metabolic markers were evaluated using a 

clinical blood analyzer. Additionally, immunophenotyping in peripheral blood and meningeal 

cells was conducted using flow cytometry and brain microglial activation was assessed by 

immunohistochemistry (IHC). Amyloid beta levels were measured in plasma using MSD and in 

brain via IHC. Results from this study demonstrated that while each therapeutic alone effectively 

targeted its respective biological system, combination therapy produced a synergistic effect, 

leading to greater amyloid beta clearance, reduced neuro- and peripheral inflammation, and 

enhanced metabolic homeostasis. Additionally, combination therapy rescued cognitive decline 

after 3-month treatment. The response to treatment was influenced by sex and APOE genotype, 



with combination therapy proving most effective in those at higher risk for AD: females carrying 

the APOE4 allele. Observational studies support the use of FDA-approved risk factor 

therapeutics to reduce the risk of AD, with a greater benefit when used in combination. This 

study highlights the therapeutic potential of combination therapy targeting key drivers of AD 

pathology and supports a precision medicine approach tailored to individual factors such as sex 

and APOE genotype. 
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Abstract: Age, female sex and the APOE4 allele are among the top risk factors for Alzheimer’s 

disease (AD), with a stronger APOE link to AD in women. ApoE4 significantly increases the 

odds ratio of AD in women compared to men and accelerates rates of cognitive decline more in 

women. This APOE-sex interaction also pertains to APOE mouse models where apoE4 induces 

more severe neurodegeneration and cognitive deficits in female mice. However, the mechanisms 

by which these two risk factors converge to disrupt brain function remain elusive.Herein, we 

used a translational rodent model we developed as per STRAW criteria to investigate the effect 

of APOE genotype on biological transformations associated with female midlife endocrine aging. 

6-, 9- and 15-month hAPOE3/3 and hAPOE4/4 female mice were stratified into 3 different 

endocrine aging groups based on vaginal cytology profiles: regular cyclers (consistent 4-5 day 

cycles), irregular cyclers (of 6-9 day cycles), and acyclic (no cycling >9 days). The endocrine 

status, plasma hormone and biometric profiles, as well as brain bioenergetic function, 

transcriptomics, myelination and neuroinflammation status were characterized.Our findings 

indicated that systems biology of endocrine aging initially identified in the perimenopausal rat 

model were replicated in the hAPOE3/3 mouse model. In contrast, hAPOE4/4 females exhibited 



accelerated endocrine aging with an increased magnitude of systemic and brain metabolic 

dismantling while compensatory adaptive responses were compromised. Further, the accelerated 

and amplified bioenergetic crisis in hAPOE4/4 females was accompanied by increased immune 

activation and demyelination.Outcomes of these analyses provide a plausible mechanistic 

pathway underlying the greater risk of AD in APOE4 females, thus providing a rational 

mechanistic precision medicine approach to intervene during midlife to prevent or delay the 

onset of the prodromal / preclinical stage of AD. 
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Abstract: Late-onset Alzheimer’s disease (LOAD) has a decades-long prodromal phase. Age, 

sex, and APOE4 genotype are the leading non-modifiable risk factors. Current Alzheimer's 

disease (AD) animal models typically incorporate mutations that accelerate AD pathology, 

focusing on end-stage disease rather than risk or the prodromal phase. We propose the use of a 

novel risk factor model to better elucidate biological shifts during midlife that could indicate the 

prodromal stage of AD. 

Previous lab findings in a humanized-APOE (hAPOE) mouse model demonstrated sex-driven 

inflammatory profiles and metabolic shifts in female hAPOE mice compared to aged-matched 

males. Additional lab findings indicated that the human mid-life females' inflammatory 

transcriptomic profile closely resembles the LOAD brain, while the mid-life males diverged. 

Based on the observed sex-driven inflammatory profiles, we hypothesize that the addition of a 

non-modifiable risk factor to our mouse model, such as humanized amyloid precursor protein 



(hAPP), will induce stronger genotypic inflammatory profile differences through midlife. 

Transgenic hAPOE ε3/3 and ε4/4 KI mice (Jackson Lab) were bred with homozygous B6(SJL)-

App tm1.1Aduci/J animals, also acquired from Jackson Lab, resulting in hAPP+hAPOE (ε3/3 & 

ε4/4) mice. Mice of both sexes were aged to 12, 15, and 18 months and sacrificed (human 

equivalent ~ 43,50 and 56-year-old respectively). Flow cytometry on the left brain hemisphere 

was used to assess microglial functionality and lymphocyte phenotyping (N=265). 

Microglial activity (CD68) demonstrated a significant interaction between genotype:age 

(p=0.00026) and sex:genotype (p= 0.027). Female hAPP+hAPOE-ε3/3 had increased microglial 

activation at all ages while males showed increased activation only at 18 months. hAPOE-ε4/4 

mice demonstrated low activation across age and sex. There was also a significant 

sex:genotype:age interaction in microglia ability to phagocytose (pHrodo) (p=0.039) and antigen 

presentation (MHCII) (p<0.0001). Microglia’s ability to phagocytose decreased with age, with 

hAPOE-ε4/4s having the lowest across all groups. At 15m there was a subtle increase in MHCII 

in females while increased expression was observed in hAPOE-ε3/3 mice at 18 months. 

These data indicate a repressed immune response during midlife aging in hAPP+hAPOE-ε4/4s 

mice. Additionally, hAPOE3/3s had an increased activation profile. These findings highlight a 

need for a more thorough understanding and to consider midlife-related changes in inflammatory 

systems and their contribution to LOAD risk. Future studies must include examining 

translatability to the aging human brain. 
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Abstract: Alzheimer’s Disease (AD) is characterized by a long preclinical stage where 

pathological changes start to emerge. Among those changes, neuropsychiatric-related biomarkers 

can emerge. Preclinical AD dysregulations within the central nervous system (CNS) that are 

shared with neuropsychiatric diseases include disruption of neurotransmitter systems, neuronal 

loss, synaptic dysfunction, and amyloid beta accumulation. FDA-approved drugs for 



neuropsychiatric diseases that target these systems, directly or indirectly, could delay disease 

progression and improve clinical outcomes of AD. Previous analysis in our lab showed that 

specific CNS-active drug treatments were associated with a significant decrease in AD risk. 

5xFAD mice were utilized to assess the impact of CNS-active drugs, alone and in combination, 

on AD development. Six-week-old male mice received daily treatment with either a 

norepinephrine reuptake inhibitor, a GABA receptor positive allosteric modulator, or both. 

Animals were treated via oral gavage for two months. Novel object recognition (NOR) test and 

body composition analysis were conducted before and after drug intervention. Additionally, 

nesting assessments and body weight measurements were performed weekly. Following 

treatment completion, animals were sacrificed, and brains were collected for 

immunohistochemistry profiling in the hippocampal region. Plasma was used for biochemical 

analysis. Results from NOR tests indicated that CNS-active drug interventions preserved 

cognitive function and reduced anxious behavior compared to untreated controls, especially with 

the combination therapy intervention. Treated mice exhibited changes in fat and lean mass 

percentages relative to controls, while no significant differences emerged in glucose, 

triglycerides, or total cholesterol levels in plasma. Immunohistochemistry analyses were utilized 

to identify differences in the profile of AD markers associated with the administered 

therapeutics. Findings of this study support the use of CNS-active medications to preserve 

cognitive function in the context of AD, particularly when using a drug combination approach 

that targets multiple systems. Targeting early CNS dysregulations associated with AD via FDA-

approved therapeutics could provide an efficient strategy to moderate disease progression. 

Furthermore, the benefits of using CNS-active medications in early versus late stages of AD 

reinforces the need for precision medicine strategies for AD. This work was supported by NIH / 

National Institute on Aging funding P01AG026572 to RDB, and the Center for Innovation in 

Brain Science to RDB. 
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Abstract: Late-onset Alzheimer’s disease (LOAD) affects around 95% of the clinical dementia 

population aged 65 and older and is influenced by genetics, age, sex. LOAD is associated with 

cognitive, morphological, and bioenergetic changes. GWAS studies have identified 

Apolipoprotein ε4 (APOE4) as the strongest genetic risk factor, in addition to other prominent 

risk genes such as amyloid precursor protein (APP). APOE4 confers upto 15-fold higher risk in 

females compared to male APOE3/3s. Preclinical research often uses familial AD risk factor 

mouse models, which impact <5% of the clinical population, limiting clinical translatability. 

Herein, we investigated the impact of a single strong AD risk factor gene (APP) combined with 

LOAD-specific risk factors on brain and peripheral bioenergetics. Aged (23-25 months) 

humanized APP/APOE (APP carrier) and hAPOE (APP non-carrier) mice with E3/3, E3/4 and 

E4/4 genotype underwent metabolic and body composition screening including fasting blood 

glucose (FBG) and ketone (FKB) measurement, EchoMRI, and 18F-FDG-PET. Cerebral FDG-

PET standardized uptake values (SUVR) were normalized to pons. For analysis, mice we 

classified as APOE4 carriers and non-carriers, based on the presence of E4 allele. All data were 

analyzed with APP carrier x APOE carrier x sex analyses of variance followed by post-hoc 

Bonferroni correction. APP carriers had a significantly lower SUVR compared to non-carriers (p 

= 3.375e-08). This was primarily driven by the difference between the APP and non-APP APOE-

E4 carriers (p = 1.2e-05). Females also had lower brain glucose uptake than males, though not 

significantly (p = 0.075). APP carriers additionally had lower FBG (p= 2.2e-16) than non-

carriers with a trend towards sex differences (p = 0.07). Finally, APP carriers had higher FKB 

levels than non-carriers (p = 2.05e-5), with female APP carriers having higher FKB levels than 

all non-carriers (p = 0.003). In a mouse cohort at a comparative human age of ~70 years, lower 

brain SUVR in APP carriers, specifically in the E4s, coupled with lower FBG indicates ongoing 

bioenergetic deficits and the inability to meet energetic demands via glycolysis. This 

bioenergetic profile is also observed in clinical populations. Greater FKB in APP carriers 

suggests a shift toward utilizing fatty acids to meet bioenergetic demands. These results highlight 

the metabolic impact of interaction between hAPP and the APOE E4 allele in these aged mice, 

providing important evidence for the interplay between AD genetic risk factors and bioenergetic 

dysfunction. 

Disclosures: A. Bhattrai: None. A. Raikes: None. J.W. McLean: None. R.D. Brinton: E. 

Ownership Interest (stock, stock options, royalty, receipt of intellectual property rights/patent 

holder, excluding diversified mutual funds); NeuTherapeutics LLC. 

Poster 

PSTR266: Alzheimer’s Disease: Energy Homeostasis 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR266.18/B102 



Topic: C.02. Alzheimer''s Disease and Other Dementias 

Support: NIH/NIA P01AG026572 to RDB 

Title: Brain morphometry is altered by chronological and endocrinological aging: Evidence from 

a humanized APOE risk model of Alzheimer’s disease 

Authors: *A. C. RAIKES, A. BHATTRAI, T. WANG, R. D. BRINTON;  

Ctr. for Innovation in Brain Sci., Univ. of Arizona, Tucson, AZ 

Abstract: Menopause is a multi-systemic perturbation across endocrine, metabolic, and 

immune-inflammatory systems. Despite known effects on these systems, the impact on the brain 

and Alzheimer’s disease (AD) risk remains incompletely understood, limiting preventative 

therapeutic development. Here, we investigated the impact of the menopausal transition on brain 

morphometry in a late-onset AD mouse model. 

6-, 9- and 15-month humanized APOEε3/ε3 (JAX #29018), ε4/ε4 (JAX #27894), and ε3/ε4 (bred 

in-house) female mice were stratified into 3 endocrine aging groups based on vaginal cytology 

profiles: regular (consistent 4-5 day cycles) or irregular cyclers (6-9 day cycles), and acyclic (no 

cycling >9 days). Animals were euthanized on estrous day and transcardially perfused. Ex-vivo 

MRI included high resolution volumetric scans. Regional and total brain volumes were 

determined using an existing mouse-specific brain atlas. Total brain volume differences were 

modeled with a linear model for chronological/endocrinological aging groups and hAPOE 

genotype. Regional volumes were modeled with a hierarchical Bayesian mixed effects model for 

chronological/endocrinological aging groups and hAPOE genotype as well as total brain volume. 

Total brain volume increased with advancing endocrinological age (F = 4.159, p = 0.005). 

Additionally, hAPOE4 carriers exhibited greater overall brain volume compared to hAPOE3/3 (F 

= 4.093, p= 0.048), while no differences were observed between hAPOE3/4 and hAPOE4/4. 

These total brain volume differences were specifically observed between the 6M mice and the 

15M-Irreg (p = 0.008) and 15M-Acyc (p = 0.038) mice, driven by a 4% increase in total brain 

volume in hAPOE4 mice. Across all chronological/endocrinological aging groups, after 

accounting for total brain volume and hAPOE genotype, increased volume was observed in the 

6M-Reg mice in cortical regions whereas increased volume was observed in the 15M animals in 

brainstem, midbrain, subcortical, and white matter regions, as well as the ventricles. The 

magnitude of these unique, group specific differences above and beyond simply having larger 

brains was generally small (< 1mm3 on average) but carried moderate to strong evidence for the 

observed effects (|P+| > 0.81). 

These findings indicate a shift toward larger cortical and smaller subcortical regions and are 

consistent with human studies demonstrating reduced regional brain volume, cortical thickness 

and surface area in early menopause. Though these differences were small in magnitude, they 

provide evidence of an endocrinologically-driven shift in brain morphometry which may 

precipitate the onset of Alzheimer’s disease. 
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Abstract: Recent experimental findings indicate a possible interplay between dopamine D2 

receptors (D2R) and N-type calcium (Ca2+) channels, influencing the firing patterns of STN 

cells situated in the basal ganglia. This computational investigation seeks to clarify the 

fundamental mechanisms of this interplay and its impact on the dynamics of resting membrane 

potential (RMP) and firing patterns in Parkinson's Disease (PD). The research utilizes a three-

pronged quantitative modeling strategy. Initially, it incorporates biophysical characteristics of 

different ion channels within STN cells gleaned from prior studies. Next, it formulates equations 

to depict the GPCR pathway's influence on cAMP levels, affecting the conductance of N-type 

Ca2+ channels. Lastly, it employs simulations of diverse pharmacological compounds to uncover 

fresh biological understandings.Employing the dopamine receptor agonist Bromocriptine 

(Bromo) at a concentration of 10 µM, the investigation explores the modified kinetics of N-type 

calcium (Ca2+) channels and consequent alterations in firing patterns. Findings indicate that 

Bromo influences the activation curves of N-type Ca2+ channels, shifting their half-activation 

potential towards more positive values. Dopamine agonists lead to a decrease in action potential 

frequency, attributed to diminished window current resulting from D2R activation and reduced 

conductance of N-type Ca2+ channels. Figure 1 depicts the impact of dopamine agonists on 

simulated firing patterns, with a current injection of 100 pA lasting for 1 ms. It vividly illustrates 

the decreased firing frequency (depicted by the blue solid line) observed under the influence of 

dopamine agonists. Activation of D2R receptors reduces the window current necessary to 

maintain the RMP, counteracted by a decrease in Ca2+ channel conductance.The research 

proposes potential therapeutic approaches utilizing Ca2+ channel agonists for treating PD, 

potentially serving as alternatives to dopamine in specific pathological contexts while also 

boosting spatial memory performance. 
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Abstract: Melanocortin 1 receptor (MC1R) is known to control coat color with Attractin in the 

skin. Recently, it was reported that MC1R is present in the substantia nigra (SN) and that its 

deficiency causes Parkinson's disease-like dopaminergic neurodegeneration. However, the 

detailed localization of MC1R in a brain and whether MC1R colocalized with Attractin remain 

unknown. In this study, we histologically analyzed the localization and characteristics of MC1R 

cells in rat SN. In situ hybridization revealed that MC1R mRNA was weakly expressed in the SN 

pars compacta (SNc) cells and strongly expressed in the SN pars reticulata (SNr) cells. Double In 

situ hybridization chain reaction combined with immunofluorescent staining was used to 

characterize MC1R-expressing cells. These cells co-expressed Attractin mRNA and were 
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tyrosine hydroxylase (TH)-positive dopaminergic neurons in the SNc and parvalbumin (PV)-

positive inhibitory neurons in the SNr. Immunostaining confirmed that MC1R-immunopositive 

cells showed the same localization pattern as mRNA-expressing cells. Fluorescence multiple 

immunostainings showed that MC1R-positive cells in the SNc were TH-positive, and those in 

the SNr were PV-positive. Furthermore, the majority of MC1R-positive cells in both regions 

were Attractin-positive. Subcellular localization showed that MC1R was present in the 

cytoplasm and the plasma membrane. In the cytoplasm, MC1R was rod-shaped and Attractin 

was dot-shaped, both in close proximity to each other. The results showed that MC1R co-

localized with Attractin in dopamine neurons in the SNc and inhibitory cells in the SNr, 

suggesting that MC1R and Attractin act cooperatively as a regulatory system of nigrostriatal 

dopamine neurons in the SN. 
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Abstract: The differential vulnerability of dopaminergic neurons of the substantia nigra pars 

compacta is an unresolved subject in Parkinson´s disease. Recent studies in mice reveals the 

existence heterogenous subpopulations of nigral dopaminergic neurons. In monkeys, the 



molecular phenotypes of dopaminergic neurons are poorly characterized. Here, we carried a 

detailed histological study disclosing the anatomical distribution of different molecular 

phenotypes within identified midbrain neurons in monkeys (i.e., Calbindin, Girk2, Alhd1a1) and 

their selective vulnerability in a progressive MPTP monkey model. Our data show that in the 

ventral tier of the substantia nigra pars compacta, neurons rich in Aldh1a1 and Girk2 are 

intermingled, whereas calbindin is the marker best identifying the most resistant neurons located 

in the dorsal tier and ventral tegmental area. Loss of Aldh1a1+ neurons in the ventral tier was 

progressive and related to the degree of parkinsonism of MPTP-treated monkeys. Also, 

Aldh1a1+ neurons projects massively to the striatum, specifically to the putamen, while 

Aldh1a1- neurons give rise to nigropallidal projections. Moreover, Aldh1a1+ staining was 

strikingly evident throughout dendrites processes with very long vertical trajectories extending 

through the substantia nigra pars reticulata and colocalized with dense striatal afferent fibers that 

extend dorsally within the same region. In conclusion, vulnerable nigrostriatal-projecting 

neurons in monkeys can be properly identified by using Aldh1a1 and Girk2 as distinctive 

markers. This could help to understand which factors are most relevant to explain selective 

neuronal vulnerability in PD and perhaps contribute to specific therapeutic developments. 
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Abstract: Parkinson's disease is one of the most common movement disorders whichpathology 

is mainly correlated with the loss of dopaminergic neurons in the substantia nigra pars compacta. 



However, beyond this structure, there are other regions susceptible to Parkinson's-associated 

degeneration such as the locus coeruleus. The locus coeruleus, located in the pons, is the major 

group of noradrenaline-producing neurons in the brain and exhibits pathological changes in the 

brain of Parkinson´s disease patients, particularly those who evolved into dementia. In this study, 

we used dopamine-beta-hydroxylase (DBH) immunocytochemistry to assess noradrenergic 

neuronal loss in the locus coeruleus in a progressive monkey model of Parkinson’s disease. We 

analyzed the brains of control monkeys and monkeys who, following treatment with MPTP 

remained asymptomatic, monkeys who recovered after showing mild parkinsonian signs, and 

monkeys with stable parkinsonism. Unbiased stereological estimations of neuron numbers were 

achieved using the optical fractionator. All analyses were performed within the same subjects in 

which dopaminergic degeneration in the substantia nigra had been studied earlier; we employed 

equal processing and analysis parameters, thus allowing for reliable data comparisons. This 

allowed us to compare the noradrenergic pathology in the locus coeruleus with the dopaminergic 

pathology in the substantia nigra in the same subjects. Our data reveal that, despite substantial 

loss of dopaminergic neurons, there is no apparent neuronal loss in the locus coeruleus in any of 

the MPTP-treated groups. These findings show that under the same experimental situation, cell 

loss in dopaminergic and noradrenergic brainstem groups do not follow analogous patterns. The 

observation that there is no noradrenergic denervation in a model that best resembles Parkinson’s 

disease has potential pathophysiological implications. 
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Abstract: The endocannabinoid system and its main signaling hub, the type-1 cannabinoid 

receptor (CBR1), which is the principal cannabinoid receptor expressed in the brain, are reported 

to be implicated in diverse neurodegenerative disorders, such as Parkinson's disease (PD). 

However, with most studies focusing on rodents, the distribution of this receptor in the non-

human primate basal ganglia is not well documented; this underlines the importance of species-

specific translational studies. Here, we investigated the location of CBR1 in the basal ganglia of 

macaque monkeys. A map of the expression and distribution of the CBR1 receptor was 

generated using a specific antibody. We observed intense immunoreactivity primarily in axons 

and boutons. CBR1 exhibited considerable heterogeneity in density and laminar distribution in 

cortical regions. The hippocampus also contained a high density of CBR1 axons consistent with 

previous reports. In the basal ganglia, the striatum contained very faint immunoreactivity. The 

globus pallidus (pars interna and externa) and the substantia nigra pars reticulata, exhibited the 

most intense CBR1 immunoreactivity of the brain, while the thalamus and the subthalamic 

nucleus appeared to be completely devoid of CBR1. This suggests a possible modulatory role of 

CBR1 basal ganglia output. Additionally, dense CBR1-immunoreactive axonal bundles were 

detected in the ventral substantia nigra pars compacta, overlapping with the dendrites of 

ventrally projecting dopaminergic neurons. CBR1s have been suggested to be mainly located in 

gabaergic striatonigral and glutamatergic subthalamonigral terminals. This suggests that CBR1 

may also be involved in modulating dopaminergic neurons in the substantia nigra ventral tier. 

These data enhance the anatomical distribution and potential understanding of CBR1 in the 

primate basal ganglia. 
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Abstract: L-DOPA is the classical gold standard treatment for Parkinson's disease (PD). 

However, its chronic administration can lead to the development of L-DOPA-induced 

dyskinesias (LIDs). Dysregulation of the nitric oxide-cyclic guanosine monophosphate (NO-

cGMP) pathway in striatal networks has been linked to deficits in corticostriatal transmission in 

LIDs. This study explored the impact of the NO donor sodium nitroprusside (SNP) on behavioral 

and electrophysiological measures in sham-operated and 6-hydroxydopamine (OHDA)-lesioned 

rats. Our findings revealed that systemic SNP administration enhanced stepping test performance 

in dyskinetic rats without influencing AIMs incidence. Furthermore, SNP substantially increased 

the spike probability of MSNs in response to excitatory corticostriatal transmission driven by 

electrical stimulation of the primary motor cortex, with a more pronounced effect in dyskinetic 

animals. These findings highlight the critical role of the NO signaling pathway in facilitating the 

responsiveness of striatal MSNs in both the intact and dyskinetic striatum. The study suggests 

that SNP has the potential to enhance L-DOPA's effects in the stepping test without exacerbating 

AIMs, thereby offering new possibilities for optimizing PD therapy. In conclusion, this study 

highlights the involvement of the NO signaling pathway in the pathophysiology of LIDs. 
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Abstract: Dopamine replacement therapy with L-3,4-dihydroxyphenylalanine (L-DOPA) has 

remained the gold-standard treatment for the hypokinetic motor symptoms of Parkinson’s 

disease (PD) for several decades. Unfortunately, chronic use leads to the development of severe 

treatment-induced side effects known as L-DOPA-induced dyskinesia (LID). The mechanisms 

underlying LID are complex, but accumulating research has highlighted the involvement of 

aberrant neuroplasticity within raphe-striatal serotonin (5-HT) circuits. This compensatory 

neuroplasticity may be beneficial in earlier stages of PD but becomes maladaptive and 



precipitates LID with continued dopamine (DA) loss in later stages. The 5-HT transporter 

(SERT) has emerged as an intriguing target for anti-dyskinetic adjuncts as it has been shown to 

traffic DA in the DA-denervated striatum and is upregulated in the brains of dyskinetic patients 

and animal models of LID. The current study employs an interventional genetic knockdown of 

SERT (SERT-KD) to further characterize its role in LID expression and LID-associated 

transcription factors. Adult male and female 6-hydroxydopamine-lesioned Sprague-Dawley rats 

were administered sub-chronic L-DOPA daily for 2 weeks to establish LID. Following the last 

day of L-DOPA treatment, animals underwent a second surgery where they received either 

adeno-associated virus 9 (AAV9) short-hairpin RNA driven SERT-KD (SERT-shRNA) or 

control scrambled shRNA AAV9-GFP (SCR-shRNA). LID reinstatement and motor 

performance were assayed over an additional 2 weeks of sub-chronic L-DOPA treatment. Raphe 

and striatal tissue were collected for reverse-transcription polymerase chain reaction (RT-PCR) 

analysis of known Parkinsonian and dyskinetic gene expression. We hypothesized that this 

genetic intervention would reduce LID expression by targeting a primary presynaptic mechanism 

in LID development wherein the pulsatile release of DA from 5-HT cells is attenuated. 

Behavioral data showed significant reductions in LID across the second treatment period in 

SERT-KD animals compared to SCR-shRNA controls that were correlated with commensurate 

changes in pro-dyskinetic mRNA expression including cFOS and prodynorphin (PPD). This 

suggests a reorganization of pro-dyskinetic circuitry following SERT-KD knockdown that 

further supports SERT as an important mechanism in the development and expression of LID. 

This study provides a promising avenue for developing novel therapies to optimize PD treatment. 
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Abstract: Exploring the effects of dopaminergic profiles on muscle representation 

AUTHORS: F.C. ADAMS1, S.D. FOGLIA2, K.R. RAMDEO1, C.C DRAPEAU1, C.V 

TURCO3, A.J. NELSON1,2 
1 Department of Kinesiology, McMaster University 2 School of Biomedical Engineering, 

McMaster University3 Faculty of Medicine and Dentistry, University of Alberta, Canada 

The organization of the primary motor cortex (M1) can be non-invasively assessed using 

transcranial magnetic stimulation (TMS) combined with frameless neuro-navigation. This 

technique involves single pulses of TMS delivered pseudo-randomly over a pre-defined grid, 

centered over the motor hotspot of the target muscle. By simultaneously recording motor evoked 

potentials (MEP) from the target muscles, this information can be used to create a “motor map”. 

Motor maps allow quantification of characteristics such as area, and center of gravity (CoG) of 

the target muscle. Previous research has shown that dopamine modulates functional organization 

of motor cortical structures in the brain (Macedo-Lima et al., 2021). This study aimed to assess 

how dopaminergic bioavailability contributes to the representation of muscles in the primary 

motor cortex (M1). Motor corticospinal maps were obtained 32 right-handed males (mean age 

24.38 ± 3.2 years) by delivering 80 suprathreshold TMS pulses over a 6 x 6 cm grid centered 

over the first dorsal interosseous (FDI) motor hotspot of the left M1. Saliva samples were 

obtained for analysis of the following dopaminergic genes: COMT, DRD2, DRD1, ANKK1, 

DAT1. For each gene, participants received a score of 0 if they possessed the allele associated 

with reduced dopamine levels in the brain or a score of 1, if they possessed the allele linked to 

increased dopamine levels. Scores from the 5 genes were summed to calculate each participant’s 

overall genotype score. We used the overall score and individual genotypes to determine if one’s 

genetic dopaminergic predisposition contributed to M1 muscle representation by separating 

participants that had a high dopaminergic bioavailability and low dopaminergic bioavailability. 

Preliminary results suggest dopaminergic genetic predisposition modulates CoGx and area of the 

motor corticospinal map. 
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Abstract: Parkinson’s Disease (PD) is a progressive neurodegenerative movement disorder 

arising from loss of nigrostriatal dopamine (DA) neurons, resulting in rigidity, tremors, and 

bradykinesia. While levodopa (L-DOPA), is commonly prescribed as a gold-standard therapy to 

combat motor deficits, long term use can precipitate adverse effects including abnormal 

involuntary movements (AIMS) known as L-DOPA induced dyskinesia (LID). Previous studies 

suggest that compounds with affinities at the serotonin (5-HT) 1A receptor (5-HT1AR), 

serotonin transporter (SERT), and DA D2 receptor (D2R) may reduce LID while maintaining the 

motor efficacy of L-DOPA. Therefore, in the current preclinical study, novel experimental 

compounds (4f, 4n, and 6d) with varying affinities for 5-HT1AR, SERT and D2R were assessed 

for their efficacy in reducing LID. To do this, male and female adult Sprague-Dawley rats (N = 

9) received unilateral 6-hydroxydopamine into the medial forebrain bundle to render them 

hemiparkinsonian. Following recovery, lesioned rats, as determined by forepaw adjusting steps 

(FAS) tests, were rendered dyskinetic through daily L-DOPA treatment (6 mg/kg, s.c) for 2 

weeks. For Experiments 1, 2, and 3, compounds 4f, 4n, and 6b (0, 5, 10, 20 mg/kg, i.p.) were 

counterbalanced and acutely injected in a within subjects design, where AIMs and FAS were 

implemented to assess alterations in LID and motor efficacy, respectively. Preliminary results 

revealed that 4f was without effect against LID, but maintained L-DOPA efficacy. We 

hypothesize that 4n and 6b, which ostensibly have balanced actions at our targets, will dose-

dependently reduce LID. Such findings would support new compounds with optimized profiles 

that will improve long term PD treatment. 
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Abstract: Midbrain dopamine (mDA) neurons display a plethora of functions, including 

movement, reward learning, and motivation. The diverse functions of mDA neurons can be 

explained partially by their intrinsic heterogeneity, which has been shown recently using single-

cell RNA sequencing. We sought to examine whether molecular heterogeneity correlates with 

anatomical projection differences. Using markers derived from single-cell data, our lab has 

shown a topographic projection mapping of molecularly distinct midbrain DA neurons from the 

Substantia Nigra pars compacta (SNc) and the Ventral Tegmental Area (VTA), using different 

intersectional genetic labeling strategies. We have revealed distinct genetically defined DAergic 

projection patterns to various forebrain regions. We seek to substantially extend and refine 

previous studies and provide a systematic quantitative anatomic characterization of genetically 

defined mDA subtype projections in the striatum. To do so, we 1. Utilized intersectional and 

subtractional (complementary) reporter viruses injected in SNc or VTA to determine the 

exclusivity of projections 2. Used new driver mouse lines based on newer single-cell taxonomic 

schemes, allowing greater access to specific subpopulations of DA neurons, and 3. Developed an 

axonal density quantification method to parcellate the striatum according to the mDA subtype 

projections. Utilizing our genetic driver mouse lines, we show across each genotype and 

analyzed a biased axonal distribution in all sections, demonstrating the striatum can be 

subdivided based on the distinct projections of the DA subtypes. This DA subtype projectome 

map will serve as a guiding resource to understand better circuitry, functional roles of mDA 

neurons, and manipulation of specific mDA subtypes. 
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Abstract: The addition of a secondary task can worsen walking performance in people with 

Parkinson’s disease; some of these changes include reducing gait velocity, arm swing 

asymmetry, reducing stride length, and increasing gait variability, which can increase risk of 

falls. Executive deficits in Parkinson’s disease are associated with dopaminergic dysfunction in 

both the striatum and cortex. It is not clear what aspects of dual tasking are impacted as a 

function of dopaminergic availability. Thus, the purpose of this analysis is to determine whether 

dopamine active transporter in Parkinson’s disease relates to specific dual task gait parameters. 

Data were obtained from the Parkinson’s Progression Marker Initiative (PPMI) database 

(www.ppmi-info.org). Thirty people newly diagnosed with Parkinson’s disease had a dopamine 

active transporter (DaT) imaging scan to assess dopamine transporter density using single photon 

emission computed tomography (SPECT). The SPECT imaging procedure was performed at the 

individual sites using DaTscan as the dopamine transporter; the measurements for this analysis 

were the striatal binding ratio (SBR) of the caudate, putamen and anterior putamen referenced to 

the occipital lobe. For the gait protocol, participants wore Axivity Ax6 Sensors and Opal Sensors 

while (1) walking at their preferred walking speed for one minute and (2) walking at their 

preferred walking speed for one minute while serial subtracting by 3’s. Gait smoothness and 

rigidity were determined by measures of walking speed, cadence, asymmetry, and jerk. Changes 

in gait (dual task – single task) were used in the statistical analysis. Multi-level modeling was 

used to explore the relationship between dual task gait parameters and the SBR of the regions of 

interest. Changes in cadence were associated with the SBR of the putamen (p=.004) and the 

anterior putamen (p=.033), such that increases in the putamen SBR and decreases in the anterior 

putamen SBR were related to increases in change in cadence. Changes in right-sided jerk were 

associated with the SBR of the caudate (p=.007) and the anterior putamen (p=.038), such that 

increases in the caudate SBR and decreases in the anterior putamen SBR were related to 

increases in right-sided jerk. Dopamine active transporter in Parkinson’s disease relates to 

changes in cadence and right-sided jerk while dual task walking. Further, dopamine dysfunction 

in the anterior putamen may be important for regulating the smoothness of dual task gait. Insight 

into dopaminergic function and dual task gait can inform clinicians on how to identify patients 

with increased risk for mild cognitive impairment and/or Parkinson’s disease dementia. 
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Abstract: A dynamic equilibrium between dopamine (DA) and acetylcholine (ACh) is essential 

for striatal circuitry and motor function, as imbalances are associated with Parkinson’s disease 

(PD) and levodopa-induced dyskinesia (LID). DA and ACh interact at multiple levels, including 

the direct modulation of striatal output cells, the medium spiny neurons (MSNs), through G-

protein-coupled receptors. Conventional theories posit that ACh levels are pathologically 

elevated following DA loss, predicting an enhancement in muscarinic M4 ACh receptor 

signaling in direct pathway MSNs that would contribute to an overall inhibition of movement in 

PD. However, whether and how those changes in ACh levels translate to specific alterations in 

striatal M4-cholinergic transmission and motor behavior, remains unknown. To address this, we 

combined two-photon imaging and brain slice electrophysiology to specifically disentangle ACh 

release and downstream signaling through M4-receptors in parkinsonian mice. We surprisingly 

found that synaptic release of ACh was unaltered in response to DA lesion, but the strength of 

transmission at muscarinic M4-receptor synapses on direct pathway MSNs was decreased, as a 

result of reduced postsynaptic M4-receptor function. We developed two strategies that 

effectively rescued the impaired cholinergic signaling: overexpression of M4-receptors and 

ablation of Regulator of G-protein Signaling 4 (RGS4) to prolong M4-receptor downstream 

signaling cascade selectively in direct pathway MSNs. Remarkably, restoring M4-cholinergic 

transmission led to a partial alleviation of both, parkinsonian motor balance and coordination 

deficits as well as levodopa-induced dyskinetic behavior, revealing an unexpected prokinetic 

effect in the absence of DA while the canonical antikinetic role of M4-receptors was observed 

when DA was present. Our findings indicate that the decrease in M4-function constitutes a cell-

subtype and synapse-specific adaptation in response to DA loss with broad implications at 

striatal circuit level, playing a previously unnoticed role in the pathophysiology of PD and the 

progression to LID, and representing a promising therapeutic target for these movement 

disorders. 
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Abstract: Are all Parkinson’s disease freezing of gait episodes the same? Characterizing the 

neural signature of freezing via an immersive virtual reality paradigm 
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Abstract: Parkinson’s Disease (PD) is a neurodegenerative disorder resulting in both motor 

symptoms, such as bradykinesia, rigidity, tremor, and gait difficulties, and a variety of nonmotor 

symptoms, like cognitive impairment and behavioural complications. During PD progression, 

cognitive ability declines, resulting in mild cognitive impairment (MCI). PD and MCI have been 

explored with neuroimaging-based biomarkers; however, relying on these biomarkers alone can 

sometimes be ineffective because of large individual differences in brain activity. Thus, 

combining biofluid biomarkers, allowing also for proteomic differences, can help in a better 

biological definition of the disease. Since current diagnostic tests for PD and MCI focus on 

individual biomarkers, misdiagnoses can be frequent. This research aims to combine 

neuroimaging and biofluid data as biomarkers for PD and MCI progression, with the goal of 

developing a more efficient method of predicting disease states and symptoms. Using the support 



vector machine (SVM) and random forest (RF) machine learning techniques, models were 

created based on neuroimaging and biofluid biomarkers for a subset of PD and healthy subjects 

(HC) from the Parkinson’s Progression Markers Initiative (PPMI) dataset. Striatal binding ratios 

(SBRs) of the caudate and anterior putamen extracted from DaT-SPECT imaging were used as 

neuroimaging biomarkers. Proteomic concentrations of beta-amyloid-42, alpha-synuclein, total-

tau, phosphorylated-tau-181, and neurofilament light derived from cerebrospinal fluid (CSF) 

represented the biofluid biomarkers. When differentiating subjects with PD from HC, both SVM 

and RF techniques perform with high accuracy when only using neuroimaging. These techniques 

did not perform as well when proteomic biomarkers from CSF were used alone, or when SBRs 

were applied to detect MCI. We expected that due to the link between alpha-

synuclein/neurofilament light and presence of PD, these models would perform better in 

comparison to other models when detecting PD. However, we found that models combining 

SBRs with beta-amyloid-42 concentrations tended to have higher performance. When detecting 

MCI, models combining SBRs with either phosphorylated-tau-181 or total-tau performed better 

than others. Based on these results, diagnostic performance may be improved through combining 

neuroimaging with biofluid-based biomarkers to distinguish subjects with PD from HC and 

subjects with MCI from subjects with normal cognitive abilities. This study’s next steps involve 

investigating differences in performance between SVM and RF to determine which technique is 

best suited to the analysis. 

Disclosures: A. Dennis: None. R. Chen: None. P. Gerretsen: None. A. Strafella: B. 

Contracted Research/Research Grant (principal investigator for a drug study, collaborator or 

consultant and pending and current grants). If you are a PI for a drug study, report that research 

relationship even if those funds come to an institution.; Canadian Institute of Health Research 

(CIHR) (PJT-173540). 

Poster 

PSTR268: Parkinson’s Disease: Human Studies: Genetics and Diagnostic 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR268.02/Web Only 

Topic: C.03. Parkinson’s Disease 

Support: Chaya Charitable Fund 

Michael J. Fox Foundation 

Biogen, Inc 

Title: P2rx7, an adaptive immune response gene, is associated with parkinson's disease risk and 

age at onset 

Authors: *S. SHANI1, M. GANA WEISZ2, T. GUREVICH3, N. GILADI4, R. ALCALAY2, A. 

ORR-URTREGER5, O. GOLDSTEIN2;  



1Tel Aviv Univ., Tel-Aviv, Israel; 2Tel Aviv Sourasky Med. Ctr., Tel Aviv, Israel; 3Neurolog. 

Inst., Tel Aviv Med. Ctr., Tel Aviv Univ., Tel Aviv, Israel; 4Neurolog. Inst., Tel Aviv Med. Ctr., 

Tel Aviv, Israel; 5Tel-Aviv Sourasky Med. Ctr., Tel-Aviv 64239, Israel 

Abstract: Introduction: Parkinson's disease (PD) is a progressive neurodegenerative disorder 

characterized by the accumulation of α-synuclein in Lewy bodies and the degeneration of 

neurons in the substantia nigra. PD patients carrying mutations in genes associated with the 

disease, such as LRRK2 or GBA1, often exhibit distinct clinical and pathological features. 

Mounting evidence supports a role for the adaptive immune response in PD. We aimed to 

evaluate the genetic contribution of the adaptive immune response in three PD groups: GBA1-

PD, LRRK2-PD, and non-carriers-PD (NC-PD). Methods: A list of adaptive immune response 

genes was extracted from the Molecular Signature Database (MSigDB). Subsequently, 

differentially expressed genes (DEGs) associated with PD were identified using four GEO 

datasets, and analyzed separately. DEGs overlapping with the adaptive immune response genes 

were further evaluated through whole-genome sequencing of 201 unrelated Ashkenazi Jewish 

(AJ) PD patients. Potential pathogenic variants were identified, and P2RX7 was selected for 

further assessment. Eight P2RX7 variants were genotyped in a cohort of 1200 AJ PD patients 

(unrelated and consecutively recruited), followed by rare variants burden analysis (allele 

frequencies (AF) <= 0.01). Risk analysis and Age at onset (AAO) analyses were performed for 

the common variants (AF > 0.01). AFs were compared to AJ non-neuro cases in the gnomAD 

database. Subsequently, variants associated with PD were further examined in an independent AJ 

cohort from AMP-PD database. Results: Four adaptive immune DEGs, CD8B2, P2RX7, 

IL27RA, and ZC3H12A, were identified. P2RX7, which harbored eight variants, underwent 

further assessment. Burden analysis, which included five rare variants, showed no significant 

difference between PD and controls. Among the three common variants, one variant showed an 

association with PD risk in NC-PD (allelic OR=1.147, p=0.015) and in the entire cohort (allelic 

OR=1.145, p=0.005). Another variant was associated with PD risk in LRRK2-PD (allelic 

OR=2.095, p=0.037), while a third was associated with early AAO in LRRK2-PD (p=0.014). In 

the secondary cohort of AMP-PD, ORs of the two PD risk variants were consistent with our 

results, though statistical significance was not achieved, probably due to the small control sample 

size. Conclusions: Variants within P2RX7 may be linked to both PD risk and AAO. Considering 

P2RX7 has been suggested as a potential therapeutic target for neurodegenerative diseases, 

including PD, our data provide additional support for this proposition and suggest a potential 

interaction between P2RX7 and LRRK2. 
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Abstract: Multiple cohort studies indicate that gut microbiota composition is significantly 

altered in people with Parkinson’s disease (PD). However, the functional and pathological 

significance of gut dysbiosis in PD remains poorly understood. Gastrointestinal dysfunction is a 

common complaint in PD patients, often preceding clinical diagnosis and typically accompanied 

by increased gut mucosal permeability. In this study, we evaluated the changes in circulating gut 

microbiota metabolites in PD patient biofluids and used high-resolution functional metagenomics 

to determine changes in microbial composition and pathways in PD patients (n = 17) compared 

to an age-matched healthy cohort (n = 60). We found changes in multiple microbial metabolites 

in our PD cohort, including Trimethylamine (TMA), a brain-permeable metabolite of bacterial-

origin with a positive association with the rate of PD progression and cognitive decline. We also 

found changes in polyamines and amino acid metabolism in PD patient plasma and urine 

samples. TMA and its metabolites were also altered in both PD patient blood and urine in a 

cohort of healthy (n = 31) and PD (n = 31) individuals. We also uncovered elevated levels of 

neurotoxic Formaldehyde (FA), in our PD patient cohort. Our high-resolution functional 

metagenomics studies demonstrate for the first time that TMA-generating bacteria, as well as 

bacterial enzymatic pathways responsible for its generation to be increased in PD patients. Our 

mechanistic studies also revealed that circulating TMAO can accelerate synuclein aggregation 

and immune activation in microglia and PBMCs. We also uncovered a trend towards loss of 

beneficial bacteria which produce anti-inflammatory metabolites, such as butyrate, in PD 

patients. Taken together, our results provide novel mechanistic insights into how gut dysbiosis 

and altered microbial metabolism can drive disease progression in PD. 
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Abstract: Parkinson’s disease (PD) is the second most common neurodegenerative disorder. 

Motor symptoms include bradykinesia and rigidity, the severity of which correlates with the 

power of local field potential oscillations in the beta frequency band in the subthalamic nucleus 

and phase-amplitude coupling (PAC) between the phase of beta-band oscillations and the 

amplitude of gamma-band oscillations in the motor cortex. PAC in PD has been shown to 

decrease in a dose dependent manner in response to both therapeutic dopaminergic medication 

and deep brain stimulation (DBS). Recently, it has also been shown that PAC can be modulated 

by stimulation pulses delivered to the motor cortex that target a specific phase of the beta-band 

oscillations. This study aims to determine whether this same cortical phase-targeted stimulation 

(PTS) can alleviate PD motor symptoms, particularly with a quantitative measurement of 

bradykinesia. Finger tapping and grasping tasks were captured using a LEAP infrared motion 

sensor during DBS implantation procedures in human participants with PD. Prior to DBS 

implantation, a 63-channel high density electrocorticography (ECoG) array was placed over the 

hand region of the motor cortex which was able to simultaneously record neural signals and 

deliver stimulation pulses, confirmed during intraoperative CT and 3D reconstruction of the 

ECoG array relative to the cerebral cortex. Each task was run three times for three different 

conditions - no stimulation (baseline), peak targeting stimulation, and trough targeting 

stimulation. When compared to baseline, both peak and trough stimulation appear, on average, to 

increase finger tap amplitude and opening and closing velocity and to decrease the variability of 

the amplitude and frequency of repetitive hand movements. Our current results suggest that 

phase targeted cortical stimulation is a viable, less invasive option for treating PD motor 

symptoms, allowing less invasive stimulation than DBS without interrupting normal cortical 

processing and motor control. 
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Abstract: Individuals with Parkinson's disease (PD) often show enhanced performance in motor 

tasks when provided with external sensory cues. Previous research studies have extensively 

explored how different sensory cues influence motor abilities in people with PD. However, the 

underlying neural mechanisms driving these improvements and how they affect the functional 

connectivity within the motor network remain poorly understood. 

This study aimed to investigate differences in the activation pattern and functional connectivity 

of the primary motor cortex (M1), supplementary motor area (SMA), and pre-motor area (PMA) 

between people with PD and neurologically healthy individuals (control group) during a wrist 

motor task. Ten people with PD and ten age- and sex-matched control subjects participated in 

this study. Each participant performed a repetitive wrist flexion and extension task under 

auditory-cued and visually-cued conditions. The changes in oxygenated hemoglobin and 

deoxyhemoglobin concentrations in motor areas were measured using functional near-infrared 

spectroscopy (fNIRS). Electromyograms from wrist muscles and kinematics of the wrist 

movements were also recorded. The fNIRS results demonstrated significantly higher neural 

activity in the PMA of PD patients compared to controls (p=0.006), with elevated activities also 

observed in the SMA and M1, although not statistically significant. More importantly, the results 

showed that the functional connectivity between SMA and PMA was significantly higher in the 

PD group compared to controls (p=0.016) during motor tasks in the presence of sensory cues. 

These findings underscore the multifaceted influence of sensory cues in PD, highlighting their 

modulation effects on both regional neural activity and interregional functional connectivity 

within the motor network involved in movement planning and preparation. 
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Abstract: Trehalose is being developed as a potential oral therapeutic for Parkinson’s disease 

(PD). Following oral ingestion of trehalose, the majority is metabolised to glucose by trehalase in 

the wall of the jejunum and duodenum. It is thus important to know whether gut trehalase 

activity might be altered in PD and might affect the availability of orally administered trehalose. 

For instance, in inflammatory celiac disease, trehalase activity Is reduced by up to 90%. As 

gastrointestinal inflammation can occur in PD, we hypothesised that intestinal trehalase activity 

might be reduced in people with PD. To investigate this possibility, we collected duodenal 

biopsies from 10 individuals with advanced PD and 21 age-matched individuals undergoing 

routine, pre-planned endoscopies. Trehalase activity in the duodenal samples was assessed in 

vitro by assaying the ability of duodenal samples to convert trehalose to glucose. Individuals 

who smoked, were Helicobacter pylori positive, or who were assessed as having prodromal PD 

were excluded from the primary analysis. In total 9 individuals with PD and 17 age-matched 

controls were included in the primary analysis. There was no statistically significant difference in 

trehalase activity between individuals with PD (164.2 ± 95.2 U/g tissue, mean ± SD) and non-PD 

individuals (161.6 ± 94.1 U/g tissue). There was also no correlation between trehalase activity 

and individual age, length of storage before analysis or mass of duodenal sample collected. In 

summary, trehalase activity was unaltered in people with PD and so this potential confounder 

likely does not need to be considered when performing dose-selection for clinical trials using 

orally delivered trehalose in people with PD. 
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Abstract: Background: The complex molecular alterations underlying cellular dysfunction 

phenotypic heterogeneity in PD remain unclear. We integrated different omics layers from 

participants of the Parkinson’s Progression Markers Initiative cohort to uncover novel signatures 

and define different molecularly defined subtypes of PD.Methods: We selected PD patients (n = 

608), including LRRK2 (n = 155) and GBA (n = 76) mutation carriers, sporadic PD (sPD) cases 

(n = 377), and controls (n = 186) with 5K cerebrospinal fluid (CSF) and urine proteomics, 20K 

whole blood transcriptomics, and plasma metabolomics (280 metabolites). We identified protein 

quantitative trait loci (pQTLs) and causal proteins in CSF and urine, leveraging Mendelian 

randomization and colocalization. Molecular signatures were curated by comparing multi-omics 

across different mutation types (GBA vs. sPD, LRRK2 vs. sPD, and sPD vs. controls) using R-

limma, adjusted for age at baseline, sex, and the first four principal components. Integrative 

clustering across multi-omics was performed using iClusterBayes to cluster PD patients with 

consensus molecular patterns. We validated the differences in subtypes by comparing clinical 

features such as cognitive and motor scores, DaTscan data (caudate, putamen, and striatum), 

CSF synuclein (αSyn) levels, and αSyn seed amplification assay (αSyn-SAA).Results: We found 

701 (153) cis-pQTLs and 420 (11) trans-pQTLs for CSF (urine) proteomics; 23 (4) causal 

proteins, and two proteins (HSP90B1 and HP) common to both CSF and urine; eight (zero) 

colocalizing with PD risk loci. In addition, we found a CSF αSyn-SAA genetic modifier (OR = 

0.37, p = 1.4 x10-6). We also found that LRRK2 is a pleiotropic modifier that regulates four 

causal proteins in CSF. Genetically defined PD cases had a higher risk of PD than sPD cases (p = 

6.4x10-8). We identified dysregulated CSF proteins associated with LRRK2 (281 proteins), 

GBA (132 proteins), sPD (54 proteins), and αSyn-SAA (3 proteins), altering proteostasis, 

neurodegeneration and lysosome, and chemokine signaling and axon guidance, respectively. We 

found 24 and five metabolites associated with LRRK2 and GBA, respectively. We identified two 

PD clusters with distinct patterns across multi-mic layers that exhibit different proportions of 

mutation types (p = 4.5x10-5), disease duration (p = 2.2x10-7), and UPDRS-II scores (p = 0.03). 

A model with αSyn-SAA and DaTscan can distinguish PD from controls precisely (AUC = 

0.94).Conclusions: Our integrated consensus multi-omics approach provides insights into the 

molecular mechanisms and clinical significance within distinct PD subclusters. 
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Title: Parkinson's disease is associated with shifts between DNA methylation and DNA 

nydroxymethylation in human brain 
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Abstract: The majority of Parkinson’s disease (PD) cases are due to a complex interaction 

between aging, genetics, and environmental factors and epigenetic mechanisms are thought to act 

as critical mediators of the complex interactions between these factors and disease. Evidence for 

a role of epigenetic regulation in PD has been building, particularly for DNA modifications, over 

the past 10-15 years. While 5-methylcytosine (5mC) is one of the most well-studied epigenetic 

marks, there is a growing recognition that 5-hydroxymethylcytosine (5hmC) also plays an 

important role in gene regulation as it has tissue-, cell-, and age-specific patterns across the 

genome distinct from 5mC. 5hmC occurs at its highest levels in the brain and is now thought to 

be particularly important in the central nervous system, particularly in the response to 

neurotoxicants. While multiple studies to date have explored the role of DNA modifications in 

PD, most studies have relied on bisulfite (BS) conversion, which does not distinguish between 

5mC and 5hmC. Only a handful of existing studies focus specifically on 5hmC; these initial 

studies support a role for 5hmC in regulation of expression of genes important for PD 

pathogenesis and indicate that additional studies are warranted. Here, to identify changes in 

5hmC in PD, we profiled 5hmC and 5mC simultaneously in an enriched neuronal population 

from PD post-mortem parietal cortex. This study expands on our previously published 

epigenome-wide association study (EWAS) performed on DNA isolated from neuron-enriched 



nuclei from human postmortem parietal cortex from the Banner Sun Health Research Institute 

Brain Bank. Because we previously used BS conversion, we were unable to differentiate 

between 5mC and 5hmC. Here, we utilized additional DNA isolated from the same samples and 

performed oxidative BS (oxBS) conversion paired with the Illumina MethylationEPIC array to 

specifically measure 5mC and estimate 5hmC from paired BS-oxBS data. From this, we 

analyzed both 5hmC and 5mC as related measures using our recently proposed mixed effects 

model for reconciling base-pair resolution 5mC and 5hmC data. We identified 1030 

differentially modified cytosines (DMCs) with paired changes in 5mC and 5hmC (FDR < 0.05). 

These sites are annotated to 695 unique genes, including the PD risk gene, DNAJC6 (PARK19), 

but largely in genes not previously implicated in PD or identified in our previous BS-based 

EWAS. These data suggest that there are significant shifts between 5mC and 5hmC associated 

with PD in genes relevant to PD pathogenesis that are not captured by analyzing BS-based data 

alone or by analyzing each mark as distinct datasets. 
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Abstract: Parkinson's Disease (PD) is a progressive neurodegenerative movement disorder, 

primarily characterized by bradykinesia and tremors. Leveraging a deep learning approach for 

PD diagnosis using Diffusion Tensor Imaging (DTI) is pivotal for its potential to efficiently 

analyze complex brain imaging data, with a particular emphasis on understanding the patterns of 

brain connectivity in PD. The goal of this study is to develop a novel deep learning model that 

utilizes the brain structural connectivity matrix (SCM), extracted from DTI, to characterize PD-

related connectivity differences from healthy control and facilitate diagnosis. The study 



comprised 150 participants, consisting of 70 PD patients who underwent deep brain stimulation 

surgery for moderate to severe motor symptoms, and 80 matched healthy subjects. All subjects 

underwent pre-treatment DTI with 64 directions, and the resulting images were preprocessed 

using FMRIB Software Library. The fundamental concept of structural connectivity analysis 

typically involves acquiring multiple images of each volume element, each sensitive to diffusion 

along a specific direction. By estimating the direction of water diffusion and the orientation of 

white matter fiber pathways within each voxel, we can generate a visual representation known as 

a tractogram. These tractograms offer insights into the connectivity between different regions, 

providing quantitative data on the number of structural connections within predefined brain 

regions as defined by the AAL3 Atlas, commonly referred to as the brain SCM. Following the 

extraction of SCM, we constructed a deep learning architecture employing convolutional neural 

network (CNN) to aid in the differentiation of PD and healthy subjects. CNN was thoroughly 

trained and validated using a 5-fold cross validation to ensure its robustness in accurately 

classifying subjects. Our model achieved an AUROC of 0.889 and a balanced accuracy of 84.2% 

in distinguishing PD patients from healthy subjects. Moreover, we explored deeper into the inner 

structure of the developed model by generating saliency maps (SM). These SMs highlight 

specific brain regions that play a critical role in the model's ability to differentiate between PD 

and healthy individuals. In conclusion, our study introduces a deep learning model for DTI-based 

classification of PD utilizing brain structural connectivity patterns. Our model demonstrates 

promising results by revealing insights into the intricate connectivity patterns of PD. With 

precise analysis, it has the potential to advance early detection strategies, aiding the development 

of more personalized treatment approaches enhancing PD care. 
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Abstract: A gap in the medical management of Parkinson’s disease (PD) is the lack of an 

objective, meaningful and patient-centered biomarker to precisely quantify motor symptoms and 

effectively track disease progression. An augmented reality (AR) headset offers the ability for 

patients to self-administer and collect data to quantify traditional biomechanical measures of 

performance in PD. The aim of this project is to develop a platform using AR technology, and its 

embedded motion sensors, to quantify all cardinal symptoms of PD, including postural instability 

and gait dysfunction (PIGD) for self-administered, remote assessments. One hundred and forty 

patients with PD (pwPD), (35 in HY stages I, II, III and IV) will be evaluated to ensure 

applicably across disease severity. Blinded MDS-UPDRS-III scores will be collected at each 

assessment. The Microsoft HoloLens 2 (HL2) will be used to deliver multiple upper extremity, 

lower extremity, and axial motor tasks to quantify PD symptoms, including a finger-tapping (FT) 

assessment and Timed Up and Go (TUG) task. IMU data from the headset can be used to 

segment the TUG into the individual tasks. Reconstruction of a hand model from RGB and depth 

images collected using the HL2 cameras provides 3D hand joint coordinates for upper extremity 

tasks. The RGB images are tracked using Mediapipe software and projected into 3D space using 

a custom Matlab implementation of Microsoft code to align RGB and depth images. FT metrics 

were calculated on the 3D distance between thumb and index finger. Comparison of preliminary 

data from two participants, one with mild PIGD (clinical gait score = 1; clinical freeze score = 0) 

and one with severe PIGD (clinical gait score = 3; clinical freeze score = 3) demonstrated that 

the individual with more severe PIGD, took 260.32% (36.32s vs 10.08s) longer to complete the 

TUG, with more time needed to complete all the individual tasks of the TUG (e.g. turning and 

gait). Furthermore, comparison of FT data from two participants, one with a mild clinical FT 

score (1) and one a severe score (3), demonstrated that the individual with worse clinical scores 

had a smaller average amplitude of 8.51cm vs 9.34cm, greater amplitude standard deviation 

(5.20cm vs 2.19cm) and exhibited amplitude decrement of -0.20 cm/s compared to -0.03 cm/s. 

Comparison of preliminary data suggest HL2 platform can be utilized to deliver motor tasks 

traditionally used to assess PD motor symptoms and detect performance difference between 

varying levels of PD disease severity. If successful, this platform will provide objective, accurate 

and quantitative measures of PD, in one platform, that can be assessed remotely to improve 

clinical care of pwPD. 
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Abstract: The progressive loss of dopamine in Parkinson's Disease (PD) affects a broad 

spectrum of functions, from motor control to cognitive abilities. Early and accurate prediction of 

dopamine depletion could revolutionize PD treatment strategies by facilitating more personalized 

and timely interventions that may slow disease progression or alleviate symptoms. While current 

research primarily focuses on genetic markers, imaging techniques, and symptomatic treatments, 

the use of proteomics as a predictive tool remains underexplored.This study assesses the 

potential of untargeted proteomics as a predictive tool for dopamine depletion and correlates 

these molecular patterns with the severity of motor and cognitive symptoms. Traditional studies 

have typically employed targeted approaches that focus on specific proteins known to be 

associated with PD, potentially missing unknown proteins related to the disease's complex 

pathology. This study addresses this gap by utilizing an untargeted approach, which could reveal 

novel biological insights into PD and enhance understanding of its molecular underpinnings. 

This research integrated untargeted proteomics and AV-133 positron emission tomography 

(PET) scan data with clinical and demographic information to investigate predictors of dopamine 

loss and motor and cognitive symptoms in PD. Rigorous data preprocessing methods are 

employed to normalize and align the multi-modal datasets. Feature selection is conducted using 

statistical and machine learning techniques, including principal component analysis and logistic 

regression to identify key protein and imaging biomarkers. To find patterns that affect the rate of 

dopamine depletion, predictive models will be developed using algorithms such as logistic 

regression, random forests, and validated through cross-validation techniques to ensure their 

generalizability and effectiveness in clinical settings. It is anticipated that the integration of 

untargeted proteomics data and imaging data will enable more accurate predictions of dopamine 

depletion and symptom severity in PD patients. This approach is expected to uncover new 

biomarkers and enhance our understanding of PD, potentially leading to the development of non-

invasive, early diagnostic tools and personalized therapeutic strategies, ultimately improving 

patient outcomes. 
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Abstract: Synucleinopathies, such as Parkinson’s disease (PD), Dementia with Lewy bodies 

(DLB), and multiple system atrophy (MSA) are insidious neurodegenerative diseases caused by 

the misfolding and aggregation of alpha-synuclein (αSyn) protein. Misfolded αSyn aggregates 

have the ability to spread pathological damage between cells and different brain regions 

following a similar seeding mechanism implicated in the propagation of infectious prions. 

Compelling evidence showed that αSyn aggregates can adopt a distinct conformational strain 

within different synucleinopathies. Recently, we reported that αSyn seed amplification assay 

(αSyn-SAA) enables to amplify various αSyn strains from biological samples, leading to 

different amplification products for PD and MSA patients. Here, we examined whether the 

MSA-seeded SAA-amplified αSyn fibrils maintain the biological and structural strain properties 

of the αSyn seeds present in the MSA patient's brain. We first analyzed the biological activities 

of both brain-derived and SAA-amplified αSyn aggregates in transgenic mice, followed by 

defining an atomic model of αSyn fibrils utilizing cryogenic electron microscopy (Cryo-EM). 

Our data shows that αSyn aggregates induced a neurological disease that is clinically and 

pathologically indistinguishable in mice inoculated with brain-derived and SAA-generated αSyn 

aggregates. We examined the clinical signs and disease durations, incubation period, 

neuropathological lesion profiles, and conformational properties of propagated αSyn aggregates. 

The structure of SAA amplified αSyn aggregates was resolved by Cryo-EM. The results 

indicated 3 prominent high propensity conformations present. MIII, with distinctive morphology 

and well-defined twisting, was reconstructed at 3.9 Å resolution. From the protofilament level, 

the SAA-amplified αSyn aggregates exhibited a similar structure of that previously reported for 

αSyn extracted from the brains of MSA patients. Therefore, our results suggest that SAA, under 

proper conditions, can amplify disease-specific αSyn conformations without modifying their 

strain properties, opening new avenues for individualized disease therapeutics and diagnostics. 
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Abstract: Parkinson’s Disease (PD) is a progressive neurodegenerative disorder and the most 

prevalent movement disorder, often accompanied by language difficulties and speech 

impairments. Previous studies have demonstrated that sentence processing can be impaired in 

PD. Based on word order and complexity, sentences are categorized into canonical and non-

canonical forms. Canonical sentences adhere to typical language structures like subject-verb-

object, while non-canonical sentences deviate, posing more significant comprehension 

challenges. Research has shown that PD patients have more difficulty processing long sentences 

and complex syntactic patterns, particularly non-canonical ones. However, whether the 

underlying neural mechanisms of language impairments in PD are similar to motor symptoms 

and related to cortico-striatal pathway dysfunction remains unclear. This study investigated 

structural and functional changes in cortico-striatal language pathways affecting sentence 

comprehension and oral motor function in people with PD compared to neurologically healthy 

individuals. Using functional magnetic resonance imaging (fMRI), cortical-striatal pathways' 

activation levels and effective connectivity were assessed during sentence comprehension and 

oral diadochokinetic tasks. Twenty-three people with PD and twelve age and sex-matched 

healthy individuals participated in this study. In the fMRI results, comparing noncanonical to 

canonical sentence conditions showed decreased activation in the left inferior frontal gyrus and 

subcortical regions in PD compared to controls (p<0.05). Conversely, the control group exhibited 

significantly higher activity in frontostriatal pathway areas during noncanonical sentence 

comprehension (p<0.05). During the oral motor task, PD groups displayed comparable activity to 

controls in motor cortical areas but significantly less activity in subcortical regions, particularly 

in the caudate and putamen (p<0.05). Employing Dynamic Causal Modeling (DCM), we 

assessed effective connectivity between different pathways. For sentence comprehension, PD 

group exhibited significantly lower bilateral effective connectivity across cortico-cortical, 

cortico-subcortical, and subcortico-subcortical areas than controls (p<0.05). In the oral motor 



task, PD group showed reduced bilateral connectivity between cortico-cortical and cortico-

subcortical regions compared to controls (p<0.05). These findings suggest that decreased 

functional connectivity in cortico-cortical and cortico-subcortical pathways may contribute to 

impaired sentence comprehension and oral motor tasks in PD. 

Disclosures: E. Hemmati: None. A. Fallahi: None. M.R. Nazem-Zadeh: None. L. Alibiglou: 

None. 

Poster 

PSTR268: Parkinson’s Disease: Human Studies: Genetics and Diagnostic 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR268.15/B127 

Topic: C.03. Parkinson’s Disease 

Support: Interagency cooperation Contract SRV00000081 University of Texas Rio 

Grande Valley/UT Health SA 

Zachry Foundation Endowment 

Greehey Family Foundation Endowment 

Title: Fnirs reveals distinct cortical activation trajectories in response to deep brain stimulation 

for parkinson's disease and essential tremor 

Authors: *L. PADILLA1, M. LOZANO GARCIA2, G. A. DE ERAUSQUIN3, I. ZWIR4;  
1Biggs Inst. for Alzhaimers, Univ. of Texas Hlth. Sci. Ctr., San Antonio, TX; 2Neurosci., The 

Univ. of Texas Rio Grande Valley, Harlingen, TX; 3The Glenn Biggs Inst. for Alzheimer and 

Neurodegenerative Dis., Univ. of Texas Hlth. Sci. Center, San Antonio, San Antonio, TX; 
4Neuroscience, Sch. of Med., Univ. of Texas Rio Grande Valley, Edimburg, TX 

Abstract: Parkinson’s Disease (PD) and Essential Tremor (ET) are neurological movement 

disorders characterized by tremors, rigidity, and bradykinesia. Deep brain stimulation (DBS) has 

emerged as a promising therapeutic approach for managing PD and ET symptoms by modulating 

brain activity and improving motor function. However, the precise mechanisms underlying its 

efficacy remain incompletely understood.In this study, we investigated cortical activation 

patterns in 14 PD/ET subjects with implanted DBS devices using functional near-infrared 

spectroscopy (fNIRS). Our experimental design included six sessions of inter- and intra-subject 

comparison before and after DBS stimulation. fNIRS recordings were conducted using the NIRx 

NIRScout X system, capturing data at 6.25 Hz with four different stimulation settings (C+0-, 

C+1-, C+2-, C+3-). Optodes were placed over the prefrontal cortex following the EEG 10/20 

system. Data preprocessing involved filtering and trimming to 3 minutes per participant using 

NIRx Satori analysis software, with specific parameters applied for optimal data quality. 

Changes in oxyhemoglobin (HbO) and deoxyhemoglobin (HbR) concentrations were extracted 



and co-clustered to assess measurement robustness. Clustering analysis using Ward’s method 

with half-square Euclidean distance categorized subjects within each response-time and co-

clustered across times. The coincidence rate between domains (co-clustering) was assessed using 

hypergeometric statistics (Fisher’s Exact Test) to establish patient trajectories.Our analysis 

revealed distinct trajectories of cortical activation-response patterns across different DBS 

conditions, indicating differential neural responses to varying DBS parameters. These trajectories 

form an equifinality and multifinality temporal network, where similar patterns are shared before 

and after treatment or different patterns converge into a single post-treatment state. Integrating 

results with clinical data enables identification of patients best responding to person-centered 

treatments.Overall, our findings contribute to understanding the neural mechanisms underlying 

DBS efficacy in PD/ET subjects. By elucidating cortical activation patterns associated with 

different DBS settings, our results offer insights into individualized treatment optimization 

strategies. Further research is warranted to explore the functional implications of these activation 

patterns and refine treatment strategies for neurodegenerative movement disorders. 
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Abstract: Several neurodegenerative disorders are characterized by the aggregation of misfolded 

proteins,including microtubule-associated tau protein. Although many of the tau strains’ studies 

have beenperformed on tau fibrils, recent evidence has identified the soluble tau oligomers 

(TauO) as themore relevant and toxic species in the propagation of the disease due to their ability 

to seed taumisfolding. Tau oligomers are believed to be the primary neurotoxic species, and 

recent researchsuggests that these oligomers can also form prion-like strains with varying levels 

of neurotoxicity. While methods for isolating and characterizing tau aggregates have been 

established, there isstill a knowledge gap regarding the structural and biological characterization 



of smaller, moredynamic tau polymorphs.To address this gap, we isolated brain-derived tau 

oligomers (BDTOs) from brain tissues ofAlzheimer's disease (AD), dementia with Lewy bodies 

(DLB), and progressive supranuclear palsy(PSP) patients. We characterized structures and 

morphologies of the BDTO strains and evaluatedtheir seeding potency in vitro model. We have 

applied Fluorescent Amyloid Multi Emission Spectra, known as FLAMES microscopy, that 

allows us to detect and profile different strains byusing commercially available amyloid 

fluorescent dyes. This methodology discriminates andreveals differences in the conformation of 

disease-relevant brain derived tau oligomers byexamining spectral shifts of these dyes.Our 

results indicate that BDTOs possess different structural and morphological features that 

aredistinguishable via principal component analysis. These findings suggest that the formation 

ofdistinct polymorphic tau oligomers may contribute to the development of multiple 

tauopathyphenotypes and shape the progression of neurodegenerative diseases. These results 

mayprovide insight for developing personalized therapy approaches to specifically target 

neurotoxictau species. 
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Abstract: Isolation and Characterization of Tau Oligomers 
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Tau oligomers have been shown to be the main toxic tau species in a diverse group of age-related 

neurodegenerative diseases, collectively known as tauopathies, including Alzheimer’s disease 

(AD). The characteristics of oligomers that exist in human disease, and that may associate most 

closely with disease propagation and toxicity, are not fully established because of the lack of 

standardization of the preparation of small oligomeric tau aggregates. Standardization of this can 

be achieved by isolating tau aggregates from authentic human tauopathy cases such as AD, as 

well as rigorously correlating their biophysical and biochemical properties with biological 

activity, developing probe sets for their selective detection, disseminating reliably examined 

samples, and lab-ready established protocols to the broader research community. To acquire 

biologically relevant tau oligomers for the study of tau aggregation and toxicity, we have 

designed protocols for the preparation and characterization of tau oligomers in vitro using other 

amyloid oligomeric seeds, as well as for the isolation of tau oligomers from biological samples 

using immunoprecipitation and sucrose gradient centrifugation. We have also created novel 

antibodies and optimized techniques for the detection of tau oligomers using common 

biochemical techniques including ELISA, dot blot, western blot, filter trap assay, as well as 

immunohistochemistry, Fluorescent Amyloid Multi Emission Spectra (FLAMES), and 

proteolytic digestion by proteinase K enzyme, were used to characterize oligomeric tau from 

recombinant protein and isolated from AD brain. 
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Abstract: The microtubule associated protein, Tau, is implicated in a multitude of 

neurodegenerative disorders that are collectively termed as Tauopathies. These disorders are 

characterized by the presence of tau aggregates within the brain of afflicted individuals. 

Mutations within the tau gene form the genetic backdrop for familial forms of tauopathies, such 

as frontotemporal dementia (FTD), but the molecular consequences of such alterations and their 

pathological effects are unclear. We sought to investigate the conformational properties of three 

mutants of tau 2N4R; A152T, P301L, and R406W, all implicated within FTD, and compare them 

to the native form (WT). We additionally wanted to probe the interaction between the mutant and 

WT protein to see if there exists any cross-seeding amongst them. Our immunochemical analysis 

reveals that mutant and WT oligomers exhibit similar affinity for conformation-specific 

antibodies but have distinct morphology and secondary structure. Additionally, these oligomers 

also possess different dye-binding properties and display varying sensitivity to proteolytic 

processing. These results point to conformational variety amongst them. We then tested the 

ability of the mutant oligomers to cross-seed the aggregation of WT-Tau monomer. Using 

similar array of experiments, we found that cross-seeding with mutant oligomers leads to the 

formation of conformationally unique WT oligomers compared to unseeded ones. Additionally, 

we see that such polymorphic properties are manifested in their biological effects on primary 

cortical neurons from mice. The results discussed in this paper provide a novel perspective on the 

structural properties of tau mutants and their interaction with the native form. 
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Abstract: Growing evidence suggests that the microtubule-associated protein tau (Tau) has 

important roles in postsynaptic function and long-term synaptic plasticity. Notably, we 

previously identified the GSK-3β phosphorylation sites 396/404 (PHF1E) to be important for 

long term depression (LTD). Importantly, in various neurodegenerative disorders the aberrant 

hyperphosphorylation of Tau can contribute to synapse dysfunction and elimination. Tau 

contains four domains: N-terminal projection region (NTR), proline-rich domain (PRD), 

microtubule-binding region (MBR) and carboxy-terminal region (CTR). Tau can undergo 

alternative splicing at the NTR (0N, 1N, 2N) or the MBR (3R/4R) giving rise to six isoforms. 

Much research has examined the role of the MBR splice variants, conversely, very little is 

known regarding the role of the NTR in pathophysiology. In this study, we investigate the effects 

of phosphomimic N-terminal splice variants (human Tau-2N4R-PHF1E, human Tau-1N4R-

PHF1E) on synapse function in hippocampal CA1 neurons. 

We found that Tau-2N4R-PHF1E exhibited higher amounts of Tau aggregation when compared 

with Tau-1N4R-PHF1E in HEK cells. Subsequently, in rat organotypic hippocampal slice 

culture, expression of Tau-2N4R-PHF1E reduced AMPA-receptor mediated synaptic currents 

(EPSCAMPA) and significantly decreased synapse density in CA1 neurons. Moreover, Tau-2N4R-

PHF1E impaired single dendritic spine plasticity in CA1 neurons induced by multiphoton-

glutamate uncaging stimulation. Conversely, the expression of Tau-1N4R-PHF1E did not 

replicate the deficits induced by Tau-2N4R-PHF1E. 

These findings highlight the distinct aggregation and pathophysiological properties resulting 

from the phosphorylation of 1N4R- and 2N4R-Tau. Notably, the 1N4R-Tau is the dominate 

isoform in the adult brain, and displays resilience to phosphorylation induced pathophysiology, 

potentially indicating that the lower abundant 2N4R-Tau isoform may initiate pathophysiology. 

These observations underscore the critical role of the N-terminal binding interactomes of Tau in 

driving the consequences of tau phosphorylation, highlighting their importance and merit for 

further investigation. Furthermore, advancing our understanding of how such phosphorylation 

events contribute to synapse weakening in the hippocampus. 
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Abstract: Protein synthesis is a vital biological process, important for multiple neuronal 

processes, such as, axon guidance and growth, synaptic plasticity, and learning and memory. 

Recently, studies have shown that dysregulated protein synthesis is a hallmark of 

neurodegenerative disorders, such as frontotemporal dementia (FTD). One of the causes of FTD 

is mutations in the gene for tau, a neuronally enriched microtubule binding protein. These FTD-

causing tau mutations have been found to decrease global protein synthesis. Tau has also been 

shown to interact with ribosomes, the molecular machines responsible for translation (Evans et 

al., Acta Neuropathoc Comms, 2021; Koren et al., Acta Neuropathologica, 2019; Meier et al., J. 

Neuro, 2016). 

Most of the studies on translation in FTD models have been conducted with tau overexpression 

models, such as transfected HEK cells or transgenic mice, presenting a clear confound. To 

overcome this confound, we investigated how FTD-mutant tau alters protein synthesis in human 

neurons, which have endogenous tau expression at normal physiological levels. We used various 

biochemical and molecular techniques, including puromycin labeling of de novo proteins, 

polysome profiling and harringtonine run-off assays to study the alterations in translation due to 

FTD-mutant tau in human neurons. 

Utilizing these techniques, we show that FTD-mutant tau results in decreases in global 

translation. This data is recapitulated in our polysome profiling data, which shows a decrease in 

the polysome to monosome ratio in the FTD-mutant neurons. Our data suggests that these 

alterations in translation could be due to slowed elongation rates. We also detect tau co-

sedimentation with ribosomes in human neurons as well as alterations in ribosomal protein 

localization. 

Our results demonstrate that FTD-mutant tau results in alterations in translation and that these 

impairments occur at physiological levels of tau. 
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Abstract: Tauopathies are age-associated neurodegenerative diseases whose mechanistic 

underpinnings remain elusive, partially due to lack of appropriate human models. Here, we 

engineered new human induced pluripotent stem cell (hiPSC)-derived neuronal lines to express 

4R Tau and 4R Tau carrying the P301S MAPT mutation when differentiated into neurons. 4R-

P301S neurons display progressive Tau inclusions upon seeding with Tau fibrils and recapitulate 

features of tauopathy phenotypes including shared transcriptomic signatures, autophagic body 

accumulation, and reduced neuronal activity. A CRISPRi screen of genes associated with Tau 

pathobiology identified over 500 genetic modifiers of seeding-induced Tau propagation. CROP-

seq analysis of the top modifiers highlights both distinct transcriptomic phenotypes and shared 

gene co-expression between hit profiles. In progressive supranuclear palsy (PSP) and 

Alzheimer’s Disease (AD) brains, the UFMylation cascade is altered in neurofibrillary-tangle-

bearing neurons. Inhibiting the UFMylation cascade in vitro and in vivo suppressed seeding-

induced Tau propagation. This model provides a robust platform to identify novel therapeutic 

strategies for 4R tauopathy. 
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Abstract: Human induced pluripotent stem cell (hiPSC) technology enables the derivation of 

several specific subtypes of neurons, astrocytes and microglia which are relevant to model 

important neurological disorders. However, the slow maturation rates of hiPSC-derived cells, 

particularly neurons, requires prolonged culture periods for neuronal maturation and the 

emergence of other disease-relevant phenotypes. To accelerate this process, at Ncardia, we 

developed two strategies based on a co-culture of hiPSCs-derived neurons and astrocytes. First, a 

2D model combining an early treatment with maturation promoting compounds (Hergenreder, E 

2024) with an extended culture period of up to 5 weeks. And second, a 3D neurospheroid culture 

maintained for up to 6 weeks. After 5 weeks, we confirmed the presence of mature neurons in 

the 2D model (NeuN and MAP2 positive), expressing pre-synaptic markers (synaptophysin-

SYP) and discrete presence of post synaptic markers (PSD-95). In the neurospheroid model, after 

only one week in culture, we were able to confirm the presence of mature neurons (MAP2 

positive) and astrocytes (GFAP positive), robust expression of synaptic markers, SYP and PSD-

95 and mature synapses. All those markers continued increasing overtime. Additionally, 

compared to 2D cultures, 3D neurospheroids showed a more complex and structured firing 

pattern after two weeks on MEA, which is reminiscent of what is observed in mature cortical 

organoids and human electroencephalogram. Finally, we established a tri-culture system by 

adding microglia to the 2D and 3D co-culture models of Tauopathy (overexpressing Tau P301L 

and treated with Tau PFFs). We observed, for both systems, a robust integration of microglia 

within the co-cultures previously established and the development of hallmarks of tauopathy: 

expression of pTau and punctate Tau in neurites, release of pro-inflammatory cytokines and 

higher phagocytic activity of neurons expressing pTau and synaptic markers (predominantly 

observed in 3D vs 2D models). In conclusion, we generated a 3D tri-culture model that can 



efficiently recapitulate morphology and function of the central nervous system in vitro, both in 

physiological and pathological conditions. This assay platform shows promise in modelling in 

vitro relevant neurodegenerative phenotypes specifically synaptic pruning in Alzheimer’s 

Disease, difficult to obtain in 2D models. Moreover, our protocol can be easily adapted to high 

throughput screening platform and liquid handling robots, thus increasing its applicability to 

drug discovery. 
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Abstract: Alzheimer’s Disease (AD) and related dementias (ADRDs) are the leading causes of 

dementia and afflict millions of people every year. Clarification of disease mechanisms and 

target identification are critical unmet needs in the field. While the canonical amyloid-beta (Aß) 

and tau pathologies are implicated in AD cases, recent evidence revealed that non-canonical 

pathologies, including TDP-43 pathology, occur in the majority of cases. TDP-43 pathology is 

observed in 40-60% of all AD cases and about 50% of frontotemporal dementia (FTD) cases. 

Importantly, AD cases with TDP-43 pathology, compared to those without, exhibit steeper 

cognitive decline and more extensive brain atrophy. The underlying molecular mechanism by 

which TDP-43 drives neurodegeneration and cognitive impairments, however, remains elusive. 

Emerging evidence revealing that loss of TDP-43 splicing repression occurs in presymptomatic 

ALS individuals demonstrates that loss of TDP-43 function, as opposed to its cytoplasmic 

aggregation, underlies its disease pathology. Based on our previous finding that loss of TDP-43 

leads to selective death of CA2/3 neurons and elevated caspase 3 activation as well as evidence 

in the human AD brain showing caspase 3-dependent cleavage of tau, we hypothesized that loss 

of TDP-43 is a key factor that promotes caspase 3-dependent tau cleavage and subsequent 



pathological tau aggregation and neurodegeneration. Here, we show that depletion of TDP-43 in 

iPSC-derived cortical neurons elevates caspase 3-mediated cleavage of tau. These findings offer 

novel mechanistic and therapeutic insights for ADRDs harboring TDP-43 co-pathology. 
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Abstract: Introduction: Astrocytic tau is a key pathologic feature of primary tauopathies such 

as progressive supranuclear palsy (PSP). We and others have shown that astrocytic tau is 

primarily of neuronal origin. However, the mechanisms by which astrocytes take up and process 

tau, and the effect of tau phosphorylation—a key event in disease pathogenesis—remain unclear. 

This study aims to investigate how phosphorylation affects the internalization of tau protein by 

astrocytes. 

Methods: Human induced pluripotent stem cells (iPSCs) were differentiated into astrocytes 

using standard protocols from StemCell Technologies. The astrocytes were then treated with 

recombinant tau with or without phosphorylation. Tau will be phosphorylated by two distinct 

kinases, namely protein kinase A and src kinase, which belong to the serine/threonine and 

tyrosine kinase families, respectively. Successful phosphorylation was validated by dot blotting. 

Tau uptake was assessed using dot blotting and live-cell imaging. 

Results: The serine/threonine phosphorylation group showed a significant decrease in uptake by 

live cell imaging (Repeated measures ANOVA, P<.001), while the tyrosine-phosphorylated 

group did not (unpaired t-test, P=.42). We confirmed our findings by fluorescently labeling 

recombinant tau (AF647) and serine/threonine-phosphorylated tau (AF555). We then added them 

simultaneously, with similar results (Repeated measures ANOVA, P<.001). 

Conclusion: Our findings suggest that tau phosphorylation may inhibit astrocytic tau uptake and 



possibly degradation, thus increasing levels of extracellular tau and potentially increasing rates 

of neuron-to-neuron propagation. Further research into the underlying mechanisms can provide 

valuable insights into the pathogenesis of tauopathies and potential therapeutic targets for these 

neurodegenerative disorders. 
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Abstract: Tau is a microtubule-associated protein that accumulates pathologically in multiple 

neurodegenerative diseases including Alzheimer’s disease and frontotemporal dementias. To 

better understand mechanisms that modulate tau-induced toxicity, we use a transgenic 

Caenorhabditis elegans model where human 1N4R tau is expressed in all neurons. This causes 

significant phenotypes including tau-induced locomotor deficits, accumulation of highly 

phosphorylated and insoluble tau protein, progressive neuron loss, and reduced lifespan. 

Previously we performed forward mutagenesis screening in this transgenic C. elegans model and 

identified a W292X mutation in sut-6. The mammalian homolog of sut-6 is NIPP1 (Nuclear 

Inhibitor of Protein Phosphatase 1). NIPP1 inhibits protein phosphatase 1 (PP1), interacts with 

splicing factors, transcription factors, and binds RNA. The W292X mutation truncates the last 11 

amino acids of the SUT-6 protein. We characterized the effect of this mutation as well as 

complete deletion of sut-6 on tauopathy phenotypes in tau transgenic C. elegans. We found that 

deletion of sut-6 or sut-6(W292X) ameliorated tau-induced locomotor behavior deficits, reduced 



accumulation of tau protein, reduced neuron loss, but did not rescue lifespan shortening. 

Interestingly, sut-6(W292X) had a much stronger effect on tau-induced behavioral deficits 

compared to sut-6(null), but a similar effect on tau protein levels and neuron loss. In addition, 

neuronal overexpression of SUT-6 W292X protein suppressed tau-induced toxicity while wild 

type protein had no effect. To further understand how SUT-6 W292X suppresses tauopathy, we 

are determining the effects of SUT-6 W292X on various predicted SUT-6 functions. The 

identified W292X mutation truncates part of the RNA binding domain and PP1 inhibition 

domain. Using a splicing reporter, we found sut-6(W292X) had decreased rates of aberrant 

splicing while sut-6(null) had increased rates. Using co-immunoprecipitation assays, we found 

SUT-6 W292X was still able to pull down the PP1 homolog GSP-1 similarly to wildtype SUT-6. 

To try to further understand the possible importance of PP1 in the mechanism, we made a 

V177A mutation in sut-6, which is predicted to abrogate GSP-1 binding to SUT-6. sut-6(V177A), 

in contrast to sut-6(W292X) or sut-6(null), had no effect on tau-induced behavioral deficits. 

However, we need to confirm that V177A truly abrogates the SUT-6 and GSP-1 interaction 

before making firm conclusions. Nevertheless, the results altogether demonstrate that sut-

6/NIPP1 mutant W292X is a strong suppressor of tauopathy and that it may be due to changes in 

splicing/transcriptional regulation. 
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Abstract: Tau protein normally functions as an intrinsically disordered monomer to stabilize and 

promote growth of microtubules, a key component of the neuronal cytoskeleton involved in 

intracellular transport. In Alzheimer’s disease (AD), however, tau dissociates from microtubules 

and enters misfolding pathways that yield aggregates having cross-β-sheet structure and 



filamentous morphology. In addition to AD, Tau aggregation is a defining feature of several 

human neurodegenerative diseases collectively termed tauopathies in which the initial formation 

of aggregates is followed by spread among brain regions. Microscopic events of neurofibrillary 

formation are first detected as nonfibrillar Tau deposits in neuronal axons and cytoplasm 

marking the beginning of aberrant processes. Although some Tau protein monomer peptide 

fragments aggregate spontaneously, recombinant full-length Tau in vitro or expressed in 

mammalian cells does not aggregate spontaneously even at supersaturation. Inducing a Tau 

nucleus can be accomplished by a heterogenous association such as with a membrane, small 

molecules, or peptides stabilizing a misfolded species for subsequent elongation steps. Tau is 

subject to a variety of post-translational modifications (PTM) including proteolytic cleavage 

generating peptide fragments varying in length. Proteolysis is a normal process of protein 

degradation and cellular function control, but it also has been implicated in tau aggregate 

formation. For example, Tau peptides spanning the microtubule-binding repeat region overcome 

kinetic barriers to aggregate spontaneously. However, tau peptides also have been demonstrated 

to directly induce misfolding and aggregation of full-length Tau in vitro and in mammalian cells. 

Proteolytic cleavage sites along the longest human brain Tau isoform where used. Tau-derived 

peptides were ordered by commercial synthesis or made in-house with greater than 95% purity. 

Thioflavin dye fluorescent assays were used to quickly test for aggregate formation alone as well 

as ability to induce aggregation and incorporate with full-length human Tau protein. Our analysis 

of 200 Tau derived peptides to date show that truncated Tau protein species can form aggregate 

structures in vitro while others do not. We also found at longer incubation times some short 

peptides can act as inducers of full-length tau aggregation indicating that some proteolytic 

cleavage sites can be toxic while others are protective preventing aggregate formation. Toxic and 

protective peptides derived from Tau protein provide evidence for implicating specific proteases 

and their associated pathways in disease. 
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Abstract: Background: Neuropathological inclusions formed by hyperphosphorylated protein 

tau in the brain are a hallmark of neurodegenerative disorders commonly referred to as 

tauopathies that represent a number of cognitive and motor syndromes in people of older age. 

Different tauopathies are characterized by disease-specific morphological presentations of tau 

lesions, affected brain regions and cell types, tau isoforms present in the inclusions, and 

structures of tau filaments. The factors that govern the formation of disease-specific tau lesions 

and distinct patterns of neurodegeneration and clinical presentations are unknown. To identify 

potential modifiers and effectors of tau pathology, we performed profiling of phospho-tau 

associated proteins in 4 major tauopathies. Methods: Here we established the Probe-dependent 

Proximity Profiling (ProPPr) method combined with DIA-LC/MS/MS in FFPE frontal cortex 

tissue sections for proteomic profiling of AT8-positive phospho-tau aggregates. The study cohort 

includes cases from 4 major tauopathies and unaffected controls: Alzheimer’s disease (AD, 

N=6), corticobasal degeneration (CBD, N=6), Pick’s disease (PiD, N=4), progressive 

supranuclear palsy (PSP, N=2) and control cases (CTL, N=8). Selected findings were validated 

by fluorescent co-immunostaining of frontal cortex sections from the validation cohort cases 

(AD, N=3; CBD, N=3; PiD, N=3; PSP, N=3; CTL, N=4). Results: We identified a total of 1318 

phospho-tau-associated proteins, including 229 proteins identified in all tauopathies. GO 

molecular function terms enriched in the latter protein set included chaperone activity, 

transmembrane transporter activity, and guanyl nucleotide binding. Fluorescent immunostaining 

confirmed association of the retromer complex protein VPS35 with specific tau lesions in all the 

studied tauopathies. Statistical comparison of protein abundances between diseases revealed 31 

differentially expressed proteins. Immunostaining confirmed disease-specific associations of the 

ferritin light chain protein (FTL) and the neurosecretory protein VGF within distinct pathological 

lesions. Furthermore, closer examination of FTL-positive microglia in CBD astrocytic plaques 

suggested a potential role of this microglial subpopulation in CBD pathogenesis.Conclusions: 

We established a new approach to profile proteins that are associated with tau lesions in different 

tauopathies. Proteins found in all the tauopathies likely distinguish disease-independent cellular 

response mechanisms to tau pathology. We also identified proteins that associate with distinct 

disease-specific tau lesions. 
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Abstract: Tau-PT271-mediated sex-dependent postoperative delirium-like behavior in aged 

mice 

Jing Zhang, Peng Yu, Yuanlin Dong, Feng Liang, Zhongcong Xie and Yiying Zhang 

Introduction: Postoperative delirium (POD) is a significant complication following surgery, yet 

its underlying mechanisms remain largely unclear. Evidence has shown that changes in sex 

hormones can influence Alzheimer's disease pathogenesis and dementia . Recent research 

indicates that elevated levels of Tau phosphorylated at threonine 217 (Tau-pT217) could be a 

pathway through which anesthesia/surgery induces POD-like symptoms in aged mice . The 

present study aims to examine whether the sex-dependent expression of Tau-pT217 might 

explain the gender-specific occurrence of POD-like behavior in aged mice. Methods: The study 

involved 18-month-old wild-type (WT) C57BL/6J female and male mice. The anesthesia/surgery 

group underwent a simple laparotomy under 2 hours of 1.4% isoflurane anesthesia supplemented 

with 40% oxygen. Behavioral tests, enzyme-linked immunosorbent assay (ELISA), nanoneedle 

technology, western blotting, and other methods were used to assess the outcomes. Additionally, 

testosterone inhalation therapy was given to aged female mice, while orchiectomy or the 

androgen receptor (AR) inhibitor enzalutamide was used on aged male mice to explore the role 

of AR signaling in Tau-pT217 levels and POD-like behavior. Results: Anesthesia/surgery 

triggered POD-like behavior and significantly elevated Tau-pT217 levels in the blood and brain 

only in female, but not male, aged mice. The AR expression in the lungs was notably higher in 

male aged mice than in females. Testosterone inhalation in aged female mice activated AR 



signaling, reducing Tau-pT217 levels in blood, lungs, and brain tissues, and subsequently 

alleviating POD-like behavior. Conversely, orchiectomy or AR inhibitor treatment in aged male 

mice resulted in reduced AR activity, elevated Tau-pT217 levels, and increased POD-like 

behavior. Conclusions: These findings suggest that gender differences in postoperative 

outcomes, including POD-like behavior, might be driven by sex hormone regulation of Tau-

pT217 through AR signaling. The results indicate that testosterone inhalation could reduce Tau-

pT217 levels via AR activation, offering a potential therapeutic strategy for mitigating POD-like 

symptoms in aged female mice. This study provides a foundation for further exploration of sex-

dependent mechanisms in POD and potential gender-specific interventions. 
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Abstract: Introduction: Postoperative delirium (POD) is a prevalent and costly 

complication in elderly surgical patients, often resulting in adverse outcomes. The 

underlying mechanisms and reliable biomarkers of POD remain poorly understood. This 

study at Massachusetts General Hospital included patients over 65 undergoing surgeries 

like laminectomy, knee, or hip replacements under general or spinal anesthesia. We 

examined the potential relationships between gut microbiota profiles and plasma Tau 

protein levels (Tau-PT217 and Tau-PT181) in patients with POD. 

Method: We employed 16S rRNA gene sequencing to analyze gut microbiota and 

Nanoneedle technology to measure plasma Tau protein levels. 

Results: Among 491 patients, 12% developed POD. Notably, Parabacteroides distasonis 

was linked with POD occurrence. There was a strong positive correlation (r = 0.807) 

between Tau protein levels and gut bacteria Parabacteroides distasonis, and negative 



correlations were observed between Tau-PT217 and the gut bacteria Eggerthella, as well as 

between Tau-PT181 and Lawsonella. 

Conclusions: These findings highlight significant correlations between specific gut 

microbiota and plasma Tau protein and phosphorylation Tau protein levels in patients 

with POD, emphasizing the potential involvement of the gut-brain axis in this condition. 
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Abstract: Progress in Alzheimer’s disease (AD) have revealed a novel fluid biomarker, tau 

phosphorylated at T217 (pT217-tau), in CSF and plasma, that predicts AD prior to cognitive 

deficits. Understanding the role of pT217-tau is important in assessing efficacy of novel 

treatments aimed at early-stage disease. However, it is unknown why pT217-tau is effective in 

predicting brain pathology, as little is known about early, soluble pT217-tau brain expression. 

These questions are difficult to address in humans, as soluble p-tau is rapidly dephosphorylated 

postmortem, and PET scans detect late-stage, fibrillated tau. However, the etiology of pT217-tau 

in aging brains can be probed in rhesus macaques, where perfusion fixation allows capture of 

phosphorylated proteins in their native state. Aging macaques naturally develop tau pathology 

with the same qualitative pattern and sequence as humans, including initial cortical pathology in 

layer II of the entorhinal cortex (ERC) evident early in aging, and later in layer III of the 

dorsolateral prefrontal cortex (dlPFC). We utilized multi-label immunofluorescence and 

immunoelectron-microscopy to examine the subcellular localization of early-stage pT217-tau in 

ERC and dlPFC of aged macaques (18-34y) with naturally occurring tau pathology and assayed 

pT217-tau levels in plasma. Our results show that pT217-tau labeling is primarily observed in 

postsynaptic compartments, accumulating in: 1) dendritic spines on the calcium-storing smooth 

endoplasmic reticulum spine apparatus near asymmetric glutamatergic-like synapses, and 2) in 

dendritic shafts, where it aggregated on microtubules, often “trapping” endosomes associated 

with Aβ42. The dendrites expressing pT217-tau were associated with autophagic vacuoles and 

dysmorphic mitochondria, indicative of early neurite degeneration. We observed trans-synaptic 

pT217-tau trafficking between neurons within omega-shaped bodies and endosomes, specifically 

near excitatory, but not inhibitory synapses. We also examined pT217-tau in blood plasma in 

macaques across age-span and observed a statistically significant age-related increase in pT217-

tau. These data provide the first direct evidence of pT217-tau trafficking between neurons near 

synapses to “seed” tau pathology in higher brain circuits, interfacing with the extracellular space 

to become accessible to CSF and blood. The expression of pT217-tau in dendrites with early 

signs of degeneration may help to explain why this tau species can herald future disease. 
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Abstract: The accumulation of tau protein deposits is characteristic of several neurodegenerative 

diseases that manifest with cognitive decline, movement disorders, and dementia. The 

conformational plasticity of tau allows it to play a role in many important cellular processes; 

however, its misfolding and self-assembly into pathological filaments results in both loss of 

normal function and gain of toxic function. Disease-associated filamentous tau exhibits cross-

beta architecture, wherein protein monomers adopt beta-arch folds that stack in register. These 

filaments can seed the misfolding of physiological tau and propagate across neurons in a prion-

like manner. Recent cryo-EM structural data demonstrate that the conformations of tau 

protomers within pathological protofilaments can vary by disease, even when they are comprised 

of the same isoform and sequence. This raises the intriguing possibility of a link between 

conformational fold, seeding activity, and disease progression. Current models of tau 

propagation based on co-factor-induced aggregation fail to capture the structural diversity of 

pathological tau folds. Given the scarcity and variability of seed-competent patient-derived 

extracts, efforts to recapitulate pathological tau folds are urgently needed. Here, we describe the 

structure-based design of peptide derivatives that mimic the form and function of tauopathic 

filaments. Diversity-oriented covalent stapling of core motifs observed in 4R tau folds from 

idiopathic disease affords cyclic beta-arch peptides that self-assemble into amyloid filaments. A 

subset of these “mini-tau” fibrils potently seed endogenous tau in engineered biosensor cells and 

primary neuronal cell cultures. Structural elucidation of a mini-tau filament by cryo-EM reveals 

several conformational features congruent with those in pathological tau folds. Our studies 

provide a framework for the minimization of functional, disease-associated epitopes of 

amyloidogenic proteins that could find broad application in the development of vaccines and 

therapeutic antibodies. 
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Abstract: Progressive supranuclear palsy (PSP) is a severe neurodegenerative disorder. 

Pathologically, PSP is characterized as a four microtube-binding-repeat (4R) tauopathy, with 

abundant tau inclusions in various cell types (glial and neuronal cells) and regions of the brain. 

In PSP native tau proteins convert into ‘seed competent’ tau species that generate fibrils which 

assembles into aggregates. While neuropathological stages suggest a stereotypic pattern of the 

progression of tau aggregates throughout the brain, the rate of fibrilization and spatial 

progression of tau is still unclear. Our aim is to determine PSP-tau seeding kinetics across the 

human brain hemisphere by detecting seed-competent species, testing the hypotheses that 

seeding kinetics differ between 1) early and late-stage pathology, and 2) regions with 

predominantly astrocytic and neuronal/oligodendroglial tau. Resolving this is important for 

understanding how different regions and cell-types may contribute to progression of tau 

accumulation. In order to study the temporal (early vs. late) and regional seeding capacity, we 

have collected frozen brain tissue from 16 regions from 10 donated PSP brains reflecting high to 

low tau pathology burden. The tau seeding kinetics are studied using the seeding amplification 

assay (SAA). So far, we have established a Tau SAA that can monitor seeding derived from 10 

µg brain homogenate. The seeding was considered positive if 2 out of 4 replicates per brain 

regions showed a plateau higher than the negative control. The SAA showed seeding in all 16 

regions from high and low pathology burden brains. We observed individual seeding kinetics, 

suggesting that our seeding assay reflects differences in tau seed concentration and potency. Our 

pre-liminary analyses show no systematic differences in seeding kinetics between high and low 

pathology stages, nor between regions. Though this assay can detect tau seeds and thus PSP tau 



pathology in regions yet not positive for tau aggregates. This allows us to add detailed 

information about the tau seed’s localization in the human PSP brain. 
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Abstract: Induced pluripotent stem cells (iPSCs) show great potential for the generation and 

characterization of neuronal subtypes as well as the investigation of neurological disease models. 

However, in practice, the intercellular variability in a population of iPSC-derived neurons in 

combination with the low-throughput nature of manual electrophysiological experiments, have 

made such studies challenging.Here we use automated patch clamp (APC) for high-throughput 

characterization and comparison of commercially available healthy normal (WT) and 

frontotemporal dementia (FTD; genetically engineered Granulin R493X heterozygous knockout) 

iPSC-derived excitatory neurons (iCell Induced Excitatory Neurons). WT and FTD iPSC-derived 

excitatory neurons were generated using neurogenin-2 overexpression resulting in consistent 

iPSC differentiation into a highly pure glutamatergic neurons population (>90%), with similar 

gene expression levels for of synaptic (PSD95, Synapsin 1) and glutamatergic receptors (vGlut2, 

GRIA1, GRIA4). We first optimized cell suspension preparation for APC analysis in order to 

retain cell viability and function from neurons cultured for 16, 23, 30 or 35 days in culture. These 

cells were then analyzedfor voltage-gated (Kv and Nav) and ligand-gated (AMPA) ion channel 

currents and how they develop over time. NaV currents increased in both WT and FTD neurons, 

with more dramatic increases in WT over time. KV currents were generally lower in WT 

compared to FTD neurons, with little change in current amplitude over time. AMPAR current 

development was different between WT and FTD - WT increased over time while FTD 

decreased resulting in roughly equivalent AMPA currents between WT and FTD neurons by 30 



days in vitro. We also recorded action potentials in both WT and FTD model iPSC-derived 

excitatory neurons, and compared action potential parameters (such as spike frequency, spike 

threshold and action potential amplitude). The number of cells firing action potentials increased 

for both WT and FTD excitatory neurons over time in culture and our preliminary data suggest 

that FTD neurons start firing at lower input currents and at higher frequencies than WT. 
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Abstract: MicroRNAs (miRNAs) are small non-coding RNAs responsible for RNA silencing 

and the posttranscriptional regulation of gene expression. Poly(A)-modifying enzyme catalyzes 

the addition of adenosine to the 3′ end of miRNAs, which promotes their subsequent 

degradation. In this study, we demonstrated that a transcriptional repressor was recruited to both 

RNA foci and protein aggregates, which caused gene upregulation in Huntington’s disease (HD). 

We further identified a subset of corresponding miRNAs were downregulated in levels in HD 

models. We further showed that this pathway was activated in HD patient induced pluripotent 

stem cell-derived neurons. This study highlights the importance of miRNA dysfunction in the 

pathogenesis of HD and as a potential therapeutic direction for the disease. 
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Abstract: Multiple system atrophy (MSA) is a complex and rare neurodegenerative movement 

disease. The distinction between parkinsonism-predominant (MSA-P) and cerebellar-

predominant (MSA-C) forms reflects the clinical diversity within the disorder. The presence of 

glial cytoplasmic inclusions (GCIs) and the aberrant accumulation of α-synuclein in 

oligodendrocytes (OLs) are the hallmark of the disease and play a significant role in its 

pathogenesis. The widespread myelin loss preceding neuronal death underscores the profound 

impact of MSA on both the central and autonomic nervous systems. Understanding these 

underlying mechanisms is crucial for the development of effective therapies. Accumulation of 

synuclein has been reported to be associated with impaired survival of neural precursor cells 

(NPCs) through interference with the Notch signaling pathway. Several studies have shown that 

inhibition of NOTCH1 signaling promotes OLs differentiation and myelination, but its specific 

role in synuclein aggregation of matured OLs remains elusive. Here, we investigated the mRNA 

expression of Notch1 and its relationship with the differentiation status of oligodendrocyte 

derived from human induced pluripotent stem cell (iPSC) lines from MSA patients (both MSA-P 

and MSA-C subtypes) as well as healthy controls (HC). Results revealed a diminished 

differentiation propensity in MSA-P compared to MSA-C and HC. Immunofluorescence staining 

showed heightened phosphorylated α-synuclein expression investigated from the early stages 

(the germ layer cells) of MSA-iPSC induced OLs. Notch1 mRNA was overexpressed in MSA-

induced OLs relative to HC from 12th day of iPSC-derived OLs. These data suggest Notch1’s 

potential involvement in MSA pathogenesis and OLs differentiation, linking α-synuclein 

pathology with the OLs lineage in MSA. These findings provide insights into the molecular 

mechanisms underlying OL dysfunction in MSA, with implications for therapeutic development. 
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Abstract: Synucleinopathies are a group of neurodegenerative disorders linked with the 

misfolding and aggregation of α-synuclein, the most well-known among them being Parkinson’s 

disease (PD). α-Synuclein belongs to a larger family of proteins that include β- and γ-synuclein. 

Mutant forms (P123H and V70M) of β-synuclein have been shown to cause Dementia with 

Lewy Bodies (DLB), however, the extent to which β- and γ-synuclein are neurotoxic is still 

highly understudied compared to α-synuclein. While specific alterations in cellular environments 

(including nitrative stress, lysosomal degradation, mitochondrial dysfunction) and post-

translational modifications alter the toxicity and aggregation of α-synuclein, less is known of 

their impacts on β- and γ-synuclein. Here, we used our lab’s budding yeast (Saccharomyces 

cerevisiae) model to comparatively evaluate these three wildtype synucleins and explore their 

pathological potential through the assessment of toxicity, localization, and expression. We report 

that: 1) Wildtype and mutant β-synuclein is toxic, whereas γ-synuclein is non-toxic; 2) β-

synuclein toxicity is related to expression level, strain, and extent of aggregation; 3) β-synuclein 

displays a higher molecular weight than expected in yeast; 4) Toxicity potential of all three 

synucleins, including γ-synuclein, is impacted to varying degrees by specific synucleinopathy-

related genetically modified yeast strains that alter nitrative stress, glycation, acetylation, 

triglycerides, and SUMOylation. This study highlights the relevance of evaluating a fuller range 

of synucleinopathy-related processes to better understand what drives the toxicity of all three 

synucleins. 
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Abstract: Neurodegenerative disorders are marked by the accumulation of misfolded proteins, a 

pathological feature. This aggregation is so critical to the understanding of these diseases that 

they are now categorized under the umbrella of proteinopathies. These categories are based on 

the type of protein that is most commonly found aggregated in each disorder. Although protein 

misfolding, accumulation and aggregation is a major cause of neurodegeneration; there remains a 

major unmet need of physiologically-relevant models to both study the mechanism of 

propagation and aggregation, and to screen potential therapeutics. At Ncardia, we have 

developed models for tauopathies, synucleinopathies and TDP43 aggregation using human iPSC-

derived stem cell technology (hiPSC). All these models have been miniaturized to 384-well 

format to make them suitable for high-throughput compound screening. For tauopathies using 

high content imaging (HCI) we demonstrated quantifiable presence of phosphorylated TAU 

species in Ncyte® Neural Mix (co-culture of hiPSC-derived neurons and astrocytes) cultures 

compared to untreated control cultures. In our synucleinopathy model, we demonstrated that 

treatment with α-synuclein preformed fibril (PFF) on three different cultures, cortical and 

dopaminergic neurons (derived from hiPSCs) and Ncyte Neural Mix, displayed statistically 

significant increases in both α-syn and pS129 by HCI as compared to untreated control cultures. 

Finally, our TDP-43 proteinopathy model demonstrated electrophysiological deficits by MEA, 

mislocalization of TDP-43 to the cytoplasm, reduction in STMN2 protein levels and increase in 

neurofilament-L (NF-L) secretion as compared to controls. In summary, we have developed a 

scalable platform, based on physiologically-relevant cellular models which can be leveraged for 

the high-throughput screening of drug candidates targeting the reduction of pathological 

propagation and accumulation of proteins in tauopathies, synucleinopathies and TDP43 

aggregation. 
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Abstract: The abnormal intracellular aggregation of α-synuclein is a key histopathological 

feature in Parkinson's disease. Our recent research revealed that α-synuclein heightens the 

opening of pannexin-1 (Panx1) channels in astrocytes, disrupting [Ca2+]i balance, mitochondrial 

morphology, and cell survival. Panx1 channels are plasma membrane channels that facilitate the 

molecular and ionic exchange between the cytoplasm and the extracellular space. Under 

pathological conditions, the persistent opening of these channels leads to cell dysfunction and 

death. The impact of α-synuclein on Panx1 channel activity in hippocampal neurons has not been 

established. To address this, we conducted ethidium (Etd) uptake experiments in primary 

hippocampal neurons, acute brain slices, or mice exposed to α-synuclein (0.1 to 100 nM). In 

addition, Panx1 protein levels were evaluated by immunofluorescence and western blotting. 

Additionally, different mitochondrial parameters, including morphology, membrane potential, 

and superoxide production, were assessed using MitoGreen, Mitored CMXROS, and Mitosox 

labeling, respectively. Our findings revealed heightened activity and levels of neuronal Panx1 

channels in cultured hippocampal neurons and acute brain slices when stimulated with α-

synuclein. Similarly, brain slices from adult mice intrahippocampally injected with α-synuclein 

exhibited increased Panx1 channel activity. Notably, the α-synuclein-induced activity of Panx1 

channels altered mitochondrial superoxide production and membrane potential, as well as the 

morphology of mitochondria. We speculate that α-synuclein-induced activation of neuronal 

Panx1 channels may be a novel mechanism in the pathogenesis and progression of α-

synucleinopathies. 
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Abstract: Cortical dysfunction is thought to contribute to the non-motor symptoms associated 

with Parkinson’s disease (PD) and other synucleinopathies. Recent studies have revealed 

functional changes in cortical circuitry in pre-clinical models of alpha-synuclein (aSyn) 

propagation, but with limited mechanistic insight. We hypothesized that seeded aSyn 

aggregation leads to cell signaling perturbations, potentially reflected by alterations of the 

phosphoproteome, in mouse brain. To address this hypothesis, we utilized a mouse model of 

aSyn aggregation involving the injection of aSyn preformed fibrils (PFFs) in the cortex or 

striatum to study the downstream effects of seeded aSyn aggregation. We showed via 

immunohistochemical staining that PFF injection in either region leads to the presence of aSyn 

aggregates that stain positive for the phosphoserine-129 form of the protein (pSer129-aSyn) in 

the sensorimotor cortex and other anatomically connected brain regions. Phosphoproteomic 

analysis of homogenates prepared from the sensorimotor cortex revealed significant differences 

between the PFF- and monomer-injected mice 3 months post-injection. Gene ontology analysis 

of the phosphoproteomic changes revealed a link between aSyn PFF administration and 

perturbations of synaptic signaling. Further, motif enrichment analysis coupled with kinase 

prediction indicated that the majority of motifs up-regulated in the brains of PFF-treated animals 

consisted of predicted casein kinase-2 (CK2) phosphorylation sites. CK2, a constitutively active 

kinase that is dysregulated in multiple disorders, is involved in phosphorylating aSyn at Ser129. 

Additional immunohistochemical data indicated that the regulatory beta and catalytic alpha 

subunits of CK2 were co-localized with pSer129-aSyn+ aggregates in the cortices of PFF-

injected mice. We also observed punctate CK2-alpha subunit staining in the nuclei of cortical 

neurons, suggesting that PFF treatment alters CK2 subunit dynamics, in turn leading to the 



dysregulation of CK2 activity. Collectively, these results suggest that synaptic dysfunction in the 

sensorimotor cortex of PFF-injected mice is mediated at least in part by CK2 dysregulation. 

These findings deepen our understanding of the molecular underpinnings of synucleinopathy 

disorders, laying the groundwork for developing well-tailored intervention strategies. 
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Abstract: The discovery of alpha-Synuclein (α-Syn) in the brains of Alzheimer's Disease (AD) 

patients marks a significant advancement in our understanding of this complex 

neurodegenerative disorder, traditionally characterized by amyloid-beta plaques and 

neurofibrillary tangles. This finding raises pivotal questions about the role of α-Syn, a protein 

previously associated primarily with Parkinson's Disease, in the pathogenesis of AD. Motivated 

by this breakthrough, our study explores the influence of microRNAs (miRNAs) on α-Syn 

accumulation in AD, focusing on the analysis of 47 miRNAs that are homologous between 

humans and mice and their regulatory effects on α-Syn in primary hippocampal neuron models. 

Through methodologies including the generation of α-Syn preformed fibrils (PFFs), cultivation 

of primary neuron cultures, and miRNA synthesis and application, this research endeavors to 

uncover the mechanistic relationships between miRNAs and α-Syn pathology in AD. Our results 

suggest the promising potential of miRNA modulation in controlling α-Syn aggregation, offering 

a novel perspective on therapeutic strategies for AD. This study not only highlights the newly 

identified significance of α-Syn in AD but also initiates a foundational inquiry into miRNA-

based therapeutic approaches for mitigating synucleinopathies in AD patients. 
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Abstract: Parkinson’s disease (PD) and other α-synucleinopathies are characterized by the 

accumulation of α-synuclein (αS) pathology that can spread via the cell-to-cell transmission of 

αS aggregates. To better understand how various brain cells contribute to the spreading of αS 

pathology, we examined the metabolism of αS aggreges or pre-formed fibrils (PFFs) in neuronal 

and glial cells (microglia, astrocytes, and oligodendrocytes). Neurons internalize αS monomers 

and rapidly degrade the αS monomers within 6 hours. In contrast, following the internalization of 

αS PFFs by neurons, the full-length αS rapidly disappears with a stable accumulation of 

truncated αS with a half-life of over 48 hours. Epitope mapping and fractionation studies indicate 

that αS PFF was truncated at the C-terminal region following uptake and remained 

insoluble/aggregated. However, microglia and astrocytes rapidly metabolized αS PFFs with half-

lives <6 hours in these glial cells. Differential processing of αS by neurons was recapitulated in 

cell lines as differentiated CLU198 and SH-SY5Y neuronal cell lines stably accumulate 

truncated αS from internalized αS PFFs but the undifferentiated cells rapidly metabolize αS 

PFFs. Immunolocalization and subcellular fractionation studies show that internalized αS PFF is 

initially localized to endosomes followed by lysosomes. Colocalization of αS PFF to other 

organelle shows some αS PFF in endoplasmic reticulum marker but no significant localization of 



αS PFF with the markers of Golgi or autophagosomes. In neurons, truncated αS PFF accumulates 

in the lysosomes, indicating that the truncation happens in the late endosomes or lysosomes. 

Lysosome is largely responsible for the degradation of internalized αS PFFs, particularly in glial 

cells, as only the lysosomal inhibition leads to a consistent increase in the accumulation of 

internalized αS PFFs in all cell types. However, inhibition of lysosomes or proteasomes do not 

inhibit αS truncation in neurons. Significantly, internalized αS PFF causes lysosomal dysfunction 

in neurons, as indicated by decreased Magic Red Cathepsin B staining and increased Galectin-3 

staining in αS PFF treated neurons. Our results show that neurons do not efficiently metabolize 

internalized αS aggregates and generate potentially aggregation-prone truncated αS. In contrast, 

glial cells may protect neurons from αS aggregates by rapidly clearing αS aggregates. 
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Abstract: Long COVID (LC) is a chronic condition developed by some people after SARS-

CoV-2 acute infection, including a range of complications affecting the respiratory, cardiac, 

neurological, and digestive systems. In this scenario, our study entails a clinical-epidemiological 

analysis of LC patients previously hospitalized with moderate to severe COVID-19, with a focus 

on evaluating the peripheral nervous system via electroneuromyography (ENMG). This study 

received ethical approval from the Institutional Review Board of the Federal University of 



Alagoas (CAAE: 68344823.2.0000.0155). Participants were individuals who tested positive for 

SARS-CoV-2 and were hospitalized between March 2020 and December 2022. After providing 

written informed consent, participants completed a clinical-epidemiological questionnaire and 

were submitted to ENMG. Currently, there are 24 enrolled individuals, with a majority of them 

being male (52.38%) and aged 50 to 59 years (42.11%). Persistent LC symptoms reported 

include fatigue (85.71%), dyspnea (52.38%), headache (57.14%), hypertension (52.38%), 

cardiac arrhythmias (57.14%), memory impairment (61.90%), sensory alterations (71.43%), 

mental disorders (33.33%), and sleep disturbances (52.38%). Of the seventeen patients analyzed 

by ENMG, only three did not show any abnormalities. The other fourteen participants displayed 

pathologies such as polyneuropathy, peripheral sensory-motor axonal polyneuropathy, 

neuropathies of the median, radial, peroneal, cutaneous, and/or ulnar nerves, neuromyopathy, 

radiculopathy, and multiradiculopathy. ENMG data are being analyzed using artificial 

intelligence to identify LC-associated patterns, along with potential blood biomarkers linked to 

neuromuscular and neuroinflammatory disorders. Taken together, our preliminary findings 

suggest long-term effects of COVID-19 post-infection, considerably affecting the quality of life 

for patients with LC. 
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Abstract: Mutations in the gene GJB1, coding for the protein connexin 32 (Cx32), have been 

shown to cause the X-linked form of Charcot-Marie-Tooth disease (CMT1X), an inherited 

peripheral neuropathy. The genetic cause of CMT1X has been known for over 25 years, but the 

mechanism by which mutant Cx32 protein in Schwann cells (SCs) leads to peripheral neuropathy 

is poorly understood. Macrophage numbers are significantly increased in Cx32KO nerve and 



appears to significantly contribute to severity of Cx32 related neuropathy. Other published 

studies and metabolomic findings from our lab show that inosine and other by-products of 

extracellular ATP metabolism are reduced in Cx32KO peripheral nerve compared to WT mice; 

suggesting that loss of Cx32 leads to an inability of ATP to exit the SC into the extracellular 

space. A mechanistic hypothesis for the pathogenesis of CMT1X proposes that defective Cx32 

hemichannel function causes dysregulation of mitochondrial SC ATP production as well as 

release into the extracellular space. Low extracellular levels of anti-inflammatory ATP 

metabolites, particularly the stable inosine, lead to a chronic inflammatory state in nerve, 

increased macrophage infiltration to impact myelin and axon pathology. Thus, increases in 

macrophages may be due to reduced levels of inosine, which asserts its anti-inflammatory effects 

at cellular A2 receptors. We used transcriptional, metabolomic, and pathologic approaches to test 

the hypothesis that supplementation of inosine can ameliorate CMT1X neuropathy. Following 

preliminary dose response determinations, Cx32KO mice were treated with inosine (280mg/kg) 

or PBS daily for 7days, 1-month, and 4-months. Sciatic and femoral nerve samples were 

harvested and assayed for inflammatory gene expression and macrophage counts, respectively. 

Nerve conduction studies and motor and strength behaviors were also conducted on the 4-month 

treatment group. Iba1 staining shows a significant reduction in macrophages in femoral motor 

nerve following 7 and 30days of Inosine. We also find significant reductions in inflammatory 

and repair SC genes TNF, Timp1, Trem2, and CD4 by qPCR after 30days of inosine. Finally, 

significant increases in grip strength and some features of NCS were observed following 4 

months of inosine. Gene expression and histology studies of the 4-month cohort are currently in 

process. More definitive determinations of whether long term treatment with inosine reduces or 

ameliorates peripheral neuropathy are ongoing. Taken together, these results strongly suggest 

that treatment with inosine may provide a therapeutic effect for CMT1X and other peripheral 

neuropathies. 
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Abstract: Mutations in GJB1, the gene encoding Connexin 32 (Cx32), cause the X-linked 

Charcot-Marie-Tooth disease (CMT1X), a delayed-onset inherited demyelinating peripheral 

neuropathy. While the genetic cause of CMT1X has been known for over 25 years, the 

mechanism by which mutant Cx32 protein in Schwann cells (SCs) leads to peripheral neuropathy 

is poorly understood. .Recent studies in our lab have demonstrated that mutant genotypes 

displayed loss of function in behavioral tests and by histological measures. These deficits 

became more evident as the mice aged. Additionally, using microarray and metabolomic 

approaches to compare wild-type and Cx32-knockout (Cx32KO) sciatic nerve samples, we have 

identified significant regulation inflammatory/stress pathway genes as well as robust changes in 

ATP and metabolites associated with the AMP-activated protein kinase (AMPK) 

metabolic/stress pathways. We and others have also found significant increases in macrophage 

numbers in peripheral nerves from Cx32KO mice, which appears to significantly contribute to 

severity of the Cx32-related neuropathy. The lowered extracellular levels of anti-inflammatory 

ATP and metabolites may lead to increased macrophage infiltration helping to establish a 

chronic inflammatory state in CMT1X nerves and, ultimately, impact myelin and axon 

pathology. This study uses semi-quantitative Real Time PCR (RT-qPCR) to examine the 

regulation of several genes associated with these pathways in WT, Cx32KO, and three targeted 

CMTX1 Crispr mutant mouse models at different times during disease progression. Sciatic nerve 

samples from wild-type (WT), Cx32KO, p.T55I, p.R75W, and p.E102G Crispr mutants were 

collected from 2-, 4-, and 6-month old mice and assayed by RT-qPCR for relative expression 

levels of GPNMB, PVMN, TIMP1, and TREM2. No significant differences were noted at 2 

months of age for any group. However, TIMP1, and TREM2, genes associated involved in 

AMPK-mediated and inflammatory pathways and are highly regulated in models of peripheral 

nerve injury and regeneration, showed increases at 4 and 6 months, with significant upregulation 

in 6-month mutant mice compared to wild type mice. These changes correspond to previously 

observed increases in nerve pathology and decreases in motor and strength behaviors. 
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Abstract: Background: Charcot-Marie-Tooth disorders (CMT) is a heritable neurodegenerative 

disease of peripheral nervous system diseases with which more than 100 genes and their 

mutations has been associated.. Methods: Two consanguineous families (PAK-CMT1-DG 

KHAN) and Layyah (PAK-CMT2-LAYYAH) with multiple CMT affected subjects were 

enrolled from Punjab province in Pakistan. Basic epidemiological data were collected for the 

subjects. Nerve conduction study (NCS) and electromyography (EMG) was performed for 

patients. Whole exome sequencing (WES) followed by Sanger sequencing was applied to report 

the genetic basic of CMT. Results: NCS findings revealed that sensory and motor nerve 

conduction velocities for both families were less than 38m/s. EMG presented denervation, 

neuropathic motor unit potential and reduced interference pattern of peripheral nerves. WES 

identified a novel non sense mutation (226 (c. 226 G > T) in GADP1 gene and a previously 

reported missense mutation in MFN2 gene (c. 334 G > A) that is causing CMT4A in PAK-

CMT1-DG KHAN and CMT2A in family PAK-CMT2-LAYYAH family respectively. 

Mutations followed Mendalian pattern with autosomal recessive inheritance mode. Multiple 

sequence alignment by Clustal Omega indicated that mutation containing domain in both genes 

is highly conserved and in situ analysis revealed that both mutations are likely to be pathogenic. 

Conclusion: We are reporting a novel non sense and a previously known missense mutation in 

GAPD1and MFN2 gene, respectively, caused CMT in consanguineous Pakistani families. 
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Abstract: Charcot Marie Tooth disease (CMT) type 1A is the most common form of CMT 

related to a duplication of the PMP22 gene that causes an autosomal dominant neuropathy 

associated abnormal peripheral nerve myelination, axonal dysfunction/loss, and motor unit 

degeneration. Patients with CMT1a experience progressive symptoms of weakness, muscle 

atrophy, and sensory loss. The C3-PMP-22 mouse (C3) is a mouse model of CMT1a with 3 

copies of the PMP22 gene. Prior work has demonstrated phenotypic features of disrupted motor 

coordination, altered myelination, but absent signs of overt axonal loss. To investigate the 

phenotypic features of the C3 mouse model more fully, we performed a battery of assessments 

including behavioral assessments of motor coordination and strength as well as in vivo 

gastrocnemius motor unit electrophysiology to assess summated muscle excitation (compound 

muscle action potential, CMAP), motor unit size (single motor unit potential, SMUP), motor unit 

number (motor unit number estimation, MUNE), and neuromuscular junction (NMJ) 

transmission (repetitive nerve stimulation, RNS). 11 C3 and 13 wildtype C57BL6 control mice 

were assessed between the ages 2-6 months. Experimenters were blinded to genotype. Motor 

coordination, as assessed by rotarod latency to fall, and motor strength, as assessed by all limb 

grip, both showed significant reduction in C3 mice versus controls (rotarod: time X genotype, 

mixed effects, p = 0.0306, grip: time X genotype, mixed effects, p = 0.0023). CMAP, a measure 

of summated muscle excitation following supramaximal nerve stimulation, and MUNE, an 

estimation of motor unit connectivity, were both significantly reduced in C3 versus control mice 

(CMAP: time X genotype, mixed effects, p = 0.0001; MUNE: time X genotype, mixed effects, p 

= 0.0446). In contrast, SMUP, a measure of motor unit size, demonstrated significant differences 

for time (p<0.0001) and genotype (p=0.0275) but no interaction between time and genotype 

(p=0.4395). Longitudinal RNS demonstrated no differences (mixed effect analysis: age, 

genotype or age X genotype), but on multiple comparisons at 5.5 months revealed significantly 

greater decrement (NMJ transmission failure) in C3 versus control mice at 5.5 months (C3: --

28% vs control: -11%, Sidaks multiple comparisons). Together these data indicate that the C3 

mouse model of CMT1a reproduce clinical features of motor dysfunction associated with 

electrophysiological deficits in motor unit number, muscle excitation, and possibly NMJ 

transmission deficits. The phenotypic characterizations of this pre-clinical model of CMT1A can 

be used to test impacts of preclinical therapeutics. 
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Abstract: Maintenance of proteostasis is critical for preserving cell integrity and appropriate 

responses to a changing environment. Impairments in proteostasis can lead to a deleterious 

imbalance in protein synthesis, localization, and degradation. Such impairments have important 

consequences for neurons, which must function for a human’s entire lifespan. Charcot-Marie-

Tooth disease (CMT) describes a group of inherited peripheral neuropathies. A common feature 

in certain instances of these neuropathies is mutations in aminoacyl-tRNA synthetases (ARS). 

This suggests that a defect in the protein synthesis aspect of proteostasis may underly the unclear 

etiology of CMT. However, the mechanism(s) through which ARS mutations may cause the 

sensory and muscular phenotypes observed in CMT patients remains unknown. To address this 

gap in knowledge, I developed an in-vitro model for the effects of mutant ARSs in sensory 

neurons. This model utilizes neurons cultured from the dorsal root ganglion (DRG) of embryonic 

day 14 (E14.5) CD10 mice and genetically encoded fluorescent reporters to visualize newly 

synthesized proteins in live neurons. Once grown, DRGs undergo chemical axotomy to remove 

axons while maintaining cell integrity. The axons are subsequently regenerated. This approach 

allows me to assess axon regeneration dynamics in a mutant ARS background. In this DRG 

culture model, lentiviral expression of a CMT associated mutant tyrosyl-tRNA synthetase 

(mYARS) induces dose-dependent axon degeneration and cell death when compared to wildtype 

and empty vector controls. Further, I observed a significant decline in neuronal protein synthesis 

with mYARS expression compared to controls. Axon outgrowth is heavily reliant on protein 

synthesis; unexpectedly, however, axon regeneration is unaffected in the mYARS condition. 

These findings demonstrate that expression of mYARS in DRG cultures induces axon 

degeneration, mirroring a prominent event in many CMT neuropathies. Furthermore, these 

findings help elucidate CMT’s etiology, which may indeed involve a synthesis defect. As 

mYARS does not seem to impact axon regrowth dynamics, this raises the possibility of the 

existence of certain factors present in neurons during the initial axon growth stages. Factors that 

confer resistance to the synthesis dampening effect. Future identification of these factors through 

genetic and pharmacological screens could explain the delayed onset of CMT in humans. 

Beyond CMT, this model system can be applied to identify key nodes in neuronal proteostasis 

networks, which have broad relevance to the growing list of neurological disorders characterized 

by loss of proteostasis. 
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Abstract: Autoimmune polyneuropathies, such as Chronic Inflammatory Demyelinating 

Polyneuropathy (CIDP) and Multifocal Motor Neuropathy (MMN), affect an estimated 20 

million individuals across the US. This heterogenous class of neurodegenerative disorders is 

characterized by a variety of clinical manifestations, including demyelination, sensorimotor 

deficits, and the presence of serum autoantibodies against peripheral nervous system (PNS) 

antigens. Notably, serum autoantibodies vary widely across patients, and are hypothesized to 

drive distinct clinical manifestations. Thus, there remains a need for clinically-translatable 

models capable of recapitulating PNS biology while preserving unique, patient-specific 

mechanisms of disease progressions. Such models encourage the identification of novel 

pathways and mechanisms for disease progression driven by patient-specific serum 

autoantibodies, while also providing a platform to screen novel therapeutics for their efficacy in 

stratified patient populations. The present work describes the development of a functional, 

human-based PNS model consisting of induced-pluripotent stem cell (iPSC)-derived 

motoneurons (MN) and Schwann cells (SC) cultured over microelectrode arrays (MEAs). SC 

cultured on the distal side tunneled chambers drive axonal growth through the secretion of 

trophic factors that encourage MN development and maturation. The average conduction 

velocity (CV) of axons growing through the tunnels and over microelectrodes is calculated as a 

function of electrical signal and time using our proprietary CV platform. The identification and 

segmentation of true biological signal from background was validated using lidocaine, a sodium 

channel blocker that inhibits neuronal action potential. This model has been successfully used to 

recapitulate the clinical features of CIDP and MMN using clinically-confirmed patient serum 

samples. Upon administration of patient sera, our model demonstrated a statistically-significant 

drop in CV, as well as the presence of complement proteins C3 and C5b-9, suggestive of 

autoantibody-driven, classical complement pathway activation. In line with this, the 

administration of complement-inhibiting therapeutics restored deficits in CV and complement 

protein deposition, highlighting the capability and utility of this model to assess the efficacy of 

therapeutic compounds designated for autoimmune polyneuropathies. In summary, this work 

provides evidence for the utility and rationale design of human-based, functional models for the 

assessment of novel therapeutics and delineation of complex neurodegenerative disease 

mechanisms. 
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Abstract: Hydrocephalus is a life-threatening neurodegenerative disease resulting from excess 

accumulation of cerebrospinal fluid (CSF) in the cerebral ventricles. The increased CSF volume 

causes the ventricles to enlarge, and the consequent rise in intracranial pressure can compress 

and damage the brain. In addition to general neurological symptoms (nausea, vomiting, 

headaches, drowsiness, etc.), the main symptoms of hydrocephalus are dementia, gait 

disturbances, and urinary incontinence. To date, treatment options for relieving hydrocephalus 

have been limited to surgical CSF drainage techniques, as no effective pharmacological 

treatments have yet been introduced. From a molecular standpoint, one of the key players in CSF 

production under physiological conditions is the sodium-potassium-chloride cotransporter 

isoform 1 (NKCC-1), which is highly expressed at the choroid plexus in the brain. NKCC1 

contributes to approximately half of the CSF production, and it is dysregulated in diverse animal 

models of hydrocephalus. In the kaolin-induced model of hydrocephalus, we demonstrated that 

the level of functional (phosphorylated) NKCC1 (pNKCC1) is significantly upregulated in the 

choroid plexus luminal membrane. Thus, we hypothesized that reducing the expression of 



NKCC1 could limit the excessive accumulation of CSF in hydrocephalus and consequently 

rescue the cognitive and motor symptoms in the kaolin-induced model of hydrocephalus. Here, 

we tested the potential therapeutic application of NKCC1 gene knockdown by 

intracerebroventricular injection of adeno-associated viral vector (AAV1/2) expressing artificial 

microRNA (amiR) targeting NKCC1 in the kaolin-induced hydrocephalus mouse model. Our 

data provide evidence that NKCC1 may be implicated in hydrocephalus pathogenesis and that 

NKCC1 knockdown gene therapy could become a new therapeutic strategy for people with 

hydrocephalus in the future. 
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Abstract: Neurofilament accumulation is a marker of several neurodegenerative diseases, but it 

is the primary pathology in Giant Axonal Neuropathy (GAN). This childhood onset autosomal 

recessive disease is caused by loss-of-function mutations in gigaxonin, the E3 adaptor protein 

that is essential for neurofilament degradation. Using a combination of genetic and RNA 

interference (RNAi) approaches, we found that dorsal root ganglia from mice lacking gigaxonin 

have impaired autophagy and lysosomal degradation through two mechanisms. First, 

neurofilament accumulations interfere with the distribution of autophagic organelles, impairing 

their maturation and fusion with lysosomes. Second, the accumulations sequester the chaperone 

14-3-3, a protein responsible for the localization of the transcription factor EB (TFEB), a key 



regulator of autophagy. This dual disruption of autophagy likely contributes to the pathogenesis 

of other neurodegenerative diseases with neurofilament accumulations. 
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Abstract: Upon peripheral nervous system trauma, the distal part of severed axons undergoes 

sterile alpha and TIR motif-containing 1 (SARM1)-regulated disintegration, a process known as 

Wallerian degeneration (WD). Denervated Schwann cells (SCs) execute an elaborate repair 

response marked by elevated expression of c-Jun and p75NTR and downregulation of myelin 

genes. Similar to Wallerian degeneration slow (WldS) mice, axon regeneration in the sciatic 

nerve is greatly delayed in Sarm1-/- mutants. Bulk RNA sequencing of axotomized DRGs 

showed that Sarm1-/- is not necessary for the activation of neuron intrinsic growth programs or 

conditioning-lesion enhanced neurite outgrowth in vitro, contrasting previous studies with WldS 

mice. In vivo, SCG10+ sensory axons in injured Sarm1-/- mice rapidly extend into the lesion 

area but stall at the transition to the distal nerve. Commensurate with this, a longitudinal spatial 

transcriptomics study revealed similar transcriptional changes at the nerve injury site in WT and 

Sarm1-/- mice. Along the distal nerve, we find few gene products that are upregulated in the 

Sarm1-/- nerve prior to WD; however, canonical markers of the SC repair response, including 

Jun and Ngfr (p75NTR), are greatly delayed in mutants. Regenerated axons in the Sarm1-/- show 

long-lasting defects in nerve conduction and reduced caliber at the ultrastructural level. 

Behavioral studies revealed defects in hindfoot function. To demonstrate the non-permissive 



nature of Sarm1-/- distal nerve tissue, we grafted Sarm1-/- sciatic nerve segments into WT 

recipient mice and observed reduced regeneration compared to parallel processed mice that 

received WT grafts. Primary SCs prepared from WT and Sarm1-/- sciatic nerve support 

comparable neurite outgrowth of primary DRG neurons. Ex vivo, however, Sarm1-/- nerves 

show greatly delayed reprogramming of SCs into repair SCs, suggesting that signals from WD-

resistant axons block activation of the SC repair response. This observation provides an 

opportunity for pharmacological screening of pathways that suppress the induction of the SC 

repair response. Together, our studies show that the Sarm1-/- distal nerve microenvironment is 

not conducive to the regeneration of WT neurons. These findings highlight the importance of 

WD for timely SC reprogramming and nerve regeneration. Understanding SC plasticity 

following nerve injury remains crucial for advancing PNS regeneration. 
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Abstract: Schwann cells are essential for supporting the metabolic activity of neurons and 

myelination in the peripheral nervous system. Hypoxia plays a role during development of 

aerobic animals, and has recently been demonstrated to regulate oligodendrocyte differentiation 

in the central nervous system. Here we demonstrate that hypoxia-inducible factor 1α (HIF1α) in 

Schwann cells promotes myelination. HIF1α protein expression is post-transcriptionally 



regulated and highly induced in myelinating Schwann cells during development and after injury. 

We also demonstrated that peripheral nerve tissue experiences hypoxic conditions during 

physiological development and repair after injury. Stabilization or overexpression of HIF1α in 

Schwann cells promotes myelination in culture. Analysis of HIF1α targets revealed that HIF1α 

induces genes implicated in Schwann cell myelination and repair. Furthermore, we found that 

conditional deletion of HIF1α in Schwann cell results in delayed functional and morphological 

recovery from peripheral nerve injury. These results suggest that HIF1α is a novel myelination 

regulator of Schwann cells. 
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Abstract: Schwann cell plasticity is central to the remarkable regenerative capacity of the 

peripheral nervous system (PNS). Despite this, the role of the transmembrane receptor Plexin-B1 

(PB1), which plays a crucial role in nerve development and cell-cell recognition, in activating 

Schwann cells(SCs) and driving the detailed process of nerve regeneration remains poorly 

understood. Here, we employed a sciatic nerve transection model, coupled with X-gal reporter 

system and single-cell sequencing analysis, to track the specific high expression of PB1 in SCs 

post-injury, revealing its role in accelerating axonal regeneration and sensory-motor function 

recovery. Further, through in vitro primary SCs aggregation and dispersion experiments, we 

discovered that PB1 mediates the perception of mechanical stress post-injury, rapidly mobilizing 

SCs migration and dispersion. Additionally, PB1 enhances the recognition of SCs and their 

radial alignment with nerve fibers, supporting organized target nerve regeneration. By 

accelerating the formation of nerve bridges, improving the extracellular matrix at the injury core, 

and physically remodeling macrophages, PB1 creates a favorable microenvironment for nerve 

regeneration. Lastly, we observed that PB1 alters the endocytic capabilities of SCs, resulting in 

phenomena akin to membrane leakage, although this does not significantly affect the ability of 

SCs to clean up myelin debris and remyelinate. In summary, our data reveal that PB1 



meticulously regulates the spatial configuration and biological functions of SCs, significantly 

promoting the rebirth and proper alignment of nerve fibers, and providing new insights into the 

high plasticity of SCs in nerve regeneration. 
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Abstract: Satellite glial cells (SGCs) in sensory ganglia share several properties with astrocytes 

of the central nervous system, but the communication between SGCs and sensory neurons has 

not been fully explored (Hanani & Spray, Nat Rev Neurosci., 2020). Due to its favourable 

combination of biocompatibility, electrical, and mechanical features, graphene is being 

effectively employed as a neural interface (Fabbri et al., Nanoscale, 2021). We recently 

demonstrated that graphene can be used as a glial interface to selectively modulate the 

functionality of brain astrocytes via electrical stimulation, with no detrimental gliotic reactivity 

(Fabbri et al., Nature Nanotechnology, in press, 2024). In this study, we exploit the unique 

properties of graphene-oxide (GO) and reduced GO (rGO)-coated electrodes for controlling Ca2+ 

signalling in SGCs/neurons of Dorsal Root Ganglia (DRG) in vitro by electrical stimulation. We 

tested the impact of GO and rGO on cell viability and morphological properties of the DRG 

primary co-culture from post natal rats. Biocompatibility, immunostaining and RT qPCR data 

indicated that GO and rGO substrates are biocompatible interfaces, promoting the growth of 



Cx43 positive SGCs and GAP43 positive neurons co-cultures seeded on their surface, without 

the need for any additional adhesion treatment. We performed Ca2+ imaging on DRG co-cultures 

grown on indium tin oxide (ITO) coated with GO or rGO films. We discovered that electrical 

stimulation elicits distinct intracellular Ca2+ responses in DRG neurons and SGCs in vitro, 

depending on the electrical properties of rGO/GO interfaces. SGCs and neurons stimulated by 

insulating GO electrodes show a slow and sustained Ca2+ response. Conversely, SGCs/neurons 

stimulated by conductive rGO electrodes exhibit a more oscillatory Ca2+ response. Pharmacology 

revealed that distinct pathways are activated by rGO/GO-electrodes, with intracellular Ca2+ 

release via IP3, extracellular Ca2+ influx by TRPV channels and intercellular Ca2+ signalling 

trough gap junctions differentially involved in the effect. Importantly, although the amplitude of 

the Ca2+ response of SGCs and neurons are comparable among them in both co-cultures on GO 

and rGO, the electrical stimulation response is prompter on SGCs then on surrounding neurons. 

Collectively these results confirm that GO/rGO-coated electrodes could be used to selectively 

modulate neuron and glia function also in the Peripheral Nervous System or sensory circuits, as a 

basis for future applications in neuroscience investigation and bioelectronic medicine (Fabbri et 

al., Pharmacol Ther. 2023). 
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Abstract: A decade ago, cortical cytoskeleton of axons and dendrites has been described to have 

a 1-D periodical arrangement, referred to as the Membrane-associated Periodic Skeleton (MPS). 

The MPS is a periodic protein structure consisting of actin "rings" located transversely to the 

axon and separated every 190 nm by α/β-spectrin tetramers "spacers". Most of published studies 

describe the MPS in vitro (in cultured neurons) and postulates that its presence is important in 

the organization of membrane components, in the regulation of axon diameter, in the control of 

microtubule dynamics, the physical resistance of the axon and during axonal pruning. We aim to 

elucidate the transversal organization of β2-spectrin tetramers within the MPS and to learn 

whether this organization is a conserved feature of the MPS. Although there are reconstructions 

showing the transversal localization in cultured neurons, these have never been analyzed 

quantitatively, and, more importantly, nor have they been analyzed in axons within nerve tissue. 

The MPS can only be described using super-resolution (SR) microscopy approaches, since its 

spatial features lay below the diffraction limit of light. Therefore, we started a project to 

investigate this in rodent nerve slices, i.e. in situ, using two-color 3D-dSTORM microscopy. We 

have first established a protocol for the examination of transcardially perfused 1 month-old c57 

mouse sciatic nerves: cryosectioning and immunohistochemistry, to make them suitable for 3D-

dSTORM. We have registered β2-spectrin signal and analyzed the data with a clustering method. 

In the sciatic nerves of WT mice, we have found that β2-spectrin tetramers are arranged in each 

period at regular and fixed distances irrespective of axonal identity and that scales with axon 

diameter. We have also evidenced that the localization of a β2-spectrin tetramer in one period is 

correlated with the position of tetramers in neighboring periods, suggesting a structural constrain 

for their interaction with actin rings. Being able to describe the ground truth of β2-spectrin 

organization, would lead us to understand its modifications in other situations such as peripheral 

trauma, degeneration or mutations that could lead to cytoskeletal disorders. 
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Abstract: Schwann cells are integral to the peripheral nervous system with pivotal roles in 

myelinating and supporting neurons, thus contributing to proper nerve function. Dysfunctions in 

Schwann cells have been implicated in a spectrum of neurological disorders, including diabetic 

peripheral neuropathy, Charcot-Marie-Tooth disease, and neuropathic pain syndromes. However, 

procuring consistent and reliable Schwann cells for drug discovery and disease modeling has 

posed significant challenges, primarily due to the limited availability of human-derived sources 

and the inherent variability in isolation methods. Our group has previously developed an 

efficient, scalable method for generating Schwann cell precursors (SCPs) from human induced 

pluripotent stem cells (hiPSCs). This is accomplished through directed differentiation under 

precisely defined media conditions within 9 days - without the need for genetic manipulation. In 

this study, we matured the Schwann cells over a period of a week and performed bulk RNA 

sequencing to thoroughly characterize these schwann cell precursors transcriptomically. We 

compare the data set with publicly available primary human Schwann cell (hSC) tissues and 

other hiPSC derived Schwann cell data repositories. Analysis revealed that this SCP population 

(RealSCP) has a consistent molecular phenotype that is similar to primary hSC in important 

ways that are highly relevant for drug screens and mechanism-based studies. To further explore 

how this cell type can be used in screening applications, we developed co-cultures with hiPSC-

derived motor neurons and sensory neurons to look at axon alignment and myelination. We see 

that co-cultures undergo rapid SCP-axon alignment within 48 hours, and myelination was 

observed via transmission electron microscopy and expression of the myelin-associated proteins-

myelin basic protein (MBP) and myelin protein zero (MPZ) as early as 5 weeks in culture. In 

summation, SCPs can be efficiently and rapidly generated from hiPSCs and cultured with 

neurons to form myelinating models of the peripheral nervous system. These co-culture systems 

will lay the groundwork for future experimentation modeling neuropathology in a patient-

specific manner. 
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Abstract: Following nerve injury, extensive morphological and functional changes reshape 

synaptic elements at neuromuscular junctions (NMJs) to promote its reinnervation. This process 

is in part mediated by Perisynaptic Schwann cells (PSCs), glial cells at the NMJ, essential for its 

maintenance and repair. Cannabinoids are frequently used in the treatment of neuropathic pain 

related to nerve injury. However, despite evidence for their roles in the regulation of axonal 

guidance and synapse formation during development of the central nervous system and 

management of pain in the peripheral sensory system, their possible contribution in response to 

peripheral nerve injury remains unclear. Cannabinoid type 1 receptors (CB1R) may be involved 

in repair owing to their presence in the peripheral nervous system and at the NMJ. Here we 

present a novel role of glial CB1Rs in motor recovery following nerve injury. CB1R absence, 

through treatment with the antagonist AM251 or in CB1R-KO, accelerated NMJ denervation 

with an increased expression of the phagocytic marker MAC-2. Also, their absence delayed the 

NMJ reinnervation following nerve injury. Importantly, these results were completely replicated 

when CB1R were knocked down only in glial cells using conditional GFAP-CB1R-KO mice. 

Reflecting the repair mode of PSCs, a reduced muscarinic activation of PSCs is normally 

observed at reinnervating NMJs. However, at reinnervating NMJs of CB1-KO animals, PSC 

Ca2+ responses induced by local application of muscarine were significantly higher than the ones 

at the contralateral leg, a phenotype incompatible with NMJ repair. Lastly, CB1R activation 

enhanced reinnervation after nerve injury, as revealed by a faster and more complete 

reinnervation with a significant increase of mono-innervated NMJs, suggesting a positive role of 

this receptor in nerve repair processes. Our results highlight a novel role of (endo)cannabinoids 

in NMJ repair after peripheral nerve injury, opening a possible therapeutic strategy for 

facilitating nerve repair following injury or to address inadequate NMJ maintenance observed in 

motor neuron-related neurodegenerative diseases. 
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Abstract: Nerve injury leads to neuromuscular junction (NMJ) denervation and motor 

impairment. While the morphological repair of the NMJ in the peripheral nervous system post-

injury is well known, the functional recovery in various motor unit (MU) types and their 

correlation with NMJ innervation is understudied. Moreover, the contribution of partial 

reinnervation to muscle function remains ill-defined. In addition, neurodegenerative disorders 

like amyotrophic lateral sclerosis (ALS) leads to nerve damage and NMJ denervation, in a 

motor-unit dependant manner, which may present distinct functional alterations. In this work, we 

characterized muscle function in parallel to NMJ innervation in WT mice following nerve injury, 

as well as in SOD1G37R mice, a model for ALS. We studied two muscles with different motor 

units: the Soleus (SOL, slow and fatigue resistant MUs) and the EDL (fast fatigable MUs). 

Neuromuscular function was assessed using a muscle force transducer to measure contractile 

force induced by nerve stimulation to test the neuromuscular contribution or by direct muscle 

stimulation. NMJ innervation was determined using a triple immunostaining of the NMJ: pre, 

postsynaptic and glial components. NMJ function and innervation were monitored at 8, 11, 14, 

16 and 21 days postinjury (dpi). At 8dpi, both muscles were still fully denervated and no muscle 

contraction were evoked by nerve stimulation. The neuromuscular contractile capacity improved 

markedly to 80% at 11 dpi in the SOL with only 5% of fully innervated NMJs and 80% of 

partially innervated ones (15% denervation). However, the EDL contractile capacity was only 

35% with 2% of fully innervated NMJs and still 40% of fully denervated NMJs. Interestingly, 

while contractile capacity was similar between the two muscles at 14, 16 and 21 dpi, the SOL 

surprisingly presented significantly more partial and less fully innervated NMJs than the EDL. In 

ALS, however, the EDL presented profound NMJ alterations and progressive functional deficits, 

which paralleled disease stages. As expected, the SOL was highly resistant with delayed NMJ 

alterations and muscle function largely preserved until advanced disease stage. Our results 

highlight different dynamics of repair and functional recovery following nerve injury: the SOL is 

initially faster than the EDL, but the EDL improves more consistently its innervation. In ALS, 

however, the EDL is selectively vulnerable compared to the SOL, both structurally and 

functionally. Our data also indicate that partially innervated NMJs contribute to muscle 

contraction and function. Altogether, our findings reveal a strong link between structure and 

functionality of the NMJ. 
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Abstract: [Background and aims]It is crucial to understand the mechanisms underlying 

neuropathic pain to develop the appropriate treatment for these patients. Recently, many 

researchers have focused on the interferon-gamma (IFN-γ) signaling involved in persistent pain 

mechanisms. However, the exact mechanism is still unknown. We examined the involvement of 

IFN-γ-signaling in the trigeminal spinal subnucleus caudalis (Vc) on orofacial mechanical 

hypersensitivity associated with trigeminal nerve injury. 

[Methods]Male SD rats were used in this study. Infraorbital nerve injury (IONI) was established 

by partial ION ligation. The head-withdrawal threshold (HWT) to mechanical stimulation of the 

whisker pad skin was measured before and on day 3 after IONI or sham treatment. The HWTs 

were also measured on day 3 following continuous intra-cisterna magna (i.c.m) administration of 

IFN-γ antagonist (10 μg/3 days) in IONI rats or IFN-γ (10 μg/3 days) in naïve rats. Moreover, 

localization of IFN-γ receptor and quantification of IFN-γ in Vc were evaluated on day 3 after 

IONI or sham treatment. 

[Results]The HWT was decreased on day 3 after IONI. The expression of the IFNγ receptor was 

significantly higher in astrocytes in IONI rats. IFN-γ antagonism in Vc recovered the decrement 

of the HWT in IONI rats, and i.c.m administration of IFN-γ decreased the HWT in naïve rats. In 

Vc, the IFN-γ receptor was expressed in astrocytes, and its expression level increased on day 3 

after IONI. 

[Conclusions]The present findings suggest that IFN-γ is involved in astrocyte activation and 

causes the hyperactivation of the TG ganglion neurons following trigeminal nerve injury, 

resulting in orofacial neuropathic pain. 
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Abstract: Glial cells play an important role in nervous system development and function. 

However, little is known about glial cell types in molluscs. We identified marker genes for glial 

subtypes using single-cell transcriptomics (scRNA-seq) and visualized their expression using in-

situ hybridization chain reaction (HCR) in the gastropod mollusc Berghia stephanieae. 

Apolipophorin, a known marker for Drosophila astrocytes, and recently identified as a glial cell 

marker in Octopus vulgaris, was also differentially expressed in scRNA-seq by glia in Berghia. 

Apolipophorin HCR labeling revealed abundant glia, including some giant glia in Berghia’s 

nervous system, suggesting its use as a pan-glial marker. Glial cell types were also identified in a 

volume electron microscopy dataset of the rhinophore ganglion based on ultrastructural features. 

Glial cells have distinct ultrastructural features and diverse morphologies. There are large glia 

that encase numerous neuronal soma. Some glial cells partitioned axon bundles or synaptic areas 

of neuropil. Others bordered the sheath and vasculature. Membrane-to-membrane junctions 

between glia suggest a potential glial signaling network. Glial cells identified in Berghia appear 

analogous to wrapping glia, astrocytes, cortex glia, and ensheathing glia described in other 

animals. The 3D structures of various glial cells were reconstructed. Modern molecular and 

imaging techniques have provided unprecedented access to studying glia in molluscan nervous 

systems. Future research on molluscan glia will offer insights into the function and evolution of 

glia across animals. 
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Abstract: We hypothesized that muscle sympathetic nerve modulates function of neuromuscular 

junction (NMJ) in conjunction with arterial regulation. This possibility was investigated by 

physiological and histological analysis on hindlimb muscle of mature male rats. First, we 

examined the effects of baroreceptor activation on muscle contraction-induced muscle-lumbar 

sympathetic reflex discharges and muscle contractility in anesthetized rats. Tibial motor fibers 

were stimulated to elicit tetanic contraction of the gastrocnemius and soleus muscles and reflex 

discharges in lumbar sympathetic postganglionic nerves. When the aortic depressor nerves 

(ADNs) were intact, a rapid increase in mean arterial pressure to approximately 150 mmHg by 

intravenous injection of phenylephrine decreased the reflex discharges by 57 + 16 % (mean + 

http://files.abstractsonline.com/CTRL/5D/F/507/446/834/4FD/FBC/999/B7E/D04/371/5D/g7072_1.png


SD) of the control values, resulting in reduction of the tetanic force (TF) by 7.8 + 4.2%. 

However, bilateral denervation of the ADNs, almost completely abolished the hypertension-

induced decrease of both reflex discharges and TF. Second, to histologically examine connection 

between sympathetic nerve innervating artery and NMJ in gastrocnemius muscle tissue, nicotinic 

receptors, motor nerves, adrenergic nerves, and arteries were fluorescently labeled. We observed 

in whole mount preparations that an extension of adrenergic nerve around an artery connected to 

a NMJ. Further, a pre- and a postsynaptic marker of adrenergic nerve was both detected at NMJs. 

The results indicate that the baroreceptor afferent signal from the ADN decreases contractility of 

hindlimb muscles by inhibiting contraction-induced reflex of the sympathetic nerve synapsing at 

NMJ. This mechanism presumably has physiological significance in adaptation to gravity. 
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Abstract: A) Introduction 

N6-methyladenosine (m6A) RNA methylation is the most common modification of mRNA and 

is a critical regulator of RNA function. The m6A methyltransferase complex, consisting of 

several subunits including writer, eraser, and reader components catalyzes the regulation of m6A 

marks. Mettl14 is an important writer component. Here, we investigate the developmental and 

regenerative role of mRNA methylation in Schwann cells by specific deletion of Mettl14 (P0-

Cre crossed with Mettl14floxed/floxed). 

B) Method 

Neuromuscular SHIRPA was performed as an overall assessment of neuromuscular function. 

Accelerating rotarod assay was used to evaluate motor coordination and balance. Forelimb and 

hindlimb grip strength tests were performed to evaluate skeletal muscle strength. Histological 

studies were performed on intact and regenerative sciatic nerves. EdU Cell Proliferation Assay 



was performed and EdU-positive cells were quantified using fluorescence microscopy in 

neonatal cultured Schwann cells. Bulk RNA sequencing analysis was also performed on the 

sciatic nerve. 

C) Results 

In behavioral assessment, Mettl14 cKO mice have progressively reduced NM SHIRPA scores 

starting at 4 months, and significantly reduced performance on rotarod and grip strength assays 

starting at 3 months of age. In histological studies, Mettl14 cKO mice had normal developmental 

myelination, but showed progressive demyelination, increased g-ratio, and decreased axon 

density starting at 4 months old. These findings parallel the phenotypic results. Following sciatic 

nerve crush, Mettl14 cKO mice show impaired regeneration, which was associated with reduced 

recruitment of macrophages and decreased MCP (monocyte chemoattractant protein-1) levels. In 

Schwann cells cultured from the Mettl14cKO mice, there was a cell proliferation defect as 

measured by EdU incorporation. Moreover, the loss of Mettl14 in Schwann cells resulted in the 

downregulation of key myelin protein genes including Pmp22, Mbp, and Mpz, and the cell cycle 

regulator gene (CyclinD1). 

D) Conclusion 

Together, our findings indicate that mRNA methylation plays an important regulatory role in 

Schwann cell maintenance. Although initially, they develop normally, Mettl14 cKO mice have 

progressive demyelination, regenerative failure, and Schwann cell proliferation defect. 
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Abstract: During development, Schwann cells (SCs) secrete a basement membrane that is 

necessary for radial sorting large-caliber axons prior to myelination. After large-caliber axons are 

sorted, SCs ensheathe small-caliber axons in Remak bundles by intercalating their membrane 

around multiple axons. Remak bundle formation is poorly understood and this project aims to 



identify the relevant mechanism. Given that laminin, a primary basement membrane component, 

is necessary for radial sorting, we assessed whether another basement membrane component, 

collagen-IV, could regulate Remak bundle formation. In mice deficient in the secretion of 

collagen-IV from SCs we see a defect in Remak bundle formation in 2-month-old mice but 

normal myelination. Specifically, the Remak bundles are significantly larger and SCs are unable 

to fully intercalate axons, leading to ‘naked’ axons exposed to the nerve environment. This 

finding suggests that Remak bundle formation may require a distinct mechanism from radial 

sorting. Therefore, we explored potential collagen-IV binding partners. Two collagen-IV 

receptors, Itga1 and Itga2, are expressed in adult Remak SCs but not myelinating SCs. We 

analyzed global Itga1 knockouts and conditional Itga2 knockouts but found no defects in Remak 

bundle formation. Therefore, we hypothesized that collagen-IV may be acting as a scaffold to 

organize other basement membrane proteins. Based on preliminary data, we are exploring the 

possibility that laminin expression is altered in the absence of collagen-IV. This would indicate 

that Remak bundle formation utilizes the same mechanisms as radial sorting. We are examining 

the effects of conditionally ablating the laminin receptor Itgb1 at various time points— 

specifically after sorting and prior to Remak bundle formation. We hypothesize this will lead to 

Remak bundles where axons are not fully intercalated, phenocopying the collagen-IV mutant 

mice. These findings will provide insight into the relevant mechanisms for Remak bundle 

formation and may indicate that there is a continuum between radial sorting and the intercalation 

of small caliber axons. 
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Abstract: Demyelinating diseases of the peripheral nervous system (PNS) affect an increasing 

number of people, and can be either inherited, such as Charcot-Marie-Tooth (CMT), or acquired 

from an autoimmunological insult, trauma or nerve injury. In these diseases there is substantial 

damage to Schwann cells (SchCs) leading to loss of the myelin sheath and subsequent impaired 

peripheral nerve conduction. As a result, affected individuals suffer from sensorimotor peripheral 

neuropathy and auditory neuropathy. Enhancing the endogenous remyelination potential of the 

PNS is a promising therapeutic approach for promoting functional recovery and axonal survival 

in these demyelinating diseases. PLP-CreERT;ROSA26-eGFP-DTA (DTA) mouse is an 

established animal model for cell-specific ablation of Plp1-expressing glial cells in the nervous 

system upon induction with tamoxifen administration. Here we studied the process of glial cell 

regeneration and ultimately remyelination in auditory system and sciatic nerve of mature adult 

(4-6 month-old) and middle-aged (8-10 month-old) DTA mice upon induction of glial cell 

ablation. Recovering mice are collected at different time points post-induction (at 1, 3 & 5 

weeks) to analyze glial cell regeneration within the auditory system and the sciatic nerve. Inner 

ears and sciatic nerves are fixed, then spiral ganglion and auditory nerve fibers, as well as sciatic 

nerve fibers are dissected and immunostained either as whole mount or sectioned to label 

different types of glial cells, as well as myelin, axonal and node of Ranvier markers. 

Transmission electron microscopy is used to identify myelin and neuronal ultrastructure. 

Auditory brain stem responses (ABR) are used to assess hearing function. Grip strength testing is 

used to assess motor function. In mature adult DTA mice, robust SchC and satellite cell 

regeneration occurs by 5 weeks post-induction in auditory system that relies mainly on cell 

proliferation. Myelin didn’t show significant loss in auditory nerve fibers, however, ABR 

thresholds were elevated in mature adult DTA mice at 5 weeks post-induction compared to pre-

induction indicating auditory neuropathy in this model. Forelimb and hindlimb grip strength 

values were significantly decreased in both mature adult and middle-aged DTA mice at 5 weeks 

post-induction and normal nodes of Ranvier were less frequently observed in sciatic nerve fibers, 

indicating peripheral neuropathy in these mice. 
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Abstract: Neurodegenerative lysosomal storage disorders such as CLN3 disease have primarily 

been thought of as affecting the central nervous system (CNS), with effects upon both neurons 

and glia within the brain and spinal cord. However, children with this disorder also have 

peripheral sensory-motor and gastrointestinal problems. We hypothesized that in addition to 

central nervous system (CNS) degeneration, CLN3 deficiency may also directly affect neuronal 

and/or glial cell populations in the rest of the body. We have explored both functional and 

pathological changes in the peripheral nervous system (PNS) and the enteric nervous system 

(ENS) in Cln3Δex7/8 mice at different stages of disease progression. There was no sciatic nerve 

axon loss or demyelination in Cln3Δex7/8 mice, but significant loss of terminal Schwann cells 

(tSCs) at lower limb neuromuscular junctions (NMJ), and progressive NMJ denervation. This 

was accompanied by pronounced myofiber atrophy, fewer displaced myofibril nuclei. Atrophy 

was also evident in bowel smooth muscle with Cln3Δex7/8 mice. Moreover, the small intestine and 

cecum of Cln3Δex7/8 mice were frequently distended with fecal material. As Cln3Δex7/8 mice aged 

we saw a progressive slowing of bowel transit, that was also apparent to a lesser degree in age-

matched WT mice. Subsequently there was a significant and profound loss of HuC/D-stained 

enteric neurons and S100B-stained enteric glia within the myenteric plexus, which varied 

between bowel regions and worsened with age. Neonatal administration of intravenous gene 

therapy using an AAV9-hCLN3 vector completely prevented tSCs and NMJ pathology, atrophy 

of both skeletal and smooth muscle, positively impacted bowel transit and largely prevented the 

loss of enteric neurons and glia. These findings reveal an underappreciated, but profound, impact 

of CLN3 disease outside the CNS and these novel aspects of disease may be treatable using gene 

therapy. 
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Abstract: PIEZO2 is a major mechanosensitive ion channel present on dorsal root ganglion 

(DRG) neurons that prove to be affected by lipid perturbations. X-linked adrenoleukodystrophy 

(x-ALD) is the most prevalent peroxisome disorder caused by ABCD1 gene mutation. ABCD1 

gene encodes an ATP binding cassette protein that is responsible for transport of acylated very 

long-chain fatty acids (VLCFAs) into the peroxisomes for degradation. Mutations in the ABCD1 

gene lead to disrupted lipid metabolism, VLCFA accumulation, spinal cord and peripheral nerve 

degeneration. The frequent occurrence of pain and sensory changes is poorly understood. 

Abundant ABCD1 expression was detected in human DRG neurons, while in mouse DRG, 

higher ABCD1 expression was found in surrounding satellite glial cell but barely in DRG 

neurons. As the major VLCFA elongase, ELOVL1 overexpression also leads to VLCFA 

accumulation. Here, we created a new model by crossing mouse carrying PIEZO2 driven cre 

with conditional human ELOVL1(hELOVL1) overexpression, thus causing VLCFA 

accumulation in PIEZO2(+) sensory neurons. PIEZO2 has demonstrated functional correlation 

with the mechanical hypersensitivity in Abcd1-/- mice. In the current model, immunostaining of 

PIEZO2confirmed DRG neuron localization. High hELOVL1 mRNA detected in DRG tissues of 

PIEZO2cre-hELOVL1 mice suggested successful PIEZO2cre driven overexpression. 

Significantly increased VLCFA in DRG tissue from PIEZO2cre-hELOVL1 mice compared to 

PIEZO2cre-WT mice further validated functional change. Interestingly, we saw a significant 

reduction of plasmalogens and sphingomyelin in PIEZO2cre-hELOVL1 DRG, suggesting 

changes in membrane composition resulting from disrupted VLCFA metabolism. Most 

importantly, the PIEZO2cre-ELOVL1 mice presented significant changes in mechanical 

sensation, particularly in female mice. These results establish a functional correlation between 



dysregulated lipid metabolism in DRG neurons and altered sensation, pointing to a potential 

mechanism of lipid induced peripheral neuropathy. 
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Abstract: Functional composition of the pudendal nerve in the female Yucatan Minipig 

The complex network of nerves that control sensory, motor, and autonomic functions in the 

urogenital and colorectal systems stem from nerve roots located in the lower thoracic, lumbar, 

and sacral regions. Any damage to these neural structures, whether it’s central or peripheral, can 

significantly affect a person’s quality of life. Over the past few decades, scientists have 

developed a range of procedures based on electrical neuromodulation, with the pudendal nerve 

being a key area of focus. Animal models, such as the Yucatan Minipig, are crucial in helping us 

understand the anatomical pathways related to both the normal and abnormal functioning of 

pelvic organs. These models also aid in the development of new and more effective treatments. 

This study provides a functional overview of the pudendal nerve in female Yucatan Minipigs. 

The pudendal nerve is made up of an upper cord, formed by anastomotic branches S1 and S2, 

and a lower cord formed by contributions from S2 and S3. These cords come together to form a 

small network known as the pudendal plexus before it re-enters the pelvis. To gain insight into 

the neural mechanisms behind scES-induced effects on the lower urinary tract, the Hubscher 

laboratory has developed a model of neural stimulation of the upper and lower cords of the 

pudendal nerves in female Yucatan minipigs with moderate-severe spinal cord injury under 

anesthesia while the intra-anal pressure was measured. Preliminary data suggests that electrical 

stimulation of the pudendal nerve’s upper cord leads to the contraction of the external anal 



sphincter muscle. However, similar stimulation of the lower cord does not elicit any contractile 

response. These findings collectively suggest that the fibers in the upper cord have a motor 

function, while it can be inferred that the fibers in the lower cord likely have a sensory function. 

Disclosures: D. Medina Aguinaga: None. N. Mirto aguilar: None. L. Konan: None. Y. Cruz: 

None. M. Boakye: None. C. Hubscher: None. 

Poster 

PSTR271: Understanding and Treating Stroke 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR271.01/C38 

Topic: C.08. Ischemia 

Support: NIH/NINDS Grant R01NS100947 

NIH/NINDS Grant R61NS130199 

Title: Targeting inflammatory prostaglandin signaling for ischemic stroke 

Authors: *Z. JIN1,2, C. JIANG1,2, E. CHO1,2, S. BAHRAMINEJAD1,2, Y. YU1,2, J. JIANG1,2;  
1The Univ. of Tennessee Hlth. Sci. Ctr., Memphis, TN; 2Pharmaceutical Sciences, The 

University of Tennessee Health Science Center, Memphis, TN 

Abstract: Brain ischemia accounts for the most acute stroke cases and constitutes a leading 

cause of deaths and disabilities, particularly among the older adults. Intravenous 

thrombolysis by recombinant tissue plasminogen activator (rtPA) is the only available 

pharmacotherapy for acute ischemic stroke, and mechanical thrombectomy provides 

another treatment option for patients with large artery occlusion. However, the overall 

narrow treatment windows and potential risks in hemorrhagic transformation and damage 

to blood vessels limit the patient eligibility. New drugs with extended therapeutic window to 

treat ischemic stroke are urgent needed. Cyclooxygenase 2 (COX-2) has long been 

implicated in stroke-triggered brain injury and inflammation, but targeting COX enzymes 

can cause broad complications in microvascular systems. As such, modulating a specific 

downstream pathway has been increasingly considered. As a major enzymatic product of 

COX-2 in the brain, prostaglandin E2 (PGE2) is elevated by various brain insults and, in 

turn, aggravates neurotoxicity largely via Gαs-coupled receptor EP2. Recent studies using 

postnatal and cell type-specific ablation of EP2 redefined the pathogenic roles of PGE2/EP2 

signaling in the adult ischemic brain. We and others have previously validated the 

feasibility of pharmacologically targeting EP2 for ischemic stroke in mouse models of 

middle cerebral artery occlusion (MCAO). Herein, we evaluated the therapeutic effects of a 

brain-penetrant EP2-selective small-molecule antagonist in a mouse model of 

photothrombotic ischemia, where ischemic damage is induced within a given cortical area 



by photo-activation of a previously administered light-sensitive dye Rose Bengal (100 

mg/kg, i.p.). We found that pharmacological inhibition of EP2 by the test lead compound (5 

mg/kg or 10 mg/kg, i.p.) administered 4.5 hr after ischemic stroke substantially reduced the 

sensorimotor cortical infarct volume in a dose-dependent manner. In addition, post-stroke 

treatment with the EP2 antagonist in these mice accelerated the body weigh recovery and 

reduced neurological impairments in sensorimotor, locomotor, and coordination functions, 

revealed by a panel of behavioral tests including open field test, pole test, and corner test. 

The beneficial effects of EP2 inhibition in this proof-of-concept study reinforce the 

feasibility of targeting the PGE2/EP2 axis-mediated inflammatory signaling as a new 

therapeutic strategy to reduce ischemic injuries in the brain and improve post-stroke 

recovery. 
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Abstract: Background: Sickle cell disease (SCD) is the most common severe monogenic 

disorder affecting 300,000 individuals worldwide annually. The main challenges in the treatment 

of SCD are the sickle-shaped red blood cells that tend to aggregate along the vessel walls leading 

to inflammation and vascular occlusions. Therefore, patients with SCD suffer from ischemic 

stroke, transient ischemic attacks, and multiple organ dysfunction. One of the major hallmarks of 

SCD is the low levels of omega-3 fatty acids (ω3-FA) such as docosahexaenoic acid (DHA) and 

eicosapentaenoic acid (EPA) in the blood. Thus, identifying the regulatory elements that control 

ω3-FA metabolism holds high therapeutic potential. As such, biosynthesis of ω3-FA through 

long-chain acyl-CoA synthetases (ACSLs) is essential for cell member function and survival. It 



has been reported that downregulation of ACSL6, which is predominately expressed in the brain, 

can cause ω3-FA deficiency, as a result of cardiovascular diseases. The impact of ACSL6 on the 

central nervous system in pathological conditions (e.g., SCD), however, remains unknown. The 

goal of the study is to determine the role of ACSL6 in brain circulation and neurological 

outcomes in SCD. Method: A transgenic mouse model of SCD (Townes mice, 5-6 weeks old) 

and repetitive mild hypoxia-ischemia (rmHI) were utilized to mimic sickle cell anemia 

conditions. To manipulate ACSL6 levels in the brain following SCD, mice received 

intraperitoneal bolus injections of the ACSL6 activator (GW3965, 20mg/kg/day) and retro-

orbital injection of AAV-ACSL6. Cerebral blood flow (CBF) before/after rmHI was measured 

by Two-photon laser Scanning Microscopy (TPLSM) and Laser Speckle Contrast Imaging 

(LSCI). The impact of ACSL6 on neuroinflammation and mitochondrial function was studied by 

protein chip assay and Seahorse respirometry. The novel objection recognition test and T-maze 

were implemented to evaluate functional learning/memory after rmHI. Results: ACSL6 protein 

levels in the hippocampus were significantly decreased concurrently with cerebral blood flow 

hypoperfusion, neuroinflammation, mitochondrial dysfunction, and learning/memory deficits 

following rmHl. Intriguingly, treatment with GW3965 or AAV-ACSL6 can increase ACSL6 

levels, thereby mitigating hypoperfusion, neuroinflammation, and mitochondrial dysfunction. 

This further leads to favorable neuronal survival and improved neurological outcomes. 

Conclusion: Our findings suggest that targeting ACSL6 signaling is a potential therapeutic 

approach in the treatment against SCD-induced brain injury and associated learning/memory 

impairments. 
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Abstract: Diabetes is one of the most significant risk factors for stroke. Stroke is one of the 

major causes of death and permanent disability. People with diabetes have a 1.5-2 times higher 

stroke risk. Correlational clinical observations indicate that hypoglycemia exposure is linked to 

an increased risk of stroke and worsened post-stroke outcomes in diabetes patients. Antidiabetic 

therapies increase the risk of hypoglycemia in diabetes patients. Acute hypoglycemia, ischemic 

stroke, and cardiac arrest increase platelet activation. In earlier studies, we observed that the ITD 

(insulin-treated diabetic) rats exposed to mild/moderate recurrent hypoglycemia (RH) had a 20% 

shorter clotting time than the ITD+RH+Glucose control rats. Additionally, in the in vivo 

thrombosis model, the clot weight in the ITD+RH rats was 46% higher than the control rats. 

Furthermore, the rate of ADP and collagen-induced platelet aggregation was higher in the 

ITD+RH rats when compared to the control rats. Moreover, cofilin is known to regulate platelet 

activation by regulating actin dynamics, which is vital for adhesion, spreading, aggregation 

during hemostasis, and thrombosis. Since the role of cofilin in RH exposure-induced increased 

platelet sensitivity is not known, we examined the effect of RH exposure on platelet cofilin (both 

phospho and total) levels. Young male rats were made diabetic using streptozotocin and insulin 

pellets were implanted to correct hyperglycemia. Insulin and insulin+glucose was given once a 

day for 5 consecutive days to induce RH (or euglycemia) in ITD+RH and ITD+RH+Glucose 

rats, respectively. One day after the last hypoglycemia/euglycemia exposure, blood was drawn 

from the rat, and platelets were isolated. The p-cofilin and total cofilin protein levels in platelets 

were then determined using western blotting, and p-cofilin levels were normalized with total 

cofilin levels. Levels of p-cofilin were significantly higher by 80% (180±20, n=12, p<0.05) in 

the ITD+RH rats as compared to the ITD+RH+Glucose rats (100±24, n=7). Our findings, so far, 

suggest that cofilin hyperphosphorylation in RH-exposed ITD rats may be responsible for 

platelet activation and increased stroke risk. Next, we are planning to determine how RH 

exposure affects platelet function and stroke risk by increasing cofilin phosphorylation. 
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Title: Error Fields: A personalized three-dimensional robotic motor re-learning treatment 
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Abstract: Guided upper extremity movement training lacks conclusive benefits in stroke 

patients (Hornby et al., 2010). Conversely, training techniques that allow errors can enhance 

learning, adaptation, or neuroplasticity (Abdollahi et al., 2014). Error augmentation (EA), which 

amplifies error visually or haptically, improves motor relearning across tasks (Lin et al, 2018). 

However, varying responses necessitate training that is tailored to the individual’s error 

sensitivity (Patton et al, 2013). Error Fields (EF) method builds a statistical model of movement 

errors, then inverts it to design customized therapy, augmenting those errors that are made more 

often. In a planar reaching experiment(Aghamohammadi et al, 2022), EF showed superior error 

reduction compared to EA (p=0.029) and Controls (p=0.00008). However, this planar 

experiment lacked full real-world 3D actions. We present an immersive 3D training environment 

that encourages natural arm movement variability with an unobstructed visual display eye-hand 

coordination experiments and therapy. We paired the burt robot (Barrett Medical) (Townsend et 

al, 2019) for real-time 3D haptics with our LookinGlass (Patton et al, 2013) augmented reality 

display (Fig. 1a). Unity software provided a rich, real-time graphical environment with several 

monocular cues to depth. A single session study on 24 neurologically intact participants, each 

who randomly received either EF, classic EA, or null treatment. All participants performed 735 

targeted reaching movements in 4 possible directions in space, randomly presented (Fig. 1b) 

subjected to direction-dependent haptic curl force fields which emulated movement challenges 

similar to a stroke, necessitating learning to compensate. Early results suggest that EF treatment 

significantly reduced error (Fig. 1c, fitted lines) and that learning was direction-dependent. Our 

work addresses a significant need for more knowledge on how personalized robotic interventions 

can enhance motor learning. 
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Abstract: Impairments caused by stroke can adversely affect the ability to position and orient 

the hand, thereby compromising completion of daily tasks. Forearm supination may be 

http://files.abstractsonline.com/CTRL/43/B/A2F/AC4/DD9/475/685/D09/EFE/55F/3A3/FA/g9504_2.jpg


particularly compromised, making it difficult to manipulate or grasp objects. Despite the 

potential for technology to enhance function, the field of rehabilitation technology has not given 

equal emphasis to hand orientation as it has to hand location. Practical supination-supporting 

devices are scarce, particularly those that are suitable for diverse environments, aesthetically 

pleasing, and user-friendly. 

We present a forearm ExoNET: a novel wearable device designed to both assist and improve 

supination for individuals post stroke and others with movement deficits. The ExoNET uses a 

network of passive elastic actuators to generate a variety of clinician-specified patterns of 

multijoint torque. The ExoNET is configurable, both as 1) assistive orthotic facilitating forearm 

supination and hand positioning for everyday tasks, and 2) as a therapeutic device to strengthen 

supinator muscles and foster motor coordination. The device can uniquely combine these 

functions, providing resistance throughout the user’s active range of motion and transitioning to 

assistance upon reaching their movement limit, thus ensuring completion of the full range of 

supination. A custom-designed tool measures a user’s unique torque deficits, determined by 

measuring static supination torque at several positions, active supination range of motion, and 

grip strength. We then tailor the arrangement of the elastic actuators to meet each user’s needs 

through the usage of a mathematical optimization model. Each tension element generates a 

sinusoidal torque profile that functions mathematically as basis functions, which can be linearly 

combined to achieve any desired torque profile through tuning via optimization. 

The graphical user interface of the mathematical model allows clinicians, care partners, and 

patients to adjust the device’s design and structure in real-time. The use of passive elastic 

actuators ensures the device is lightweight, portable, and safe to operate. Because it is passive, it 

is low cost and non-intimidating while offering wide functionality, lowering the barrier to access 

technology that is often seen with complex devices, hence has significant potential to improve 

patients’ quality of life. 
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Abstract: As the leading cause of serious long-term disability in the United States, stroke can 

severely hinder upper limb motor function, such as object manipulation. Grasp and release of 

objects are crucial for successful completion of activities of daily living (e.g., drinking water, 

grabbing one’s cell phone). Despite a plethora of research on novel neurorehabilitation 

paradigms, the neurological mechanism(s) underlying impaired grasp and release in stroke are 

not clearly understood. Desynchronization patterns from electroencephalography (EEG) affords 

possibilities, but it is currently unknown whether release provides a clear signal that may be used 

in neurorehabilitation. Toward this end, we recorded EEG signals with the Unicorn Hybrid Black 

headset in 10 individuals with chronic hemiparesis subsequent to stroke. Participants performed 

a grasp-and-release task of a tennis ball with the paretic and the non-paretic hands. Analyses 

focused on activity in the sensorimotor cortices in the lesioned and non-lesioned hemispheres 

(electrodes C3 & C4). Event-related desynchronization (ERD; decreased power in mu and theta 

bands during movement preparation and execution). During grasp preparation we observed alpha 

band ERD in the contralesional cortex of the non-paretic hand. In contrast, we observed beta 

band ERD in both cortices for both hands. Interestingly, average ERD was stronger for the 

paretic than the non-paretic hands over the ipsilesional cortex, although significance was not 

reached. Moreover, the release movement of both hands was associated with a stronger beta band 

synchronization (ERS) over the ipsilesional cortex (the so-called beta rebound). Relationships 

between stroke-induced motor impairment and ERD/S offer insights into the underlying neural 

mechanisms and hold promise for informing therapeutic interventions aimed at restoring hand 

function in stroke survivors (e.g., motor-imagery based BCI systems). 
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Abstract: In numerous studies exploring novel therapeutic approaches, a neurotypical control 

group serves as a benchmark to assess performance of participants with impairments. These 

control groups undergo perturbations aimed at simulating impairments, which participants must 

adapt to and learn from. These perturbations can range from simple (visual shifts distortion), to 

more dynamic variations (velocity-dependent curl fields that apply a force proportional to the 

user’s speed). While these perturbations effectively showcase learning and adaptation among 

neurotypical participants, they often fall short as analogues to the real impairments because they 

do not represent the underlying neural mechanisms of spasticity and unwanted synergies. Here, 

we present a robotic perturbation that mimics impairments associated with post-stroke spasticity. 

By leveraging existing models of upper extremity spasticity in the elbow and shoulder joints, 

these models generate joint torques based on joint angle and angular velocity, simulating the pre-

catch slow stretch region and the fast stretch region seen in spasticity studies. Rather than using 

this model for assessment, our approach uses them as a perturbation - a force field. We convert 

the torques to end effector forces using the jacobian and utilize the b.u.r.t. robot (Barrett Medical, 

Watertown, MA) to apply these forces during a targeted-reaching task.We believe this force 

serves as a more accurate analog of spasticity and are evaluating the learnability of this 

perturbation compared to common robot adaptation perturbations, such as velocity-dependent 

curl field. Simulated spasticity as a perturbation has wide potential to yield deeper insights into 

the mechanisms of spasticity, enhancing our understanding of therapy effectiveness and 

demonstrate what spasticity might feel like to patients’ families and training clinicians. 
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Abstract: Sensory inputs such as vision, proprioception, and touch critically influence post-

stroke recovery (Ginsburg and Willard, Translational Research, 2009; Hamburg and Collins, 

New England Journal of Medicine, 2010; Schork, Nature, 2015). A comprehensive assessment 

of a patient's sensory contributions is crucial for initiating effective, personalized therapy. 

Enhanced sensory augmentation, tailored to the individual, can substantially improve learning 

outcomes and decrease errors. We present a mathematical model to understand the identification 

process and address sensory roles in training environments, potentially leading to advanced 

motor control strategies and effective movement task execution. Our long-term objective is to 

characterize the contribution of individual sensory modalities in motor learning. 

Here, we employ synthetic data in simulo to first create known data, then use it to understand the 

mathematical inversion methods seen in system identification. We simulate techniques such as 

shifted and blanked vision and haptic distortions introduced by the robot to excite the system. 

Synthetic dynamic simulations incorporate muscular, visual, and proprioceptive components. 

Then, we invert to identify important model parameters such as sensory feedback gains. Our 

efforts show that we can refine our identification methods by testing various sensory 

perturbations and tasks that can best identify the model parameters. Here we determine the most 

effective family of disturbances and motions that should be applied. These strategies are 

designed to be empirically reproducible with perturbations that are practically applicable. 

Ultimately, the insights gained from this research will provide valuable principles and guidelines 

for optimizing sensory stimuli to improve precision neurorehabilitation. 
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Abstract: Personalized Robotic Training on a Planar Reaching Task withSimulated Stroke 

Bruno Borghi12, Naveed Reza Aghamohammadi12, Victoria Wojcik1,2 Adriana Cancrini12, 

ArturoRamirez12, Courtney Celian2, Mohammad Amin Mostofinejad3, James L. Patton121 

Universityof IllinoisChicago, Chicago, IL2 ShirleyRyan AbilityLab, Chicago, IL3 Universityof 

Toronto, Toronto, ON, Canada Based on recent advancements inneuro-adaptivecontrol 

duringreaching[1],we evaluateda novel algorithmfor generatingcustomizedtrainingforces called 

ErrorFields(EF),appliedby a roboticarm system burt(BarrettMedical)interfacedwithour 

augmented realitysystemLooking Glass. EF Was a personalizedforce, proportionalto the 

instantaneoustendency oferror, across 560 movements in3 possiblemovement directions.The 

aimof thisprojectistoexplore motor learningof robot-generated “curl”force fields.Learningwas 

enhanced by ourcustom Error Fields.We hypothesizedthat participantswho 

receivedcustomizedEF wouldshow a higherand faster decrease inerror across trialscompared to 

participantswho receivedonly the curl force field.In a trainingperiodwithrobot-generated forces, 

trajectoriesunderwent modificationsdue to internalmodel adaptationof the neuro-muscular 

system,leadingto improvedperformance measured interms of decreased positionerror. These 

resultsshowcase the potentialof such error-enhancingtechniquesto facilitatemotor 

improvement,individualizedfor activitiesand neurorehabilitationpurposes.Figure1: 

Representationof the data collected duringthe late-trainingphase from one subjectperformingthe 

experimentwiththe robot.[1]J. L. PattonandF. A. Mussa-Ivaldi, “Robot-assistedadaptivetraining: 

custom forcefields for teaching movementpatterns,”IEEETransactions onBiomedical 

Engineering, vol. 51, no. 4, p. 636–646,2004Supported by NIH grant R01 NS 053606 
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Abstract: About half of stroke survivors experience decreased sensation of limb position and 

movement, leading to a decrease in upper extremity motor control. Daily tasks are complicated 

by this diminution of hand position sense and subsequent attenuation of reach feedback. 

Although visual feedback of the arm and hand can partly compensate, this reliance results in 

slow, jerky movements and reduction in awareness of the surrounding environment. An 

emerging body of literature suggests that supplemental vibrotactile feedback (VTF) may provide 

a useful compensatory aide via sensory augmentation of impaired proprioception. This case 

series examines the acquisition of 3-dimensional VTF for stroke survivors with extended 

training. We hypothesize that 1) survivors of stroke can learn to utilize 3-dimensional VTF post-

training without concurrent vision, yielding improvements from baseline to final testing in 

reaching accuracy with VTF, and 2) VTF will have greater accuracy than proprioception alone 

post-training. To test these hypotheses, we are recruiting survivors of stroke greater than three 

months post-stroke, with Upper Extremity Fugl-Meyer (UE-FM) scores between 15 and 60 

(inclusive), and with preserved tactile sensation in the ipsilesional arm. Participants with diseases 

interfering with neuromuscular function or fixed contractures of the contralesional limb are 

excluded. Participants undergo 9 hours of training with 3-dimensional VTF about hand position 

during reach-to-grasp actions performed with their contralesional arm. VTF is applied to the 

stationary ipsilesional arm. Kinesthetic testing occurs before training and after every subsequent 

3 hours of training. Kinematic data are analyzed to determine the average target capture error. 

Paired t-tests between the proprioception and VTF test tasks are run within and between test 

sessions. To accommodate the unique workspace size for each participant, comparisons of error 

are performed in units of percent workspace. Preliminary results with one participant (53-year-

old female, 8 years post-stroke, UE-FM score=60) showed that 9 hours of training with VTF 

reduced target capture error by half (Baseline: 82.93%; Final: 41.51%), supporting our first 



hypothesis. However, final testing showed less reach error with proprioception alone (34.13%) 

compared to VTF, not supporting our second hypothesis. These results demonstrate that 3-

dimensional VTF can be learned by survivors of stroke and may be a viable long-term solution 

for kinesthetic augmentation. Ultimately, this study will determine the extent to which 

vibrotactile training may help mitigate sensorimotor deficits post-stroke. 
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Abstract: Stroke is a leading cause of death and long-term disability globally. Within stroke 

patients, ischemic stroke constitutes 85-90% of all cases. Yet, post-ischemia response 

mechanisms remain understudied. Animal models are a promising avenue to bridge this gap. 

However, despite the high number of ischemic stroke models in rodents, the high rate of failed 

human clinical trials suggests a low translational value. We have done the initial work to 

establish a Rose Bengal photothrombotic model in pigs. Two postmortem heads from female 

Danish Landrace pigs, aged 6 months and weighing up to 60 kg, were used for a 

microanatomical exploration of the surgical access to the pig motor cortex. As in the Goettingen 

minipig, we found that the motor cortex occupies the dorsoposterior part of the frontal lobe, 

adjacent to the transition to the somatosensory cortex of the parietal lobe, and frontal to the 

visual cortex of the occipital lobe. Our postmortem experiment confirms the feasibility of 

surgical access to the M1 cortex and the installation of equipment for light exposure needed for 

Rose Bengal photoactivation. This includes a 3D-printed ring mounted in the cranial burr hole to 

control the light beam for photothrombosis. We hypothesize that a Rose Bengal lesion in the 

motor cortex of pigs will result in motor behavioral changes corresponding to the somatotopic 

representation lesioned. Expected changes include impairments in spatiotemporal gait parameters 



and limb paresis. We expect the procedure to produce both vascular and cytotoxic edemas, and 

the mean lesion volume to be around 1 cm³. We predict that an MRI brain scan will reveal 

decreased ipsilateral diffusivity, increased kurtosis, and reduced white matter integrity which 

will be confirmed by histology. A reliable large-animal Rose Bengal model of stroke can help 

test the efficacy and safety of therapeutic interventions. Moreover, a controlled lesion in the 

motor cortex can help explore the detailed pig motor cortex anatomy and the relationship to 

motor function in order to elucidate if a 'pig homunculus' or a 'porculus' exists. 
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Abstract: Strokes (ischemic and hemorrhagic) are the 5th leading cause of death in United 

States thus leading to a national health burden. Volumes of work have gone into understanding 

the behavior of neurochemicals during global ischemic events; however, there is a large shift 

within the neuroscience community to study these events at the site of injury (focal ischemia). 

Focal ischemia is of particular interest because of its confounding effects in localized regions. 

Over the past 5 years, the Ross lab has worked on crafting microfluidic platforms to study 

localized and sustained ischemic events in tissue. In this work, these technologies were used to 

compare standard tissue interrogation methods for analysis (i.e. perfusion chamber for ex vivo 

work) to unravel how dopamine (DA) dysregulation is handled in the brain. This work focuses 

on the CA1 region of the hippocampus due to the high levels of glutamate and DA that 

accumulate in the extracellular space during ischemic events. Herein, signaling patterns of 

dopamine were investigated under both ischemic conditions using fast-scan cyclic voltammetry 

(FSCV). Transient DA was monitored in hippocampal slices for 45 minutes and the amount 

released, extracellular duration, and event frequency were analyzed. Overall, this work goes to 

establish baseline signaling profiles for DA in healthy CA1 regions of hippocampi while also 

uncovering the nuanced changes in DA response to global vs focal ischemia. 
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Abstract: In adult brain, neural cell regeneration is limited, and areas of high neural loss 

associated with stroke or head injury generally do not fully recover on their own. To address this 

limitation, innovative implantable scaffolds designed to enhance brain plasticity have attracted 

considerable interest. Bioprinting enables adaptation of these scaffolds to the brain's complexity, 

offering new prospects for tissue and functional recovery after acute brain injury. In this 

feasibility study, we evaluated the in vivo biocompatibility of five distinct bioeliminable or 

bioresorbable materials: Gelatin methacrylate (GelMA), Polyethylene glycol diacrylate 

(PEGDA) mixed with GelMA (PEGDA-GelMA), Poly trimethyl carbonate methacrylate 

(PTMC-MA), Poly Propylene Fumarate (PPF), and Polydioxanone Ethicon (PDSII) + N-nonyl-

D-galactonamide hydrogel. Our in vivo evaluations were complemented by a one-month 

behavioral and MRI follow-up, confirming the materials safety. High-resolution T2 MRI 

imaging effectively captured scaffold structures and demonstrated its non-invasive utility in 

monitoring degradability. In this study, PDSII commonly used for human brain sutures, provided 

acceptable control of the cerebral inflammatory response to implantable foreign bodies. PDSII 

and PPF generated minimal fibro-inflammatory barriers and appeared neutral to brain tissue, 

neither pro-inflammatory nor pro-regenerative. No significant foreign body reactions were 



observed in response to implantation of either biomaterial. They could serve well as suture or 

filling materials. PTMC-MA, GelMA, and PEGDA-GelMA did not induce a high fibro-

inflammatory response, but provided a migration substrate for endogenous cells. These 3D 

implants experienced significant cell colonisation and neovascularisation. However, among this 

3 biomaterials, GelMA and PTMC present poor brain integration or rise technical problems. 

GelMA allows cell migration to the implant periphery but not until the core, so the core is not 

colonized. PTMC-MA is easy to insert because more rigid, but its rigidity poses technical 

problems for histology. Retesting PTMC with reduced photopolymerization or mix with other 

materials to increase its softness could be worthwhile. The PEGDA-GelMA composite emerges 

as an ideal candidate for intracerebral implantation. Alongside its biophysical and bioprinting 

qualities, it facilitates the permissive glial barrier creation, induces neovascularization, and 

attracts neuronal progenitors. Collectively, these findings position PEGDA-GelMA as a 

convincing biomaterial option for treating severe brain lesions, paving the way for effective 

therapies. 
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Abstract: Depression is a mood disorder characterized by persistent negative thoughts and 

sadness. In patients with traumatic brain injury (TBI), even mild TBI (mTBI), it is one of the 

most frequent affectations and challenging to treat due to the multiple mechanisms involved in 

its pathophysiology, including increased nitric oxide (NO) levels. There are no safe and effective 

pharmacological strategies to treat these disorders, so in this study, we evaluated the therapeutic 

efficacy of Mucuna pruriens (MP), which has been shown to have neuroprotective properties that 

regulate damage mechanisms such as the inflammatory response and nitric oxide synthase 



activity. Male Wistar rats that underwent mTBI or sham surgery were used. Immediately after 

mTBI, they were treated with vehicle or MP extract (50 mg/kg ip/day for five days). The 

preference for sucrose consumption assessed depression-like behavior. In addition, the levels of 

nitrites and nitrates in the cerebral cortex, striatum, midbrain, and nucleus accumbens were 

analyzed. Animals with mTBI showed a lower preference for sucrose consumption, whereas 

those treated with MP preferred sucrose, similar to sham animals. In addition, we observed that 

mTBI increased nitrite and nitrate levels in different brain regions; this increase was not 

observed in mTBI animals treated with MP. We can conclude that MP effectively reduces the 

behavior associated with depression and brain NO levels in rats with mTBI. 
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Abstract: Following traumatic brain injury (TBI), secondary brain damage due to chronic 

inflammation is the most predominant cause of the delayed onset of mood and memory 

disorders. Currently no therapeutic approach is available to effectively mitigate secondary brain 

injury after TBI. One reason is the blood-brain barrier (BBB), which prevents passage of most 

therapeutic agents into the brain. Peptides have been among the leading candidates for CNS 

therapy due to their low immunogenicity and toxicity, bioavailability, and ease of modification. 

In this study, we demonstrated that non-invasive intranasal administration of KAFAK, a cell 

penetrating anti-inflammatory peptide, traversed the BBB in a murine model of diffuse, moderate 

TBI. Notably, KAFAK treatment reduced the production of pro-inflammatory cytokines that 

contribute to secondary injury. Furthermore, behavioral tests showed improved or restored 

neurological, memory, and locomotor performance in KAFAK-treated mice. This study 

demonstrates KAFAK's ability to cross the blood-brain barrier, to lower pro-inflammatory 

cytokine levels in vivo, and to restore function after a moderate TBI. 
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Abstract: Traumatic brain injury (TBI) often results in persistent neurological consequences and 

an increased susceptibility to psychiatric disorders. These issues are associated with alterations in 

neuroplasticity, neuroinflammation, and serotonergic neurotransmission. There are currently no 

effective pharmacotherapies available for widespread use that improve chronic TBI recovery. 

Psilocybin targets several serotonin receptors, including the 5-HT2A receptor, and has emerged as 

a promising candidate due to its rapid neuroplastic, anti-inflammatory, antidepressant, anxiolytic, 

and pro-cognitive effects. Therefore, this study investigated whether psilocybin can mitigate 

enduring behavioral and neurobiological deficits induced by TBI. Rats were administered a TBI 

(i.e., fluid-percussion injury) or a sham injury. After a 1-year recovery period, rats received an 

intraperitoneal injection of either psilocybin (1 mg/kg) or saline-control. Behavioral outcomes 

were assessed beginning 24h after treatment. Afterwards, positron emission tomography scans 

http://files.abstractsonline.com/CTRL/57/B/5A4/396/BEB/4D7/C84/50D/634/F61/B54/CC/g4398_1.png


were conducted to evaluate the effects of TBI and psilocybin on 5-HT2A receptor binding. The 

rats were then perfused for immunohistochemical analyses of brain tissue. TBI induced chronic 

behavioral and cognitive impairments, concomitant with reduced 5-HT2A receptor binding and 

altered neuronal and microglial morphology. Furthermore, social deficits and anxiety correlated 

with 5-HT2A availability in the prefrontal cortex and amygdala, respectively. The TBI-induced 

alterations were largely recovered by psilocybin and was associated with an enhancement of 

neuroplasticity and anti-inflammatory properties. These findings support the notion that 

psilocybin may provide a promising and clinically translatable intervention that could improve 

chronic TBI outcomes. 
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Abstract: Disorders of consciousness (DoC), a spectral of states with prolonged altered 

consciousness due to damages of the brain, are usually associated with prolonged bedridden 

status and low spontaneous recovery rates. To reveal the neural mechanisms underlying 

consciousness recovery in DoC is therefore vital. The central thalamus (CT) is essential to 

arousal regulation, and deep brain stimulation (DBS) targeting CT has been suggested as a 

promising option for treating DoC. However, the specific role of CT in consciousness recovery 

remains elusive. Here we identify a core set of electrophysiological features of the multiunit 

activity (MUA) with machine learning, including the theta band stability (stab-θ), gamma band 

synchronization (sync-γ), theta band power (pow-θ), and high-gamma band stability (stab-hγ), in 



CT in a DoC patient cohort [n=23, including those with minimally conscious state minus (MCS-) 

and unresponsive wakefulness syndrome/vegetative state (UWS/VS)] before receiving CT-DBS 

treatment. We found that this set of CT features accurately predicted individual recovery for all 

patients involved. Patients exhibiting recovery after CT-DBS treatment tended to have higher 

value for multiple features in this set before the treatment. In addition, higher percentage of 

traumatic patients exhibited more promising CT state compared to anoxic patients, and the same 

was true for younger patients compared to older patients, indicating the electrophysiological 

profile of CT may account for the diverse effects of clinical factors such as etiology and age on 

DoC recovery. Importantly, within the patients that eventually showing recovery, using the CT 

state we could further identify two subgroups, with characteristic high pow-θ and high stab-θ, 

corresponding to the patients showing favorable and less favorable behavioral scores before the 

treatment, respectively. The latter was sporadically observed in clinics but has not been 

characterized using electrophysiological features before. Last, through a biophysical model we 

show that these two sub-groups may indicate distinct dynamics of recovery involving CT. Taken 

together, our results provide strong evidence that the status of CT plays a pivotal role in DoC 

recovery and reveal the electrophysiological underpinnings of this process, paving the way to 

develop more precise CT-based therapies customized for individual DoC patients. 
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Abstract: Binge alcohol exposure, a pattern of drinking that rapidly raises the blood alcohol 

level to .08g/dl or above, is associated with neurodegeneration in corticolimbic regions in both 

humans and animal models. Using a rat model of binge exposure in which animals are given a 

single weekly dose of alcohol, we have found significant cell loss in the hippocampus and 

widespread neuroimmune activation. In contrast to the damaging effects of binge alcohol, 



exercise enhances brain health and function. We have previously shown that exercised rats 

exposed once weekly to binge alcohol show no hippocampal cell loss and limited neuroimmune 

activation. The protective underlying mechanisms are unclear. We therefore conducted a 

transcriptome analysis on the hippocampus following exposure to binge alcohol and/or exercise. 

Male and female rats were gavaged once weekly for 5 weeks with 5 g/kg ethanol or isocaloric 

control solution. To assess exercise effects, half of the animals had access to running wheels 4 

d/wk and were euthanized immediately following their final exercise session/~16 hours after the 

last binge exposure. The hippocampus was microdissected and total RNA extracted and 

submitted for sequencing. Differential expression analysis was initially performed using the main 

effects of sex, binge alcohol, exercise and their interactions. Very few genes were differentially 

expressed based on sex, so subsequent analyses collapsed across sexes. Transcription of 806 

genes was altered by exercise, but only 7 by binge alcohol exposure. Only 1 gene, Zfp62, 

showed evidence for an interaction effect in the combined binge/exercise condition. Gene 

ontology (GO) analysis identified pathways associated with receptor signaling, namely protein 

kinase signaling, as differentially impacted by exercise. Most of the genes differentially impacted 

by alcohol were transcription factors. These differential expression findings were reflected in a 

weighted gene co-expression network analysis (WGCNA). Ongoing efforts are aimed at 

deconvolution of bulk transcriptomes to a single cell level, to identify gene expression changes 

in specific cell populations. The small number of genes impacted by binge alcohol is in stark 

contrast to the large number impacted by exercise and may be related to the timing of tissue 

harvest being closer to exercise than binge. Nonetheless, this indicates that the transcriptomic 

effects of exercise outweigh those of binge alcohol, however the lack of interaction effects seen 

in the combined binge/exercise condition suggests the transcriptomic effects identified in this 

study do not account for the neuroprotective effects detected in earlier studies. 
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Abstract: Background. Mild traumatic brain injury (mTBI) is a common and complex head 

injury, affecting 69 million people worldwide. This condition results in many symptoms, 

including migraine-like post-traumatic headaches (PTH). The mechanisms underlying these 

headaches are still unknown. A clue to PTH may be the shared clinical associations between 

mTBI, migraine, and sleep-wake disruption (SWD). Indeed, sleep disruption, which is common 

after mTBI, is also a migraine trigger. Instead, sleep is known as migraine abortive. In this 

setting, sleep disruption may impair the glymphatic system, a recently characterized brain-wide 

network of perivascular spaces that supports the rapid exchange of cerebrospinal and interstitial 

fluid. Glymphatic function is most rapid during sleep, while it is inhibited during wakefulness by 

central noradrenergic tone and is reduced by mTBI. Therefore, our hypothesis is that the 

disruption of glymphatic function after mTBI may contribute to the trigger and endurance of 

PTH symptoms. Methods. Repetitive impact mTBI mouse models have been used for 

developing PTH phenotypes. Afterwards, the mice were treated with the α1-adrenergic 

antagonist prazosin. Their PTH symptoms, induced by the injection of a sub-threshold calcitonin 

gene-related peptide (CGRP) dose, the main migraine mediator, were assessed through light 

aversion and mechanical facial allodynia tests. Moreover, glymphatic system impairment was 

measured via glymphatic CSF tracer influx compared to sham control mice.Results. Our 

preliminary data demonstrate that treatment with the centrally active α1-adrenergic antagonist 

prazosin prevents and treats CGRP sensitivity in mice, with a faster effect in males. Furthermore, 

prazosin administration in mice increases glymphatic CSF tracer influx compared to vehicle-

treated mice. Conclusion. These results suggest noradrenergic tone as novel target to improve 

PTH symptoms and glymphatic function, potentially improving sleep disruption as therapeutic 

strategies for mTBI patients. 
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Title: An antioxidant and anti-ER stress combo therapy after TBI elevated α-Synuclein S129 

phosphorylation and alleviated PD-like pathology in a sex-specific manner 
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Abstract: Traumatic brain injury (TBI) elevates the propensity of Parkinson’s disease (PD) later 

in life. Oxidative stress, endoplasmic reticulum (ER) stress, and neuroinflammation are shown to 

promote aggregation of proteins leading to neurodegeneration in preclinical studies. We 

presently targeted oxidative stress and ER stress following a moderate controlled cortical impact-

induced TBI in mice of both sexes, using a combination of apocynin, tert-butylhydroquinone, 

and salubrinal, to understand if abating these pathological events curtails TBI-induced α-

Synuclein (α-Syn) aggregation and dopaminergic neuron loss and improve motor and cognitive 

function. Compared to the vehicle treatment, the combo therapy elevated the level of 

phosphorylation at serine 129 (pS129) of α-Syn in the pericontusional cortex of male mice at 3 

days post-TBI. Motor and cognitive deficits induced by TBI lasted at least 3 months and the 

combo therapy curtailed these deficits in both sexes. At 3 months post-TBI, male mice given 

combo therapy exhibited significantly lesser α-Syn aggregates in the substantia nigra (SN) and 

higher TH+ cells in the SN pars compacta, compared to vehicle control. However, the aggregate 

number was not significantly different between groups of female mice. Moreover, TBI-induced 

loss of TH+ cells was negligible in female mice irrespective of treatment. Thus, the present study 

indicates that mitigation of TBI-induced oxidative stress and ER stress at the acute stage could 

potentially reduce the risk of post-TBI PD-like pathology at least in male mice, plausibly by 

elevating pS129-α-Syn level. 
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Abstract: Over 1.7 million traumatic brain injuries (TBIs) are documented yearly in the United 

States alone because of their association with hospitalization. This figure likely underestimates 

the true number of TBIs because many “mild” injuries go unreported. However, lower-grade 

TBIs can still have negative effects on brain health, including motor coordination, cognition, 

tissue damage, and post-concussive syndrome, and few therapies exist for reducing these effects. 

Beta-hydroxybutyrate (BHB) is one potential approach as it may serve as an energy source when 

glycolysis is disrupted during the acute phase after TBI. After a time-course study determined 

optimal tissue levels of BHB, a closed-head, weight-drop model (~125N at impact) induced TBI 

in C57BL/6J mice (N=20/arm). Animals were then assessed in the beam walk test for motor 

function at post-injury days 1 and 3 (N=10-12/arm). In comparison to shams, vehicle-treated TBI 

controls had significantly more slips in the beam walk, while animals given intranasal BHB (50 

mg/kg) either 30 minutes before injury (pre-), directly after injury (post-), or both before and 

after injury (pre+post) had significantly fewer slips than TBI controls. Pre+post animals provided 

a higher dose of BHB (100 mg/kg; 2x pre+post) were equivalent to shams in the beam walk. All 

post-injury treatments continued daily until the cerebral cortex was harvested at 4 hours, 24 

hours, and 14 days after injury to determine levels of ubiquitin carboxy-terminal hydrolase L1 

(UCH-L1) as a measure of damage (N=5/arm/timepoint). No major group differences in UCH-

L1 expression were detected at 4 hours. However, at both 24 hours and 14 days post-injury, the 

vehicle-treated TBI controls had significantly higher UCH-L1 than all other groups, and all 

BHB-treated animals had UCH-L1 levels that were equivalent to those observed in uninjured 

shams. These findings suggest that intranasal BHB may mitigate the negative sequelae of TBI 

with a wide therapeutic window. 
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Abstract: While traumatic brain injury (TBI) is a major cause of morbidity and mortality, no 

effective clinical therapeutics currently exist for this injury. Several therapies and procedures 

have been deemed successful in preclinical TBI research but have not been translated to human 

patients. A major hurdle in translating the knowledge gained from the preclinical studies to the 

clinic is the difficulty in interpreting preclinical studies. One reason for this difficulty is the 

methodological variance between and among published research studies. This variance can 

hinder the ability to draw conclusions from conflicting studies and aggregate data across 

different research studies. The increasing volume of papers and associated data published daily 

makes this hurdle even more challenging to overcome. To help address this, we are developing 

the Brain Injury Knowledge Ontology for TBI (BIKO), which creates a standardized machine-

readable format to formalize terminology to differentiate (1) the main preclinical TBI models 

(Controlled Cortical Impact Model, Fluid Percussion Model, Blast Injury Model, and Weight-

Drop Model) based on significant phenotypes and (2) behavioral assessment used to understand 

injury deficits. It uses multiple knowledge sources to increase reuse and interoperability. BIKO 

currently contains over 300 terms and 2,000 statements relating explicit definitions of a 

preclinical TBI model with preclinical model attributes, phenotypes, and the measures used to 

assess them. Efforts are also underway to create an accompanying knowledge base (BIKObase). 

BIKObase is a searchable resource backed by the BIKO semantic framework that assists in 

categorizing TBI information to facilitate scientific discovery. It includes experimental details 

from the TBI published literature, starting with metadata from the PRECISE-TBI model catalog. 

The PRE Clinical Interagency reSearch resource for Traumatic Brain Injury (PRECISE-TBI) 

model catalog is a federally led interagency (VA, NIH, DoD) effort to develop a queryable 

online resource for preclinical TBI model literature metadata. BIKObase contains experimental 

metadata from over 200 published papers, allowing for the ability to ask sophisticated and 

complex questions across multiple studies. The knowledge base and accompanying ontology 

allow researchers to ask questions such as: identify all papers (1) with preclinical TBI model of 

open head injury and (2) that assess motor function in adult rats. BIKObase is an initial step 

toward disambiguating preclinical TBI knowledge, with hopes of translating this knowledge to 

the clinical realm. 
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Abstract: Traumatic Brain Injury (TBI) is a leading cause of death and disability globally, with 

tremendous health and socioeconomic consequences. Repetitive mild TBI (RmTBI; like 

concussion) can significantly alter brain structure and function and manifest a breadth of 

neurological symptoms and neurodegeneration; however, there are no effective treatments. 

Remote Ischemic Conditioning (RIC) is an endogenous, multifunctional protective intervention 

that shows promise as a safe treatment in ischemic stroke. RIC involves brief, cyclical periods of 

restricted blood flow that leads to release of neuroprotective factors which can reduce 

neuroinflammation and blood-brain barrier impairments - key drivers of RmTBI pathology. RIC 

has not been studied RmTBI, rendering this current study novel. This study aims to explore if 

RIC can improve functional recovery following RmTBI. Thirty two P56 male C57BI/6 mice 

were divided into four groups: sham/sham, RIC/sham, sham/RmTBI, and RIC/RmTBI. RIC 

treatment consisted of four cycles of 5 mins of ischemia and 5 mins of reperfusion with pressure 

cuffs placed around the animals’ hindlimbs, repeated daily for 14 consecutive days. Sham groups 

did not receive cuff inflation/deflation. Closed-headed RmTBI was then delivered using the 

lateral impact model where acutely anesthetized animals received 1 mTBI at 24-hour intervals 

for 5 consecutive days at 5 m/s projectile velocity. Sham animals were anesthetized but not 

impacted by the projectile. 1-3 days following RmTBI, a neurobehavioral test battery was 

performed to evaluate anxiety, motor function and cognition. Animals were then perfused for 

immunohistochemical analysis of inflammatory markers. Among behavioral tests, we found that 

RmTBI significantly increased footslips on the beam walk assay compared sham animals (p < 

0.05). Notably, RIC significantly reduced this motor dysfunction (p < 0.05). Other behavioral 

tests assessing anxiety (open field test) and cognition (novel object recognition) did not show any 



significant differences between the groups. Neuroinflammatory analyses are ongoing. Our initial 

findings support the efficacy of RIC for reducing neurological dysfunction caused by RmTBI. 

Future efforts will focus on sex-based differences in RIC effects on RmTBI pathology. RIC’s 

effects on neuroinflammation will also be investigated by exploring gliosis and cytokine release. 

There is an unmet need for effective and safe interventions to modify the course of RmTBI. 

Given RIC’s accessibility and efficacy in motor improvement, translation into clinical practice 

holds considerable promise, marking a paradigmatic shift in traditional approaches in RmTBI 

management. 
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Abstract: Exercise intolerance, defined as an inability or decreased ability to exercise for an 

extended duration, is a common experience for survivors of moderate to severe traumatic brain 

injury (TBI). As such, the capacity to use physical exercise to promote recovery may be limited 

in this patient population. Moreover, using a mouse model of brain injury, we recently reported 

that aerobic exercise promotes sex-dependent differences in recovery following controlled 

cortical impact (CCI). In order to gain greater insight into factors that affect exercise capacity 

following brain injury, male and female Swiss Webster mice underwent a CCI, and exercise 

tolerance was assessed acutely (3 days post injury) and again after 2 weeks of moderate treadmill 

training. Energy metabolism was assessed in a separate cohort that was housed in metabolic 

CLAMS cages following CCI or sham injury. Compared to sedentary (non-exercised) mice, two 

weeks of moderate treadmill exercise significantly increased average time- and distance run to 

exhaustion in brain injured female, but not male, mice. Metabolic rates, measured via indirect 

calorimetry, revealed decreased heat production following CCI, as well as significant sex 

differences in respiratory exchange ratio and wheel rotations. Overall, these data indicate 

biological sex as an important variable mediating metabolism and exercise tolerance after brain 



injury. A greater understanding of these variables will bring us closer to developing a method for 

optimizing exercise as a recovery strategy for TBI. 
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Abstract: Preclinical neuroscience research is reliant on surgical implantation for the delivery of 

transgenic vectors, optical imaging such as fiber photometry, and monitoring and stimulation of 

neural activity with electrodes. While significant work has been performed optimizing electrodes 

to minimize acute and chronic brain tissue damage, little research has focused on the 

development of tools to minimize tissue damage and reduce the risk of breakage or deflection of 

implants.The brain is a porous anisotropic solid suspended in and permeated by cerebrospinal 

fluid (CSF). Previous research has demonstrated how fluid-solid interactions during compression 

produce frequency dependent changes in brain stiffness during loading conditions such as those 

during surgical placement of electrodes, with higher loading rates resulting in less tissue 

deformation. We investigated whether micron-scale ultrasonic vibration of neural implants 

(electrodes, infusion cannula, optical lenses) during insertion reduces the force required to 

puncture brain tissue, and whether minimizing mechanical forces during surgery is sufficient to 

improve chronic measures of neural activity and reactive gliosis. Using a custom designed 

ultrasonic actuator (NeuralGlider® Neural Implant Inserter, Actuated Medical, Inc.), we 

demonstrate that ultrasonic vibration of neural implants reduces the required puncture force into 



the pial surface of ex vivo rodent and porcine brains. Surprisingly, in vivo acute recordings from 

porcine cortex using silicon shank microelectrodes implanted with vibration demonstrated higher 

single unit yield compared to non-vibrated insertion controls, highlighting consequences of acute 

tissue damage caused during implantation.Continued research focuses on implantation of large 

diameter optical lenses implanted for in vivo microscopy experiments and ultra-small flexible 

electrodes. Early results demonstrated that ultrasonic vibration reduces the force required to 

insert lenses in ex vivo brain tissue and vibration not only reduces the force required to puncture 

the pial surface but also modulated implant buckling force of ultra-small flexible implants 

demonstrating an as-yet unexplored mechanical mechanism for shuttle free device insertion. 

Ongoing ex vivo experiments are investigating the role of vibrated insertion on reducing tissue 

shear stress along implant walls and chronic in vivo imaging experiments in rodents will provide 

insight as to whether vibrated insertion reduces tissue compression and damage at the optical 

lens-tissue interface of fiber optic cannula and GRIN lenses used for chronic optogenetic and 

neuroimaging modalities. 
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Abstract: Quelling microglial-induced excessive neuroinflammation provides a potential 

treatment strategy across neurological disorders, including neurodegenerative diseases, and can 

potentially be achieved by Immunomodulatory imide drugs (IMiDs). IMiDs, based on the 

backbone of thalidomide and pomalidomide (Pom), are anti-inflammatory and clinically 

efficacious in multiple myeloma but are compromised by their toxicity/teratogenicity. IMiD 

pharmacological actions are primarily mediated via interaction with cereblon, a crucial 

component of the E3 ubiquitin ligase complex. IMiD-cereblon binding leads to the degradation 

of specific endogenous neosubstrates, such as SALL4 that is critical for embryo development. In 

pursuit of safer IMiDs, we synthesized 3-monothiopomalidomide (3-MT-Pom) that binds 

cereblon and alters its neosubstrate preference away from SALL4. We evaluated 3-MT cellular 

toxicity, anti-oxidative and anti-inflammatory effects vs. Pom in LPS-challenged immortal 

microglial (IMG) cells. IMG cells were dose-dependently pretreated with 3-MT or Pom and, 

thereafter, challenged with LPS. At 24 hr, cell viability (MTS assay), anti-oxidation (Griess 

nitrite assay) and cytokine levels (ELISA) were quantified in the media. Well tolerated 3-MT 

doses inhibited nitrite and pro-inflammatory cytokines. This anti-inflammation was replicated in 

rats following systemic administration of 3-MT and 4 hr LPS challenge. 3-MT was hence 

evaluated in an acute neurodegenerative animal model known to involve neuroinflammation: 

controlled cortical impact (CCI) traumatic brain injury (TBI) in mice. 3-MT dosing post CCI 

TBI mitigated markers of neuroinflammation and behavioral impairment evaluated at 14 days. 

Teratogenicity was not evident in preliminary evaluation of 3-MT in chicken embryos. These 

studies indicate that suppressing excessive inflammation provides a treatment strategy in TBI 

and potentially other neurodegenerative disorders involving excessive inflammation, and identify 

3-MT as a new lead IMiD drug candidate for further development. 
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Abstract: Traumatic brain injury (TBI) can cause a wide range of clinical manifestations such as 

cognitive impairments, behavioral changes, and physical disabilities, depending on the severity 

of the trauma. Recovery of brain function is often only partial due to the brain's limited capacity 

for repair, leading to long-term neurological deficits. A promising avenue to restore lost brain 

function is neural transplantation into the injured area. 

Recently we and others have demonstrated the feasibility of transplanting pluripotent stem cell-

derived cortical organoids (CO) into the rodent cortex. In this study, we investigated the 

feasibility of transplanting induced pluripotent stem cell-derived cortical organoids (COs) into a 

rodent TBI model (controlled cortical impact). We used a 3-mm cortical impactor at a speed of 

2.5 m/s to a depth of 2 mm to induce injuries in secondary visual areas of the rodent cortex. One 

week (acute) or one month (sub-acute) after the injury, day 50 COs were transplanted into the 

injury cavity. Before transplantation, two additional conditions were examined by either 

aspirating the glial scar before transplantation (GS-) or leaving the glial scar intact and 

transplanting the CO directly into the injury cavity (GS+). Two months after transplantation 

animals were sacrificed and brains analyzed for histological measures of organoid graft survival 

and the condition of the host cortex. 

We found that all COs (N=4) transplanted into the GS- condition at both acute and sub-acute 

time points survived and integrated into the host tissue, whereas none of the GS+ organoids 

survived. The animals in which the glial scar was removed exhibited significantly less GFAP+ 

cells at the perimeter of the injury cavity. Additionally, we observed reduced injury cavity sizes 

in the animals with surviving organoid grafts. These results suggest a complex interplay between 

neural tissue grafts and the traumatically injured brain. The brain microenvironment appears to 

play a role in determining the survival of transplanted tissue. Conversely, organoid grafts appear 

to mitigate the ongoing degeneration of cortical tissue after injury. 
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Abstract: Improving outcomes for traumatic brain injury (TBI) patients through neuroprotective 

therapies necessitates elucidating and tracking drug-targeted pathomechanisms. This 

translational study uses a novel promising therapeutic adenosine A1R/A3R receptor agonist, 

AST-004 that successfully improved outcomes in animal TBI and stroke models (Bozdemir, 

2021; Fisher, 2022; Liston 2022). Here a human trauma culture model (n=8 donors) was used to 

determine drug dosage, target engagement, cytomechanisms, and pharmacodynamic biomarkers 

(Halford 2017). Fetal neocortical astrocytes were matured in defined medium on deformable 

membranes (Wanner 2012). Abrupt pressure pulses inflicted mechanical trauma followed by 

addition of 0-100 nM AST-004 doses. Unbiased outcome measures were cell integrity 

(propidium iodide uptake), mitochondrial energy capacity (JC10 dye aggregate/monomer 

ratiometry), survival (cell density, contact assays), cytoskeletal proteolysis and fluid biomarkers. 

AST-004 significantly reduced traumatized astrocyte mechanoporation and cell death at various 

doses (ANOVA, Tukey). A1 and A3 adenosine receptors were expressed and glycosylated in 

human astrocytes. Neuroprotective AST effects were attenuated by antagonist to either the A1 

receptor (DCPCX) or the A3 receptor (MRS7799) suggesting both receptors contribute 

beneficially. Astrocyte injury-defined biomarker release was dose-dependently reduced for cell 

wounding markers aldolase C, brain lipid binding protein and α crystallin. The drug reduced 

severity-dependent cell death and attenuated cytoskeletal proteolysis shown by reduced calpain 

and caspase GFAP and spectrin fragments in fluids, adherent and detached cells. AST-004 

elevated mitochondrial potential in acutely traumatized astrocytes (6-10 hours), with process-

bearing and star-shaped astrocytes being selectively receptive to the drug, versus rounded, and 

senescent cells (Tukey). Drug-treated star-shaped astrocytes also had significantly restored cell 

integrity (effect size 2, Tukey). Trauma reduced areas with aligned astrocyte choreography and 

inflicted disorganized zones with increased cell wounding by severity (marginal means; injury-

severity interaction). Interestingly, drug treatment retained larger areas of organized astrocytes 

with fewer disrupted zones (effect sizes +/-1.4, Tukey). In conclusion, AST-004 improves cell 

health, energy metabolism and astrocyte contact behavior with pharmacodymanic biomarkers 

indicating efficacy. This work offers early endpoint diagnostic tools and mechanistic insights to 

guide ongoing clinical trial design for improving TBI patient recovery. 
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Abstract: Traumatic brain injury (TBI) represents a multifaceted global health challenge, 

exerting significant impacts on health outcomes, mortality rates, and socioeconomic dynamics. 

Its etiology spans a spectrum of injuries stemming from external mechanical forces to the 

cranium, manifesting in diverse cognitive, motor, and affective impairments. Notably, chronic 

neuroinflammation emerges as a pivotal mechanism underpinning these sequelae, characterized 

by sustained microglial activation and the consequent release of inflammatory mediators, 

culminating in synaptic dysfunction and neuronal demise. Given the prolonged duration of 

neuroinflammatory processes, there is a growing imperative to longitudinally monitor their 

progression, prompting a heightened interest in non-invasive imaging modalities, particularly 

positron emission tomography (PET). PET technology has evolved to enable the visualization of 

biomarkers indicative of activated neuroimmune cells, with [¹⁸F]FDG emerging as a widely 

accessible tracer for this purpose. [¹⁸F]FDG, being a glucose analog, selectively binds to glucose 

transporters, thereby reflecting cellular metabolic activity. Given the heightened metabolic 

demands of activated microglia, [¹⁸F]FDG PET offers a promising avenue for delineating regions 

of neuroinflammation post-TBI. Studies employing [¹⁸F]FDG PET have catalyzed a reevaluation 

of its utility in mapping neuroinflammation following TBI. Specifically, investigations have 

sought to delineate patterns of chronic neuroinflammation in brain regions pertinent to TBI-

related deficits. To this end, a comparative study was undertaken, contrasting FDG uptake 

profiles in young adult and aged rats, both pre- and post-TBI. Baseline glucose levels were 

meticulously assessed following a fasting period, with subsequent FDG administration and PET 

imaging. Data analysis, facilitated by specialized software, encompassed quantification of whole 

brain uptake alongside region-specific uptake relevant to motor, sensory, cognitive, and limbic 

functions. Preliminary findings indicate a discernible age-related inflammatory burden, 

potentially mirrored in disparate FDG uptake patterns. Future endeavors will entail expanding 



sample sizes to corroborate these observations and elucidate the impact of age-matched TBI on 

neuroinflammatory processes. 
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Abstract: Traumatic brain injury (TBI) can result in long-lasting sensory disabilities. It was 

reported that more than half of the TBI patients suffer from chronic pain, including headache and 

hypersensitivity (allodynia) to mild tactile and thermal stimuli. Unfortunately, there is no 

effective therapy available. In addition, TBI significantly increases the additional risk of 

addiction, as the frequent use of addictive pain medications can lead to dependency and, 

ultimately, substance abuse disorders. Therefore, it is urgent to find an alternative therapeutic 

approach to treat TBI-induced chronic pain. Here, we evaluated the therapeutic effects of 

electroacupuncture (EA) on TBI-induced chronic pain in a rat model of TBI. Twelve Sprague 

Dawley rats received mild/moderate closed-head TBI. At post-TBI week 8, they were randomly 

divided into TBI-Ctrl and TBI-EA groups (n=6/group). The TBI-EA group started to receive the 

EA treatments (30 min/session) every other day for two weeks (six sessions in total). EA was 

provided in three pairs of acupuncture points: ST 36 (Zusanli), LI 4 (He Gu), and LIV 3 (Tai 



Chong). Operant orofacial allodynia testing (OPAD), lick-guard responses (thermal pain testing), 

and Magnetic Resonance Imaging (MRI) were conducted at pre-injury, pre-treatment (Pre Tx), 

and post-treatment (PO Tx) timepoints. The animals were then euthanized with 4% PFA and the 

spinal cord and brain tissues were collected for immunohistochemistry (IHC) study. Our data 

showed that EA treatment can significantly improve the chronic TBI-induced reduced lick/facial 

contact ratio at 42 °C in OPAD. In the lick-guard responses testing, both groups showed a 

significant reduction in hind paw lick latency compared to pre-injury; but the TBI-EA treated 

animals showed persistent and significant recovery compared to the TBI-Ctrl group. Blood 

Oxygenation level-dependent (BOLD)-based resting state fMRI (rsfMRI) showed significant 

alterations in connection degrees in certain regions of the brain network for pain pathway after 

chronic TBI. Alterations of the node degree and betweenness centrality were also observed in 

TBI-EA treated animals compared to the untreated TBI animals. IHC studies showed that TBI-

EA treatment significantly reduced the chronic TBI-induced upregulation of the pain and pro-

inflammatory molecules in the spinal cord dorsal horn and the regions of the brain related to 

main pain pathway. Our data showed that the EA treatment significantly reduced the TBI-

induced chronic orofacial and somatic hypersensitivity via the downregulation of pain and 

inflammatory signaling. EA could be a promising therapeutic intervention for managing TBI-

induced chronic pain. 
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Abstract: Traumatic brain injury (TBI) has been affecting the health conditions of over 10 

million people in the world every year. Common co-morbidities following closed-head TBI 

(cTBI) include balance disability, anxiety disorder, motor impairment, cognitive deficit, and 

allodynia, although their precise pathological mechanisms are not well understood. Our previous 

work showed a cTBI-induced severe loss of LC cells whose noradrenergic (NA) projections to 

the spinal dorsal horn are known to play a critical anti-nociceptive role. Thus, compensatory (or 

dysregulated) nociceptive mechanisms for the LC cell loss might be mobilized in other 

nociception-regulating brain regions containing NA cells following cTBI. These regions include 

the lateral reticular nucleus (LRN) and area postrema (AP) which have been shown to play anti- 

and pro-nociceptive roles, respectively. However, the precise nociceptive roles of NA cells in 

these brain regions in response to cTBI-induced LC injury are not well understood. To this end, 

the purpose of the present study was to quantitate the number of NA cells in the LRN and AP as 

well as examine its correlation to abnormal orofacial and somatic thermal sensitization (i.e., 

allodynia) following chronic mild-to-moderate cTBI in rats. It was hypothesized that the number 

of NA cells in the LRN and AP is altered in response to cTBI-induced LC cell loss, which may 

contribute to allodynia and alteration of nociceptive neural signaling. Adult female rats were 

randomly assigned into the normal and cTBI groups, and a weight-drop model of mild-to-

moderate cTBI was induced in the latter group. Eighteen weeks after injury, the lick/face contact 

ratio and hindpaw lick latency were assessed. After these tests, the animals were perfused with 

4% paraformaldehyde and harvested brains were cryosectioned in 40-μm thickness. The sections 

were incubated with primary antibodies against neuronal nuclei (NeuN) and dopamine beta-

hydroxylase (DβH). On the next day, the sections were further incubated with secondary 

antibodies conjugated to fluorescent dyes. The samples were pictured using a confocal 

microscope for quantitative analyses of NA cells. Our results showed that the number of 

NeuN/DβH-immunoreactive NA cells was strongly elevated in the LRN and AP, whereas a 

significant LC cell loss and allodynia were observed following cTBI. The TBI-induced LC cell 

loss followed by compensatory elevation of NA-immunoreactivities in the LRN and AP, in part, 

may contribute to altered responses in orofacial and somatic thermal pain sensitization following 

cTBI. 
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Abstract: While cortical injury is a leading cause of disability, there is a lack of therapeutics 

available for post-injury recovery. We have demonstrated in a rhesus monkey model, the 

efficacy of mesenchymal stromal-cell derived extracellular vesicles (MSC-EVs) as a therapeutic 

for motor cortical injury. Specifically, MSC-EVs from bone marrow of young monkeys, 

intravenously administered 24 hours and again at 14 days in aged female monkeys facilitates 

recovery of fine motor hand function. Functional recovery is associated with dampened 

microglial inflammatory phenotypes and neuronal damage at 16 weeks following cortical injury. 

MSC-EVs carry proteins, lipids, and microRNA cargo that can modulate inflammation and 

repair, but the mechanisms and time-course of action are unclear. Building on our previous work, 

we used a high sensitivity Olink proximity extension assay (PEA) to assess peripheral 

biomarkers of inflammation in plasma samples collected 24 hours, 14 days, 28 days, and 6 weeks 

post injury. We found that relative to vehicle, MSC-EV treatment was associated with a 

sustained downregulation of pro-inflammatory markers across the recovery period, and a 

transient downregulation of a smaller subset of anti-inflammatory proteins at 14 days post-injury. 

Using the NIH Database for Annotation, Visualization, and Integrated Discovery (DAVID), 

Gene Ontology (GO) and KEGG pathway functional annotation analyses revealed that the 

proteins downregulated with MSC-EV treatment are associated with pro-inflammatory signaling, 

suggesting these pathways are being downregulated and the system is in a less inflammatory 

state. These data are consistent with our previous studies suggesting that MSC-EVs promoted a 

shift from more pro- to anti-inflammatory microglial phenotypes, within a chronic recovery 

period. To assess whether this microglial shift occurs earlier in the recovery period compared to 

our previous work, we analyzed microglial phenotypes in perilesional cortex, 6 weeks post-

injury in a new cohort of female monkeys (MSC-EV n=4, Vehicle n=4). Immunofluorescence 

was performed to label microglia (Iba1), together with Galectin-3, a marker for active 



phagocytosis, and C1q a complement protein that tags debris for phagocytosis. While no 

significant differences were found in C1q+ microglia, a greater density and proportion of 

presumably “non-phagocytic” ramified microglia and Gal3- microglia was found in MSC-EV 

monkeys compared to controls. Taken together, these data suggest that MSC-EV treatment 

promotes an early shift from pro-inflammatory to homeostatic states, which likely facilities 

repair and recovery of function after cortical injury. 
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Abstract: Traumatic brain injury (TBI) is one of the major contributors to physical disabilities 

and mortality in the world. Blunt trauma to the brain causes axon shearing, which triggers 

widespread damage, impairing sensorimotor and cognitive functions. Currently, there are no 

effective treatments for TBI. Elovanoids (ELVs) are homeostatic lipid mediators that provide 

potent neuroprotection after TBI and experimental ischemic stroke. The current study examined 

whether ELVs protected the tractography of the brain using high-resolution MRI imaging and 

interrogated cell-cell communication patterns using single-cell multiome analysis data after ELV 

treatment in TBI. Male Sprague-Dawley rats were used for all experiments. Craniotomy was 

made overlying the right parietal cortex, and TBI was induced by fluid percussion injury (FPI) or 

by controlled cortical impact (CCI). Neurological deficit scores were measured by composite 

sensorimotor tests. ELVs or Free Fatty Acid precursors (FFA-P) were intranasally delivered 

(IND) at 1h and 24h (20 ug/delivery) after TBI. The cortex was harvested for single-cell 

multiome analysis 3 days after TBI. High-resolution MRI was taken from fixed brains 14 days 

post-TBI. Both IND ELVs and FFA-P treatment reduced neurological deficits after TBI 

compared to vehicle. Using a cell-cell communication database, we found significant differences 

in the number and strength of signaling between many cell types after ELV treatment. 



Specifically, ELVs preferentially signaled through Wnt and Galectin in IT-ET Glutamatergic 

neurons. Transcriptional factor footprinting analysis revealed ELVs increased AP-1 activity in 

the ELV group over vehicle. Gene expression analysis found that ELV or FFA-P treatment 

reduced pro-apoptotic signaling and increased gene expression of antioxidant defenses in 

neurons and oligodendrocytes. MRI analysis revealed protective changes after ELV intervention. 

Finally, diffusion tensor imaging showed greater preservation of the cortex and improved corpus 

callosum integrity with ELV treatment. Tractography analysis of the brain found that ELVs 

protected the integrity of the white matter tracts. In summary, these results shed light on ELV 

regulation of complex patterns of cell-cell communication and revealed that ELVs protected 

against white matter loss after TBI. The use of IND ELVs or FFA-P may open novel therapeutic 

avenues to noninvasively bypass the blood-brain barrier and provide neuroprotection against 

TBI/concussion and other neurodegenerative diseases. 
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Abstract: Mild traumatic brain injury (mTBI) disrupts cognitive processes that influence risk 

taking behavior. Little is known regarding the effects of repetitive mild injury (rmTBI) or 

whether these outcomes are sex specific. Risk/reward decision making is mediated by the 

prefrontal cortex (PFC), which is densely innervated by catecholaminergic fibers. Aberrant PFC 

catecholamine activity has been documented following TBI and may underlie TBI-induced risky 

behavior. The present study characterized the effects of rmTBI on risk/reward decision making 

behavior and catecholamine transmitter regulatory proteins within the PFC. Rats were exposed to 

sham, single (smTBI), or three closed-head controlled cortical impact (CH-CCI) injuries and 

assessed for injury-induced effects on risk/reward decision making using a probabilistic 

discounting task (PDT). In the first week post-final surgery, mTBI increased risky choice 

preference. By the fourth week, males exhibited increased latencies to make risky choices 

following rmTBI, demonstrating a delayed effect on processing speed. When levels of tyrosine 

hydroxylase (TH) and the norepinephrine reuptake transporter (NET) were measured within 

subregions of the PFC, females exhibited dramatic increases of TH levels within the orbitofrontal 

cortex (OFC) following smTBI. However, both males and females demonstrated reduced levels 

of OFC NET following rmTBI. These results indicate the OFC is susceptible to catecholamine 

instability after rmTBI and suggests that not all areas of the PFC contribute equally to TBI-

induced imbalances. Overall, the CH-CCI model of rmTBI has revealed time-dependent and sex-

specific changes in risk/reward decision making and catecholamine regulation following 

repetitive mild head injuries. 
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Abstract: Cognitive integration of social and emotional behavior can be impaired by traumatic 

brain injury (TBI). Post-TBI socioemotional dysfunction negatively impacts quality of life and 

societal reintegration. Preclinical work exploring socioemotional behavior after TBI is sparse. 

Social Familiarity-induced Anxiolysis (SoFiA) is a behavioral phenomenon where repeated 

stress exposure with a familiar social partner decreases anxiety/stress via social safety learning. 

We hypothesized rats receiving controlled cortical impact (CCI) to the frontal or parietal lobe 

would exhibit impaired SoFiA acquisition. Adult male Sprague-Dawley rats (n=10-13/group) 

were randomized and exposed to moderate severity right parietal CCI, right frontal CCI, or sham 

injury (anesthesia + craniotomy, no impact) while anesthetized and ventilated. After 14 day 

recovery, animals acclimatized to open field and completed serial social interaction (SI) sessions 

with novel and familiar naïve partners under dim or anxiogenic bright conditions while SI time 

was recorded. Social memory (SM) was assessed (novel vs familiar SI). Shock probe defensive 

burying (SPDB) measured active and passive coping capacities. A separate cohort received pre-

CCI SoFiA training, with post-CCI testing in the same fashion. One and two-way ANOVA 

(repeated measures as appropriate) assessed main effects of injury (sham, parietal CCI, frontal 

CCI) and time (day) with Tukey (between group) or Dunnett (within group vs. day 1) post-hocs. 

Age, sex, and species influences will be explored in future studies. Analysis revealed persistent 

dysfunction in the SoFiA paradigm, the severity of which differed between parietal and frontal 

CCI groups. Both TBI groups performed significantly worse than sham (p<0.05). Decreased SI 

times in each CCI group indicated persistently increased anxiety-like behavior despite the 

presence of a social safety signal. Sham rats demonstrated full recovery to baseline SI times, 

representing healthy socioemotional behavior. Decreased SPDB active coping (less time spent 

burying, p<0.05) and stressor-dependent social preference alterations in the SM task (p<0.05), 

occurred only in CCI rats. Preliminary pre-trained cohort results indicate trends toward improved 

post-injury SoFiA performance with familiar pre-injury partners but not new post-injury partners 

(study ongoing). To better understand socioemotional dysfunction after TBI and translate 

successful interventions, controlled interrogation of underlying neurocircuitry and 

neurochemistry in animal models will be required. SoFiA is a useful model to study post-TBI 

socioemotional dysfunction. 
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Abstract: Attentional deficits are common after traumatic brain injury (TBI), posing challenges 

due to limited treatment options. The cholinergic network, crucial for attention, extends from the 

nucleus basalis of Meynert (nBM) to the medial prefrontal cortex (mPFC). In TBI, disruptions in 

this network, including reduced acetylcholine (ACh) levels, may contribute to attentional 

impairments. Therefore, galantamine (GAL), a dual-action cholinomimetic, may restore 

cholinergic tone and improve attention post-TBI. In Experiment 1, we hypothesize that TBI will 

decrease task-evoked ACh release in the mPFC via in vivo microdialysis, correlating with 

impaired attentional performance on the 3-Choice Serial Reaction Time Test (3-CSRT). 

Observed attentional impairments (i.e., 3-CSRT) and reduction in cholinergic tone (i.e., in vivo 

microdialysis) will be mitigated by GAL in a dose-dependent manner after injury (Experiment 

2). Adult male rats trained in 3-CSRT underwent either right parietal controlled cortical impact 

or a Sham surgery (n=10-16/group). In Experiment 1, on post-injury day (PID) 14, a guide 

cannula was implanted in the right mPFC. Measures of sustained attention and distractibility 

(i.e., 3-CSRT) were assessed on days 21-27. Dialysate was collected before and during 3-CSRT 

onset on day 21. In Experiment 2, rats were randomly assigned to TBI or Sham groups and 

administered GAL (0.5, 2.0, or 5.0 mg/kg) or VEH i.p once daily from 24 hours post-surgery 

until sacrifice (PID 28). 3-CSRT testing occurred on PID 21-25. A subset of behaviorally-naive 

TBI rats underwent microdialysis procedures followed by post-drug dialysis collection at PID 

21. All dialysate samples were analyzed using HPLC with electrochemical detection. At PID 28, 



cortical lesion volume and probe location were examined. In Experiment 1, cholinergic neuron 

ultrastructure in the nBM and mPFC was quantified using brightfield microscopy coupled with 

IMARIS. Statistical analyses included ANOVAs with Newman-Keuls post-hoc tests. TBI rats 

showed attention deficits compared to Sham controls (p<0.05) and exhibited reduced task-

evoked ACh release in the mPFC (p<0.05). The high GAL dose increased ACh levels (p< 0.05) 

but did not restore attention, with higher doses exacerbating deficits (p<0.05). GAL did not 

reduce lesion volume (p>0.05). Preliminary findings suggest that TBI reduced cholinergic 

neuron soma, indicative of degenerative morphology. To our knowledge, this study is the first in 

neurotrauma to utilize in vivo microdialysis in awake, freely moving rats during a cognitive task, 

offering real-time insights into behaviorally and drug-induced changes in ACh tone. 
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Abstract: Traumatic brain injury (TBI) is a leading cause of cognitive disability. Enhancing 

acetylcholine (ACh) transmission may ameliorate post-injury cognitive deficits, especially when 



combined with noninvasive rehabilitation. We predicted that chronic NS-1738, a α7 nicotinic 

ACh receptor (α7-NAChR) positive allosteric modulator (PAM), will improve sustained 

attention post-TBI, alone and in combination with environmental enrichment (EE) housing, as 

well as brain markers of cholinergic transmission post-TBI in both male and female adult rats. 

Moreover, blocking α7-NAChRs with methylycaconitine (MLA) will attenuate the effects of 

NS-1738, confirming its mechanism of action. We also cross-compared effects of 4BP-TQS, a 

α7-NAChR allosteric agonist (ago-PAM), on attention post-injury in males. Adult male and 

female rats were trained in the 3-choice serial reaction time task (3-CSRT), reaching pre-injury 

baselines prior to right parietal controlled cortical impact (CCI) or sham injury. Rats were 

randomized to NS-1738 (5 mg/kg, i.p.) or vehicle, as well as daily EE (6h) or standard housing 

for 28d starting post-injury day (PID) 1. Male subgroups also received daily α7-NAChRs 

blockade via MLA (3 mg/kg) injections. 3-CSRT retrials occurred on PID 14-24, when 4BP-

TQS (1 mg/kg) was administered daily in the specific male cohort. Cortical lesion volumes were 

performed for both sexes. Medial prefrontal cortex (mPFC) Western blots assessed cholinergic 

markers [acetylcholinesterase (AChE), choline acetyltransferase (ChAT), and α7-NAChR]. 

ChAT immunostaining was performed in the basal forebrain where ACh projections originate. 

Statistical analysis utilized ANOVAs with repeated measures when appropriate, and Newman-

Keuls post hoc tests. TBI rats of both sexes exhibited impaired sustained attention and increased 

distractibility versus shams (p<0.05), with chronic NS-1738 improving accuracy in females and 

omissions in both sexes (p<0.05). Daily EE was beneficial on 3-CSRT measures in male rats 

(p<0.05), while combining NS-1738+EE rendered an additive effect on lowering omissions and 

reducing cortical cavitation (p<0.05). Both male and female TBI rats reflected ChAT disruptions 

in mPFC and basal forebrain, which were improved by chronic NS-1738+EE housing in male 

rats (p<0.05). Chronic 4BP-TQS, given during testing (14 day delay post-surgery) was promising 

at restoring accuracy and premature responding, albeit prompt intervention post-TBI is 

warranted. Our findings support benefits of α7-NAChR PAM and ago-PAM compounds and/or 

EE treatment after TBI on sustained attention and cholinergic neurotransmission in both males 

and female rats. 
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Abstract: Traumatic brain injury (TBI) stands as a significant contributor to global mortality and 

morbidity. The ensuing disabilities often encompass long-term impairments in memory, 

attention, and overall cognitive function. Pharmacotherapeutic interventions involving stimulants 

following experimental TBI have shown promise in enhancing cortical function, thereby 

mitigating several cognitive deficits commonly observed. We predicted that modafinil (Provigil 

®), a non-amphetamine central nervous system (CNS) stimulant thought to act in a concerted 

fashion on multiple catecholamines in the brain (dopamine, norepinephrine), as well as 

glutamate, GABA, and histamine, to enhance arousal and focus, will improve sustained attention 

post-TBI. Adult male and female Sprague Dawley rats were trained in the 3-choice serial 

reaction time task (3-CSRT) before receiving either a controlled cortical impact (CCI) of 

moderate severity to the right hemisphere or a sham injury. Rats were then randomly assigned to 

either receive modafinil (10 mg/kg) or vehicle (saline, 1 ml/kg) being administered once daily 

throughout behavioral tasks beginning 14 days post-injury. 3-CSRT retrials were conducted post-

injury days 14-24 to assess sustained attention via percent accuracy and distractibility via percent 

omissions. Ongoing histological analyses include assessments of cortical lesion volumes and 

hippocampal cell survival. TBI induction in both male and female rats resulted in significant and 

lasting deficits in both sustained attention and distractibility on the 3-CSRT task. Chronic 

modafinil administration concurrent with post-surgery behavioral testing produced promising 

results by attenuating TBI-related deficits in percent accuracy, as well as percent omissions in 

males, however, not in females, suggesting prompt intervention post-TBI may be therefore 

warranted. Our findings support the benefits of modafinil on sustained attention post-TBI and 

can be further expanded upon in future studies with adjustments in treatment timelines and 

paradigms that may allow for observation of higher efficacy in reinstating complex cortical 

function. 
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Abstract: Traumatic brain injury (TBI) is a leading cause of death and disability and poses 

significant challenges for elderly populations, often exacerbating existing age-related cognitive 

decline. Empirical evidence suggests disruptions in cholinergic neurotransmission following TBI 

may contribute to cognitive deficits. Therapies that enhance acetylcholine (ACh) transmission 

may ameliorate cognition, especially in conjunction with noninvasive rehabilitation, which is 

akin to the real world. We have shown that a parietal cortex TBI induces deficits of complex 

attention in young adult rats, males and females. We predicted that parietal injury in aged (15-16 

months old) male rats will augment sustained attention deficits compared to young adults. We 

then hypothesized that chronic NS-1738, a novel positive allosteric modulator (PAM) of the α7 

nicotinic ACh receptor (α7-NAChR) will improve sustained attention post-TBI in aged rats, 

alone and in combination with environmental enrichment (EE), a pre-clinical neurorehabilitation 

model. Aged male rats were trained in the 3-choice serial reaction time task (3-CSRT) prior to a 

right parietal controlled cortical impact (2.8 mm cortical deformation depth) or sham injury. 

They required more sessions to reach criterion than young adults, especially as cue durations 

shorten. Following a controlled cortical impact (CCI) of moderate severity to the right parietal 



lobe or sham injury, rats were randomized to daily NS-1738 (5 mg/kg) or vehicle, as well as 

daily EE (24h) or standard housing for a month starting post-injury day (PID) 1. 3-CSRT retrials 

occurred on PID 17-27. Statistical analysis utilized repeated measures ANOVAs with Newman-

Keuls post hoc tests. Anxiety-like behavior was assessed via the well-validated open field test 

(OFT) on PID 28. Cortical lesion volumes were assessed post-sacrifice. TBI-induced cognitive 

deficits were pronounced in aged rats (p<0.05) and were rescued by chronic NS-1738 (p<0.05). 

Moreover, NS-1738+EE rendered an additive effect on restoring accuracy and lowering 

omissions (p<0.05). TBI reduced OFT center exploration without reductions in ambulation 

(p<0.05). NS-1738 and EE housing individually restored center exploration, suggestive of 

ameliorating anxiety-like behavior (p<0.05). While both NS-1738 and EE rendered trends on 

reducing the extent of cavitation, the combined therapy was ineffective at promoting tissue 

preservation in preliminary findings. Our findings reflect the vulnerability of the elderly 

following TBI and support benefits of α7-NAChR PAM and/or EE treatment after experimental 

brain trauma on sustained attention through cholinergic neurotransmission. 
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Abstract: Environmental enrichment (EE) reliably produces behavioral and histological benefits 

when initiated after experimental traumatic brain injury (TBI). However, no benefit or 



prophylactic effect was revealed in a recent study where EE was provided for 2-weeks before a 

single controlled cortical impact (CCI) impact to the right hemisphere. The lack of protection 

with Pre-TBI EE may have been due to limited exposure and thus to verify the puzzling finding, 

the current study utilized a 4-week Pre-TBI EE paradigm to test the hypothesis that pre-TBI EE 

can exert a prophylactic effect. A group receiving EE before and after TBI was included to 

determine whether Pre-TBI EE affects the robust effectiveness of Post-TBI EE. After 4 weeks of 

EE or standard (STD) housing, anesthetized adult male rats were subjected to a right hemisphere 

CCI injury (2.8 mm deformation at 4 m/s) or sham surgery and then randomly assigned to post-

operative EE or STD conditions. Beam-walk agility and acquisition of spatial learning were 

assessed on post-operative days 1-5 and 14-19, respectively. The Post-TBI EE groups performed 

better than the Post-TBI STD groups (p<0.05) but did not differ from each other (p>0.05). 

However, despite 4 weeks of EE prior to TBI, no prophylactic effect was observed as there were 

no differences between the STD-housed TBI groups regardless of whether they received EE or 

STD housing before surgery (p>0.05). These data reproduce previous findings showing that EE 

post-TBI is effective and replicate a recent report that providing EE prior to TBI does not confer 

protection. 
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Abstract: Transcranial interfering electric field stimulation (TIS) mediates EAAT1 activity 

and microglia polarization to achieve neuroprotective effects in traumatic brain 

injuryAuthors*N.D. HIEU1, C.W. PENG2, J.Y. CHUANG1,3,41Ph.D. Program in Medical 

Neuroscience;2The School of Biomedical Engineering;3International Master Program in Medical 



Neuroscience;4TMU Research Center of Neuroscience, Taipei Medical University, Taipei, 

Taiwan, R.O.C.DisclosuresN.D. Hieu: None. C.W. Peng: None. J.Y. Chuang: 

None.AbstractTraumatic brain injury, especially mild traumatic brain injury (mTBI/concussion) 

mostly happens in daily life results in long-term memory loss and cognitive impairment which 

are consequences of hippocampal dysfunction. Recently, the majority of deep-brain stimulation 

has been used to treat the hippocampus, however, they are invasive and side effects remain 

significant challenges. To address this issue, we have used TIS, which is non-invasive and also 

can deeply impact the hippocampal or thalamic region for treatment. By performing several tests 

in animals such as (1) rotarod test and (2) beam walking test, we initially found TIS could 

improve the balance and motor function of rats after a concussion, that brought us a big question 

mark about which mechanism could promote the efficacy of TIS after TBI. Moreover, we 

understand that during TBI, the heterogeneity of cells undergoes striking changes, but much is 

still unknown due to complex cell states and functional differences. We used single-cell droplet 

technology following 10x genomic protocol and analyzed how TIS improves recovery after TBI 

at the cellular level. R studio and Seurat were the main tools that we used to perform 

bioinformatic analysis. After performing quality control, we eventually discovered 13 cell types 

and observed significant changes in immune cell responses following TIS treatment. We 

advanced to analyze differential gene expression among groups and found that TBI causes 

neurotoxicity by excessively increasing extracellular glutamate as well as neuroinflammation, 

and TIS prevents these consequences from further damage by mobilizing 

microglia to reuptake glutamate release through EAAT1 signaling pathway, meanwhile 

polarizing microglia into M2 phenotypes to ameliorate inflammatory response. Using BV2 cell 

line combined with the LPS condition for in-vitro validation, we successfully found TIS could 

reduce the expression of several common inflammatory markers while improving EAAT1 

expression , which partly suggests the protective activity of microglia through EAAT1. 
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Abstract: Background: Traumatic brain injury (TBI) poses a significant health risk for both 

combat Veterans, Service members, and civilians alike. Among military personnel returning 

from recent conflicts in the Middle East, repetitive mild TBI (r-mTBI) stands out as a leading 

cause of chronic illness. The proposed project aims to investigate the potential advantages of 

administering ST266 via the intranasal route for addressing defects associated with TBI. ST266 

represents a proprietary secretome derived from culturing a unique cell population known as 

Amnion-derived Multipotent Progenitor cells under exclusive, pharmaceutical-grade GMP 

conditions. Method: For this study, there will be 2 exposure groups (Sham or TBI), 2 treatments 

(ST266 treatment or Vehicle starting at 1 month post last injury), 2 sexes and 1 daily treatment 

duration until euthanasia. With 12 mice per group this totals 96 mice. At 1 month post last r-

mTBI/sham mice will receive daily treatment with 10µL/dose ST266 or vehicle control (saline) 

via intranasal delivery (ID) for a period of 4 months (until euthanasia). Learning, memory and 

visual deficits were assessed with the Barnes Maze and optomotor behavioral tests starting at 4 

months post injury. The dose that gives the optimal recovery was assessed by combining the 

scores of the following end points: 1) Optomotor, a rodent visual test, 2) Barnes Maze, a learning 

and spatial memory test, 3) Elevated plus maze an anxiety test, 4) Rotarod a locomotor test and 

5) neuropathology of the brains, eyes, and optic nerves. Results: All mice were healthy 

throughout the course of the study and tolerated both the low and high dose. Following 

euthanasia, no difference in morphology was observed in any of the major organs dissected in 

the first group of male mice. Our initial investigation involving male subjects revealed decreases 

in TBI-induced astroglial (GFAP) and microglial (IBA1) markers, along with a potential 

improvement in learning and cognitive abilities among injured animals treated with the 

intervention. These early results suggest the potential effectiveness of administering ST266 at a 

later stage in mitigating short-term behavioral and pathological consequences following r-mTBI. 

Conclusion: By assessing nuanced aspects of neurobehavioral and pathological deficits, we will 

provide a framework from which informed decisions can then be made about the cellular and 

molecular mechanisms that are most important to improve the understanding, prevention, and 

treatment of psychological health conditions and TBI-related pathology. 
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Title: Deep brain stimulation mitigates memory deficits and increased hippocampal cell counts 

in a rodent model of traumatic brain injury. 
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Abstract: Introduction: Traumatic brain injury (TBI) is a major life-threatening event. In 

addition to neurological deficits, it can lead to long-term impairments in attention and memory. 

Deep brain stimulation (DBS) is an established therapy for movement disorders, such as 

Parkinson’s disease and tremor. To date, DBS has mainly been used as a symptomatic treatment. 

Whether it induces neuroprotective effects is a matter of debate. In rodent models, DBS 

delivered to the anterior nucleus of the thalamus (ANT) induced anti-inflammatory effects 

following strong excitotoxic insults and improved memory performance in various behavioural 

tests. We tested whether DBS administered following TBI improved memory performance and 

induced neuroprotective effects in the lateral fluid percussion (LFP) model. Methods: Male rats 

were implanted with ANT DBS electrodes one week prior to being exposed to LFP. Thereafter, 

animals received active or sham stimulation for 6 hours. Four days later, they were tested in a 

novel object/ novel location recognition and a Barnes maze paradigm. After the experiments, 

hippocampal cells were counted. Separate groups of animals were sacrificed 24h or 72h after 

TBI for the measurement of cytokines and brain derived neurotrophic factor (BDNF). In a 

second set of experiments, TBI-exposed animals receiving active or sham stimulation were 

injected with the tropomyosin receptor kinase B (TrkB) antagonist ANA-12 (5 mg/Kg) alongside 

DBS. Four days later, animals underwent memory testing. Results: Rats receiving DBS had an 

improved performance in the Barnes Maze, a higher expression of hippocampal BDNF and an 

increase in the number of hippocampal cells. No changes in proinflammatory cytokines were 

noticed. The administration of ANA-12 did not change the behavioural effects f DBS. 

Conclusion: DBS delivered immediately after TBI improved memory performance, increased the 

expression of BDNF and the number of hippocampal cells in rats. Mechanisms for these effects 

were not related to an anti-inflammatory effect of mediated via TrkB receptors. 
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Abstract: Prefrontal cortex traumatic brain injury (PFC-TBI) increases the risk of 

neuropsychiatric disorders, particularly anxiety and fear. The association between the PFC and 

learned fear and innate anxiety regulation circuits has been well-documented as have efforts to 

find treatments for those with associated disorders, including chronic traumatic encephalopathy, 

panic disorders, and post-traumatic stress disorder. However, research on the reduction of innate 

anxiety response disorders after TBI is lacking, and therapeutic interventions to prevent or treat 

post-traumatic anxiety are limited. We have shown previously that deep brain stimulation (DBS) 

of the lateral cerebellar nucleus (LCN) enhances cognitive recovery after medial PFC (mPFC)-

TBI using the controlled cortical impact (CCI) model in rats. Here, we used the same model to 

evaluate whether the benefits of LCN DBS would extend to innate anxiety as measured using the 

open field (OF) and elevated plus maze (EPM). All animals underwent mPFC-CCI (week 0), 

unilateral LCN DBS electrode implantation (week 2), and DBS activation (or sham [week 5]). 

OF and EPM performance were measured pre-CCI, four weeks post-CCI (pre-DBS baseline), 

and after four weeks of treatment. Post-mortem, treatment-related effects on post-trauma 

neurodegenerative processes, as well as the expression of immediate early genes (IEGs) across 

the amygdala-PFC pathway, were characterized using immunohistochemistry and arc and c-fos 

expression, respectively. We found that post-CCI animals showed an inhibited innate anxiety 

response compared to pre-CCI and naïve animals, while LCN DBS treatment was associated 

with a significantly greater rate of consolidation of suppressed innate anxiety as compared to 

untreated animals. These behavioral findings were associated further with a suppressed reactive 

microgliosis and gliosis in the perilesional cortex, as well as increased IEGs expression in mPFC 

and ventral hippocampus and decreased IEGs expression in the basolateral amygdala. Overall, 

these results support a potential role for LCN DBS in promoting the consolidation of suppressed 

innate anxiety, possibly mediated by inhibiting the post-trauma neurodegenerative processes and 

the amygdala anxiety circuitry. Therefore, LCN DBS may represent a promising, novel 

therapeutic approach to improve the rehabilitation of innate anxiety responses in patients with 

post-traumatic anxiety who do not respond to traditional rehabilitation efforts. 
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Abstract: Neuroinflammation is a prominent pathological hallmark of traumatic brain injury 

(TBI), but little is known about the specific contribution of brain pericytes to the inflammatory 

response in TBI. In our preliminary data, we observed diminished PDGF-BB levels in brain 

vasculature following r-mTBI. As pericyte health is highly dependent on stimulation of the 

PDGF pathway, the diminished availability of PDGF-BB in the brain following TBI might be 

driving pericyte degeneration post-injury. In this study, we examined the role of brain pericytes 

in the neuroinflammatory process following r-mTBI, and the response of these cells to PDGF-

BB stimulation. Firstly, to evaluate the response of pericytes to external inflammatory stimuli, 

we exposed mouse brain vascular pericytes (MBVP) to a cocktail of inflammatory stimuli for 2 

and 24 h. We tested the physiological response of pericytes to inflammatory stimuli by 

examining PDGFRβ expression levels and observed a 3-fold and 8-fold increase in receptor 

expression at 2 h and 24 h cytokine insult, respectively. To determine whether PDGF-BB might 

prevent or revert pericyte inflammatory status, cultured MBVP were treated with PDGF-BB (10 

ng/mL) prior to, simultaneous, and following the inflammatory insult. While PDGF-BB 

stimulation did lead to a subtle reduction in PDGFRβ levels, administration of PDGF-BB 

following cytokine treatment significantly mitigated the effect of the cytokine insult, lowering 

PDGFRβ levels by nearly 2-fold compared to cytokine insult alone. In addition, we investigated 

the release of inflammatory mediators by pericytes, using both MBVP and ex-vivo pericytes 

isolated from r-mTBI animals (male and female WT C57BL/6 at 3 months age received 2 

impacts per week for 3 months) at 6 months post-injury using magnetic cell sorting. We treated 

them with PDGF-BB directly or via phenytoin administration, which has been shown to induce 

PDGF-BB secretion from brain endothelia. Using an MSD assay, we found that r-mTBI caused a 



robust inflammatory response in isolated pericytes, which was broadly attenuated upon PDGF-

BB stimulation. Furthermore, we found phenytoin modulated several cytokines in the r-mTBI 

pericytes, including IL-1beta and TNF-alpha, which are prominently observed in human TBI 

brains. Overall, our results showed pericytes contribute to the propagation of neuroinflammation 

following r-mTBI and we found that PGDF-BB and/or Phenytoin treatment can mitigate or 

dampen inflamed pericytes following brain injury. Targeting vascular brain pericytes may 

provide novel opportunities to mitigate cerebrovascular-mediated inflammation in the aftermath 

of TBI. 
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Abstract: The blood brain barrier (BBB) shields the brain from chemicals transported in blood 

and plays an important role in the clearance of toxins to maintain brain homeostasis. Because of 

traumatic brain injury (TBI), blood vessels are damaged, tight junctions are disrupted resulting in 

increased paracellular permeability, neuronal loss, cognitive dysfunction. Moreover, post-

traumatic injury results in brain edema due to extensive damage to BBB that results in increased 

intracranial pressure and ischemia. Cognitive functions such as impairment in memory and 

motor functions, are also affected because of injured BBB. We wanted to determine means to 

reduce BBB dysfunction after TBI. Thyroid hormone is crucial for brain development and 

function. Hypothyroidism is a threating complication found in individuals suffering from TBI 

causing neuronal impairment and intellectual deficit. Membrane transporters facilitates the 

transport of thyroid hormone T4 and prohormone T3 across the blood brain barrier. In the current 



study, mice were subjected to fluid percussion injury (FPI) followed by acute T4 treatment (1 

hour and 6 hours post-TBI) to investigate several questions: 1) Does T4 enhance PDGF-B 

binding to PDGFRβ and reduce toxin permeability across tight junctions? 2) Does T4 prevent 

BBB edema and hyperpermeability? 3) What are the roles of transporters and enzymes in thyroid 

hormone transport across the BBB? 4) How do astrocytes contribute to neurotoxicity or 

neuroprotection in T4-treated mice? 5) How does BBB dysfunction affect cognitive behavior? 

Our results showed that T4 treatment post-TBI, reinstated the levels of pericyte and endothelial 

cells associated with BBB dysfunction. Additionally, T4 treatment differentially regulates 

hyperpermeability and edema, mainly in the frontal cortex and hippocampus, through the 

suppression of AQP4 and MMP-9. Thus, T4 shows promise in alleviating vascular leakage and 

reducing inflammation following TBI. 
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Abstract: Motivation: Nearly 5.5 million people suffer a traumatic brain injury (TBI) each year. 

A standard treatment for severe injury is to perform a decompressive craniectomy (DC). This 

project aims to develop an anti-inflammatory drug delivery system to augment the standard DC 

treatment. Intracranial pressure can result in decreased cerebral blood flow and herniation 

leading to death. Although DC can immediately decrease intracranial pressure, the brain is 

unprotected for weeks to months and is associated with neurological symptoms. However, local 

and controlled drug delivery can be implemented during the DC procedure. Numerous candidate 

drugs can be encapsulated and loaded into a pentenoate functionalized hyaluronic acid hydrogel. 

Using a rat model of TBI, this study is assessing the efficacy of this delivery system for motor 

outcomes. Methods: To assess the feasibility of this approach, Long Evans rats (male, 10-12 



weeks old, 350-415g) were trained on a reach task requiring rats to reach and grasp small food 

pellets placed outside of a Plexiglas behavioral box with the preferred forelimb. Food pellets 

were singularly presented for 60 trials per session. Once a rat reached >60% success rate, a pre-

injury baseline was established. Rats were assigned randomly to one of three experimental 

(hydrogel) conditions. Experimental (hydrogel) conditions: 1) dexamethasone (DEX); 2) 

indomethacin (INDO); 3) metformin (MET). Reach performance was assessed once per week for 

8 weeks after the CCI injury. A controlled cortical impact (CCI) procedure was then used to 

deliver a TBI to the rat forelimb motor cortex contralateral to the trained forelimb. A 5mm 

diameter craniectomy was made to access the cortex in all groups. Immediately following the 

CCI injury an 8 X 5 mm craniectomy was performed, mimiking DC. Results: Our initial data 

showed a significant motor deficit for each TBI group during the first week post-TBI. Over the 

course of 8 weeks, INDO and DEX rats showed an increase in motor performance. MET showed 

an initial robust effect but declined over time. Historical data show that under the same CCI 

conditions, rats with DC only or DC plus hydrogel without drugs did not recover to baseline 

levels of performance. This adds to the information on effects of controlled and local drug 

delivery to the cortex on motor recovery post-TBI. Conclusion: Based on our preliminary 

feasibility study, a more extensive study is in progress to assess the efficacy of various drug 

eluting hydrogels after TBI. 
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Abstract: Traumatic Brain Injury (TBI) is a debilitating condition associated with pathological 

changes in the brain caused by an external force. Following TBI, there are many identifiable 

events that propagate the developing pathology including the production of reactive oxygen and 



nitrogen species (ROS and RNS respectively) as a result of mitochondrial damage and 

dysfunction. Thus far, mitochondria dysfunction related secondary brain injury following TBI is 

well studied from mechanistic and pharmacological perspectives. In TBI therapeutic 

development, published studies have found that two natural products, curcumin (a dietary 

product) and melatonin (the major pineal hormone), have beneficial effects for TBI. Recently, 

we have developed a novel hybrid compound derived from curcumin and melatonin, ZCM-I-1, 

with specifics on mitochondrial dysfunction induced oxidative stress. In a mouse transgenic 

model of Alzheimer’s disease, this novel compound showed significant beneficial effects in 

reduction of oxidative stress and microglial activation, and enhancement of synaptic plasticity 

via its interaction with mitochondrial complex I. In this study, we have explored the therapeutic 

effect of ZCM-I-1 for TBI. Adult male Sprague-Dawley rats were subjected to a moderate 

cortical impact injury. Following injury, animals received 4 doses of ZCM-I-1 (50mg/kg, i.p.) at 

30 minutes, 6, 24 and 30 hours after CCI. Animals were survived for 2 or 28 days post-injury. 

The groups of animals which survived for 2 days were subjected to assessment of injury-induced 

degenerative neurons and mitochondrial function using using a Clark electrode for oxidative 

phosphorylation studies. Those survived for 28 days, sensorimotor and cognitive functions were 

assessed, and brain tissues were processed for histological examination to measure cortical lesion 

volume. We found that following TBI, ZCM-I-1 administration significantly reduce the number 

of degenerative neurons in the injured cortex and hippocampus. Injured animals received ZCM-

I-1 treatment also had significant improvement in both motor and cognitive functions. We have 

also found an improved mitochondria complex I mediated respiration in the injured cortex in 

animals treated with ZCM-I-1. Our data suggest that our novel compound has neuroprotective 

effects for TBI. Further study examining the effect of ZCM-I-1 treatment on post-TBI 

neuroplasticity is ongoing. Sponsored by NIH grant UO1 CA266981. 
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Abstract: Traumatic brain injury (TBI) disrupts brain structure and function, triggering 

metabolic, inflammatory, and degenerative changes, including accumulation of 

hyperphosphorylated tau aggregates that can spread throughout the brain in a prion-like manner. 

An important abnormality associated to both TBI and Tau deposition is mitochondrial 

dysfunction which may play an important role in neurodegeneration. We propose systemic 

administration of purified mitochondria as a treatment to halt Tau aggregation triggered by TBI. 

Five-month-old male and female PS19 Tau-P301S transgenic mice were distributed into three 

groups (n=11-18 per group): 1-TBI; 2-TBI+Mitochondria; 3-Untreated. Each mouse underwent a 

single TBI event using controlled cortical impact (CCI) and treated with isolated functional 

mitochondria. Treatment with fresh mitochondria, extracted from mouse neural precursor cells, 

began immediately post-TBI and continued weekly for up to four months post-TBI. We used the 

rotarod apparatus to test all mice at 7, 14, 21, 28 days post-TBI, with a final test at the endpoint. 

After euthanizing all animals, we studied the impacted hemisphere using ELISA to evaluate 

pS199-Tau levels. We used the contralateral hemisphere for histology studies (IHC) performing 

semiquantitative evaluations of cortical thickness, NeuN+ cell densities, brain inflammation and 

Tau deposition. Results showed significant improvement in the latency to fall at 14 DPI and 21 

DPI, reaching a recovery plateau at 28 DPI in both groups. At nine months, TBI-exposed mice 

receiving treatment outperformed the TBI alone group, with no significant differences compared 

to the untreated group. ELISA results showed TBI significantly increased pS199-Tau levels 

compared to untreated animals. Importantly, mitochondria treatment significantly reduced this 

increase, keeping pS199 at levels comparable to those of animals not exposed to TBI. 

Histological studies revealed conserved cortical thickness and increased NeuN+ cell density in 

treated animals. Our study suggests that systemic administration of mitochondria could be a 

potential treatment strategy to halt Tau pathology triggered by TBI and associated 

neurodegeneration. Further studies are needed to validate these findings and explore the potential 

therapeutic implications for patients affected by TBI. 

Disclosures: N. De Gregorio: None. T. Sinha: None. N. Astudillocorral: None. S. Sepulveda: 

None. T. Allison: None. C.A. Soto: None. S.D. Ramirez: None. 

Poster 

PSTR273: Therapeutic Strategies for Brain Injury With a Human and Non-Primate 

Mammal Focus 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR273.17/C87 



Topic: C.10. Brain Injury and Trauma 

Support: NIH 1R21NS135301-01A1 to DAP and RAM 

Title: Selective sequential viral vector delivery of transgenes to glial progenitor cells with 

temporal specification as a reprogramming strategy to facilitate neuronal subtype lineages 

Authors: E. REISENBIGLER1, *R. A. MARR2, D. A. PETERSON1;  
1Ctr. for Neurodegenerative Dis. and Therapeut., Ctr. for Stem Cell & Regenerative Med., 

Rosalind Franklin Univ. of Med. and Sci., North Chicago, IL; 2Rosalind Franklin Univ. of Med. 

and Sci., North Chicago, IL 

Abstract: Viral delivery of transgenes to the CNS has been widely used for experimental, and 

increasingly, therapeutic objectives. If the study objectives require expression of multiple genes, 

the current strategy is coinfection with separate vectors. In addition to the lack of efficiency in 

ensuring each cell gets one copy of the desired transgenes, all transgenes are expressed 

simultaneously. However, cell lineage reprogramming studies need to introduce a second gene 

construct to specify the cell lineage once reprogramming is initiated, thereby mimicking the 

sequential instructions presented for cell subtype specification during development. The EnvA 

pseudotyping of rabies virus offers one suggestion for the selective, subsequent infection of a 

specific cell, in this case, one ectopically expressing the avian TVA receptor. This approach has 

been used successfully for transsynaptic labeling following a second gene delivery of the EnvA-

pseudotyped rabies virus. Inspired by this strategy, we generated a retroviral construct expressing 

TVA and dsRed and used this to infect adult rat cortical glial progenitor cells (oligodendrocyte 

progenitor cells- OPCs) in vitro. Infection with the RV-TVA-dsRed resulted in dsRed detection 

in proliferating OPCs. To achieve a subsequent specific targeting of these TVA-dsRed-

expressing OPCs, we pseudotyped lentiviral constructs expressing eGFP using either 1) the 

commonly used VSVG envelope protein , or 2) an EnvA envelope protein altered to contain the 

transmembrane region from VSVG. While VSVG-pseudotyping allows entry into a wide variety 

of cells, EnvA-pseudotyped lentiviral particles will only enter cells expressing the avian TVA 

receptor. We confirmed this selectivity by the absence of any cells expressing eGFP only in 

naïve rat OPCs treated with EnvA-pseudotyped lentivirus in vitro. However, EnvA-LV-eGFP 

infected TVA-dsRed-expressing rat OPCs, leading to detection of the eGFP reporter, but only in 

TVA-dsRed-expressing cells (resulting in yellow cells). In contrast, VSVG- LV-eGFP infected 

both TVA- and non-TVA-expressing cells resulting in detection of both yellow and green-only 

cells, respectively. These results demonstrate the ability to express a reprogramming factor in the 

first infection where ectopic expression of TVA will allow for selective “follow-up” infection 

with additional genes for lineage specification at defined temporal intervals. This strategy 

facilitates neuronal reprogramming and could have much wider implications for any 

experimental study or therapeutic objective using gene delivery or gene editing. 
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Abstract: Intracerebral hemorrhage (ICH) is a subtype of stroke that is characterized by a bleed 

into the brain parenchyma. ICH is an emergency medical event that results in high mortality and 

can result in significant brain atrophy in those who survive. Patients undergo an initial CT or 

MRI image screening upon arrival at the hospital, which serves to guide the urgency of 

treatment. Often, after the initial bleed, neurologic symptoms are the primary guide for prognosis 

and treatment, and do not commonly involve further imaging. Understanding the progression of 

pathology in relation to recovery would be beneficial to the field, and multimodal MRI may 

serve this goal. Basal ganglia hemorrhages are the most common ICH, with symptoms that 

include motor impairments, headache, nausea, emotional dysregulation, and cognitive 

impairments. In this study, we developed a rat model of basal ganglia ICH and tracked the 

longitudinal progression of the hematoma pathology along with parameters of neurological 

function. Five female young-adult Sprague Dawley rats received 0.3µl of 1mg/mL Collagenase 

IV intracerebrally at a rate of 0.2µl/min with the stereotaxic coordinates of 3.5mm left of Bregma 

and 4.5mm beneath the skull. MRI data was collected on a 7T/17cm scanner and included T2, 

Susceptibility Weighted Images (SWI), and Diffusion Tensor Imaging (DTI) at pre-ICH and 

post-ICH days 0, 1, 2, 5, 7, 14, 21, 28, and 56. The T2 images allowed for careful tracking of the 

path from the point of injection to the targeted area, in addition to confirming the accuracy of 

hematoma location between animals. The largest volume of hematoma was observed post-ICH 

day 2 consistently among animals with a total volume average of 23mm3. Additionally, at post-

ICH day 2, we observed a dramatic shift in hematoma composition consistently across all 

animals, specifically an increase in edema. The SWI data serves to generate quantitative 



susceptibility mapping (QSM) to measure direct concentration changes of iron within the 

hematoma. This allows us to measure the direct proportion of iron to the overall 

hematoma/edema volume. Midline shift is commonly observed in association with ICH, and in 

our model, midline shift is presented within post-ICH day 1 and resolved by post-ICH day 7. We 

examined the performance of quantitative anisotropy (QA) in facilitating deterministic fiber 

tracking in the ipsilateral hemisphere of the hematoma compared to corresponding areas of the 

contralateral unaffected hemisphere. The establishment of this chronic basal ganglia ICH model 

will serve as a foundation for interventional pharmaceutical studies to target the hematoma 

progression that is associated with these symptoms. 
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Abstract: Traumatic brain injury (TBI) causes the blood-brain barrier (BBB) dysfunction and 

transmigration of inflammatory immune cells into the brain, an important mechanism underlying 

neurovascular damage and neuroinflammation. Adhesion of leukocytes to endothelial cells is a 

critical step in the migration of leukocytes into injured tissues. Although multiple factors are 

involved in the causation of the transmigration of leukocytes to the brain, recently, we have 

demonstrated that Intercellular Adhesion Molecule 1 (ICAM-1) is one of the key regulators of 

the transmigration of leukocytes to the brain after TBI. Previously, it has been demonstrated that 

the activation of leukocytes, especially neutrophils causes the release of nuclear and granular 

contents to form an extensive web-like structure of DNA called neutrophil extracellular traps 

(NET). Although the mechanism of the formation of NET and its role in exacerbating 

neurological deficits in stroke is evident, the role of NET in TBI is not yet fully elucidated. 

Moreover, it is not clear whether blocking of formation of NET provides better outcomes after 



TBI. Therefore, an approach to suppress the formation of NET would be a valuable therapeutic 

strategy and to analyze the efficacy of the therapy in the functional recovery level after TBI. We 

hypothesize that inhibition of peptidyl arginine deiminase type 4 (PAD4), an enzyme required 

for NET formation, using PAD4 antagonistic peptide (PAP) will attenuate the formation of NET 

and promote neovascularization after TBI. Here, we tested whether PAP reduces PAD4 

expression, inhibits NET formation, and promotes neovascularization. We validated the role of 

PAD4 in the formation of NET by CRISPR/Cas9 mediated PAD4 gene deletion in human brain 

microvascular endothelial cells (hBMVECs) and human neutrophil co-culture in vitro and PAD4 

knockout (KO) mice (PAD4−/−) in vivo. Therefore, in this project, we target a subset of events 

towards unraveling a larger picture of neurovascular remodeling and functional recovery after 

TBI by attenuating PAD4 activity using a novel small peptide developed in the PI’s lab. This 

work was supported by the NIH grants 1R01NS133233-01A1 and 1R21AA030625-01. 

Disclosures: B. Saikia: None. Y. Poovanthodi: None. P. Abdul-Muneer: None. 

Poster 

PSTR273: Therapeutic Strategies for Brain Injury With a Human and Non-Primate 

Mammal Focus 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR273.20/C90 

Topic: C.10. Brain Injury and Trauma 

Support: DoD Grant AZ180035 

Title: Chronic glial activation and behavioral alterations induced by acute/subacute pioglitazone 

treatment in a mouse model of traumatic brain injury 

Authors: L. ESTRELLA, J. MANGANARO, A. SHELDON, B. LAMBERTY, *K. STAUCH;  

Univ. of Nebraska Med. Ctr., Omaha, NE 

Abstract: Traumatic brain injury (TBI) is a disabling neurotraumatic condition and the leading 

cause of injury-related deaths and disability in the United States. Attenuation of 

neuroinflammation early after TBI is considered an important treatment target; however, while 

these inflammatory responses can induce secondary brain injury, they are also involved in the 

repair of the nervous system. Pioglitazone, which activates peroxisome proliferator-activated 

receptor gamma (PPAR-γ), has been shown to decrease inflammation acutely after TBI, but the 

long-term consequences of its use remain unknown. For this reason, the impacts of treatment 

with pioglitazone during the acute/subacute phase (30 min after injury and each subsequent 24 

hours for 5 days) after TBI were interrogated during the chronic phase (274 days after injury) in 

mice using the controlled cortical impact model of experimental TBI. Acute/subacute 

pioglitazone treatment after TBI results in long-term deleterious consequences, including 



disruption of tau homeostasis, chronic glial cell activation, and worsened injury severity, with 

male mice being more susceptible than female mice. Further, male pioglitazone-treated TBI mice 

exhibited increased dominant and offensive-like and decreased non-social exploring behaviors. 

This work reveals that timing and long-term consequences of treatment with glitazones must be 

considered and further studied prior to their use in the clinic for TBI therapy. 
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Abstract: Traumatic brain injury (TBI) is caused by an external force inflicted on the head, 

which disrupts normal brain functioning. Moderate to severe TBI is particularly associated with 

psychiatric and neurobehavioral issues, engendering an emergent need for rehabilitative care. In 

accordance with this need, different interventions have been explored including, in a limited 

capacity, music. Recent literature has discussed the effectiveness of music for a range of 

psychopathologies, such as anxiety, apathy, and mood disorders, noting music’s ability to induce 

feelings of pleasure and its relationship to brain reward circuitry. However, whether music can 

effectively mitigate the social, emotional, and behavioral difficulties of TBI is currently unclear. 

Addressing these concerns, this systematic review investigates the impact of music-based 

interventions on psychiatric and psychological outcomes of TBI. We searched five databases 

(MEDLINE via PubMed, Embase, APA PsycINFO, Cochrane Central Register of Controlled 

Trials, and CINAHL Complete), and the population of our interest was restricted to adults (age 

18+) with TBI. Two reviewers independently completed the study screening, data extraction, and 

quality assessment using the Cochrane risk of bias 2 tool for randomized controlled trials (RCTs) 

and risk of bias in non-randomized studies - of interventions tool for observational studies. Data 

on study and intervention characteristics, measures, and psychiatric/psychological outcomes 

(stress, mood, anxiety, depression, social interaction, agitation, inertia, and sleep quality), were 



extracted. PROSPERO ID: CRD42024528029. We identified 2,467 articles, and 8 studies were 

included (n = 85 TBI patients). Five studies (62.5%) were observational studies while three 

studies (37.5%) used RCTs. The mean time since injury ranged from 40 days to 8 years, and the 

severity covered mild (n = 8), moderate (n = 22), and severe (n = 55). The methods of music 

engagement varied, including music listening, song singing, instrumental playing, musical 

improvisation, relaxation with music, and music lessons. The included studies ranged from some 

concerns to critical in quality. Our review suggests that a broad scope of music-based 

interventions, both receptive and active, may improve the psychiatric and psychological 

outcomes in adult TBI patients. This result proposes the use of music as an accessible and cost-

effective nonpharmacological intervention to address psychiatric and neurobehavioral problems 

of TBI. Future studies should address limitations on the heterogeneity of interventions and poor 

study quality. 
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Abstract: Nonpharmacological therapies have shown efficacy for treating chronic pain in 

veterans with Gulf War Illness (GWI). We have previously shown that brainstem structures play 

an important role in pain sensation and modulation in GWI. The current study aimed to use 

brainstem imaging to assess the effects of pain treatments in a subset of veterans who were 

participating in a randomized controlled trial comparing yoga therapy to cognitive behavioral 

therapy (CBT) for chronic pain and other symptoms of GWI. 

At baseline 13 veterans with GWI (aged 45-64 years, 10 males) were assessed using a range of 



standard clinical measures and a structural MRI. Participants then received 10 weeks of either 

yoga therapy (n=6) or CBT (n=4) consisting of 10 weekly group sessions with home practice. At 

the end of treatment, a total 10 participants were given clinical assessments and a second MRI. 

Pre- and post-treatment MRI data analysis measured gray matter volumes in brainstem regions-

of-interests, and fractional anisotropy (FA) of brainstem white matter tracts.At baseline, after 

controlling for age, sex and education, lower FA in the dorsal longitudinal fasciculus (DLF) was 

associated with higher pain severity (r = -.916, p = 0.001) on pain intensity ratings of the Brief 

Pain Inventory (BPI), and the McGill Pain Questionnaire-Short Form (MPQ-SF) visual analogue 

pain scale (r = -.809, p = 0.015). At end of treatment, improvements were found in the degree to 

which pain interferes with daily function (BPI pain interference, t = -3.03, p =.01) and the 

affective dimension of pain (MPQ, t = -3.25, p =.01). Improvements in mood were also found, as 

measured by the Tension scale of the Profile of Mood States-Short Form (t = -4.39, p =.002), and 

the Emotional/Wellbeing scale of the SF-36 Health Questionnaire (SF-36) (t = -3.17, p =.01). 

Brainstem imaging showed limited changes following treatment. Correlational tests showed that 

decreased BPI pain interference (r = -.831, p = .006) and BPI pain intensity (r = -.640, p = .46) 

following treatment were associated with increased volume in the periaqueductal gray (PAG). 

Increased PAG volume after treatment was also associated with improved energy (r = .653, p = 

.041) and emotion (r = .708, p = .022) as measured by the (SF-36). 

The findings suggest treatment of chronic pain in GWI is associated with an increase in the PAG 

volume, possibly due to a treatment-related enhancement of endogenous pain modulation. 

Furthermore the integrity of the DLF may be related to chronic pain perception, rather than a 

direct response to pain treatment. 
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Abstract: Neuromodulation using deep brain stimulation (DBS) has been established as a safe 

and effective treatment to relieve symptoms for movement disorder patients. In recent work, we 

demonstrated in anesthetized non-human primates (NHPs) that low-frequency (50-80Hz) 

stimulation of the motor thalamus recruits afferent fibers to the motor cortex to enhance the 

excitability of the corticospinal tract (CST) and corticobulbar tract (CBT), potentiating upper-

limb and facial muscle motor evoked potentials, even after lesions of the white matter tracts. We 

then tested whether these effects translated to human subjects in one patient who suffered severe 

traumatic brain injury with bilateral lesions of the CST and CBT and underwent DBS implants in 

the motor thalamus to treat tremors. The patient presented with hyperreflexia, bilateral arm and 

facial paresis, and profound dysarthria. We assessed the immediate effect of motor thalamus 

stimulation on voluntary movements of the left arm and the face. The participant performed grip 

strength, reach tests, and voluntary facial motor tasks with and without stimulation. Bilateral 

motor thalamus stimulation at 55 Hz led to an immediate statistically significant increase in 

shoulder abduction, elbow extension, and arm elevation. Similarly, stimulation of the motor 

thalamus enhanced voluntary facial movements as compared to periods without stimulation. 

Importantly, both EMG and kinematic recordings showed the largest and fastest movements with 

acute stimulation at 55Hz as compared to standard clinical stimulation at 130Hz further 

confirming the optimal stimulation parameters as determined in NHPs. With the clinical 

stimulation parameters set to 55Hz, we then evaluated the long-term effects of thalamic DBS and 

continued longitudinal follow-up for 2 years. In addition to completing voluntary facial motor 

tasks across 3 sessions, the participant’s caregivers documented their daily activity and motor 

recovery exercises for over 5 months. Results were plotted across time for visualization of 

longitudinal trends. Repetition of the voluntary facial tasks showed a consistent increase in 

amplitude and mean velocity of facial movement over time. Documented daily activities 

tolerance, specifically steps and standing time, increased by 40%. These results demonstrate the 

immediate and long-term restorative effects of thalamic stimulation on enhancing facial and limb 

muscle activation, to ultimately improve motor function. Further experiments in a larger patient 

population will be necessary to confirm our results. 

Disclosures: L.W. Tang: None. E.M. Grigsby: None. J.C. Ho: None. A. Damiani: None. D.J. 

Crammond: None. T. Constantine: None. M. Capogrosso: None. J.A. González-Martínez: 

None. E. Pirondini: None. 

Poster 

PSTR273: Therapeutic Strategies for Brain Injury With a Human and Non-Primate 

Mammal Focus 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR273.24/C94 

Topic: C.10. Brain Injury and Trauma 



Support: Private donation 

Title: Changes in brain structure and age in Veterans with TBIs following treatment with 

magnesium-ibogaine 

Authors: A. GEOLY1, *J. COETZEE1, W. STRUCKMANN1, D. BUCHANAN1, A. AZEEZ1, 

B. KIM1, K. CHERIAN1, M. M. ADAMSON2, N. WILLIAMS1;  
1Dept. of Psychiatry and Behavioral Sci., Stanford Univ., Palo Alto, CA; 2VA Palo Alto Hlth. 

Care Syst., Stanford Univ., Palo Alto, CA 

Abstract: Introduction: TBI is common among Veterans of recent conflicts, and may lead to a 

range of symptoms, as well as accelerated brain aging. Ibogaine, a psychoactive alkaloid, has 

neuroplasticity-promoting properties. It may help remodel neural circuitry and improve 

functioning in Veterans with TBI. Methods: We conducted an observational study with 30 

Veterans with multiple blast TBI (mbTBI) and complex clinical problems who received ibogaine 

treatment, preceded and followed by preparation and integration. At baseline, immediate post, 

and 1-month, we performed clinical assessments and structural MRI scans. We derived cortical 

thickness (CT) measures with the ANTs longitudinal CT pipeline and evaluated CT and volume 

in cortical and subcortical gray matter, and in cerebellar ROIs. To evaluate longitudinal changes 

in CT across ROIs, we used linear mixed effects (LME) models. We used the algorithm 

brainageR to measure brain age. Results: A Wald Χ2 test of regional LME models revealed a 

significant (pFDR less than 0.05) effect of study visit on CT in 13 ROIs. Pairwise t-tests 

demonstrated significant (pholm<0.05) increases in CT following ibogaine relative to baseline 

visit in 11 regions. For subcortical volume, Wald Χ2 test of the subcortical LME models revealed 

a significant (pFDR less than 0.05) main effect on the log-jacobian determinant in the Right 

Ventral Diencephalon. Wald Χ2 test of the LMEs revealed a significant change in brain age 

across time points [Χ2(2)=10.64, p=0.0049]. Post-hoc t-tests gave a significant (pholm less than 

0.05) reduction of 1.60 years in predicted brain age relative to baseline one month after treatment 

(t=3.18, p=0.0082, d=1.035). 

Conclusions: This provides the first evidence of measurable brain morphometric changes in 

humans following ibogaine therapy. More research is needed to understand the mechanisms by 

which ibogaine works and to determine long-term impact on cortical structure. 
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Abstract: Objective: This analysis sought to identify the neural mechanisms underlying the 

strong therapeutic results from a recent study that evaluated the safety and clinical impact of 

ibogaine in treating military veterans with traumatic brain injury (TBI). TBI is a leading cause of 

disability with sequelae of psychiatric symptoms such as post-traumatic stress disorder (PTSD), 

major depressive disorder (MDD), and generalized anxiety disorder (GAD). 

Methods: We collected arterial spin labeling (ASL) and blood-oxygen-level-dependent (BOLD) 

functional magnetic resonance imaging (fMRI) data at three-time points pre and post-treatment 

on 30 Special Operations Veterans (SOV) who had voluntarily enrolled in tabernanthe iboga 

exposure at a clinic in Mexico. We used a multimodal whole-brain resting-state exploratory 

approach of examining changes to regional Cerebral Blood Flow, Functional Connectivity, and 

Network communication to characterize neural features that were altered post-ibogaine 

treatment. 

Results: Significant changes were identified in blood flow (p less than 0.001, PFDR less than 

0.05), functional connectivity (p less than 0.005), and networks of the limbic and sensory-motor 

system, regions associated with TBI and PTSD. We found associations between neuroimaging 

findings in the left hemisphere insula, anterior cingulate cortex, and hippocampus-dorsal 

attention network with clinical measures of disability index and PTSD symptomology. 

Conclusions and Relevance: Our novel multimodal neuroimaging approach revealed potential 

mechanisms underlying the therapeutic benefits of ibogaine for SOV suffering from TBI with 

comorbid disability and psychiatric symptoms. Further research with larger and diverse 

populations would be beneficial to establish clinical and neuroimaging alterations from ibogaine 

on subjects without lifetime TBIs or combat-induced PTSD. 
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Abstract: Head trauma often impairs decision making processes mediated by the prefrontal 

cortex (PFC) leading to increased risk-taking behavior. Although many individuals including 

athletes and military personnel experience repeated mild traumatic brain injuries (rmTBIs), the 

consequences of sustaining multiple traumatic events and whether such effects are sex-dependent 

remain elusive. The catecholamine neurotransmitters, dopamine (DA) and norepinephrine (NE), 

modulate the PFC’s actions and require precise regulation for optimal PFC operations. 

Imbalances in catecholamine function are theorized to underlie aberrant decision making 

following TBI. The psychostimulant, methylphenidate (MPH), elevates catecholamine levels by 

blocking DA and NE reuptake transporters (NET). Due to MPH’s efficacy in reducing risky 

behavior in patients with ADHD, it has been considered as treatment for alleviating similar 

neurocognitive symptoms following TBI. Here we used a closed head-controlled cortical impact 

model to induce up to 3 mTBIs, the probabilistic discounting task of risky decision making, and 

western blotting to determine the effects of chronic low-dose MPH (0.5 and 2 mg/kg, i.p.) on 

risky behavior and catecholamine regulatory protein levels within specific PFC subregions 

following rmTBI in male and female rats. rmTBI alone increased risky choice preference in 

saline-treated females, but not males. MPH prevented rmTBI-induced risky choice in females but 

promoted risky choice preference in rmTBI males. Within the medial PFC, expression levels of 

packaging protein vesicular monoamine transporter (VMAT) were decreased in both male and 

female saline-treated rmTBI groups. MPH treatment normalized VMAT levels in injured females 

but not males. Within the orbitofrontal cortex, VMAT and NET were decreased only in males 

exposed to both rmTBI and MPH. Our results suggest that females are more susceptible to 

rmTBI-induced behavioral disruption and rmTBI reduces transporter levels within subregions of 



the PFC. In addition, MPH treatment produces restorative benefits in females, but exaggerated 

pathological outcomes in males. This study is the first to reveal a potential sex-specific 

psychostimulant therapeutic strategy for rmTBI-induced risky behavior and neuropathological 

outcomes. 
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Abstract: SARS-CoV-2 infection elicits a range of symptoms including sneezing, coughing, 

respiratory distress, and pain. These symptoms are mediated by sensory neurons that innervate 

the skin and viscera, but little is known about how these neurons are activated by viral infection. 

Proteases derived from bacteria, allergens and plants directly act on sensory neurons to trigger 

itch, pain and airway dysfunction. We thus asked if the SARS-CoV-2 Main protease (Mpro), that 

is required for viral replication, also activates sensory neurons.Using in vivo calcium imaging in 

Pirt-cre; GCaMP6s mice (n=8 animals), we found that 35.45% of trigeminal neurons displayed 

an increase in intracellular calcium following intranasal protease administration. 51.28% of 

Mpro-activated neurons also respond to capsaicin, suggesting that Mpro activates a subset of 

airway innervating nociceptors. To assess whether Mpro acts directly on neurons, we used in 

vitro calcium imaging dorsal root ganglia neurons (n=3 animals). We see 3.07% neurons show 

an increase in calcium after Mpro treatment, 88.73% of which are also activated by both AITC 

and capsaicin. These findings reveal a novel role for SARS-CoV-2 Mpro in the activation of 

nociceptors that may promote pain and inflammation. 
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Abstract: Atopic dermatitis (AD), also known as eczema, is a chronic inflammatory skin disease 

that causes redness, skin lesions, and debilitating itch. AD-induced itch is mediated by aberrant 

interactions between keratinocytes, immune cells, and sensory neurons. Clinical studies have 

shown that approximately 60% of individuals with AD also experience pain with some 

describing their itch using terms commonly associated with neuropathic pain, such as burning, 

prickling, and tingling.1,2 However, little is known about the mechanisms by which this skin 

disease leads to persistent pain. We developed an unbiased approach to characterize a range of 

behaviors that occur in the MC903 mouse model of AD. Specifically, we applied MC903 to the 

shaved left cheek of 8-14 week old wild-type male and female mice for 7 consecutive days. Mice 

were acclimated to recording chambers on the last day of MC903 application. On day 8, mouse 

behavior was recorded using cameras positioned at multiple angles for subsequent behavior 

scoring. The treated cheek skin tissue was collected at the end of the experiment to conduct flow 

cytometry to assess immune cell infiltration. As previously described, MC903-treated mice 

exhibited increased total scratching time, number of scratching bouts, and number of neutrophils, 

basophils, and CD4+ T cells in the skin, compared to vehicle-treated mice. We also observed and 

quantified a range of behaviors including single arm wiping as a metric of pain-like behavior and 

grooming. We found that the MC903-treated mice displayed more single forearm wipes than 

vehicle-treated mice and spent less time grooming. Furthermore, we observed unreported 

behaviors and disruptions to the highly stereotyped pattern of grooming behavior. Our 

preliminary data shows that mice treated with MC903 wiped their face with both forearms 

outside of grooming sequences more compared to vehicle-treated mice. This work establishes a 

platform to study the mechanisms that drive different pain- and itch-like behaviors in a mouse 

model of Atopic Dermatitis. 
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Abstract: The Sigma-2 receptor/TMEM97 (σ2R/TMEM97) is a transmembrane protein located 

in the plasma and endoplasmic reticulum (ER) membrane with promising analgesic properties, as 

indicated by recent studies. A ligand targeting σ2R/TMEM97, FEM-1689 (20 mg/kg), has shown 

efficacy in reducing neuropathic pain-induced mechanical hypersensitivity. However, the 

involvement of Tmem97 in inflammatory pain-like responses has been less studied compared to 

neuropathic pain. Our study aims to elucidate the role of σ2R/TMEM97 in inflammatory pain-

like responses that resemble pathological pathways implicated in diseases affecting a larger 

population, thereby providing significant translational impact. Based on previous studies, we 

hypothesized that inhibiting σ2R/TMEM97 function would increase the inflammatory pain-like 

response. To test this hypothesis, we used global Tmem97 knockout (KO) and nociceptor-

specific conditional Tmem97 knockout mice (cKO) models (both male and female at 2-3 months) 

for target validation to examine the cellular role of σ2R/TMEM97, as compared to its 

pharmacological response. First, we assessed mechanical and thermal stimulated pain-like 



behaviors using a Complete Freud’s Adjuvant (CFA)-induced inflammatory pain model. Studies 

were completed blinded to mouse genotype. We then measured Tmem97 RNA expression 

changes in the dorsal root ganglion (DRG) before and after CFA injection using RNAscope 

fluorescent in situ hybridization (FISH) followed by immunohistochemistry (IHC). Our results 

showed that Tmem97 KO mice exhibited prolonged hypersensitivity to mechanical stimulation 

using von Frey testing, but not to thermal stimulation using the thermal plantar assay and acetone 

test compared to wildtype (WT) mice. The Tmem97 cKO mice showed a similar behavioral 

effect, albeit to a lesser degree. We also observed a decrease in Tmem97 RNA expression in the 

paw-innervating DRG, reaching a maximum decrease three days post-CFA injection, which 

returned to baseline as inflammatory pain-like responses resolved. We found that the loss of 

Tmem97 exacerbated the resolution of inflammatory pain in a sensory modality-dependent 

manner. Our study provides insight into the peripheral role of σ2R/TMEM97 in inflammatory 

pain modulation, suggesting it as a promising therapeutic target for inflammation-associated 

pain. Future research aims to characterize the functional electrical activity of isolated mouse 

DRG from WT, Tmem97 KO, and nociceptor-specific Tmem97 cKO cells to delineate potential 

analgesic effects at the cellular level and explore possible mechanisms of action. 
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Abstract: Endometriosis is a chronic inflammatory disease affecting an estimated 10% of 

females. Adherent, benign lesions arise in this disease forming on multiple visceral organs 

including the uterus, bladder, and peritoneal wall. There is no agreed upon cause of 



endometriosis although reverse menstruation has been proposed as a possible mechanism. 

However, most women who experience reverse menstruation will not form the disease. 

Endometriosis causes extreme abdominal pain as well as infertility both of which significantly 

decrease patient quality of life. In addition, the time to diagnose endometriosis is, on average, 10 

years from the onset of symptoms. The disease is classified into four stages defined by the 

location, number, and severity of lesions. As the determined stage increases, so does the reported 

pain and infertility of the patient. However, little is known about lesion inflammatory and 

hormonal microenvironment between lesions and stages of disease. Unfortunately, there are few 

therapeutic options available for patients. 

Removal of lesions by minimally invasive laparoscopic surgery results in a rescue of abdominal 

pain and infertility in some women. However, of those that had successful pain remediation, 

about 50% will have a return of pain and lesions, necessitating multiple surgeries. Hormone 

therapy is another method to treat the pain caused by endometriosis, but the side effects are often 

unacceptable to patients. While endometriosis is known to be an inflammatory disease and that 

estrogen levels regulate symptoms, the underlying microenvironment of these factors within and 

between lesions is unknown. We hypothesized that lesions contain increased levels of 

inflammatory and hormonal regulators which correlate to disease stage and lesion severity. 

We evaluate women undergoing surgery to remove lesions. Women are first identified by 

obstetric and gynecological providers with specialties in gynecological surgery. Following 

consent and during surgery, we collect biopsies including both healthy and abnormal tissues. 

Disease severity score is provided by surgeons. Collected samples are snap frozen for 

downstream analyses including real-time quantitative PCR (qPCR) and ELISA. Preliminary 

results indicate increases in inflammatory and hormonal mediators within lesions compared to 

healthy peritoneal tissue. Specifically, interleukin-1 beta (IL-1β) and IL-6, as well as estrogen 

receptors one and two (ESR1 and ESR2) are elevated within lesions. In addition, pro-

inflammatory mediators positively correlate with one another and lesion severity. These data 

suggest a possible role of these factors underlying endometriosis. 
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Abstract: Post-operative pain is the most common and urgent pain in the clinic. Previous studies 

have shown that cannabinoid type 1 receptor (CB1R) can exert analgesic effects in pain, but due 

to its widespread expression in the central nervous system, drugs targeting CB1R may have 

adverse effects such as psychosis and addiction due to its widespread activation in the brain, 

limiting its therapeutic potential. In the peripheral nervous system, CB1R is mainly expressed in 

dorsal root ganglion (DRG) neurons. The inhibitory effect of peripheral restricted CB1R agonists 

on neurons may involve various ion channels and receptors, including acid sensitive ion 

channels, among which acid sensitive ion channel 3 (ASIC3) is a subtype mainly expressed in 

the peripheral nervous system. In this study, we aim to determine whether CB1R in DRG neurons 

can alleviate post-operative pain caused by incision injury by regulating the function of ASIC3. 

We establish mouse toe incision post-operative pain model to test the role of ASIC3 and CB1R 

with the non-selective agonist of cannabinoid receptors (WIN55, 212-2, WIN) and the selective 

antagonist of ASIC3 (APETx2), and Von Frey test results show that both WIN and APETx2 can 

significantly alleviate post-operative pain sensitivity, but CB2R selective agonist AM1241 can’t 

alleviate mechanical hyperalgesia. Afterwards, planter injection of GMQ (0.1-3 mM) can induce 

spontaneous nociceptive behavior in WT mice, and planter injection of WIN 15 min before 

GMQ injection can reduce the spontaneous nociceptive behavior and raise the mechanical pain 

threshold in both WT and CB2R-/- mice, while the selective antagonist of CB1R (AM251) can 

significantly reverse the analgesic effect. Meanwhile, we have demonstrated the expression 

characteristics of CB1R and ASIC3 in DRG neurons using immunofluorescence and in situ 

hybridization techniques, nearly 30% co-expression of Cnr1 and ASIC3 in ASIC3+ DRG 

neurons, 70% co-expression of Cnr1 and ASIC3 in Cnr1+ DRG neurons, 50% co-expression of 

Cnr1 and CGRP in CGRP+ DRG neurons. Besides, ASIC3 was mainly expressed in CGRP+ and 

IB4+ DRG neuronal endings in the spinal dorsal horn. Transgenic mice 

(AdvillinCreER/+;Cnr1flox/flox , Trpv1CreER/+;Cnr1flox/flox , Trpv1Cre/+;DTR) have been used to 

demonstrate that activation of CB1R in DRG large diameter neurons can inhibit GMQ-induce 

spontaneous pain. Using calcium imaging assay, we find that attenuation of WIN-induce 

intracellular calcium mobilization in primary DRG neurons treated by GMQ. Together, 

activation of CB1R in DRG neurons can regulate the function of ASIC3, which may be a 

potential mechanism for CB1R to inhibit post-operative pain sensitivity. 
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Abstract: Transient receptor potential ankyrin 1 (TRPA1) and vanilloid 1 (TRPV1) play crucial 

roles in detecting and transmitting nociceptive stimuli. Inflammatory pain is associated with 

increased TRPA1 and TRPV1 expression in primary sensory neurons. However, the epigenetic 

mechanisms underlying their upregulation remain largely unknown. G9a (encoded by Ehmt2) 

catalyzes H3K9me2 and is typically involved epigenetic repression of gene transcription. In this 

study, we found that intrathecal administration of UNC0638, a specific G9a inhibitor, or G9a-

specific siRNA substantially reduced pain hypersensitivity induced by complete Freund's 

adjuvant (CFA) in rats. Correspondingly, CFA treatment failed to induce persistent pain 

hypersensitivity in mice with conditional Ehmt2 knockout in dorsal root ganglion (DRG) 

neurons. Quantitative PCR and RNA sequencing analyses showed that CFA treatment caused a 

sustained increase in Trpa1 and Trpv1 mRNA levels in the DRG. Conditional Ehmt2 knockout in 

DRG neurons potentiated baseline Trpa1 and Trpv1 mRNA levels but remarkably reversed CFA-

induced persistent increases in Trpa1 and Trpv1 expression. Furthermore, chromatin 

immunoprecipitation revealed that CFA treatment diminished the abundance of G9a and 

H3K9me2 but concurrently enhanced the enrichment of H3K9ac and H3K4me3—two activating 

histone marks—at Trpa1 and Trpv1 promoters in the DRG. Strikingly, conditional Ehmt2 

knockout in DRG neurons not only diminished H3K9me2 at Trpa1 and Trpv1 promoters but also 

reversed CFA-induced increases in H3K9ac and H3K4me at these promoters. These findings 

suggest that G9a in primary sensory neurons has a dual function: constitutively repressing Trpa1 

and Trpv1 transcription whereas paradoxically promoting their transcription during tissue 

inflammation. This latter activity primarily mediates inflammatory pain. 
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Abstract: Pain is present in disease and health. Understanding pain begins in the peripheral 

nervous system where different injuries elicit different pain sensations through distinct biological 

mechanisms. Sex is a biological variable for pain. Using a rat sciatic nerve chronic constriction 

injury, hypersensitivity assessed by the von Frey technique shows that males and females 

develop pain-like behavior on the same time course and to the same degree1. Treated with an 

intravenous injection of a nanoemulsion containing the COX-2 inhibitor celecoxib2, the 

nanodroplets are phagocytosed by circulating monocytes. As macrophages, they naturally 

accumulate at the site of injury, delivering the drug there. A single dose that relieves pain for 6 

days and thousands-of-fold less drug as compared to oral dosing1,3. The significant reduction in 

hypersensitivity is associated with a reduction of macrophages at the injury1,3. While males 

achieve complete, multi-day relief, females only realize partial relief1 revealing that differences 

in the neuro-inflammatory responses are at play in males as versus females. Increasing the dose 

of celecoxib per nanodroplet provides equivalent relief from hypersensitivity for both sexes4. 

RNA sequencing identified differential gene expression in the affected dorsal root ganglia 

(DRG) between sexes during pain and also during pain relief4. Significant sex differences in 

expression are evident as a result of nerve injury and during pain relief resulting from the COX-2 

inhibition. While the nanotherapeutic achieved equivalent behavioral pain relief between the 

sexes, the sex differences in RNA expression reveals that comparable behavior does not 

necessitate the same gene expression. 

We acknowledge the research contributions of Caitlin Crelli. 
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Abstract: Spontaneous activity of neurons within the dorsal root ganglion (DRG) is associated 

with various pain models. Lipid rafts are highly dynamic cholesterol-rich domains on the cell 

membrane which can organize excitatory ion channels and receptors. Thus, the disruption of 

these lipid rafts impacts neuronal excitability. Apolipoprotein A-1 binding protein (AIBP) binds 

to toll-like receptor 4 (TLR4), augmenting efflux of cholesterol from cell membranes, therefore 

disrupting lipid rafts in TLR4-expressing neurons, which has recently been shown to attenuate 

the generation of neuropathic and inflammatory pain. In this study we assess whether CFA 

injection produces spontaneous activity in DRG neurons, and if so, whether this could be 

attenuated by in vitro treatment with AIBP. To do so, we administered a single intraplantar 

injection of 100 µg of CFA into the left hind paw of adult male rats. Paw width was measured 

with calipers before injection and at 48h and 8d post-injection. Mechanical hypersensitivity was 

measured using the vonFrey behavioral assay. A secondary aim of this study was to assess 

whether proprioceptive changes could also be assessed in our rodent pain models, therefore gait 

was measured using the CatWalk system. 72h or 8d after CFA injection, the lumbar DRG were 

dissociated. Electrophysiology experiments were conducted on primary cultured DRG neurons. 

Spontaneously active cells were treated with bath-perfusion of AIBP (0.5 μg/mL). Preliminary 

data shows that intraplantar CFA injection produces spontaneous activity in DRG neurons. This 

spontaneous activity is inhibited by AIBP. Further experiments are underway to assess whether 

this also occurs in females. 
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Abstract: IntroductionModerate-to-severe acute pain is prevalent in many healthcare settings 

and associatedwith adverse outcomes. Opioids primarily block C fibers, not A-delta fibers and 

areassociated with many adverse outcomes. Peripheral nerve blockade improves painoutcomes 

for some patient populations but has shortcomings limiting use. Focusedultrasound (FUS) is 

capable of inhibiting the peripheral nervous system and haspotential as a pain management tool. 

In an in vivo acute pain model, we investigatedfocused ultrasound’s effects on behavior and 

peripheral nerve structure.MethodsFUS was applied directly to the sciatic nerve of rats just prior 

to a hindpaw incision;three control groups (FUS sham only, hindpaw incision only, FUS 

sham+hindpawincision) were also included. For all four groups (intervention and controls), 

behavioraltesting (thermal and mechanical hyperalgesia, hindpaw extension and flexion) 

tookplace for 24 weeks. Structural changes were assessed using transmission electronmicroscopy 

for controls and for 28 weeks after FUS application.ResultsCompared with controls, after FUS 

application, animals had: 1) increased mechanicalnociceptive thresholds for 2 weeks; 2) 

increased thermal nociceptive thresholds for 9weeks; 3) decreased hindpaw motor response for 1 

week; and 4) decreased hindpawplantar sensation for 3 weeks. Histologically, FUS altered nerve 

structure significantly,but phasically, with nerve anatomy returning to normal by 20 weeks after 

FUSapplication.ConclusionFUS, using a distinct parameter set, reversibly inhibits C and A-delta 

peripheral nervenociceptive, motor, and non-nociceptive sensory fiber-mediated behaviors, and 

altersnerve structure. FUS may have potential as a peripheral nerve blockade technique foracute 

pain management. However, further investigation is required to determine thesignificance of 

nerve structural changes. 
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Abstract: Electrical stimulation (ES) is a valuable technique used for the intervention of pain, 

both in the peripheral or central nervous system. For instance, the use of transcutaneous electrical 

nerve stimulation (TENS) has been shown to alleviate acute and chronic pain. However, more 

exploration is needed to understand the underlying mechanisms of electrical stimulation. We 

hypothesize that with graded peripheral stimulation in the periphery it will elicit an increased 

power in the brain. To investigate the efficacy of ES for acute pain, we utilize ES in the left 

ankle and record local field potentials (LFP) simultaneously from four different brain areas to 

observe alterations in power across frequency bands of the male adult Sprague-Dawley rat brain 

from intracranially implanted electrodes in four distinct rat brain regions: the anterior cingulate 

cortex (ACC), bilateral amygdala (AMG), and ventral tegmental area (VTA). The LFP can be 

subdivided into five frequency bands: delta, theta, alpha, beta, and gamma. Under isoflurane 

anesthesia, LFP was recorded in 2 separate conditions for each animal with 3 different 

parameters: 1ms pulse width, 10s duration at 5v, 10v, 50v, and 100v, at 1, 50, and 100 Hz, with 

interstimulus interval of 3 minutes. The combination of ES parameters has been done in the 

following groups: pre-formalin ES; 2. post-formalin plus ES; 3. formalin only plus ES. 

Nociceptive input was induced by injection of 50ul of 3% formalin in the left paw. The results 

reveal that (1) without formalin, high intensity ES, induced a brief inhibition followed by a 

rebound phase in all frequency bands, but not observed in low ES. (2) No obvious LFP power 

changes to formalin injection as well as no changes induced by ES. (3) In formalin plus ES 

group, we observed an increase of formalin response and an inhibition by ES. These results are 

consistent with what has been found in human TENS study, where lower frequency of 

stimulation reduces acute pain perception. Due to the big variation among individual rats, more 

research needs to be performed to validate our findings. 
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Abstract: Pain associated with temporomandibular joint (TMJ) is a common problem with 

various causes like injury, inflammation, and teeth grinding. Although the inflammatory 

processes involved in temporomandibular disorder (TMD) are well-understood, the pathways to 

recovery and resolution process remain unclear. Recent research highlights s the role of omega-3 

fatty acid derivatives known as Specialized Pro-Resolving Mediators (SPMs) in resolving 

inflammation. Specifically, Resolvin E1 (RvE1), an EPA-derived SPM, has gained attention for 

its potent anti-inflammatory and analgesic actions. This study aims to explore the role of RvE1 in 

TMJ pain and its pro-resolving mechanisms using a mouse model of TMD, induced by CFA 

injection into TMD. We developed a new technique to assess TMJ pain in mice. Our method 

uses sensors to detect bite force and grinding frequency, enabling real-time assessment of 

voluntary biting patterns. We found that mice with TMJ inflammation showed reduced biting 

and grinding behaviors than healthy control mice (n=10 of both sexes). However, pretreatment of 

mice with TMJ administration of RvE1 increased occlusal force and grinding frequency. We also 

used electronic Von-Frey filament to measure mechanical pain sensitivity in the TMJ region and 

found that RvE1 decreased CFA-induced mechanical pain hypersensitivity. Furthermore, CFA 

increased neutrophil netosis, a form of programmed cell death that specifically aims at 

immobilizing and destroying pathogens extracellularly, and Lipocalin-2 (LCN2) levels in the 

TMJ and trigeminal ganglia , but both were blocked by the RvE1 treatment . These findings 

indicate that RvE1 can effectively relieve TMJ pain by netosis clearing in TMJ and trigeminal 

ganglia. These findings highlight the potential therapeutic value of RvE1 in treating 

inflammatory conditions related to TMJ. We are currently investigating the involvement of the 

RvE1 receptor ChemR23/CMKLR1 in TMD. This project was supported by an NIH R03 grant 

(DE032394) to S.B. 
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Abstract: Objective It is the high efficacy with few side effects analgesic drugs that are 

important for inflammatory pain. Semicarbazide-sensitive amine oxidase (SSAO) catalyzes the 

oxidative deamination of primary amines, and then produces aldehydes, hydrogen peroxide and 

ammonia. Hydrogen peroxide modulates neuronal excitability and activates transient receptor 

potential subtype V1 (TRPV1), which is known as a nociceptive sensor. However, whether and 

how SSAO regulates inflammatory pain in the primary sensory neurons remains unclear. 

Methods ECC0509 is a small molecule drug developed as a specific inhibitor of SSAO. The 

inflammatory was elicited by complete Freund's adjuvant (CFA) injected into the knee cavity in 

mice. Mechanical allodynia and thermal hyperalgesia were measured. Electrophysiological 

recording and molecular experiments were employed to investigate the role of ECC0509 in 

inflammatory pain. Results (1) CFA-induced inflammatory pain significantly upregulated 

TRPV1 and SSAO expression, increased TRPV1 currents, enhanced neuronal excitability in 

ipsilateral dorsal root ganglion (DRG), and induced pain behaviors. (2) ECC0509 reduced the 

expression of SSAO and TRPV1, depressed DRG neuronal excitability and TRPV1 currents, and 

dose-dependent relieved inflammatory pain behaviors elicited by CFA. (3) Knockout of TRPV1 

prevented ECC-induced analgesic effects. Conclusion SSAO inhibitor, ECC0509, attenuates 

inflammatory pain via TRPV1 in primary sensory neurons. 
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Abstract: Uncaria rhynchophylla (UR), an herb traditionally used in Eastern medicine, is 

recognized for its therapeutic applications in treating hypertension and inflammation. However, 

the specific molecular mechanisms how UR and its bioactive constituents modulate 

inflammatory pathways remain unknown. Based on the analgesic effects of UR extract in 

inflamed mice, we discovered and defined the underlying molecular mechanism of UR. UR 

extract selectively activated TRPV1 in sensory neurons as well as in a heterogeneous expression 

system. Notably, consecutive application of UR extract on TRPV1 exhibited inhibitory action 

through channel desensitization. Further analysis led to the isolation of hirsuteine (HST), a 

compound within UR extract that robustly activates and subsequently desensitizes TRPV1 in 

HEK293T cells. The residues S501, F507, Y511, L515, and E570 in human TRPV1 were 

associated with the binding of HST. Notably, HST administration significantly attenuated the 

initial pain responses in a formalin-induced model of acute inflammatory pain. Our findings 

collectively suggest that UR and HST possess distinct agonistic and desensitizing effects on 

TRPV1, highlighting their therapeutic potential as targeted agents for managing inflammatory 

pain. 
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Abstract: As the largest barrier organ of the body, skin is continuously exposed to a variety of 

insults which can lead to a dysregulated inflammatory state. Peripheral sensory neurons (SNs) in 

the skin perform a role, not only in transducing environmental stimuli to the CNS, but also in 

promoting local inflammatory and cutaneous immune responses via antidromic release of 

neuropeptides and cytokines. The crosstalk between non-neuronal skin cells and SNs can 

generate feedback loops that can exacerbate inflammation. We have generated a ferment of 

Macrocystis pyrifera, a kelp known for its anti-inflammatory and antioxidant properties, to 

produce unique secondary metabolites and facilitate cutaneous absorption. We investigated 

whether M. pyrifera ferment (MPF) could modulate inflammatory signaling in SNs and skin cells 

through the ubiquitously expressed endocannabinoid (eCB) system. To address this, we 

performed RNA-Seq on human ex vivo skin explants (n=3) isolated from panniculectomies, to 

comprehensively evaluate the effect of topical application of MPF on gene expression of 

inflammatory mediators. Since ex vivo skin explants lack functional sensory nerve endings, 

capsaicin-stimulated cocultures of human keratinocytes and human induced pluripotent stem 

cell-derived sensory neurons (hiPSC-SNs; n=6) were utilized to immunochemically assess the 

effect of MPF on neuropeptide and cytokine release, in the presence or absence of AM281 and 

AM630, inverse agonists to cannabinoid CB1 and CB2 receptors, respectively. 

Monoacylglycerol lipase (MAGL) and fatty acid amide hydrolase (FAAH) direct enzyme 

inhibition assays (n=3) were performed to determine if MPF could influence the activity of eCB 

hydrolyzing enzymes. RNA-Seq analysis of skin explants revealed that after 24h MPF 

significantly down-regulated gene expression of various inflammatory mediators including IL1B, 

IL6, CXCL8, IL33, and several matrix metalloproteinases. MPF treatment of capsaicin-stimulated 

hiPSC-SN and keratinocyte cocultures significantly reduced the release of the neuropeptide 

CGRP-α (p<0.0001) and the cytokines TNF-α (p<0.001), IL-1β (p<0.05), IL-6 (p<0.001), and 

MCP-1 (p<0.0001). These effects were abrogated by the presence of AM281 and AM630, 

suggesting that MPF is modulating eCB signaling. MPF inhibited MAGL activity with an IC50 

of 500 µg/mL; however, no appreciable effect was observed on FAAH activity. Together, these 

data suggest that MPF modulates eCB signaling, in part, by inhibiting MAGL, potentially 

increasing the eCB 2-arachidonylglycerol, and in turn reducing downstream expression of 

inflammatory mediators generated by SNs and non-neuronal cells in skin. 
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Abstract: Objectives: The aim of this study is to investigate the mechanisms underlying 

development of chronic muscle pain in orofacial region and the potential preventive effect of 

meloxicam. Methods: All experimental procedures were approved by the Animal Research 

Committee of Hiroshima University (approval number: A15-46, A22-120) and Niigata 

University (approval number: SA01111). Male Sprague-Dawley rats (6 weeks old, 200-250g) 

were utilized. 3% carrageenan (100µL, diluted with saline) was injected into the masseter muscle 

in the carrageenan group (CA group: n=6). In the control group, the carrageenan solution was 

replaced with an equal volume of saline (n=6). To determine whether suppression of microglial 

activation is involved in the increased mechanical hypersensitivity by carrageenan, minocycline 

hydrochloride (40mg/kg i.p.) which is a microglial inhibitor was administered daily from the day 

of the carrageenan injection for up to 1 week (MI group: n=6). To investigate the potential 

preventive effect of non-steroidal anti-inflammatory drugs for the increased mechanical 

hypersensitivity by carrageenan, meloxicam (2mg/kg, s.c.) which is a non-steroidal anti-

inflammatory drug was injected at the same time as carrageenan injection (ME group: n=6). 

Then, we evaluated the mechanical sensitivity of the masseter muscle before injection (baseline), 

1, 3, 8, 24h post-injection and the day from 1 to 6 weeks by Electronic von Frey device in all 

groups. To determine whether suppression of microglial activation is involved in the increased 

mechanical hypersensitivity by carrageenan, we also assessed microglial activation in the 

trigeminal spinal subnucleus caudalis by immunohistology on the 3rd day after treatment in CA 

and ME group. Two-way analysis of variance, followed by Dunnett’s multiple comparison test 

was used to compare differences between baseline and values at each time point or between 

experimental groups. The results were considered statistically significant when p<0.05. Results: 

Rats which were injected with 3% carrageenan into the masseter muscle exhibited acute and 

chronic hyperalgesia to mechanical stimuli for 6 weeks and significantly activated microglial 

cells at the acute phase. In this model, administration of minocycline hydrochloride at the acute 



phase prevented chronic hyperalgesia. Administration of meloxicam not only prevented chronic 

hyperalgesia but also significantly suppressed the microglial activation at the acute phase. 

Conclusion: Microglial activation may be involved in the development of chronic muscle pain 

and meloxicam may suppress the development of chronic muscle pain by suppressing microglial 

activation. 
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Abstract: Background:In this study, we aimed to explore the relationship among inflammatory 

pain, KCC2 regulation, gut microbiota, and epigenetic modifications using a CFA-induced pain 

model. Inflammatory pain is a complex condition characterized by heightened sensitivity and 

pain perception, often associated with dysregulation in pain processing pathways. KCC2, a key 

chloride transporter, plays a crucial role in pain modulation by maintaining neuronal excitability. 

The gut microbiota has emerged as a significant player in modulating various physiological 

processes, including pain perception, through its interactions with the central nervous system. 

Methods:CFA injection was used to induce inflammatory pain in animal models. Pain behaviors, 

including mechanical and thermal hyperalgesia, were evaluated. Acetylation of histone H3 at the 

KCC2 gene locus was assessed to investigate KCC2 regulation. Changes in gut microbiota 

composition were analyzed to understand its role in inflammatory pain. Gut decontamination 

strategies were employed to modulate the gut microbiome and assess its impact on pain severity. 

Results: Increased pain behaviors were observed following CFA injection, indicating successful 

induction of inflammatory pain. Decreased acetylation of histone H3 at the KCC2 gene locus 

was detected, leading to KCC2 downregulation in the spinal cord.Alterations in gut microbiota 

composition were correlated with the severity of CFA-induced pain. Gut decontamination 

interventions reduced the intensity of inflammatory pain, suggesting a role for the gut 



microbiome in pain modulation. 

Conclusion:Our study demonstrates a complex interplay among inflammatory pain, KCC2 

regulation, gut microbiota, and epigenetic modifications. The findings highlight the importance 

of considering the gut-brain axis in pain modulation and provide insights into potential 

therapeutic targets for managing chronic pain conditions. Understanding the intricate 

relationships among these factors may pave the way for novel treatment strategies aimed at 

alleviating inflammatory pain and improving patient outcomes. 
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Abstract: The mechanosensitive ion channel Piezo2 is responsible for the conversion of 

mechanical stimuli such as touch and pressure into electrical signals within the peripheral 

nervous system. We have previously shown in a surgical model for osteoarthritis (OA) that 

conditional knockout of Piezo2 from NaV1.8+ sensory neurons protects mice from the 

development of pain behaviors1. It has been shown that a styryl dye, FM1-43, and similar-sized 

derivatives like FM4-64 can transiently inhibit responses to mechanical stimuli, likely through 

selective uptake of these dyes through Piezo22. The goal of this study was to assess the effect of 

FM dyes on pain behavior and neuronal firing in response to mechanical stimulation. Experiment 

1. Ten male wt mice were injected intra-articularly (i.a.) with 5 μL of complete Freund’s 

adjuvant (CFA). On day three post injection, a dose-response study was conducted utilizing 

FM1-43 (0 nM, 0.05 nM, 0.5 nM, 5 nM, and 50 nM). Mice were assessed for knee hyperalgesia 

before and 30, 90, 180, 360 min and 24 hr after i.a. injection of 2.5 μL. Results demonstrated that 

the effective dose is 5 nM at 90 min post injection. Experiment 2. The CFA model was induced 

in both male and female NaV1.8-GCaMP6s mice as in Expt 1. On day 3, under isoflurane 

anesthesia, the L4 DRG was exposed for imaging in response to mechanical force applied to the 



ipsilateral knee (100 g) before or 90 min post i.a. injection of saline or FM4-64 (5 nM). CFA 

mice injected with saline exhibited no difference in calcium responses post injection (n=3, 

p=0.9). Mice injected with FM dyes, however, demonstrated a significant decrease in 

responsiveness post injection (n=3, p=0.07). Experiment 3. Male and female wt mice underwent 

sham or partial medial meniscectomy (PMX) surgery to induce OA. Four weeks after PMX 

surgery, both male and female mice developed knee hyperalgesia compared to sham controls 

(n=9-10 p<0.0001 female PMX vs sham, p=0.0002 male PMX vs sham). At 7 weeks, PMX mice 

were injected i.a. with FM dye (5 nM in 2.5 μL) or vehicle control, and tested 90 min later for 

knee hyperalgesia. Wt PMX mice injected with FM dye had less knee hyperalgesia compared to 

pre injection (n=5, p=0.0002 male, p<0.0001 female), whereas saline had no effect (n=5, p=0.96 

male, p=0.56 female). Our work suggests that FM derivatives are transiently silencing Piezo2 

positive sensory cells by inhibiting calcium mobilization, thus preventing neuronal firing and 

pain in response to mechanical stimuli. Implications of this work suggest Piezo2 is likely a 

fruitful target for pharmacologic intervention in chronic pain states.References1.Obeidat et al. 

2023 PMID 371204272.Villarano et al. 2023 PMID 37120427 
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Abstract: Eosinophilic esophagitis (EoE) is a chronic allergic disease in which patients can 

experience refractory pain that reduces quality of life. Yet, the role of the nervous system in 

disease development has not received much attention. We aimed to determine changes in 

esophageal nerve density and sensitivity in humans with eosinophilic esophagitis (EoE) as well 

as mice with experimental EoE, compared with respective controls. Immunofluorescence (IF) for 

ß-tubulin was performed on esophageal biopsies from patients with EoE and healthy controls. 

The sensory neuron/putative nociceptor reporter NaV1.8-Cre/tdTomato mouse line and ß-

tubulin, was examined in mice, under saline control and experimental EoE conditions induced by 

repeat Alternaria allergen exposure. In vitro calcium imaging was then performed on esophageal 

innervating vagal ganglion (VG) and dorsal root ganglia (DRG) cells from mice with GCaMP6 

calcium reporter expressed in sensory and vagal neurons (Pirt-GCAMP6). Neuronal sensitivity 

and responsiveness to capsaicin, mustard oil, and ATP were examined under control and 

experimental EoE conditions. In humans, we found increased myelinated nerve density in active 

EoE patients compared with healthy controls. Interestingly, ß-tubulin was only elevated in active 

EoE patients who had received topical glucocorticoid treatment. In mice, allergen exposure 

increased nociceptor nerve density in the lamina propria, but had no impact on myelinated 

nerves. Additionally, allergen exposure demonstrated an increase in sensitivity of esophageal 

DRG cells in response to ATP and capsaicin. Taken together, these data indicate that allergic 

inflammation is associated with changes in nerve density and sensitivity in the esophagus. This 

provides early insight into neuroimmune mechanisms that may be operational in EoE. 
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Abstract: The GABAergic cross-talk between the cell bodies of primary sensory neurons within 

the Dorsal Root Ganglia (DRGs), has been shown to modulate the transmission of painful stimuli 

(Du et al., 2017; Hao et al., 2023). However, the possibility of crosstalk between the nerve fibers 

within the peripheral nerve, is yet to be explored. To address this aspect, we recapitulated the 

sensory neuron axonal morphology in a novel compartmentalized microfluidic system (Vysokov 

et al., 2019). This setup included co-culturing DRG and dorsal horn (DH) neurons, which 

allowed not only to better mimic the physiology and morphology of the peripheral neuron in 

vitro, but also to carry out investigation of signaling processes at distinct segments of 

somatosensory axon. Our observations reveal a subset of DRG neurons exhibiting typical 

pseudo-unipolar morphology with T-junction and polarized axonal branches, traversing both, 

‘peripheral’ and DH compartments. Immunocytochemical investigations revealed the expression 

of GABAA receptor subunits, including γ2, α1 and α2, along cultured DRG neurons axons and 

selective axonal stimulation with GABA (100 μM), evoked calcium events associated with 

action potentials (APs) at the cell bodies. Interestingly, Iodide imaging of HEKGABAA- EYFP 

H148Q/1152L reporter cells co-cultured with DRG neurons axons, showed that Capsaicin and 

KCl- application at the peripheral compartment triggered GABA release both from axons 

themselves and from cell bodies, likely via vesicular exocytosis. These experiments reveal new 

level of axonal crosstalk within the peripheral nerves. The microfluidic culture system 

constitutes a valuable tool for exploring axonal dynamics contributing to the modulation of the 

transmission of sensory information. 

Disclosures: S. Figoli: None. N. Gamper: None. 

Poster 

PSTR275: Primary Sensory Neurons Pain and Therapeutics 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR275.02/C116 

Topic: D.01. Somatosensation – Pain and Itch 

Support: NIH Grant R01 NS050674 

NIH Grant R01 CA205255 

NIH Grant T32 AG000222 



Title: Central and peripheral axons of nociceptive dorsal root ganglia neurons contain distinct 

local translatomes 

Authors: *E. SILAGI1, E. NDUKA2, M. F. PAZYRA-MURPHY3, R. A. SEGAL4;  
1Harvard Med. School/ DFCI, Boston, MA; 2Dana-Farber Cancer Inst., Brighton, MA; 3Dana 

Farber Cancer Inst., Boston, MA; 4Harvard Med. Sch. Grad. Program In Neurosci., Brookline, 

MA 

Abstract: Dorsal root ganglia (DRG) sensory neurons have a unique pseudounipolar 

morphology whereby a short axon bifurcates to form a peripheral axon, innervating viscera and 

limbs, and central axon, innervating the spinal cord. We hypothesize that the dynamic and 

spatiotemporally regulated functions of DRG axons are developed and maintained by local 

axonal translatomes. We generated rigorous data on the axonally translated mRNAs and RNA-

binding protein (RBP) transport partners to provide new insight into pain modulation by DRG 

nociceptors. We performed spatial translatomics in mice containing GFP-tagged ribosomal 

subunits in DRG nociceptors (NaV1.8Cre;L10a-GFP, P3-5). Using Translating Ribosomal 

Affinity Purification (TRAP), translating mRNAs were isolated from tissue lysates containing 

lumbar DRGs (soma), dorsal roots/spinal cord (central axons), and sciatic nerves (peripheral 

axons) (n=4 sets). We sequenced all mRNAs associated with GFP-tagged ribosomes to elucidate 

subcellular translatomes in nociceptors (n=4). Nonspecific mRNAs were isolated from mice 

without a GFP-tag for comparison. Expression and local translation of axon-specific mRNA 

targets were visualized in vivo by RNAScope, puromycin-proximity ligation assays, and 

expansion microscopy. Bioinformatic binding motif analyses elucidated RNA-binding proteins 

(RBPs) that may be responsible for sorting specific mRNAs to central and peripheral axons. 

These studies identified 224 translating mRNAs in central axons and 302 in peripheral axons. 

Axonally translated mRNAs often encoded membrane-bound receptors and channels, i.e. 

serotonin receptors and voltage-gated sodium channels. Surprisingly, functional enrichment 

analyses demonstrated central axons are implicated in nociceptor function/pain processing while 

peripheral axon translatomes relate to synaptic organization, ribosomal assembly, and primary 

cilia. We confirmed that 5-HT3A receptors are locally translated and expressed in nociceptor 

dorsal roots and axons innervating spinal cord lamina I/II. Considering 5-HT3RA is the only 

excitatory, ionotropic 5-HT receptor and global knock-out mice have reduced chronic pain, 5-

HT3RA may be uniquely involved in descending serotonergic pain modulation. We identified 

RBPs that may be required for axon-specific mRNA transport, including EWSR1 (central) and 

SFPQ (peripheral), suggesting RNA regulons may synchronize translation across time and space. 

Overall, central and peripheral nociceptor axons maintain distinct local translatomes 

orchestrating their unique subcellular roles and enabling dynamic bidirectional pain processing. 
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Abstract: Voltage-gated CaV2.2 calcium channels are critical for excitation-secretion coupling 

in nociceptors. Interactions of CaV2.2 channels with vesicle exocytosis machinery ensure timely 

release of neuropeptides and neurotransmitters that contribute to neuronal sensitization during 

inflammation. In this study, we demonstrate that cell-specific alternative pre-mRNA splicing 

controls functional coupling between CaV2.2 channels and the Calcium Dependent Secretion 

Activator (CAPS1), vesicle priming factor essential for neuropeptide release. CAPS1 has been 

shown to regulate large dense core vesicle exocytosis and it has been associated with calcium-

dependent release of neuropeptides in nociceptors. By using western blot and transcriptomic 

analyses, we showed that CAPS1 is expressed in all dorsal root ganglia sensory neurons and that 

Cadps, the CAPS1 gene, mRNA transcripts undergo extensive cell-specific alternative pre-

mRNA splicing. Interestingly, Cadps alternative exon 16a is enriched in peptidergic nociceptors 

(50.75 ± 2.37%), non-peptidergic nociceptors (24.05 ± 0.64%) and C-low-threshold 

mechanoreceptors (39.77 ± 1.84%) in comparison with all other sensory neuron subtypes 

(p<0.0001). Then, we directly assessed the interaction between CaV2.2 channels and CAPS1 

using whole-cell patch clamp in voltage-clamp mode. We recorded CaV currents from tsA201 

cells overexpressing CaVα1 subunits with required auxiliary subunits β3, α2δ1, with or without 

CAPS1. We found that CAPS1 isoform containing exon 16a increases CaV2.2 currents by ~70% 

(p=0.001), but not related CaV1.2 or CaV3.2 currents (p=0.98 and p=0.45), in comparison with 

control conditions. CAPS1 isoforms lacking exon 16a fail to induce CaV2.2 current increase 

(p=0.18). We also found that CAPS1 isoform containing exon 16a hyperpolarizes ~5 mV CaV2.2 

voltage-dependence activation and increases relative channel open probability. Our data reveal 

that CAPS1 functionally couples to CaV2.2, when Cadps alternative exon 16a is included, 

upregulating CaV2.2 channel activity. Cell-specific alternative splicing may optimize CAPS1 

interactions with CaV2.2 channels in nociceptors and C-low-threshold mechanoreceptors, likely 

impacting vesicle exocytosis. 
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Abstract: Gene expression programs are essential instructions for neurons to develop, connect, 

and mature. As neurons differentiate, alternative pre-mRNA splicing further enriches their 

genetic programs by generating multiple isoforms from single genes. This molecular mechanism 

is most prominent across neuronal types in the central nervous system, but we know little about 

alternative splicing contributions to neurons in the peripheral nervous system. Here, we study 

genome-wide expression of alternative exons in different subsets of sensory neurons from the 

dorsal root ganglia (DRG) in mice. We use publicly available deep RNA-sequencing datasets 

and splicing-sensitive analysis to detect and quantify alternative exons in genetically identified 

DRG sensory neurons. We include datasets of peptidergic and nonpeptidergic nociceptors, 

proprioceptors, Aδ-low threshold mechanoreceptors (LTMRs), Aβ-SA (slowly adaptive)-

LTMRs, Aβ-RA (rapidly adaptive)-LTMRs, Aβ-field-LTMRs. Using percent-splice-in based on 

junction reads, we quantify alternative exon inclusion, and we uncover hundreds of alternative 

spliced exons among sensory neurons (fold change >2, p<0.05). We find that expression of 

alternative exons clusters neuronal samples based on cell-type and with similar trajectories than 

global gene expression. Splicing of alternative first and or terminal exons is enriched in all 

sensory neurons (>30%, p<0.05), followed by cassette exons in all cases, in comparison with 

their expected representation in the FAST DB reference database. Differentially spliced 

alternative exons between neuronal subtypes are enriched in genes involved in regulation of ion 

channel activity, morphine addiction, presynaptic membrane, and endocannabinoid signaling 

pathways (fold enrichment >10, p<0.001). Using weighted gene co-expression network analysis, 

from alternative exons rather than genes, we reveal a co-expression module containing 145 exons 

associated with early lineage differentiation of sensory neurons. Our results demonstrate that 

extensive alternative splicing occurs in major subsets of sensory neurons affecting intrinsic 

neuronal and synaptic properties. The splicing of alternative exons in DRG neurons may arise 



from mechanistically different forms of transcript diversification likely initiated early during 

development. 
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Abstract: Traumatic childhood experiences, including sexual, physical, or emotional abuse and 

parental neglect, evoke severe early life stress (ELS). Infants in the neonatal intensive care unit 

(NICU) also commonly experience stress from tissue-damaging procedures as well as non-

painful stressors such as maternal separation, excessive light and noise, and stress induced by 

routine nursing procedures. ELS is known to sensitize nociceptive circuits within the mature 

nervous system, leading to exacerbated pain responses in adulthood. However, the acute effects 

of ELS on pain processing in the developing nervous system remain poorly understood. We 

sought to address this gap by investigating the effects of ELS on pain sensitivity in neonatal 

mice, as well as the genetic signatures of immature sensory neurons residing in the dorsal root 

ganglion (DRG). Neonatal limited bedding between postnatal days (P)2-P9 was used as a model 

of early life chronic stress, with litters housed under normal bedding conditions serving as a 

control. Experiments were then performed between P9-P12 to assess the short-term effects of 

ELS. Our behavioral results show increased sensitivity to noxious cold, mechanical pressure, and 

tactile stimuli in ELS pups compared to the control group. Bulk RNA-seq analysis identified 132 

differentially expressed genes within the neonatal L3-L5 DRG after ELS, including a >16-fold 

reduction in mRNA expression of the genes encoding the neuropeptides somatostatin (Sst) and 

natriuretic polypeptide b (Nppb) which are known to play key roles in pain and itch. In situ 

hybridization confirmed that neurons in the neonatal DRG expressed significantly lower mRNA 

levels of both Sst and Nppb in pups exposed to ELS. Given that peripheral Sst has been shown to 

tonically inhibit nociceptive transmission, we systemically administered the stable Sst analog 

octreotide and observed a reversal of the cold hypersensitivity induced by ELS, thereby raising 

the possibility that ELS evokes pain by disrupting endogenous Sst transmission in the periphery. 



Collectively, these results demonstrate that ELS elicits short-term changes in nociceptive 

processing within developing mice. These findings represent a critical first step towards 

unraveling endogenous molecular mechanisms governing the interaction between chronic stress 

and pediatric pain, with the long-term goal of ameliorating negative health outcomes in pain 

patients. 
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Abstract: 11% of the US population is affected by chronic pain, and current available therapies 

have limited efficacy, and many have undesirable properties including abuse liability and the 

development of tolerance. Cannabinoid type 1 (CB1) receptors, encoded by CNR1, are key 

players in the endocannabinoid system and are promising therapeutic targets for chronic pain. 

These receptors are broadly expressed in both the central (CNS) and peripheral (PNS) nervous 

system, however, CNS engagement of CB1 receptors produces untoward effects such as 

tolerance, dependence, and psychoactivity at analgesic doses. Our previously published work 

demonstrates that a peripherally acting CB1 agonist attenuates inflammatory pain in mice. 

Whether similar effects will be observed with peripherally restricted CB1 agonists in humans is 

unknown. Mapping the expression landscape in human and mouse sensory neurons is an 

important initial step toward understanding the prospects for peripherally restricted CB1 agonists 

as analgesics in humans. To do this, we used RNAscope in situ hybridization to characterize 

CB1 receptors in different neuronal populations in human (hDRG) and mouse (mDRG) dorsal 



root ganglia. In the hDRG study, donors were age- and sex- matched for chronic cannabis use 

versus non-cannabis use. CNR1 was found in approximately 30% of nociceptors and 

proprioceptors in hDRGs from non-cannabis donors with no known history of chronic pain. 

Although the distribution profile of CNR1 in key neuronal subpopulations was similar for both 

human and mouse DRGs, cross-species comparisons revealed a higher expression of CNR1 in 

the proprioceptor population compared to nociceptor populations in mDRG. Taken together, the 

abundance of CB1 receptors in human DRG offers promise for developing novel peripherally 

restricted CB1 targeting therapeutics for chronic pain. 
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Abstract: Muscle RAS Oncogene Homolog, or M-Ras, is a widely expressed GTPase recently 

implicated in male-specific chronic pain. A polymorphism which decreases MRAS expression 

has been tied to an increased incidence of painful temporomandibular disorders in men, and male 

Mras knockout mice are especially sensitive to inflammatory pain. How M-Ras exerts this 

influence and whether this protein is important in the pathogenesis of other pain conditions 

remains mysterious. To explore these questions, we analyzed MRAS expression in DRGs 

procured from healthy human donors. Fluorescent in situ hybridization demonstrated that MRAS 

is broadly expressed in multiple cell types in the DRG, including small-diameter sensory 

neurons. Realtime PCR in cDNA libraries from eight male and seven female human DRG lysates 

identified MRAS as being more highly expressed in male DRGs. We then leveraged HiPlex 

RNAscope, a multi-channel fluorescent in situ hybridization (FISH) technique, to analyze the 

expression patterns of murine Mras. We discovered murine Mras to be highly and predominantly 

expressed by the so-called “Nppb-positive” class of small-diameter c-fibers known best for their 

transduction of itch, significant production of the ich-inducing neuropeptide somatostatin, and 



rich expression of inflammation-related peptides such as Il31ra, Cysltr2, S1pr1, and Npy2r. Our 

findings also revealed a higher expression of Mras in male mice compared to females within this 

class. To examine these effects in the context of neuropathic pain conditions, we analyzed DRGs 

from naïve mice or mice treated with paclitaxel to induce chemotherapy-induced peripheral 

neuropathy (CIPN)-associated neuropathic pain. Expression was primarily observed in DRG 

neurons, with particularly strong expression in small diameter neurons which largely consist of 

pain-sensing nociceptors. This expression pattern was significantly stronger in DRGs from naïve 

males than from CIPN males. CIPN males had similar signal intensities to naïve and CIPN 

females. While studies are ongoing to explore the functional significance of neuronal Mras, we 

posit that loss of this heightened expression may be at the root of MRAS’s unique role in male 

chronic pain. 
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Abstract: Chronic pain is a major health and economic problem. MrgX1 presents a promising 

target for the development of novel pain blockers due to its exclusive expression in primary 

nociceptive neurons. It was demonstrated that MrgX1 modulators were species specific. Li Z, et 

al published a hMrgX1 mouse model that contains an 845kb deletion and removes 12 

endogenous Mrgpr genes, including MrgprC11. We were concerned about the potential functions 

of those deleted genes, therefore we generated a C57 and CD1 based, humanized MrgX1 

(hMrgX1) mouse model. Here we utilized a CRISPR/CAS9-mediated gene knock-in protocol in 

mouse ES cells and/or fertilized mouse eggs to swap the mouse MrgprC11 coding sequence 

(CDS) with human MrgX1 CDS. Two lines of hMrgX1 mice in C57 or CD1 backgrounds were 

generated to fit the requirements for different pain behavior or toxicological studies. It was 

confirmed that human MrgX1 mRNA is expressed in the dorsal root ganglia (DRG) of hMrgX1 

homozygous (HOM) C57 and CD1 mice, but not in the DRG of wild-type (WT) C57 or WT 

CD1 mice. Human MrgX1 mRNA expression levels in the DRG of CD1 HOM hMrgX1 mice are 

2.58-fold higher than levels in the DRG of C57 HOM hMrgX1 mice. Commercially available 



mMrgC11 TaqMan probes detected low levels of mouse MrgC11 in the DRG of both C57 and 

CD1 hMrgX1 HOM mice most likely due to non-specific signal. MrgC11 expression was not 

detected in the DRG from HOM hMrgX1/C57 and HOM hMrgX1/CD1 mice when two custom 

designed TaqMan probes against mouse MrgC11 was used. We then performed RNAscope study 

showing that hMrgX1 expression is present in the DRG neurons of hMrgX1/C57 and 

hMrgX1/CD1 mice. Furthermore, co-expression of hMrgX1 and mOprm1 was detected in some 

mOPrm1 positive DRG neurons. With the confirmation of full length hMrgX1-V5 transcript in 

the hMrgX1 mice, we conclude that both hMrgX1/C57 and hMrgX1/CD1 mice are fully 

humanized MrgX1 mouse models. This study was supported 100% by Lilly. None of authors has 

a conflict of interest. 
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Abstract: PIEZO2‐dependent Rapid Pain System in Humans. 

Background and Aims: The PIEZO2 ion channel is critical for transducing light touch into 

neural signals but is not considered necessary for transducing acute pain in humans (Szczot et al., 

2018; Nagi et al., 2019). Here, we discovered an exception - a form of mechanical pain evoked 

by hair pulling. 

Methods: To address this, first, we conducted psychophysical experiments by testing a range of 

pulling forces on single hairs in control participants, individuals with PIEZO2 deficiency 

syndrome, and individuals with Aβ deafferentation. We then performed a preferential ischemic 

nerve block to investigate the contributions of primary afferents to hair-pulling pain. Next, we 

used in vivo electrophysiological recordings (microneurography) from single mechanoreceptive 

cutaneous neurons to investigate the neural coding of single hair pulls. Finally, using functional 

imaging combined with pharmacological mapping approach, we tested hair pull pain in mice 

with a conditional knockout of Piezo2. Results: We found hair-pulling elicits a distinct, low-

threshold pain sensation associated with a specific urge-to-move behavior. Interestingly, 

individuals with PIEZO2 deficiency syndrome had a deficit in pain perception to hair-pulling 

stimuli. Hair-pulling pain was abolished in the condition of blocked Aβ fibers - a finding 

confirmed in selective Aβ deafferented individuals who did not perceive hair-pulling stimuli as 

painful. Single‐unit axonal recordings revealed that a class of cooling‐responsive myelinated 

nociceptors in human skin is selectively tuned to painful hair‐pull stimuli. Furthermore, using a 

pharmacological mapping approach, we have confirmed that these hair‐pull coding fibers 

belonged exclusively to a transcriptomically defined class of nociceptors and that Piezo2 is 

critical for hair‐pulling response of these neurons. 

Conclusions: These findings demonstrate that a specialized class of rapidly conducting PIEZO2‐

dependent nociceptors associated with hair follicles serves as evolutionarily conserved mediators 

of hair‐pull pain. 

References: Szczot, M., Liljencrantz, J., Ghitani, N., Barik, A., Lam, R., Thompson, J.H., 

Bharucha‐Goebel, D., Saade, D., Necaise, A., Donkervoort, S., et al. (2018). PIEZO2 mediates 

injury‐induced tactile pain in mice and humans. Sci Transl Med 10. 

10.1126/scitranslmed.aat9892.Nagi, Saad S., et al. "An ultrafast system for signaling mechanical 

pain in human skin." Science advances 5.7 (2019): eaaw1297. 
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Abstract: The type I interferon (IFN) family comprises IFN-α and IFN-β, important cytokines 

for antiviral defense. Our previous work showed that, when applied to the periphery, type I IFNs 

induce pain by activating IFN receptor (IFNR) on mouse DRG nociceptors. However, the effects 

of type I IFNs on human nociceptors have not been assessed. Here, we build on the study of type 

I IFN effects by doing patch clamp electrophysiology and signaling assays on hDRG neurons 

from organ donors. Our first approach was to characterize the distribution of type I IFN receptor 

(IFNR) subunits, IFNAR1 and IFNAR2, in hDRG neurons. Using in situ hybridization 

experiments, we found that both subunits are expressed in both SCN10A-positive and negative 

neurons, with IFNAR1 showing a higher amount of mRNAs compared to IFNAR2 across all the 

neurons. We confirmed the presence of both subunits on the membrane of cultured hDRG 

neurons using immunocytochemistry (ICC). Subsequently, we exposed hDRG cultures to type I 

IFNs and assessed p-STAT1, a downstream effector of the canonical JAK-STAT pathway 

induced by IFNs. We observed a concentration-dependent increase in p-STAT1 levels in 

peripherin positive hDRG neurons induced by IFNs, indicating the successful activation of 

downstream signaling pathways of IFNs in hDRG nociceptors. Previously, we demonstrated that 

type I IFNs stimulate MNK-eIF4E signaling in mouse DRG neurons, a pivotal pathway 

contributing to nociceptor hyperexcitability and chronic pain. Therefore, we incubated hDRG 

cultures with IFNs and, using ICC, we analyzed the levels of p-eIF4E, a specific target of MNK. 

We found that IFNs increase p-eIF4E in peripherin positive neurons in hDRG. To better 

understand IFN actions on hDRG, we performed calcium imaging recordings on hDRG cultures 

incubated with type I IFN. We found that IFN increases the magnitude of capsaicin-evoked 

calcium response, suggesting nociceptor sensitization. Moreover, using electrophysiological 



recordings on nociceptors, we observed that IFN-α increases the neuronal membrane resistance 

and decreases the step and ramp rheobase showing that IFN-α increases excitability of hDRG 

nociceptors. We conclude that type I IFNs activate downstream signaling pathways on human 

nociceptors inducing sensitization and hyperexcitability, which might explain pain associated 

with increased IFN expression in viral infections and other pathologies. 
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Title: Lipid rafts contribute to TRPV1 function in human dorsal root ganglion neurons 
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Abstract: Current analgesic pharmaceutical categories offer pain relief but are hindered by 

adverse reactions, necessitating the need for novel analgesic therapies with improved safety 

profiles and reduced addiction potential. In this arena, ion channel modulation has emerged as a 

promising strategy for pain management. Transient receptor potential vanilloid subtype 1 

(TRPV1) is an ion channel involved in pain perception that is localized in nociceptors, reacting 

to stimuli such as capsaicin and heat. Capsaicin can desensitize TRPV1, paradoxically reducing 

pain sensation. While TRPV1 channels increase during heightened pain sensitivity, 

understanding how these changes correspond to functionality is crucial. Cholesterol in the 

plasma membrane has also been found to influence TRPV1 expression, lipid rafts, and ion 

channel activity. Other factors, such as developmental differences, have not been fully explored 



in human sensory neurons. The current study examines variations in TRPV1 activation profiles 

upon repeated capsaicin exposure, impacting pain sensations across ages and conditions. Here 

we present differential TRPV1 function and expression in human sensory neurons from juvenile 

and adult organ donors and adult cancer patients. In Case 1 (54M, cancer patient), capsaicin 

responses included depolarization and bursts of action potentials, with desensitization during the 

second capsaicin application. In contrast, Case 2 (11F, donor) showed sensitization and multiple 

action potentials, even at a higher capsaicin concentration (1 μM). Case 3 (59M, cancer patient) 

presented substantial inward currents that were not observed in Case 2. Comparison of 

immunohistochemistry images of DRGs from Case 2 (11F, donor) and Case 4 (23M, donor), 

revealed smaller neuron diameters and more TRPV1-positive neurons in the juvenile donor, 

indicating that the stronger responses seen in adult sensory neurons did not correspond to higher 

TRPV1 expression. Donors in Case 2 and Case 4 exhibited similar CTxB (a lipid raft marker) 

intensity, while oncology patients with (Case 6) and without (Case 5) radiating pain symptoms 

showed elevated CTxB intensity. Patient DRGs affected by nerve root compression due to spinal 

metastases exhibited upregulated TRPV1 and lipid raft content, indicating that these changes 

could potentially be linked to pain symptoms. Differences in TRPV1 expression profiles and 

function across age groups and how these are impacted by lipid raft expression in neuropathic 

pain states suggest a potential role for TRPV1 and lipid rafts in novel treatments targeted at 

reducing aberrant nociceptor activity in chronic pain. 
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Abstract: Pain is a natural byproduct of injury, almost universally affecting all people at some 

point in their lives. After injuries heal, pain usually subsides and allows the person to go about 

their normal lives. However, a subset of those sustaining injuries suffer from chronic pain that 

can last indefinitely and severely affect quality of life. The underlying causes of chronic pain 

remain elusive. In this study, we sought to identify molecular and cellular predictors of long-term 

clinical pain outcomes. Sciatic nerves were harvested from patients who required surgical 

amputation due to traumatic leg injury. The nerves were processed for quantitative proteomic 

analysis using LC-MS/MS, along with measurement of cytokines, chemokines, and vascular 

injury markers using the Meso Scale Discovery platform. Subsequent immunohistochemical 

assays were used to determine the localization of proteins which were differentially expressed 

between pain resolvers and non-resolvers. Surprisingly, we found nerves from resolvers 

exhibited more robust inflammatory signatures relative to nerves from non-resolvers. Several 

chemokines and vascular injury markers were enriched in nerve tissues of resolvers, and the 

majority of these factors were most abundant in pro-inflammatory (M1-like) perivascular 

macrophages and nearby vasculature within the sciatic nerve sheath. Our data appear to support 

an evolving conceptual framework in which acute inflammation is critical for long-term pain 

resolution. 
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Abstract: Chronic pain poses a significant public health challenge, exacerbated by the notable 

disparity between preclinical research and the development of effective analgesics. The dorsal 

root ganglion (DRG) is pivotal in pain signal transduction and transmission. Disruptions within 

the DRG during chronic pain conditions often lead to sustained and heightened transmission of 

pain signals, highlighting the necessity for a nuanced understanding of the molecular changes 

underlying the disease. We conducted long-read sequencing (LRS) of DRG tissue obtained from 

male and female human donors using the PacBio Iso-seq platform to gain deeper insights into the 

molecular landscape. RNA isolation and cDNA generation of full-length transcripts were 

performed, followed by circular consensus sequencing (CCS). Subsequent preprocessing using 

the Iso-seq pipeline identified over three million reads, totaling approximately 8 billion base 

pairs, leading to the detection of 152,264 isoforms. This approach facilitates the exploration of 

isoform diversity within neuronal and glial cells, allowing for the delineation of alternative 

splicing events and specific isoform expression profiles. To investigate the complexity of gene 

architecture within the DRG, we integrated our LRS data with single-cell RNA sequencing 

profiles derived from human DRG samples. This combinatorial approach enables discernment of 

isoform specificity at a single-cell level and supports a highly specific cartography of networks 

within the DRG microenvironment. The identified targets, arising from specific cellular subsets 

within the DRG, offer promising avenues for therapeutic intervention. Our ongoing work focuses 

on the delivery of genetic payloads to modulate specific isoforms within the neuronal 

subpopulations to validate the function of the identified isoforms in modulating and driving 

hyperexcitability. By elucidating the molecular profile of chronic pain at a granular level, our 

study lays the foundation for the advancement of precision pain therapeutics. 
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Abstract: The prevalence of chronic pain remains greater than diabetes, heart disease, and 

cancer. However, progress in the development of therapeutics to alleviate chronic pain remains 

minimal. This is, in part, due to the difficulty in translating pain targets characterized in animal 

models to human medicine. To overcome this, our lab leverages the use of human dorsal root 

ganglion (hDRG) tissue to identify and assess targets that contribute to the development and 

maintenance of chronic pain. The DRG is a collection of neuronal and nonneuronal cells that 

play a crucial role in the detection and amplification of painful stimuli from the periphery. 

Molecular and physiological alterations in the DRG contribute to the etiology of chronic pain, 

however, these alterations can be distinct between mammalian species, rendering the translation 

of promising molecular targets and physiological modifications between rodent and human 

disease ineffective. Therefore, to identify effective chronic pain targets, a therapeutic advantage 

lies in the continued development of biological assays that assess and model chronic pain in 

donor hDRG tissue. While the use of donor hDRG tissue becomes more prevalent in research 

labs, much piloting work remains to efficiently leverage this limited tissue as a model for 

disease. Our lab has input donor hDRG tissue through a variety of laboratory protocols, enabling 

us to efficiently and effectively model chronic pain and validate clinical targets. To accomplish 

this, we optimized hDRG dissociation to maximize neuronal yield to greater than 150,000 

neurons per donor (~13 thoracic/lumbar DRGs pairs on average). Downstream of neuronal 

isolation, we perform a battery of assays including single cell (sc)RNA sequencing, quantitative 

(q)PCR analysis, western blotting, immunofluorescence, microelectrode array (MEA), and 

calcium imaging. By optimizing the use of hDRG tissue in multiple downstream assays, our 

team maximizes biological information ascertained from each donor sample, allowing for a 

multi-omic and comprehensive physiological view of the donor hDRG tissue. As a direct result 

of our work, we have improved nociceptor cell models by tuning the expression of key-

nociceptive genes in iPSC-derived sensory neurons. Furthermore, we have identified multiple 

human pain-specific targets not found in other mammalian species, supporting the notion that 

using human-derived tissue will improve the development of human chronic pain therapies. 

Together, our model allows us to define chronic pain targets both ex vivo and in vitro in a highly 

novel and translatable format that will promote the advancement of chronic pain research as well 

as therapeutics. 
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Abstract: Nociception is a complex process in which the nervous system detects and responds to 

harmful stimuli. This process is important for understanding pain mechanisms and developing 

effective treatments. Animal models, especially rodent models, have been crucial in nociception 

research due to their physiological similarity to humans. However, these models fail to capture 

the full complexity of human pain conditions, making it difficult to translate research findings 

into treatments.   The dorsal root ganglion (DRG) is a heterogeneous tissue housing various 

subpopulations of sensory neurons that form tight associations with non-neuronal cells, playing a 

central role in nociceptive signaling. Accurately recapitulating the intricate architecture and 

microenvironment of the DRG in vitro holds immense promise for identifying pain targets with 

greater physiological relevance.   To address this need, we have developed a novel human DRG 

organoid model to provide a more accurate in vitro platform for studying neuropathic pain. DRG 

from human donors are dissociated and allowed to reassemble into 3D organoids, preserving 

their viability and structural integrity over weeks of culture. This 3D spheroid model closely 

mimics the natural cellular environment, enabling precise studies of nociceptive pathways. 

Furthermore, our access to DRG tissues from pain and non-pain patients enables a genomic and 

proteomic approach to identifying novel pain targets. We then validate these targets in our in 

vitro systems, using different molecular techniques. We conduct downstream functional assays, 

including microelectrode array-based detection of spontaneous and evoked responses, as well as 

calcium imaging assays to allow real-time visualization of neuronal responses to different 

stimuli. Additionally, our organoid model enables innovative applications such as culturing 

spheroids on 2D surfaces to facilitate axonal outgrowth enabling us to model for example, a 

chemotherapy-induced peripheral neuropathy model wherein we can monitor axonal 

degeneration and uncover novel therapeutics that can prevent this degeneration. We leverage 

microfluidic devices to model interactions with peripheral blood mononuclear cells, offering a 

versatile platform for studying complex cellular interactions.   In summary, our organoid model 

of the human DRG can be a physiologically relevant platform for investigating the complex 

mechanisms in pain sensation and for accelerating the development of novel therapeutic 

interventions. 
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Abstract: Differentiation of human induced pluripotent stem cells (hiPSC) to neuron and glial 

cells represents an efficient tool for in vitro modeling of human neurological disorders. This, 

combined with highly efficient gene editing tools, enables comparative analysis of genome-

modified hiPSC lines to their parental lines to study disease mechanisms in phenotypic and 

functional screening assays. Here, we describe our approach to building an in vitro model for 

studying peripheral pain. Following the establishment of hiPSC clones, we employed a subtype-

specific differentiation protocol using transient expression of Neurogenin2 (NGN2), that 

consistently allowed us to differentiate sensory neurons at scale. Using the ImageXpress Micro 

HT, culture conditions were optimized to allow for miniaturization, in addition to automated 

high content imaging (HCI). Hereby, ensuring assay scalability onward. Applying in-house 

software packages, raw images could be subjected to ai-enabled segmentation and data 

quantification in an automated process. Thus, allowing for efficient phenotypic profiling, through 

the analysis of intricate neuron processes and subcellular markers. Results demonstrate that our 

NGN2-based approach propose a valuable tool, that allows the identification of new HCI 

biomarkers and screening of potential therapeutic drug compounds in a relevant human neuronal 

model. 
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Abstract: Existing treatments for chronic pain often fall short or have side effects, highlighting 

the need for better preclinical models that can quickly identify analgesic candidates while 

ensuring translational relevance. High-throughput screening (HTS) is one solution, but 

traditional methods using non-human sensory neurons or synthetic alternatives face issues due to 

species differences and lack of physiological relevance. Human induced pluripotent stem cells 

(hiPSCs) are promising for developing nociceptor-like cells for both high content screening 

(HCS) and HTS. We used a multi-electrode array (MEA) platform on a HCS basis to examine 

both spontaneous and evoked activities of hiPSC-derived nociceptors in 48- and 96-well plates. 

By optimizing culture conditions, such as seeding techniques and densities, we recorded 

extracellular action potentials from multiple sensors per well, allowing us to measure key 

neurophysiological parameters like firing rates, spike counts, and cell impedance. We probed 

diverse pharmacological targets implicated in pain modulation under both normal and 

inflammatory states, demonstrating consistent sensitivity to established analgesics via distinct 

molecular mechanisms. The performance of our model was assessed by calculating classical and 

robust Z' factors, where a Z' of 0.5-1 indicates a high-quality assay. We achieved nearly 

complete (~100%) sensor functionality by the second week and maintained stable firing rates 

and spike counts for over two weeks at various cell densities. With the use of lidocaine and a cell 

density of 35,000 cells per well in a 48-well plate format, a high and consistent robust Z' factor 

above 0.6 was achieved, suggesting reliable screening performance. Similarly, when utilizing 

TTX and seeding 15,000 cells per well in a 96-well setup, robust Z' factor values reaching 0.6 

were obtained, further indicating dependable screening abilities. Exposure to proinflammatory 

cytokines elicited heightened responsiveness reminiscent of native human dorsal root ganglia 

behavior. Pharmacologically, we discerned differential impacts on neural excitability attributable 

to discrete protein classes, namely sodium channels (Nav1.7, Nav1.8), potassium channels (Kv), 

calcium channels (Cav), transient receptor potential vanilloid type 1 (TRPV1), gamma-

aminobutyric acid (GABA) receptors, glutamate receptors, and tyrosine kinases. Collectively, 

these findings substantiate the feasibility and efficacy of integrating hiPSC-derived nociceptors 

with an HCS-based MEA device for streamlined drug discovery initiatives. 
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Abstract: Chronic pain affects over 25 million adults in the United States and is a major cause 

of disability. Currently, available pain treatments such as opioids are often ineffective and linked 

to unacceptable side effects like respiratory depression and high abuse potential. Viral-based 

gene therapy offers several attractive advantages in treating refractory pain, as viruses can be 

engineered to deliver a wide range of molecular cargo capable of regulating the activity of 

neurons involved in pain perception (nociceptors). To develop novel nociceptor-specific viral 

tools, we performed single-nucleus multi-ome sequencing (RNA and assay for transposase 

accessible chromatin) on the mouse dorsal root ganglion (DRG) to identify nociceptor-specific 

gene expression and epigenomic features. We identified >10,000 nociceptor-specific regions of 

chromatin accessibility. Gene regulatory network analyses of these data identified transcription 

factors that are significantly enriched in DRG nociceptor subtypes, including EBF1, POU4F3, 

JUN, MEF2C, NFIA, and ISL2. After prioritization and screening of putative nociceptor-specific 

enhancers, candidate enhancers were cloned into adeno-associated viral vectors and delivered to 

DRGs in mice for validation. Enhancers driving expression preferentially in nociceptors were 

used to express inhibitory ion channels to silence the activity of nociceptors in vitro and in vivo. 

These nociceptor-selective vectors are likely to offer significant safety advantages over currently 

available viral vectors for the treatment of refractory chronic pain. 
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Abstract: Designer Receptors Exclusively Activated by Designer Drugs (DREADDs) are the 

primary chemogenetic tools for remotely controlling cellular signaling, behavior, and 

physiology. In this study, we introduce a novel peripherally restricted DREADD based on the 

structure of a GPCR, which has minimal expression in the brain, and a new chemical actuator 

that does not penetrate the blood-brain barrier. This was achieved through a combination of 

mutagenesis, analoging using an extensive make-on-demand library, structural analysis of the 

new DREADD receptor using cryo-electron microscopy, and in vivo validation. The 

development of a chemogenetic system activated by peripheral-only ligands broadens the 

research scope into many peripheral systems without significantly affecting the central nervous 

system. Additionally, our structure-guided methodology will likely speed up the creation of new 

chemogenetic tools for both fundamental and applied sciences. 
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Abstract: The lack of a neuropathic pain biomarker poses a significant challenge in analgesic 

development. Diode Laser fiber selective stimulation (DLss) triggers neurogenic axon reflex 

flare, revealing fiber-specific and selective stimulation of silent, C mechano-insensitive (CMi) 

fibers in humans, monkeys, and pigs. CMi fibers play a major role in peripheral neuropathic 

(PN) patients' chronic pain. Additionally, CMi fibers are less denervated compared to polymodal 

fibers in painful PN, and sensitized, possibly explaining "normal" C pain thresholds in diabetic 

PN patients with loss of heat sensitivity under DLss. DLss also effectively differentiated post-

chemotherapy patients with painful PN from those without pain, and served as a response 

biomarker for estimation of analgesic efficacy of sodium ion channels blockers in monkey 

studies. Methods and Study Design: DLss is conducted using Lass-10M (LasMed, Mountain 

View, CA), and the axon reflex flare response was recorded by Speckle Imager (Perimed, 

Sweden). 10 healthy volunteers demonstrated high reliability of DLss, <5% variance. 3 PN 

participants tested with both placebo and active patches. Our ongoing study evaluates DLss as a 

response biomarker for analgesic efficacy in PN pain patients, using a topical lidocaine patch 

(TZlido) in a double blind crossover study. A total of 44 PN participants (VAS ≥ 3) will be 

tested over 5 visits with DLss before, between and after each interval - baseline visit with 

neuropathy phenotype, then 7 day lead-in, then 7 days of active/placebo patch (12 hrs/day), then 

7-day washout, then 7 days of active/placebo patch followed by re-assessment. Phenotypic 

characterization includes standardized neuropathy examination, skin biopsy, and conduction 

velocity tests. Painful PN participants report neuropathic pain using the Visual Analog Scale 

(VAS) daily. Results: For initial participants, the lidocaine patch significantly increased DLss 

pain and detection thresholds, suppressing axon reflex flare area and patient VAS compared to 

the placebo. Conclusion: Preliminary data suggest lidocaine modulation of DLss-induced 

thresholds and flare correlates with VAS modulation. Further recruiting and participant tests will 

provide a rigorous evaluation of DLss-based response combined biomarker. 
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Abstract: The neuropathic pain syndrome small fiber neuropathy (SFN) is characterized by a 

change of somatosensation in opposite directions: intense burning pain sometimes worsened by 

heat and often contra-intuitively combined with increased thresholds for evoked heat pain. 

Treatment of pain in SFN is insufficient and there might be individual factors rendering 

peripheral nerve fiber dysfunction. We examined the nociceptive C-fiber discharges in two 

patients with SFN (SFN1 and 2) with different variants of the voltage-gated sodium channel Nav 

1.9. via microneurography. For that, a thin needle electrode was placed into the superficial 

peroneal nerve to record extracellularly action potentials from single C-fibers. Action potentials 

were evoked by regular electrical stimulation in the skin of the receptive field at the back of the 

foot. Discharges to electrical stimulation, mechanical stimulation, and heat stimuli, as well as 

pathological spontaneous activity, were assessed. The nerve fibers were classified according to 

activity-dependent conduction velocity slowing and their mechanical responsiveness into 

mechano-sensitive (CM, 1a, polymodal) and mechano-insensitive (CMi,1b, sleeping, silent) 

nociceptors. We observed in SFN1 with a higher neuropathic pain level more spontaneously 

active (SA) nociceptors than in SFN2 with a lower level of neuropathic pain. The heat pain 

thresholds were elevated in both patients, but at >50°C for SFN1 was more elevated than for 

SFN2 at 47.6°C. Predominantly in SFN1, we observed lower discharge rates and frequencies of 

CM-nociceptors to a heat ramp stimulus compared to healthy controls. Only in SFN 2 CMi-

nociceptors exhibited high discharge rates and frequencies in a burst-like fashion suddenly 

during the heat ramp. In both patients warming the skin increased pain and SA of C-nociceptors. 

Off-label treatment with the sodium channel modulator lacosamide alleviated pain only in SFN1 

with a parallel decrease in SA and a more normal heat pain threshold of 48.5°C. The enigma of 

warmth-increased pain with simultaneously reduced heat pain sensation might be explained by 

warmth-induced SA in CMi and the decreased ability of CM to code acute heat. This suggests 

that the mechanisms and nociceptor classes involved in spontaneous neuropathic pain are 

different from those mediating acute evoked pain. Our study shows further that distinct 

differences in discharge patterns in peripheral nociceptors correlate to effectiveness in 

pharmaceutical treatment. The approach to identifying stratifying parameters in nociceptor 

discharges might open a way for stratified or even personalized treatment. 
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Abstract: The biologically active fragment of neurotensin, NT(8-13), induces non-opioid 

analgesia by activating NTS1 and NTS2 receptors. Contulakin-G, a 16-amino acid conopeptide 

O-glycosylated at Thr10 from Conus geographus, shares a C-terminal sequence with neurotensin 

and exhibits potent analgesia upon intrathecal (i.t.) administration in preclinical pain models. 

Although it binds to NTS1 and NTS2 receptors, systemic injection of contulakin-G does not 

induce analgesia. To enhance blood-brain barrier (BBB) penetration, enzymatic stability and 

analgesic effectiveness, we report here on the design, synthesis and structure-activity relationship 

of a novel class of contulakin-G analogs in which the Thr10 disaccharide residue has been 

replaced by lipophilic moieties, such as Glu-cycloheptylamide or Glu-memantide or by amino 

acids bearing charged, polar, hydrophobic, or aromatic functional groups. All these new 

derivatives were first characterized for their binding affinity, receptor selectivity and metabolic 

stability in plasma. The analgesic properties of contulakin-G and its analogs were then assessed 

by i.t. administration in male Sprague-Dawley rats in acute (tail-flick), tonic (formalin test), 

postoperative (Brennan paw incision) and neuropathic (Chronic Constriction Injury) pain 

models. Some of the analogs were more effective than contulakin-G in reducing acute pain, with 

equal efficacy in tonic and postoperative pain models. Interestingly, contulakin-G and the 

derivative bearing a Glu-cycloheptylamide residue in position 10 were effective in reducing 

mechanical hypersensitivity induced by chronic neuropathic pain after i.t. injection, a pain 



condition resistant to opioids. We also found that the analgesic effect of contulakin-G was not 

blocked by naloxone, supporting the idea of an opioidergic-independent analgesia. Similarly, co-

administration of the NTS1/NTS2 antagonist SR142948A with contulakin-G significantly 

reversed the analgesic effects of contulakin-G in the formalin pain test. Finally, the hypotensive 

effects assessed after intravenous injection revealed that all analogs induced a significant drop in 

blood pressure. In conclusion, our findings highlight the development of new, more easily 

synthesized contulakin-G analogs with preserved analgesic effectiveness in various preclinical 

pain models. Future research should explore their BBB permeability and analgesic actions after 

systemic delivery. In addition, we are seeking to develop more selective NTS2 agonists to 

minimize the hypotensive effects of NTS1 analogs and to identify the role of amino acids 1-9 by 

generating truncated derivatives. 
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Abstract: Opioid-induced hyperalgesia is a serious side effect in patients chronically taking 

opioids. In opioid-induced hyperalgesia, opioid use is paradoxically associated with an increase 

in nociceptive hypersensitivity. This phenomenon has been reproducibly seen in both humans 

and animals. To date, there is no consensus treatment and the only reliable treatment is to reduce 

or eliminate the use of opioids. Currently opioid prescriptions are fundamental to clinical 

practice. Thus, there is an urgent need to develop an appropriate approach for management. A 

recent study completed at Texas A&M in Dr. Feng Tao’s lab indicated fentanyl induced 

hyperalgesia in mice within the face and paw lasts for at least 21 days. Our study added to the 

current knowledge by characterizing opioid-induced hyperalgesia and pain in the face and paw 

of a rat. Methods included performing sensory testing using von Frey filaments and an affective-

motivational test of the face and/or paw 24 hours after injecting a 100 µl of a 60 µg/kg solution 

of fentanyl. Affective-motivational testing was completed using a conflict avoidance paradigm. 



Fentanyl effects on memory and locomotion were determined using memory and rotarod tests. 

Results indicate a significant increase in both sensory and affective-motivational aspects of pain 

after daily injections of fentanyl starting about 3 days after the first fentanyl injection. The 

increased response lasted for at least two weeks after daily injections of fentanyl. Memory and 

locomotion were not significantly impaired by the fentanyl at the time that sensory and affective-

motivational testing. In conclusion, increased pain is observed in the face and paw of the rat after 

daily injections of fentanyl resulting in a model for the testing drugs that could treat opioid-

induced hyperalgesia. 
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Abstract: Pain is a complex experience consisting of sensory, affective-motivational, and 

cognitive dimensions. Hence, identifying the multiple neural pathways subserving these 

functional aspects is a valuable task. The role of the dentate gyrus (DG) as a relay station of 

neocortical afferents in the hippocampal formation (HF) in the mediation of antinociceptive 

responses induced by lateral hypothalamus (LH)-stimulation in different animal models of pain 

is still a matter of controversy. Adult male Wistar rats weighing 220-250 g were unilaterally 

implanted with two separate cannulae into the LH and DG. Intra-DG administration of the 

orexin-1 receptor (OX1R) antagonist, SB334867, or the orexin-2 receptor (OX2R) antagonist 

TCS OX2 29 was performed just 5 min before intra-LH carbachol microinjection. Animals then 

underwent the tail-flick test as a model of acute pain and the formalin test using injection into the 

plantar surface of the hind paw as a model of persistent pain. The results showed that OX1R and 

OX2R antagonists dose-dependently decreased the antinociceptive effects of carbachol in both 

tail-flick and formalin tests. In addition, the results obtained from the tail-flick test demonstrated 

the more prominent role of OX1R in the DG in carbachol-induced antinociception compared to 

that of OX2Rs in this region. According to the formalin test results, the preventive effect of 

SB334867 or TCS OX2 29 on carbachol-induced antinociception was approximately equal in 

both the early and late phases of formalin nociception. The pain modulatory role of the 



orexinergic system through a neural pathway from the LH to the DG region suggests an 

alternative approach to developing more efficient therapeutic agents in the clinical setting. 
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Abstract: Mechanisms of muscle pain development involve both peripheral and central nervous 

system changes in addition to immune modulation of cellular activity. Ischemic myalgia is a 

unique type of muscle pain due to transient reduction of the blood supply to a part of the body 

followed by reperfusion injury (I/R) and is found in disorders such as sickle cell anemia, 

peripheral vascular disease or complex regional pain syndrome. Our model of prolonged 

ischemic myalgia which utilizes a repeated I/R injury to the forelimb has been shown to alter 

primary afferent function and immune signaling pathways. One factor that was found to be 

expressed in muscle afferents and could be contributing to I/R-related pain is C-C motif 

chemokine ligand 27a (Ccl27a). This chemokine acts through positive regulation of T-cell 

chemotaxis and actin cytoskeleton reorganization. To test whether Ccl27a was involved in I/R-

related hypersensitivity, we performed a brachial artery occlusion with reperfusion in mice, 

followed by a second I/R 7 days later to develop prolonged pain-like behaviors. We 

demonstrated that Ccl27a is enhanced in DRG neurons after repeated I/R and this regulates the 

infiltration of CD8 and CD25+ T-cells to the muscles. AAV-mediated inhibition of Ccl27a in 

sensory afferents not only blocked T-cell recruitment to the injured muscles, but also inhibited 

spontaneous pain-like behaviors after repeated I/R. This data may support a role for nociceptor 

derived Ccl27a in immune responses in the muscle that regulate I/R-related hypersensitivity. 



Results could provide evidence for the development of novel treatment strategies for patients 

with ischemic myalgia. 
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Abstract: Osteoarthritic (OA) knee joint pain affects millions of aged people world-wide, often 

leading to disability and eventual joint replacement. The rat mono-iodoacetate (MIA)-induced 

osteoarthritic joint pain model has been recognized as one of the most translatable OA pain 

models. The model is extensively used by researchers to evaluate novel therapeutics targeted for 

chronic joint pain. In the present study, we have utilized the automated dynamic weight bearing 

(DWB) system from Bioseb to pharmacologically validate the early and late phase of the MIA-

induced OA joint pain model in rats. To induce the model, a single intra-articular injection of 

MIA into the right knee joint of rats was performed on Day 1. Joint pain evaluation was 

performed from Day 2 to Day 26. As a glycolytic inhibitor, MIA causes cartilage damage and 

induces monoarthritic joint pain. To assess joint pain, the advanced automated DWB-2 system 

was used. To assess joint swelling, joint diameter was measured using a caliper. Synovial fluids 

were also collected for proinflammatory cytokines evaluation. Effects of two analgesic drugs, 

naproxen and dexamethasone were evaluated in the model. In the first experiment, we assessed 

the dose-response effects of MIA (2 mg and 3 mg) in inducing joint pain. Intra-articular saline 

injection didn’t cause any weight bearing changes or any joint swelling in the rats. On the other 

hand, significant weight bearing deficit in the injected limb and swelling of the injected joint 

were observed with both 2 mg and 3 mg of MIA. Joint swelling and weight bearing deficits were 

MIA dose dependent. Weight bearing deficits in MIA-injected limb showed a biphasic pattern 

with an early and a late phase. Joint pain reactions were more pronounced between Day 2-7 and 

Day 22-26 with relatively lower pain levels in between. Joint swelling was more pronounced in 

the first week after MIA injection. Afterwards, it mostly resolved with a small window in the 



later phase. In a follow-up experiment to examine effects of analgesic drugs, 3 mg MIA was 

chosen to induce the model based on higher window and lower variability compared with 2 mg 

MIA model. Effects of the drugs were assessed in early and late phase of the model. In the early 

phase, both naproxen and dexamethasone significantly attenuated joint pain and joint swelling in 

the MIA rats. In the late phase, only dexamethasone attenuated the joint pain as well as joint 

swelling. These results suggest that the early phase of the MIA model is NSAID-sensitive while 

the late phase is less sensitive to NSAIDs. Currently, cytokines analysis in synovial fluids is 

being performed to further evaluate the inflammatory nature of the two phases of the rat MIA 

model. 
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Abstract: Rheumatoid arthritis (RA) is an autoimmune disease that causes pain and 

inflammation in the joints of approximately 26 million Americans. Behavioral Risk Factor 

Surveillance System (BRFSS) data reported that 11.6% and 17.3% of male and female veterans 

(aged 18-44 years) were diagnosed with RA relative to non-veteran male (6.9%) and female 

(9.8%) subjects. This disease is progressive and the symptoms, such as pain and joint 

dysfunction, worsen over time. Current pharmacological options for RA-associated pain are 

limited, with no medications approved to limit or slow the progression of joint damage. The 



present study characterized the onset of symptoms in a transgenic (TG) murine model of RA, 

with the ultimate goal of using this model to screen novel therapeutics to reduce RA-associated 

pain and attenuate disease progression. The RA model was developed through insertion of the 

human transgene for Tumor Necrosis Factor-α (TNF-α), a pro-inflammatory cytokine associated 

with arthritis in humans, into mice with a C57BL/6NTac background, (B6.Cg-Tg(TNF)#Xen, 

Taconic Biosciences). To characterize the phenotype, 6 male and 6 female TG mice and their 

age-matched wildtype (WT) littermates were screened in several behavioral tests from 10-18 

weeks of age. Bodyweight and scores for arthritis symptom severity (limb swelling and other 

physical symptoms) were recorded twice weekly, with mechanical hypersensitivity, grip 

strength, and gait screened once weekly. Genotype X Time interactions were evaluated with 

mixed-effects models and Sidak’s multiple comparisons where appropriate. Genotype 

differences in escalating arthritis scores (F(8,176) = 41.00, p<0.0001) and diminished 

bodyweight gain (F(8,176)=10.47, p<0.0001) were apparent starting at 10 weeks. Emerging over 

time, TG mice displayed significantly higher levels of mechanical hypersensitivity 

(F(1,22)=59.78, p<0.0001; from 12 weeks of age), decreased grip strength (F(8,176) = 4.945, 

p<0.0001; from 14 weeks old), and gait dysfunction across several parameters (pronounced 

dysfunction at 18 weeks old). The results show a strong phenotype of RA-associated dysfunction 

with progressive onset making this a useful rodent model to investigate novel pharmacotherapies 

to treat RA-associated pain.Disclaimer: The content and conclusions do not necessarily 

represent the official position or policy of the Uniformed Services University of the Health 

Sciences, the Department of Defense, or the U.S. Government.The authors declare no conflicts 

of interest.Acknowledgements: We are grateful to the USU Preclinical Behavioral and 

Modeling core for the use of the center’s equipment. 
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Abstract: Paclitaxel (PTX) is one the most used chemotherapeutic agents, however, it can 

induce chronic neuropathic pain in up to 80% of patients. Evidence suggests that the prevalence 

of chemotherapy-induced neuropathic pain is higher in women compared to men. The 

neurobiological mechanisms and the systems underlying this sex difference are poorly 

understood, but a good candidate may be the endocannabinoid system, given that it exhibits 

sexual dimorphism and plays a key role in the regulation of pain.The aim of the present study 

was to characterise the effects of acute administration of endocannabinoid system modulators in 

rats of both sexes expressing PTX-induced neuropathic pain-related behaviour.One hundred 

male and female Sprague-Dawley rats (N=10 per group) received intraperitoneal injections of 

Paclitaxel (2 mg/kg in 1:1:18 ethanol:cremophor:saline) or vehicle (VEH) on four alternate 

days.Pain-related tests (Von Frey and Acetone Drop) were used to assess sensitivity to 

mechanical and cold stimuli pre-PTX and over days 7-21 post-first PTX administration. 

Additionally, anxiety-related tests (Elevated Plus Maze and Open Field) were performed on day 

16.On day 21, animals received acute i.p. injections of either vehicle, URB597 (FAAH inhibitor, 

1mg/kg), SB366791 (TRPV1 antagonist, 1mg/kg) or AA-5-HT (FAAH inhibitor and TRPV1 

antagonist, 5mg/kg). Pain-related tests were performed 30 minutes after the injection; euthanasia 

occurred immediately after. Brain and spinal cord were gross-dissected for measurement of 

levels of endocannabinoids (anandamide - AEA, and 2-arachidonoyl glycerol -2-AG) and related 

N-acylethanolamines (N-oleoylethanolamide - OEA and N-palmitoylethanolamide - PEA) by 

Liquid Chromatography Coupled to Tandem Mass Spectrometry (LC-MS/MS). Data were 

analysed using either Kruskal-Wallis followed by Mann-Whitney U post-hoc test with 

Bonferroni-Holm corrections, or Two-way ANOVA followed by Tukey HSD (Honest 

Significant Difference) post-hoc test for multiple comparisons. 

PTX-induced hypersensitivity to mechanical and cold stimuli was evident at each time point 

analysed. Acute injections of URB597, SB366791, and AA-5-HT attenuated PTX-induced 

mechanical hypersensitivity in both sexes. However, only AA-5-HT attenuated the cold 

hypersensitivity induced by PTX treatment in both sexes. In PTX-treated rats, the FAAH 

inhibitor increased levels of PEA in the Spinal Cord, Periaqueductal Grey (PAG), Rostral 

Ventromedial Medulla, and Prefrontal Cortex (PFC), and increased levels of OEA in the PAG 

and PFC.These results suggest that the endocannabinoid system may be a viable therapeutic 

target for PTX-induced neuropathic pain. 
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Abstract: Chronic pain is a common and problematic consequence of injuries with few proven 

methods for prevention or treatment. In addition to pain, functional limitations and 

neuropsychiatric changes such as cognitive impairment and anxiety worsen outcomes. Our 

objective was to determine whether inhibiting activation of the adaptive immune response after 

limb fracture would reduce pain, functional loss, memory changes and anxiety. These 

experiments used a murine tibial fracture/cast immobilization model that develops these adverse 

outcomes. Adaptive immunity was blocked using the immunosuppressant FK506 beginning at 

the time of fracture. The administration of FK506 reduced mechanical allodynia and hindlimb 

unweighting for weeks after cast removal as well as non-evoked pain. Moreover, FK506 reduced 

working memory loss in the Y-maze assay although loss of object recognition memory was not 

improved. Experiments using a zero-maze showed that FK506 prevents development of the 

anxiety phenotype. Mice placed on running wheels after cast removal showed impaired 

performance over the following 2 weeks, and this was not improved with FK506 administration. 

Experiments done in parallel groups showed that FK506 treatment blocked IgM accumulation in 

the skin of the fractured limbs, and that hippocampal enhancement of MMP8 expression, a 

metalloproteinase associated with neuroplastic changes after injuries, was completely blocked. 

Taken together our results show that blocking the adaptive immune response after limb trauma 

reduces the severity of pain-related outcomes, and improves some neuropsychiatric changes. The 

early control of pain-supporting immune system activation may, therefore, improve pain, 

cognitive and anxiety outcomes after injuries. 
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Abstract: Animal models are important for increasing our understanding of the mechanism of 

neuropathic pain and for the discovery and development of novel therapies for pain management. 

This study aim was to assess behavioral, biomarker, and imaging readouts in the mouse spared 

nerve injury (SNI) model of neuropathic pain to be used in the future efficacy studies of putative 

therapies. Along with the classical assays, we employed a novel central readout, functional 

ultrasound imaging (fUS) to measure sensory responses to peripheral stimulation. Functional US 

is a non-invasive and sensitive neuroimaging tool with excellent spatio-temporal resolution, 

highly suitable for characterization of pain models. 

Spared nerve injury was induced in two cohorts of C57Bl6/J mice according to the method 

described by Decosterd and Woolf with small modifications. Briefly, a small piece of the tibial 

and common peroneal nerves distal and close to sciatic nerve furcation was dissected. Control 

animals were sham-operated leaving the nerves intact. The first cohort of sham and SNI mice 

was followed for one week post-SNI. Short-term tactile allodynia was assessed with electronic 

von Frey (evF). Plasma was collected at 24 h, 72 h, and 7 days post-SNI for measurement of 

neurofilament light chain (NfL) levels with Quanterix Simoa. At endpoint 7 days post-SNI a skin 

punch biopsy sample was collected from the ipsilateral paw and skin intraepidermal nerve fiber 

(IENF) endings were evaluated using PGP9.5 immunohistochemistry. The second cohort of SNI 

mice were followed for two weeks to assess tactile and cool allodynia (acetone cooling test) and 

subjected to fUS imaging with bilateral hind paw pinprick and mechanical whiskers stimulations. 

In the first cohort of mice, in the tactile allodynia (assessed by evF at baseline, 72 h and 7 days 

post-SNI) assay, mean paw withdrawal threshold (PWT) was decreased by almost 60% starting 

from 72 h post-SNI. The NfL levels peaked at 24 h, showing a gradual decrease, but remaining 

highly significant at the 72-h and 7-day timepoints, without reaching baseline levels. Post-

surgery plasma NfL levels of sham-operated mice did not differ from the baseline (pre-surgery) 

level. The SNI mice displayed a decrease in IENF counts as compared to the sham mice. The 

second cohort of SNI mice showed robust and highly significant mechanical and cool allodynia 

at 2 weeks post-SNI as well as decreased neurovascular response to pin prick stimulation of the 

ipsilateral hindpaw in fUS imaging. 

The mouse SNI model displays robust changes in all readouts applied in this study, warranting 

their use in the future drug discovery efficacy studies of novel therapies or mechanisms in 

neuropathic pain. 
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Abstract: Approximately one third of patients who have been diagnosed with multiple sclerosis 

(MS) will develop hypersensitivity to cold temperatures. Despite the relatively high frequency of 

this symptom’s occurrence, little is known about the neurochemical mechanisms that underlie 

this altered sensation. Recent studies, however, have implicated peripheral activation of the 

kappa opioid receptors (KOR) in cold hypersensitivity. To determine whether the KOR plays a 

role in cold allodynia associated with MS, we used the relapsing-remitting experimental 

autoimmune encephalomyelitis mouse model to induce an MS-like pathology. We selected this 

disease model over other MS-related models because it causes a robust disease state that does not 

immediately inhibit motor activity. Once the disease state has been induced, the body weight and 

experimental autoimmune encephalomyelitis score of each animal is assessed daily to monitor 

health. Cold hypersensitivity was assessed weekly using a cold plantar assay at either 3 or 10°C. 

Additionally, mechanical hypersensitivity was assessed using a von Frey assay. Through these 

tests, we show that diseased mice are made more sensitive to both cold and mechanical stimuli 

when compared to control mice. Sections of lumbar spinal cord were stained with Luxol Fast 

Blue and Cresyl Violet to determine whether differential myelination was associated with 

induction of a worsened disease state. Further investigation of kappa opioid receptor signaling 

and its role in cold hypersensitivity could result in the development of novel therapeutics which 

specifically target this system to alleviate pain and discomfort. 
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Abstract: Interest in "psychedelic" drugs such as psilocybin, has grown over the past decade, 

particularly in addressing cognitive disorders such as depression. Recently, there has been a 

surge of interest in exploring the effects of psilocybin on chronic pain. While there are a limited 

number of small scale case studies supporting its efficacy in conditions such as lower back pain, 

migraines, cluster headaches, and fibromyalgia, the current research aims to provide pre-clinical 

evidence to establish an anti-nociceptive effect of psilocybin on chronic pain, specifically in a 

mouse model of peripheral nerve injury. This is of particular interest due to increased effort 

towards finding alternative treatments to opioids for the relief of pain states.The aim of this 

research is to firstly evaluate psilocybin's ability to alleviate pain-associated behaviours in a 

mouse model of neuropathic pain induced by peripheral nerve injury, and secondly, to explore 

the effect of psilocybin when used alongside a ‘gold standard’ pain therapeutic. The Spared 

Nerve Injury (SNI) model of peripheral neuropathy was induced in male 8-12 week old mice. 

This model produces robust mechanical and thermal hypersensitivity which last for several 

weeks. Psilocybin doses of 0.3mg/kg or 1mg/kg were administered intraperitoneally upon 

reaching peak hypersensitivity. A variety of behavioural tests were used to assess pain-like 

behavioural responses including tests for mechanical sensitivity and temperature sensitivity. 

Finally, gabapentin, a commonly used neuropathic pain treatment, was administered following 

psilocybin treatment.A single injection of psilocybin induced a substantial and enduring 

reduction in mechanical sensitivity, as evidenced by a notable increase in the 50% withdrawal 

threshold. Psilocybin-treated mice exhibited a significant decrease in cold hypersensitivity, 

manifested by reduced paw licking and biting time in response to acetone application, as well as 

significantly greater time spent on the cold plate in the thermal place preference test. 

Furthermore, there was an improved and prolonged anti-nociceptive effect of gabapentin in mice 

pre-treated with psilocybin. Our findings provide strong pre-clinical evidence of the anti-

nociceptive effects of psilocybin in a model of neuropathic pain. Ongoing investigations show a 

potential for psilocybin to also prime the nervous system to potentiate the effect of gabapentin, a 

gold standard treatment for chronic pain. 



Disclosures: T. Askey: B. Contracted Research/Research Grant (principal investigator for a 

drug study, collaborator or consultant and pending and current grants). If you are a PI for a drug 

study, report that research relationship even if those funds come to an institution.; part funding of 

my PhD by psilocybin biotech Compass Pathways. M. Maiarú: B. Contracted 

Research/Research Grant (principal investigator for a drug study, collaborator or consultant and 

pending and current grants). If you are a PI for a drug study, report that research relationship 

even if those funds come to an institution.; grant funded by Compass pathways. G. Stephens: B. 

Contracted Research/Research Grant (principal investigator for a drug study, collaborator or 

consultant and pending and current grants). If you are a PI for a drug study, report that research 

relationship even if those funds come to an institution.; grant funded by Compass Pathways. 

Poster 

PSTR276: Pain Models: Analgesics, Behavior, Opioids, and Beyond 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR276.12/C146 

Topic: D.01. Somatosensation – Pain and Itch 

Support: Wakayama Medical University Young Researcher Support Grant, 2023 

Title: Analgesic Effects of Intra-arterial Infusion of Imipenem/Cilastatin Sodium in a Rat Model 

of Knee Osteoarthritis. 

Authors: *Y. MATSUYAMA1,2, M. YAMANAKA3, W. TANIGUCHI3, N. NISHIO3, H. 

TAMAI3, T. UENO3, R. MIYAKE3, T. NAKATSUKA4, H. YAMADA3;  
1Kishigawa Rehabil. Hosp., Wakayama, Japan; 2Wakayama Medical University, Wakayama, 

Japan; 3Wakayama Med. Univ., Wakayama, Japan; 4Kansai Univ. of Hlth. Sci., Osaka, Japan 

Abstract: Introduction: Knee osteoarthritis (KOA) is a prevalent disease among the elderly. Its 

primary symptom, knee pain, can severely limit physical activity. Recent research has suggested 

that neovessels associated with nerve fibers may serve as pain sources in musculoskeletal 

disorders. Transcatheter arterial micro-embolization using imipenem/cilastatin sodium (IPM/CS) 

was introduced as a method of pain relief in KOA. However, the precise mechanism of its 

analgesic effects remains unclear. This study aims to assess the analgesic effects of intra-arterial 

embolization using IPM/CS in a rat model of KOA through behavioral assessments and in vivo 

patch-clamp techniques. Methods:KOA Induction: KOA was induced in male Sprague-Dawley 

rats by intra-articular injection of sodium monoiodoacetate (MIA). The control group received 

saline (Sham). Histopathological changes in their knees were assessed using the OARSI scoring 

system. Intra-Vessel IPM/CS Administration: IPM/CS was injected directly into the femoral 

artery or vein with a microscope. Histopathological examination was used to confirm the 

presence of embolic particles. Pressure Application Measurement (PAM): The mechanical pain 

threshold across the knee joint was assessed(The limb withdrawal threshold: LWT). In Vivo 



Patch-Clamp Recording: Whole-cell patch-clamp techniques were used to record spontaneous 

excitatory postsynaptic currents (sEPSCs) in the spinal cord dorsal horn. The data were recorded 

in the L4 medullary segment level where pain information from the knee joint is considered to be 

input. Results:Histopathological Findings: The OARSI score was higher in KOA group than 

sham group. IPM/CS particles were detected inside the synovial arteries of KOA rats, confirming 

successful embolization. PAM: Mechanical pain threshold tests showed that intra-arterial 

IPM/CS significantly improved the LWT ratio in KOA rats. Intravenous IPM/CS infusion did 

not yield similar results. In Vivo Patch-Clamp Recording: The frequency of sEPSCs in KOA rats 

decreased significantly following intra-arterial IPM/CS administration compared to KOA rats 

receiving saline. Discussion:The analgesic effects of TAME with IPM/CS were demonstrated by 

the reduction of spontaneous sEPSCs and the increased pain threshold in KOA rats. 

Histopathological findings confirmed that IPM/CS particles embolized the synovial arteries. 

Thus, intra-arterial IPM/CS administration potentially reduces the number of vascular 

endothelial cells and inflammatory mediators, leading to reduced pain perception. It is 

anticipated that further investigation into the pathological changes occurring peripherally is 

necessary. 
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Abstract: BK (Slo1) channels are wildly expressed in sensory neurons and mediate both 

inflammatory and neuropathic pain in mice. However, underlying the mechanism and the 

corresponding therapeutics remain obscure. In this study, we utilized a conditional genetic mouse 

model carrying human BK-N999S, an epilepsy-associated BK gain-of-function (GOF) mutation 



identified in patients, to investigate the neuronal mechanism of BK involved in the pathogenesis 

of pain. We found that the mice carrying BK-N999S mutation, manifest the clinical features of 

absence epilepsy-like behaviors, and exert a significantly increased mechanical hyperalgesia 

when subjected to Von-Frey or Randall-Selitto tests. Conditional genetic expression of N999S to 

GAD-positive neurons (BKN999S/N999S flox-Gad-Cre) in mice caused an even higher sensitivity in 

response to mechanical stimuli, but not to either thermal or cold stimuli. In contrast, conditional 

genetic expression of this mutation to Glu-positive neurons (BKN999S/N999S flox-Glu-Cre) in mice 

showed a significantly decreased mechanical pain behavior, and no changes observed in thermal 

or cold pain perception. These results suggested that BK channel mediates mechanical 

hyperalgesia by enhancing the activity of the GABA neurons in mice. Further experiments 

showed that intraperitoneal injection (i.p.) of paxilline, a BK selective blocker, effectively 

reverted/alleviated mechanical hyperalgesia induced by genetic expression of BK-N999S to Gad-

positive neurons (BKN999S/N999S-flox-Gad-Cre). Our study thus uncovered a neuronal mechanism 

of BK GOF involved in mechanical hyperalgesia in absence epilepsy mutant mice, and suggested 

that BK inhibition is a promising therapeutic strategy for mitigating BK GOF-induced 

neurological disorders. 
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Abstract: Background & Aims 

Pain is a critical, complex, multidimensional percept that initiates appropriate protective 

behaviors by integrating incoming sensory information with ongoing brain states. At the 

molecular level, altered protein expression can initiate and maintain pain and are key targets for 

analgesics. Although transcriptomes are informative, they miss many molecular changes—e.g., 



post-translational modifications and protein-protein interactions—and growing evidence 

indicates protein and gene expression can be discordant. To enable insights into post-injury 

molecular changes and identify novel therapeutic targets, here we used advances in proteomics to 

study the pain generating neuroaxis. 

Methods 

We assembled murine whole tissue proteomes from dorsal root ganglia (DRG), dorsal (DH) and 

ventral horns of the spinal cord, and multiple brain regions in inflammatory or partial sciatic 

nerve injury pain models. All injured mice used for downstream analysis displayed mechanical 

hypersensitivity. To improve dataset quality and size, we optimized tissue processing, analyzed 

samples with high-sensitivity mass spectrometry, and used a well-validated analysis pipeline that 

identified 4 to over 6 thousand proteins per sample. 

Results 

Clustering analysis revealed high intra-tissue proteome overlap and distinct peripheral and 

central nervous system proteomes. Inflammatory and nerve injury induced hundreds of 

significantly up- or down-regulated proteins across all tissues. Comparing our DRG and DH 

proteomes to transcriptomes revealed a correlation between protein abundance and gene 

expression. Yet—and consistent with prior studies in cell cultures, animal models, and humans—

only a small number of genes/proteins were significantly modulated in both transcript and 

protein. To broaden the candidate of pain-modulated proteins and identify more hits, which we 

term pain predicting proteins (PPP), we used network propagation approaches and protein 

interaction networks that identified PPPs implicated in chronic pain. 

Conclusions 

These proteomes provide a molecular resource across multiple tissues, time points, and pain 

models. Our datasets' breadth and analysis can help identify the evolution of the proteome, from 

acute to chronic pain, as well as molecular pathways engaged and modulated across pain 

conditions. Importantly, the network approaches suggest that existing and new pain-related 

datasets can be further mined to identify novel targets. This ability to collect and analyze high-

quality proteomes will allow the field to gain new insights into the molecular mechanisms of 

pain and potentially identify novel targets for pain therapy. 
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Abstract: Prrxl1 is a paired homeodomain transcription factor responsible for the development 

of patterning in the trigeminal system and in the spinal cord dorsal horn (DH). In mice, knockout 

(KO) of this gene results in complete loss of “barrelette” pattern formation - trigeminal 

somatotopic representation of the whisker pad - in the principal sensory nucleus (PrV) of the 

trigeminal, and partial disruption of barrelettes in the spinal trigeminal nucleus (SpV). In the 

spinal cord, KO results in disruption of peripheral afferents - primarily small-diameter c-fibers - 

finding their targets in the DH. Behaviorally, this results in a mouse which experiences 

simultaneous hypoalgesia to the body and chronic hyperalgesia to the face. We confirmed this 

using thermal and mechanical stimulation, as well as using the mouse facial grimace scale. A 

new assay was developed to induce itch or orofacial pain in mice, used here as a behavioral 

comparison point for Prrxl1 KOs. Further behavioral data also indicates that Prrxl1 KOs show 

altered grooming, feeding, and exploration habits. It was previously known that Prrxl1 KOs 

experience neuronal loss in both the trigeminal system and DH, but here we show that these mice 

experience changes to glia and perineuronal nets as well, when compared with wildtype controls. 

Microglia are the resident macrophages of the central nervous system, by staining tissue with 

ionized calcium binding adaptor molecule 1 (Iba-1), we show that these glia take on an aberrant 

“activated” morphology in both the trigeminal PrV and SpV of Prrxl1 KO mice. This state has 

been strongly correlated with upregulation of phagocytosis, neurotoxicity, and disruption of 

extracellular matrix structures such as the perineuronal net (PNN). The PNN is a web-like 

structure which typically surrounds parvalbumin+ GABAergic interneurons, and it is known for 

inhibiting plasticity. PNNs were stained using wisteria floribunda agglutinin (WFA), and here we 

show that Prrxl1 KO mice have significantly fewer PNNs in the PrV. We also found within-

subject differences for both microglia and PNNs across the neighboring trigeminal nuclei, in 

both Prrx1 KOs and controls. In sum the Prrxl1 KO mice can serve as an innate model of chronic 

orofacial pain. 
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Abstract: An imbalance between the excitatory neurotransmitter glutamate and inhibitory 

neurotransmitter GABA is implicated in central sensitization prompting the exploration of 

strategies to restore balance in neuronal excitability for analgesic purposes. Current drugs 

targeting GABA reuptake inhibition hold therapeutic potential, but are often limited by side 

effects. Our investigation focuses on inhibiting GABA metabolism via GABA-AT inhibition as 

an alternative analgesic approach, aiming to elevate endogenous GABA levels without adverse 

effects. The next-generation GABA-AT inhibitor OV329, known for its superior efficiency in 

inactivating GABA-AT compared to vigabatrin, has shown promise as an anticonvulsant in 

preclinical studies. We aimed to assess if OV329 could function as a broad-spectrum analgesic in 

preclinical models of inflammatory and neuropathic pain. Neuropathic pain was induced in 

C57BL/6J mice by paclitaxel, while inflammatory nociception was generated by unilateral 

injection of CFA into the hind paw. Mechanical and cold hypersensitivity were assessed using an 

electronic von Frey and acetone. Liquid chromatography/mass spectrometry (LC/MS) was 

employed to measure GABA and glutamate levels. Locomotor activity and motor coordination 

were evaluated using an activity meter and rotarod test. Behavioral assays included a conditioned 

place preference assay to assess reward or aversion induced by OV329 and an intravenous drug 

self-administration paradigm to determine its reinforcing properties compared to morphine. 

Intrathecal administration of OV329 suppressed paclitaxel-induced allodynia without developing 

tolerance or motor effects, while increasing GABA and reducing glutamate levels in the lumbar 

spinal cord. OV329 effectively attenuated CFA-induced inflammatory nociception comparable to 

morphine, yet without inducing rewarding effects or self-administration behavior. Acute 

administration of OV329 did not impair motor function or produce motor ataxia, distinguishing it 

from the first-generation GABA-AT inhibitor vigabatrin. Overall, OV329 exhibited 

antinociceptive efficacy in preclinical models of CIPN and inflammatory pain, alongside a 

favorable safety profile at therapeutic doses. These findings suggest that targeting GABA-AT 

with OV329 may offer a novel analgesic mechanism with a more favorable therapeutic spectrum 

through enzyme regulation. 
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Abstract: Endometriosis (EM) impacts approximately 4 million women in the United States 

(Agarwal et al., 2019). EM lesions are infiltrated with mast cells (MCs) (Fonseca et al., 2023; 

Matsuzaki et al., 1998) and have elevated expression of vascular endothelial growth factor 

(VEGF) (Rein et al., 2010) and its cognate receptor VEGFR2 (Steinthorsdottir et al., 2016). We 

adopted a non-invasive mouse model of EM to test the hypothesis that MC-mediated release of 

VEGF drives pelvic tactile allodynia and treatments that either stabilize MCs or inhibit VEGFR2 

reverse pelvic tactile allodynia. Briefly, female C57BL/6J donor mice (6-weeks old) received an 

injection of estradiol benzoate (10µg), and 4 days later, each uterine horn was excised and placed 

in Hank’s Balanced Salt Solution (HBSS) and minced. Recipient mice received an 

intraperitoneal (i.p.) injection of HBSS (500µl; “Shams”) or HBSS+donor mice minced uterine 

horn (500µl; “EM mice”). To assess the development of pelvic tactile allodynia, von Frey (vF) 

filaments were applied to the suprapubic region before (baseline) and 28 days after tissue 

injection. Our first experiment evaluated the effect of the MC stabilizer β-nicotinamide 

mononucleotide (NMN) on mechanical hypersensitivity. In Shams, saline nor NMN (150mg/kg) 

changed mechanical thresholds. In EM mice, NMN but not saline reversed pelvic tactile 

allodynia (p<0.05) from 9 to 36 hrs. In a separate cohort, we determined the effect of the 

VEGFR2 inhibitor SKLB1002 (SB) on mechanical hypersensitivity. In Shams, saline nor SB 

(100mg/kg ) altered mechanical hypersensitivity. In EM mice, SB but not saline blunted pelvic 

tactile allodynia (p<0.05) from 60 to 90 min. Next, we conducted a dose-response study in which 

we intrauterinely (i.u.) infused saline or VEGF (0.001-1pg) in mice without EM on days 1, 4, 

and 7 and vF tested for 56 days. We demonstrated that i.u. saline or 0.001-0.01pg VEGF does 

not induce mechanical hypersensitivity. VEGF at 0.1pg caused mechanical hypersensitivity for 

14 days (p<0.05). VEGF at 1pg induced mechanical hypersensitivity for up to 56 days (p<0.05). 

Thus, we investigated the effect of the MC stabilizer ketotifen fumarate (Keto) on VEGF-



induced hypersensitivity. We i.u. infused saline or VEGF (1pg) and then i.u. infused saline or 

Keto (10mg/kg) on day 56. Data showed that mechanical thresholds remain unchanged in 

controls. However, Keto but not saline reversed VEGF-induced pelvic tactile allodynia from 9 to 

18 hrs (p<0.05). In summary, 1) stabilizing MCs or inhibiting VEGFR2 alleviates pelvic tactile 

allodynia in EM mice, and 2) intrauterine VEGF dose-dependently elicits pelvic tactile allodynia 

that is reversible with blunting of MC activity.  
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Abstract: Determining spontaneous painful state in free-moving, undisturbed rodents is an 

important technique in pain research. To measure spontaneous pain responses 10-20 one year-old 

female rats were injected with either CFA or formalin into whisker pad. The rats injected with 

CFA were video recorded 24 hours after injection during the light phase for one hour. The rats 

injected with formalin were video recorded for one hour immediately following injection. 

Rearing, face wiping, licking, body wiping, stretching or sniffing, and being still were scored 

from the videos for bout frequency, activity duration as fraction of total observation time and 

average activity bout duration. After application of CFA the average bout duration for face 

wiping increased. After application of either CFA or formalin bout frequency for rearing 

decreased, time fraction for rearing decreased and bout frequency for being still has decreased. In 

contrast, the average bout duration for licking increased in both CFA and formalin injected rats. 

Results indicate that various behavior patterns can be used to determine spontaneous pain for 

inflammatory models of orofacial pain. Future studies will analyze how long these changes can 

be measured, the effect of measuring in the dark phase, how increased measurement time effects 

the results, the effect of sex and measurements in different models including neuropathic pain 

models. The results of this study will be used to train an artificial neural network model to 



recognize different activities from a video for automatic determination of pain from undisturbed 

rats. 
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Abstract: ABSTRACT: Social defeat stress induces chronic pain in juvenile mice involving 

TLR4 activation in dorsal root ganglia. 

Chronic stress is a risk factor for chronic pain development in humans. Studies in rodents using 

social defeat stress (SDS) demonstrated to trigger social avoidance behavior and chronic 

allodynia in mice subjected to chronic stress, and this was associated with neuraxial pain 

signaling changes. Toll-like receptor 4 (TLR4) has been involved in neuropathic and 

inflammatory pain phenotypes by provoking inflammatory pathway activation and neuronal 

sensitization at the spinal and supraspinal levels, however, our understanding of the role of 

neuraxial TLR4 in pain processing caused by chronic stress remains to be elucidated. Recent 

work has suggested that SDS leads to increased TLR4 expression in prefrontal cortex and 

microglial activation (PMID: 24331544). 

Our present work study aims to investigate participation of spinal and dorsal root ganglion 

(DRG) TLR4 receptors in promoting behavioral augmentation of nociceptive behaviors during 

and after SDS in male and female mice. To do so, C57BL/6 mice (4-5 weeks) were subjected to 

6 sessions of SDS during 10 days, consisting of 10 minutes of physical contact with the 

aggressor (CD1 retired male breeder). After each session, mice are kept in the same cage 

separated by a plexiglass divider, allowing constant sensorial contact between the aggressor and 

the defeated mice. The mechanical threshold of the hind paws was measured using the von Frey 

filament, and thermal withdrawal was measured using the Hargreaves method. Dorsal root 

ganglia (DRG L3-L5), spinal cord, and brain were collected for flow cytometry and 



immunohistochemistry analysis. 

The behavioral data demonstrated mechanical allodynia in male and female juvenile mice 

subjected to 6 SDS sessions compared to the control group, which lasted up to 10 days after the 

SDS protocol. Thermal hyperalgesia was detected one day after the last session (day 11 of 

protocol) in male and female defeated mice, but in male defeated mice up to 10 days after the 

SDS protocol. On day 22 of the protocol, flow cytometry revealed significant differences in 

TLR4 activity in the DRG cells of male and female defeated mice, more specifically TRPV1+ (c-

fibers neuron) and in CD11B+ (macrophages) cells. No changes were observed in the spinal 

cord. 

Together, these results suggest that TLR4 receptors expressed in the DRG participate in the 

chronic pain development induced by the social defeat stress in juvenile male and female mice. 

Ongoing work is extending these findings to SDS-induced cortical activation. 
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Abstract: Fabry disease is the most common lysosomal storage disorder, arising from X-linked 

mutations in α-galactosidase A (GLA) and subsequent accumulation of glycosphingolipids in 

tissues. Patients with Fabry disease develop painful small-fiber neuropathy punctuated by 

intractable episodic pain evoked by exercise, fever, and environmental heat. Our prior work in a 

Gla-knockout (Fabry) rat model has demonstrated development of pain-like behaviors with 

concomitant sensitization of transient potential receptor cation channel ankyrin-containing 1 

(TRPA1) in the dorsal root ganglia (DRG) neurons in Fabry rats. Here, we demonstrate that 

transient exposure to heat (40oC for 30 minutes) elicits episodes of transient-yet-robust 



mechanical hypersensitivity in young, pre-neuropathic Fabry rats. Additionally, the number of 

DRG neurons responsive to the TRPA1 agonist mustard oil increases following exposure to heat 

in Fabry, but not wildtype, rats. Cellular resilience to heat is transcriptionally dependent on heat 

shock factor 1 (HSF1), which coordinates expression of the chaperone component heat shock 

proteins (HSPs). To assess whether behavioral and neuronal sensitization on heat exposure is due 

to impaired heat shock response in Fabry disease, we assessed nuclear translocation of HSF1 in 

Fabry DRG neurons following heat exposure. While HSF1 robustly trafficked to the nucleus of 

wildtype DRG neurons following heat exposure, HSF1 remained cytoplasmic in Fabry DRG 

neurons even following heat exposure. Moreover, HSP70- and HSP90-family transcripts were 

reduced in Fabry DRG neurons both at baseline and following heat exposure. We further 

determined that HSP70 negatively regulates TRPA1, as preincubation with VER-155008, an 

HSP70 inhibitor, increased the number of mustard oil-responsive DRG neurons at baseline, 

which was further exacerbated by heat, in naïve DRG neurons. Together this work establishes 

the Fabry rat as a model to study episodic pain in Fabry disease, describes mechanisms 

contributing to impaired heat tolerance in Fabry DRG neurons, and identifies HSP70 as a potent 

regulator of TRPA1 function. 

Disclosures: J.D. Enders: None. E. Prodoehl: None. A. Sriram: None. B. Dharanikota: 

None. C.L. Stucky: None. 

Poster 

PSTR276: Pain Models: Analgesics, Behavior, Opioids, and Beyond 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR276.21/C155 

Topic: D.01. Somatosensation – Pain and Itch 

Support: R01NS097880 

Title: Open Field Two-Texture Preference Test Does Not Detect Neuropathic Pain-Like 

Behavior After Unilateral C5 Spinal Cord Injury In Mice 

Authors: *M. LYTTLE1, D. JAFFE1, D. FREEMAN2, A. C. LEPORE1, M. R. DETLOFF2;  
1Neurosci., Thomas Jefferson Univ., Philadelphia, PA; 2Drexel Univ., Philadelphia, PA 

Abstract: One of the major complications often associated with a spinal cord injury (SCI) is the 

development of neuropathic pain. While well-established methods including von Frey testing and 

the mechanical conflict avoidance system are often used to assess SCI-induced neuropathic pain, 

these methods have been shown to have numerous limitations, including experimenter bias and 

long periods of active testing. As such, we set out to develop an open field, two-texture 

preference assay to detect neuropathic pain-like behaviors following a unilateral C5 SCI in mice. 

To do so, we modified the open field chamber by introducing both a rough and a smooth texture 



to the floor of the chamber. We hypothesized that the rough surface would elicit neuropathic pain 

like behavior as measured through a reduced total time spent and total distance traveled on the 

rough surface compared to the smooth surface in mice with other neuropathic pain-like 

behaviors. However, testing revealed that both at baseline and post-injury, mice spent more time 

and traveled a greater distance on the rough surface compared to the smooth surface. 

Additionally, this test did not show any significant correlations with the von Frey test or the 

mechanical conflict avoidance system. While this novel assay may be able to provide 

information pertaining to other components of functional recovery, this test is not able to 

discriminate neuropathic pain-like behaviors following a SCI. 

Disclosures: M. Lyttle: None. D. Jaffe: None. D. Freeman: None. A.C. Lepore: None. M.R. 

Detloff: None. 

Poster 

PSTR276: Pain Models: Analgesics, Behavior, Opioids, and Beyond 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR276.22/Web Only 

Topic: D.01. Somatosensation – Pain and Itch 

Support: Subvención SIP 20240205 

CF-2023-I-822 

Title: Antinociceptive effect of Nbenzylpiperidinyl4 flurobenzamide in adult zebrafish (Danio 

rerio) 

Authors: *D. MORALES GALINDO1, M. DECIGA-CAMPOS2, G. NAVARRETE-

VAZQUEZ3;  
1Inst. Politecnico Nacional, CDMX, Mexico; 2Sección de Estudios de Posgrado e Investigación, 

Inst. Politécnico Nacional, Ciudad de México, Mexico; 3Univ. Autónoma del Estado de Morelos, 

Cuernavaca, Mexico 

Abstract: Studies on zebrafish have demonstrated nociceptive responses to various stimuli, 

including thermal, mechanical, and chemical stimuli. For example, exposing zebrafish to a 

noxious temperature or pinching their tails can elicit observable behaviors indicative of 

nociception, such as increased swimming activity, erratic movements, or rubbing the affected 

area against objects. In this study, we use acetic acid as an algesic stimulus to evaluate the 

possible participation of the sigma-one receptor (S1R) in nociception. 

N-(benzylpiperidinyl)-4-fluorobenzamide (LMH-2) is a new compound synthesized as an 

antagonist of S1R; it has a high affinity (Ki = 6.0 nM). In this research, fish were immersed in 

LMH-2 (0.5-2 µM) for 1 h before acetic acid injection (1% i.p., 20 µL), The number of 

quadrants of a glass box was counted for 30 min, and locomotor activity was quantified as 



nociceptive behavior. The results showed that LMH-2 presents an antinociceptive effect in a 

concentration-dependent manner on the behavior characterized by the fish movement, 

significantly (p > 0.05) like those of tramadol used as a positive control. In addition, when the 

fish were immersed in PRE0-84 (2 µM), an agonist of S1R, the nociception increased 

significantly concerning the basal behavior of acetic acid. Furthermore, PRE-084 was combined 

with LMH-2, and fish immersed 24 h previous acetic acid showed that PRE-084 prevented the 

antinociceptive effect of LMH-2. These results suggest that S1R is participating in inflammatory 

pain in the zebrafish.  
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Abstract: Poor sleep coexists in up to 88% of chronic pain cases, such as with low back pain, 

which is the most common type of chronic pain. We hypothesize that persistent sleep disturbance 

enhances and maintains post-injury pain. We examined pain related behaviors across 9 wks in 

rats that received lumbar intervertebral disc (IVD) injury. Thereafter, sleep disturbance (SD) was 

enforced within 3 days of the surgically induced injury and maintained for 9 wks. Forty-one 

Sprague-Dawley adult female rats were used: 21 received punctures of L4 and L5 IVDs (DP 

rats), 20 were sham control (C) rats. Animals were anesthetized with isoflurane prior to surgery. 

Meloxicam (2 mg/kg body wt) was provided one day prior to, day of, and 3 days post-surgery. 



Topical lidocaine was administered before and for 3 days post-surgery. DP and C rats were 

evenly randomized to receive undisturbed or disturbed sleep (SD) (4 groups, n=10-11/ group) for 

9 wks post-injury. Persistent sleep disturbance enhanced aversion to cold (12o and 14oC) 

temperatures in DP+SD rats during place preference testing, compared to DP rats, with the latter 

showing similar cold sensitivity as uninjured C rats (with or without SD). Both DP and DP+SD 

rats showed local (lower back) sensitivity to pressure at 9 wks post-injury, compared to C 

groups; DP+SD rats also showed local sensitivity at wk 6. DP and DP+SD rats showed similar 

remote (upper thigh) sensitivity to pressure in wks 3-9, each enhanced relative to C groups. DP 

and DP+SD rats displayed reduced positive social interactions with a novel adult female rat at 3 

wks, compared to C groups; yet only DP+SD rats showed increases in negative social 

interactions (e.g., aggression) at wks 3 and 6. Serum BDNF levels were higher at 9 wks in 

DP+SD rats, compared to DP rats, and lower in DP rats, compared to C groups. In contrast, 

serum IL-6 levels were lower in both SD groups (C+SD and DP+SD), compared to rats without 

SD, and correlated strongly with lower back sensitivity. Serum TNFalpha levels increased 

similarly in DP and DP+SD rats, compared to both C groups. In summary, persistent sleep 

disturbance resulted in late stage (9 wks post-injury) aversion to noxious cold temperatures in 

disc punctured (DP+SD) rats (DP alone rats did not show such aversion), enhanced and 

persistent abnormal behaviors (including aggression), increased BDNF and decreased IL-6 

serum levels at late stage. Findings suggest that sleep disturbance facilitates pain and the 

transition to chronicity after IVD injury, but not in the absence of injury. Key neuroimmune 

mechanisms appear to underly these relationships. 
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Abstract: Neuropathic pain is a form of maladaptive plasticity associated with neurobiological 

adaptation in brain reward pathways. Pain relief produces negative reinforcement through 

activation of the mesolimbic reward circuit. Pathological pain may produce negative affective 

states, anhedonia and motivational states that facilitate drug-seeking and/or pain relief. Pain-

induced transformations in reward processing enhances motivational salience to pain, analgesia 

and related cues, affecting sensitivity to opioids and non-opioid analgesics. Here, we tested the 

hypothesis that mice subjected to a traumatic nerve injury sparing the tibial nerve (SNIt) would 

produce negative affective states that impact opioid addictive behaviors. We used a mouse model 

of traumatic neuropathic nerve injury where the tibial branch of the sciatic nerve is spared, and 

the peroneal and sural branches are ligated and cut (SNIt). By employing i.v. self-administration 

in mice, we studied the effects of SNIt in morphine self-administration, relapse-like behavior, 

and motivation to work for morphine infusions. We also examined whether SNIt would affect 

oral oxycodone consumption and seeking in a two-bottle choice (TBC) paradigm. We also 

studied how SNIt influences food self-administration and the motivation to work for food 

rewards. Affective states were measured using the light/dark box, elevated plus maze, open field, 

marble burying, sucrose preference, nest building, chocolate preference, and forced swim test. 

Comparisons were made with sham-operated and naive groups. SNIt, sham-operated and naive 

groups exhibited similar levels of i.v. morphine intake on fixed ratio 1 (FR1), FR2 and FR3 

schedules. Likewise, no differences were found in the motivation to work for morphine 

infusions. All groups displayed similar motivation to work for natural rewards in the food self-

administration task. Overall, SNIt mice tended to consume less oxycodone than the other groups 

in the TBC paradigm, whereas no distinctions were detected between groups in the oxycodone-

seeking test after forced abstinence. Strikingly, no differences were observed between SNIt, 

sham-operated and naive groups in affective states measured in the light/dark box, elevated plus 

maze, open field, marble burying, sucrose preference, nest building, chocolate preference, or 

forced swim test. Robust mechanical allodynia was observed in SNIt but not sham-operated or 

naive groups throughout the observation interval. Our results suggest that traumatic neuropathic 

nerve injury in the SNIt model did not reliably increase negative affective states or opioid 

vulnerability in male mice. 
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Abstract: Chronic neuropathic orofacial pain (CNOP) can be produced by surgical 

interventions, and it is detrimental for the quality of life of who suffer from it. The development 

of an experimental model similar to its clinical features is necessary for a precise approach to the 

study of its neurobiological basis. We propose the mental nerve compression injury as a useful 

model for studying different phenomena that occur in the development of such disease, from 

behavior for identifying phenotypes, to analyze facial expression, as well as to assess the neural 

substrates involved. Wild-type (WT) mice went through mental nerve compression injury to 

induce CNOP, and were assessed with von Frey test, for nociceptive threshold on day 3 to week 

14. To determine the role of nucleus accumbens (NAc) dopamine-receptor-expressing neurons 

(DRn), D1- and D2R-Cre mice were infected with a genetically engineered caspase in NAc, 

causing specific ablation of such neurons. Mechanical sensitivity was tested before and after it, 

and after nerve injury. For facial expression analysis, WT mice were face-recorded in a head-

fixed system during the onset of mechanical stimulation, at -1, 4 and 7 days after nerve injury; 

electrophysiological recordings were performed in anterior cingulate cortex (ACC). In vglut2-

ires-cre mice ACC neurons were ablated in a Caspase-dependent manner. Videos were analyzed 

with an artificial-vision tool; firing rate z-score was calculated and analyzed with a Generalized 

Lineal Model to identify neurons modulated by the pain facial response. We found that injured 

WT mice showed mechanical hypersensitivity during the first weeks. Mice were classified in 

high and low threshold (HT and LT), being most of them HT mice. Most HT mice recovered 

from mechanical hypersensitivity, whereas most LT mice remained hypersensitive. NAc DRn 

ablation decreased the percentage of HT mice and increased the time of hypersensitivity 

recovery, suggesting this population participates in nociceptive threshold profiles and recovery 

capacity. The painful facial response is dependent on the stimuli force and it is exacerbated by 

the mental nerve lesion. GLM analysis detected a neural population modulated by the pain facial 

response for both stimuli, that increased its firing rate after the stimuli onset. ACC neural 

ablation showed no effect on the baseline facial response but abolished the changes observed in 

the context of neuropathic pain.This way, we found that mental nerve compression injury 

produces two chronic pain development phenotypes, is functional for the analysis of facial 

expression through artificial vision tools, and for the assessment of the neural structures 

involved. 
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Abstract: The somatosensory system enables us to recognize objects, discern textures, and 

integrate sensorimotor feedback by extracting relevant features of the tactile world. One such 

feature is the direction that a stimulus moves across the skin. While neural tuning to direction has 

been described within the primary somatosensory cortex (S1), we do not know whether this 

region is required for perception of this tactile feature. Therefore, we designed an operant 

training paradigm to require head- and paw-restrained mice to report the direction of movement 

across the glabrous (non-hairy) skin of the mouse forepaw and then employed optogenetic 

silencing approaches to evaluate the contributions of three cortical regions to the perception of 

tactile movement direction. We trained VGAT-ChR2 transgenic mice to perform a go/no-go 

operant task for discrimination of the direction (proximal to distal vs. distal to proximal) of a 

light brushing stimulus across the glabrous skin of the left forepaw. Once the mice reached a 

criterion performance of discrimination index (d’) ≥ 2.0, we directed focused laser light (445 nm, 

40 Hz pulses, 5 mW average power) to one of three cortical regions (contralateral to the paw 

stimulus) or a non-brain control area throughout the duration of the stimulus presentation on each 

trial. Optogenetic silencing of forepaw S1, but not hindpaw S1 or posterior parietal cortex, 

resulted in decreased performance in VGAT-ChR2 mice compared to interleaved control trials 

(d’s of 2.24 ± 0.16 [mean ± SEM] and 1.10 ± 0.19 for control and forepaw S1 locations, 

respectively). Therefore, activity in forepaw S1 is required for mice to reliably report the 

direction of tactile stimuli. 
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Abstract: Layer 6 corticothalamic (L6CT) neurons are an excitatory neuron type with 

projections to both cortex and thalamus. L6CT neurons have been reported to have facilitatory 

and suppressive effects on cortical and thalamic neurons depending on their rate of activation 

and synchronization. We hypothesize that the facilitatory or suppressive functional effects of 

L6CT neurons on the cortex, and whether they are mediated by intracortical or cortico-thalamo-

cortical pathways, depend on the detailed timecourse of L6CT activation. To characterize the 

temporal patterns induced by L6CT activation, we optogenetically activated L6CT neurons in 

NTSR1-cre mice selectively expressing channelrhodopsin-2 in L6CT neurons. Leveraging the 

Vibrissal pathway of awake, head-fixed mice, we presented LED inputs consisting of either 

ramp-and-hold or pulsatile stimuli while recording neuronal activity in the barrel cortex, the 

ventral posteromedial nucleus (VPm), and the reticular nucleus (TRN) of thalamus using silicon 

probes. First, we hypothesized that time-dependent dynamics of L6CT neuron activity may 

influence the effect of L6CT inputs on cortical and thalamic neurons. To test this hypothesis, we 

measured the effect of prolonged L6CT neuron activation and found activity-dependent increases 

and decreases in the firing rates of different layers and cell types over time. Using dimensionality 

reduction, we simplified this complex pattern to two components: one slowly changing 

component that is represented in all units, and one rapidly changing component that is mainly 

represented in the thalamus and middle cortical layers, suggestive of differential recruitment of 

the cortico-cortical vs cortico-thalamo-cortical pathways. We next asked whether the activation 

timescales of L6CT neurons would shift the relative contribution of the cortico-cortical versus 

cortico-thalamo-cortical pathways in shaping cortical activity. To answer this question, we 

compared the activity across cortical layers induced by L6CT activation on different timescales. 

Brief L6CT activation recruits a biphasic firing-and-silence pattern throughout the cortical 

column; conversely, prolonged L6CT activation primarily results in a sustained reduction of 

cortical firing. Taken together, our data suggests that different temporal dynamics of L6CT 

neuron activation modulate cortex through a complex interplay between cortico-cortical and 

cortico-thalamo-cortical pathways. This relates to the emerging evidence indicating that L6CT 

neurons are activated in a variety of behavioral contexts that occur on different timescales and 

suggests a flexible role of L6CT neurons across contexts. 
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Abstract: The thalamic reticular nucleus (TRN) plays a crucial role in regulating sleep, 

attention, and sensory processing by mediating inhibition in other thalamic nuclei. TRN displays 

a core-shell organization, with neurons in each region displaying distinct molecular, cellular, and 

functional properties. Neuromodulators such as Acetylcholine (ACh) are thought to play 

important roles in the regulation of TRN activity. However, the source of cholinergic afferents 

mediating release and the cell-type specificity of cholinergic signaling in the TRN have not been 

explored. To address these questions, we activated cholinergic afferents in the presence of 

antagonists for fast glutamatergic and GABAergic synaptic transmission in thalamic slices from 

3-4-month-old mice. We found that stimulus-evoked ACh release led to biphasic excitatory-

inhibitory (E-I) postsynaptic responses in both TRN core and shell neurons, with an initial short-

latency α4β2 nicotinic receptor (nAChR) EPSC followed by a long-lasting inhibitory 

postsynaptic current (IPSC) mediated by muscarinic ACh receptors (mAChRs). In current clamp, 

ACh release led to a brief increase and a prolonged pause in TRN firing, indicating that 

cholinergic inputs to TRN neurons act primarily inhibitory. Interestingly, we found that the 

relative contribution of the muscarinic component to the E-I response was more prominent in 

shell neurons. Selective blockade of either M2 or M4 mAChRs led to a reduction of muscarinic 

IPSC, while the M2/M4 antagonist AF-DX 384 completely eliminated them, indicating a 

contribution of both M2 and M4 mAChRs to the postsynaptic response. In contrast, M2 but not 

M4 antagonist reduced autoinhibition, suggesting the exclusive participation of M2 receptors in 

regulating release. To determine the source of neurons involved in rapid ACh release, we 

injected AAV9-DIO-channelrhodopsin-2 into either the basal forebrain (BF) or the 

pedunculopontine nucleus (PPT) of the brainstem of choline acetyltransferase (ChAT)-cre mice. 

We found that optogenetic activation of cholinergic inputs from either BF or PPT led to biphasic 

E-I postsynaptic responses in the TRN, with BF afferents generating responses in a larger 

fraction of postsynaptic neurons. Taken together, our results indicate that cholinergic afferents 



from both BF and PPT generate powerful responses in the TRN, which differ in a target-

dependent manner. 
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Abstract: Understanding how perception arises in the brain is one of the fundamental challenges 

for neuroscience. Several theories of perception emphasize the important role of recurrent 

circuits consisting of feedforward (FF) and feedback (FB) projections. However, it remains 

unclear how such interactions contribute to perception due to methodological limitations in 

manipulating circuits precisely in time and space in primate research. We have previously 

reported a recurrent circuit consisting of cortical projections between the primary somatosensory 

cortex (S1) and the secondary motor cortex (M2) in mice (Manita et al., Neuron 2015). This 

circuit was activated by somatosensory stimulation in the order S1→M2→S1. Furthermore, 

M2→S1 FB inputs can trigger dendritic spikes and burst firing in S1 neurons. Based on these 

findings, we hypothesized that the M2→S1 FB inputs to S1 contribute to somatosensory 

perception. Here, we tested this hypothesis by combining recording and manipulation of neural 

activity in stimulus detection task in mice. We trained thirsty mice to report the detection of a 

somatosensory stimuli by liking to obtain water reward. We then measured the perceptual 



threshold in individual mice and investigated how the threshold changes with circuit 

manipulations. First, we found that S1 and M2 lesions and optogenetic inhibition of each area 

significantly increased the threshold, indicating impaired perception. Pathway-specific 

optogenetic inhibition of both the S1→M2 FF and M2→S1 FB inputs also impaired perception. 

These results suggest that the S1-M2 recurrent circuit contributes to perception. Therefore, we 

determined the effect of optogenetic inhibition of M2→S1 FB inputs in S1 by electrophysiology. 

Optogenetic inhibition attenuated the S1 neural activity, suggesting that amplification of S1 

neural activity via M2→S1 FB inputs is implicated in perception. Next, we tested whether 

activation of either S1→M2 FF or M2→S1 FB projections is sufficient for somatosensory 

perception. Pathway-specific optogenetic activation of both S1→M2 FF and S1→M2 FB 

projections was able to induce illusory somatosensory perception. Finally, we investigated the 

role of each pathway in perception. Pathway-specific activation of M2→S1 FB inputs with 

pharmacological M2 inactivation was able to induce illusory perception. In contrast, activation of 

the S1→M2 FB inputs with pharmacological S1 inactivation impaired illusory perception. These 

results support our hypothesis that somatosensory perception requires S1 activity that is evoked 

by M2→S1 FB inputs. 
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Abstract: The synaptic circuits and spiking dynamics in primary somatosensory (S1) and motor 

(M1) areas are fundamental to sensorimotor integration in cortex. The ascending sensorimotor 

loop through these areas is important for conveying tactile and other somatosensory signals to 

influence output along corticospinal and other descending motor pathways. Recent studies have 

characterized synaptic connectivity along the ascending pathway through mouse hand/forelimb 

S1 and M1 (Yamawaki et al., 2021, eLife). Here, using linear arrays to record simultaneous 

spiking activity in S1 and M1, we investigated the peripherally evoked spiking dynamics in these 



two cortical areas. The brief (5 ms) optogenetic stimulation of sensory afferents in the hand of 

awake transgenic mice evoked short-latency barrages of activity appearing first in S1 and then in 

M1. The corticocortical latencies (from S1 to M1) were short. However, the estimated net 

propagation speed for S1-to-M1 was vastly slower than for hand-to-S1 signaling. Compared to 

S1, M1 responses were attenuated in amplitude and slightly shorter in duration. The main early 

sensory responses were followed by a prolonged period of suppressed activity, and an ensuing 

“rebound” response. These characterizations provide quantitative measures of spiking dynamics 

of cortical activity along the hand/forelimb-related transcortical loop. They also support a 

conceptual model in which ascending somatosensory signals rapidly reach S1 via high-speed 

subcortical circuits, generate a characteristic self-limited barrage of activity, and slowly 

propagate to M1 via densely polysynaptic cortical circuits, generating a similar but delayed and 

attenuated profile of activity. 
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Abstract: Introduction: Forelimb amputation in rats leads to immediate and delayed 

reorganization in the forepaw barrel subfield (FBS). Lower jaw-to-forepaw reorganization occurs 

immediately in the anterior FBS, where the lower jaw input is sourced from the adjacent lower 

jaw barrel subfield (LJBSF). In contrast, the delayed reorganization, occurring more than 6 

weeks after deafferentation, affects both anterior and posterior FBS, as well as the former 

forepaw representation in the ventral posterior lateral (VPL) thalamic nucleus. It remains unclear 

whether the VPL acts as a subcortical source for the new lower jaw input in chronic forelimb 

deafferented rats. Here we provide evidence that VPL contributes to the new lower jaw input in 

the posterior FBS in rats with chronic forelimb deafferentation. 



Methods: Anesthetized rats, 6 weeks after forelimb deafferentation, were used to identify lower 

jaw responses in the former forepaw representation in VPL and FBS. A carbon fiber electrode 

was inserted into the former digit representation in VPL to record single and multi-unit 

responses. Mechanical and electrical stimulation was applied to the lower jaw skin surface to 

evoke responses in VPL; the electrode was then fixed in place. Stimulation of the lower jaw 

evoked responses in the FBS. Microstimulation of the recording site in VPL was used to examine 

connectivity with the FBS. Once established, the VPL recording site was ablated and 

connectivity to the FBS was reexamined. IGOR-Pro software processed signals. Electrolytic 

lesions recovered recording/stimulating sites in VPL and FBS. 

Results: 1) Neurons within the former digit representation in both VPL and FBS exhibit burst-

like patterns in forelimb deafferented rats. 2) All sites previously representing digits in both VPL 

and FBS show responses to lower jaw stimulation. 3) Connectivity between the VPL and FBS 

remains unchanged after forelimb deafferentation. 4) Ablating recording sites in VPL only 

abolishes lower jaw responses in the posterior FBS. 

Conclusions: Our findings indicate that forepaw VPL provides a source for the new lower jaw 

input in posterior FBS in chronic deafferented rats. Whether VPL also serves as a source of new 

lower jaw responses in anterior FBS remains to be determined. 
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Abstract: In somatosensory neuroprosthetics, patientsoften report that sensations from 

intracortical and peripheral microstimulation(MiSt) feel unnatural. This issue is compounded in 

animal models, where it ischallenging to evaluate the perceived naturalness of these sensations. 

Toaddress this, we developed a novel behavioral task using a 2D rat roboticmanipulandum 

(RRM) and a precision 3D robotic tactor capable of applyingvariable force levels to the paw. Our 



methodology involves a two-alternativeforced-choice (2AFC) task where rats are presented with 

skin indentations onthe thenar pad, chosen for its strong slowly adapting sensory receptive 

field,ranging from 500 to 2000μm in 50μm increments. We vary the initial stimulus byup to 

±100%, chosen from a uniform distribution, and analyze whether the ratperceived an increase or 

decrease in indentation depth using a manipulandumpush/pull reaching movement with the paw 

not receiving the somatosensorystimulus to determine a psychometric response 

surface.Subsequently, in a spatial search task, eachtrial begins with the RRM position 

randomized within a 2x2 cm workspace, and aforce field which corresponds to tactile stimulus 

intensity also centered on arandom point in the workspace. The touch intensity is defined as 

theindentation depth in the paw which is not actuating the RRM. The field willfall off in 

intensity from its center point at a rate which gives an equalamount of perceptibility change for 

each unit of distance from the centerpoint; this rate is determined by the data gathered in the 

2AFC task. The taskrequires the rat to move the RRM and search for the maximum of the force 

fieldwhere it must then hold the RRM for 800ms to receive a reward. A viscous forcefield 

instantiated by the RRM is used to keep the rats from making ballisticfeedforward reaches rather 

than searching while making feedback drivenmovements.Tests were conducted on 4 Male Lewis 

ratsimplanted with 64 S1 channels and 64 thalamic channels in the forepawrepresentations of 

both regions on the ipsilateral side to the hand whichmanipulates the RRM. All protocols were 

approved by the University of Houston’sIACUC.Following the spatial search tasks with 

realtouch feedback, the real stimulation provided by the tactor will be replaced byintrathalamic 

MiSt. This stimulation is directed via model predictive control(MPC) to drive the cortex to its 

appropriate state depending on what the realstimulus intensity should be given the current 

position of the RRM in a lowlatency (>10ms), closed loop manner. We propose that comparing 

taskperformance under the real and artificial stimulus paradigms will serve as anindicator of the 

naturalistic quality of MiSt. 
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Abstract: Introduction: We reported rapid and delayed lower jaw-to-forepaw reorganization in 

the rat forepaw barrel subfield (FBS) of somatosensory cortex following forelimb 

deafferentation. Rapid reorganization occurs only in the anterior FBS. The neighboring lower 

jaw barrel subfield (LJBSF) projects to the anterior FBS and reportly serves as an immediate 

input source. However, neurons in the posterior FBS begin responding to lower jaw input six or 

more weeks after forelimb deafferentation, but their source is unknown. While the ventral 

posterior lateral thalamic nucleus (VPL) projects to the entire FBS, VPL neurons in intact 

forelimb rats do not respond to lower jaw stimulation. However, other studies in monkeys have 

shown that VPL neurons become responsive to lower jaw input months or years after forelimb 

deafferentation. If similar reorganization occurs in rat VPL post-deafferentation, VPL could 

serve as a new source of lower jaw input in the posterior FBS. 

Methods: We used anesthetized rats to investigate lower jaw reorganization in VPL both in 

normal rats and rats six weeks or more post-forelimb amputation. Single and multi-unit 

responses were recorded in VPL neurons using a carbon fiber electrode. To examine input to 

VPL, mechanical and electrical stimulation were applied to the skin surface of the forepaw and 

lower jaw. Signal processing was conducted using IGOR-Pro software. Electrolytic lesions were 

used to recover penetration sites. 

Results: 1) Neurons within the forepaw representation in VPL exhibit irregular firing patterns in 

intact forelimb rats, whereas in amputated rats (>6 weeks post-amputation), these neurons 

display burst-like firing patterns. 2) Neurons within the forepaw representation in VPL respond 

exclusively to input from the forepaw in intact rats. 3) In forelimb amputated rats (>6 weeks 

post-amputation), VPL neurons throughout the former forepaw representation respond to new 

input from the lower jaw. 

Conclusions: Our findings suggest that the forepaw VPL serves as a source for the new lower 

jaw input in the FBS in chronic deafferented rats. However, whether VPL is the original source 

of this delayed lower jaw-to-forepaw reorganization in FBS requires further investigation. 
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Abstract: Synaptic plasticity at neocortical synapses is thought to underlie learning. During 

tactile learning, changes in the activity of both primary and secondary somatosensory cortex (S1 

and S2) have been associated with task expertise. Indeed, S1 and S2 are interconnected by both 

direct excitatory connections and also indirectly, through higher-order thalamus (posterior-

medial thalamus; POm), and POm is itself important for learning. Because previous 

electrophysiological analyses have identified pathway-specific synaptic potentiation at POm 

synapses in S1, we hypothesized that this plasticity might also occur in S2, further enhancing 

activity initiated by this thalamocortical loop. Using pathway-specific stimulation of POm 

afferents as well as fluorescence-based anatomical techniques, we characterized learning-related 

changes in the strength of POm synapses onto layer 2/3 pyramidal (Pyr) neurons in both S1 and 

S2. To selectively label excitatory synapses, we virally expressed Citrine-PSD95.FingR in Drd3-

Cre transgenic mice and tdTomato in POm axons. Using high-resolution confocal microscopy 

and digital reconstructions in fixed tissue, we aligned POm axons with PSD95 puncta. Synapse 

size was evaluated as animals learned a sensory association task where a gentle airpuff to the 

facial whiskers predicted a water reward during home-cage training. During the first two days of 

training, we identified a gradual and significant increase in the size of POm-associated synapses 

on the L2/3 tufts in S1, where basal synapses were unaffected. Notably, overall PSD95 puncta 

size that broadly represents all excitatory inputs onto S1 L2/3 Pyrs was not altered. In contrast, in 

S2 POm-associated synapses onto L2/3 Pyr neurons showed a progressive and significant 

reduction in size during training. Overall PSD95 puncta size representing all excitatory inputs 

onto L2/3 Pyr in S2 decreased. Pathway-specific ChR2-mediated analysis of quantal EPSCs 

from POm afferents corroborated anatomical findings in both S1 and S2. All changes in POm-

synapse size were renormalized after longer period of training, when animals had learned the 

task. Thus, higher-order thalamocortical inputs are differentially regulated depending on target 

area, and enhanced interactions between S1 and S2 may not depend upon indirect connectivity 

from POm thalamus. Future studies will investigate the roles of these divergent synaptic changes 

on transcortical information flow during learning. 
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Abstract: The advent of noninvasive neuroimaging has reignited interest in myelin mapping to 

understand brain growth and development. Despite controversy over the historical use of myelin 

to map the brain, the ability for contemporary magnetic resonance imaging (MRI) to measure the 

movement of water has reignited demand for multiscale measures of myelin content. For 

instance, qualitative histological maps of primary somatosensory cortex (S1), primary motor 

cortex (M1), and parietal association cortex (PtA) have been established, but not yet deployed to 

track neurobiological growth. In this project, we acquired histology and in-vivo MRI datasets of 

the brain from adult mice and rats. Specifically, we used a standardized Gallyas silver method to 

visualize myelin, and an adjacent series was stained with thionin for Nissl, in 40µm coronal 

histological brain sections. On the 9.4T small animal bore scanner, we used ultrashort echo-time 

T1 mapping for anatomical features and diffusion imaging to infer white matter-gray matter 

boundary, as well as T2, T2* and magnetization transfer. In the current report, we present our 

histological results along with preliminary MRI showing the more than 30% change in myelin 

density that defines the border between M1/S1 and PtA/S1 in the rat. In particular, we 

demonstrate S1 can be identified and delineated along its dorsal border by its differential 

columnar myelin content relative to adjacent M1 or PtA. Our work establishes the quantitative 

differential cortical myelin content of S1 across multiple scales of organization, from histology 

through to MRI, enabling the estimation of native functional brain organization across 

individuals noninvasively without behavioral assessment. The capability of a more detailed and 

sensitive method to detect specific functional brain areas provides a powerful tool to track brain 

growth and development, as well the impact of disease to enable more individualized and 

therefore effective treatment plans for patients suffering from myelin degradation conditions. 
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Abstract: Angular tuning is a key feature of the rodent whisker pathway, characterized by 

increased activity of groups of neurons to a specific whisker deflection angle (Minnery, 2003). 

This response can be observed in the brainstem, thalamus, and the primary somatosensory cortex 

(S1), providing a mechanism to trace the flow of information in this pathway, and test the 

dynamic interactions that shape thalamic signals relayed to the cortex. The nuclei involved in the 

thalamocortical communication within this pathway are the thalamic barreloids in the ventral 

posteromedial (VPM) nucleus, the thalamic reticular nucleus (TRN), and the corticothalamic 

projecting (CT) neurons in S1. The VPM is responsible for forwarding brainstem information to 

S1, while the TRN and CT provide inhibitory and excitatory feedback signals, respectively, 

which can shape the activity of the VPM neurons. Detailed reconstructions of neuronal 

projections uncovered new pathways of information flow and integration across cortical and 

thalamic regions (Lam & Sherman, 2005, 2006, 2010, 2011; Shepherd & Yamawaki, 2021). 

These studies provided a series of possible circuit configurations that could be involved in 

shaping the response of the thalamic neurons, improving thalamocortical communication. With 

this in mind, in this study we developed a detailed multiscale mechanistic model of the mouse 

whisker pathway, using the NetPyNE tool and the NEURON simulator. Our goal was to 

investigate how network topology and activity influence the observed angular tuning response in 

the mouse thalamus. We characterized the network based on the angular tuning response of 

thalamic neurons to different whisker deflection angles and evaluated the contribution of 

different network arrangements that have been proposed by experimental studies, such as open-



loop vs closed-loop projections (Lam & Sherman, 2005). Our preliminary results show that no 

single factor is responsible for the preservation of the angular tuning response. Instead, our 

findings suggest that a combination of network topology and dynamic interactions with TRN and 

CT feedback enhances the activity of thalamic relay neurons aligned with the deflection angle 

while inhibiting activity in misaligned neurons. Our results also point towards a widespread 

projection of TRN neurons at the barreloid level, instead of focal and closed-loop inhibitory 

feedback to specific cells. Combined, these mechanisms could act as a filter of information at the 

thalamic level, improving the efficiency of thalamocortical communication. 
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Abstract: Introduction: A leading mechanism underlying phantom limb pain (PLP), a chronic 

neuropathic pain that manifests post-amputation, is functional reorganization of sensorimotor 

cortices and subcortical nuclei. Cortical and subcortical reorganization subsequent to forelimb 

amputation in rat has been documented, but the presence or extent of chronic pain associated 

with amputation in rat has not been explored. The rat grimace scale (RGS), previously used to 

quantify pain levels in acute and chronic pain conditions, may be a useful indicator of chronic 

pain following amputation. As an initial step for chronic pain detection in the rat amputation 

model, the purpose of this study is to investigate if forelimb-amputated rats display behaviors 

indicative of increases in negative affective states. 

Methods: Adult Sprague Dawley rats, 8 with forelimb amputation, 4 sham-operated, and 4 

unoperated (control), were observed individually by the same, single observer twice per week for 

1 week before and 6 weeks after surgery to score facial behaviors using RGS during 10-min 

sessions. Specific behaviors (action units, AUs) scored were changes in orbital tightening, 

whisker position, ear curling, and nose flattening. AUs were assigned a score of 0, 1, or 2 to 

indicate severity of each AU change once per minute and averaged to create an RGS sample 

score. The 10 RGS sample scores were then averaged to create an RGS session score. 



Results: Significant differences were found between average session RGS scores per week for 

amputee and control subjects for all post-surgery weeks (Kruskal-Wallis, p<0.05). Changes in 

overall average pre-surgery and post-surgery RGS score for the amputee, sham, and control 

groups were 0.57, 0.25, and 0.10, respectively, with significant differences between amputee and 

control groups and between amputee and sham groups (Mann-Whitney, p<0.05). 

Conclusion: Change in RGS scores from pre- to post-surgery was significantly higher in the 

amputee group compared to control. Results indicated that a threshold change of 0.3 in pre-to-

post surgery RGS scores may differentiate amputee from control and sham subjects over a 6-

week period, but further studies are needed to confirm that RGS is a robust indicator of negative 

affective states or chronic PLP in amputee rats. 

Disclosures: N. Nemati: None. A. De Jongh Curry: None. L. Wang: None. J.W. Tsao: 

None. R.S. Waters: None. 

Poster 

PSTR277: Thalamic and Cortical Processing 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR277.13/Web Only 

Topic: D.02. Somatosensation – Touch 

Support: NIH grant R01NS129982 

Title: Probing the extra-hand surround with laminar recordings in monkey area 3b 

Authors: *J. L. REED1, H. X. QI1, A. BASTOS2, J. H. KAAS1;  
2Psychology and Vanderbilt Brain Inst., 1Vanderbilt Univ., Nashville, TN 

Abstract: Despite the importance of hand use in primates, little is known about how receptive 

field (RF) surrounds are generated in neurons in primary somatosensory cortex area 3b that 

appear to integrate touch information from both hands. When the excitatory RF is on one hand, 

modulation to touch on both hands could be called the ‘very far’ suppressive surround or the 

‘extra-hand’ suppressive surround. Callosal connections are mostly absent in the primate area 3b 

hand representation, and the connections differ by layer. Thus, laminar response patterns will 

guide our future inactivation studies to localize sources of extra-hand surrounds in area 3b. We 

expect that supragranular layers have extra-hand surrounds, while we predict that layer 4 neurons 

will have near surrounds, and infragranular layers will have near and far surrounds, and weak or 

absent extra-hand surrounds. We use multielectrode arrays to record from 3b in adult owl 

monkeys, squirrel monkeys, and galagos, which all have the area 3b hand represented on the 

cortical surface. Our previous studies recorded layer 3 neurons with planar arrays. In owl 

monkey cortex, we recorded from layers 2 through 6 using linear arrays (NeuroNexus) with 16 

contacts, 100 micron spacing. Cortical depth and RF mapping guided array placement. Neuronal 



activity and local field potentials (LFPs) were recorded at 40kHz and 1kHz, respectively 

(Plexon). Data processing in MATLAB included average firing rates, peak magnitudes and 

latencies of averaged LFPs, and Current Source Density (CSD) in response to tactile stimulation. 

For stimulation on the hand contralateral to 3b, an early current sink corresponds to layer 4. We 

used CSD and multiunit activity for cortical depth estimates, and after data collection, 

microlesions are delivered at selected sites. Electrolytic lesions are used to reconstruct laminar 

locations from brain sections processed for co-registering architectural boundaries. Two-sample 

Kolmogorov-Smirnov tests of the distributions and t tests paired for the same contact in two 

stimulus conditions indicated significant suppression for bimanual stimulation compared to a 

single digit (on the contralateral hand). This was true for matched and nonmatched digits 

compared to the single digit condition, but no difference was detected between matched and 

nonmatched bimanual stimulation. Initial analyses indicate suppression follows our predictions 

but occurs across all cortical layers. Lack of somatotopic specificity suggests widespread 

feedback connections drive suppression, while the suppressive effect of simultaneous stimulation 

found across all layers suggests that feedforward sources require investigation. 

Disclosures: J.L. Reed: None. H.X. Qi: None. A. Bastos: None. J.H. Kaas: None. 
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Abstract: Perceptual decision-making is influenced by the interplay between stimulus 

predictability and temporal uncertainty. However, the effects of these mechanisms on sensory 

information processing are not fully understood. In this study, we investigated how such factors 

impact perceptual thresholds for tactile sensitivity using focused ultrasound stimulation (FUS). 

FUS uses low-intensity focused ultrasound waves to evoke haptic sensation by exerting an 

acoustic radiation force, displacing mechanosensitive receptors on cell membranes. Its high 

spatial resolution, non-contact nature of force delivery, and spatiotemporal control over the 

soundwave parameters make it an ideal method to quantitatively study the sense of touch. The 

study was conducted with human subjects (N = 21, age group: 18-24) instructed to respond if 

they had felt a vibration on their fingertip under varying conditions, testing for the effects of 

stimulus predictability (priming), temporal uncertainty, and stimulus surprise measured by 



sensory (probability of success) and motor (response time) metrics. Our results show that 

temporal uncertainty, but not stimulus predictability, results in reduced tactile sensitivity and 

increases the perceptual thresholds. In contrast, stimulus surprise has no significant effect on 

perceptual thresholds. Surprisingly, the top-down regulation of the perceptual threshold for touch 

detection during stimulus uncertainty and temporal predictability does not change reaction times, 

although sensory evidence itself is inversely correlated with the reaction time. Distributed 

surface EEG recordings across the cerebral cortex showed a parieto-frontal circuit that encodes 

stimulus predictability in a context- and time-varying manner. These results suggest that 

uncertainty in time affects the brain's ability to combine sensory information, which leads to 

higher perceptual thresholds and have implications for how we understand the neural processes 

that make perceptual decisions. 
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Abstract: The sense of touch is a complex and multifaceted sensory experience that plays a 

crucial role in our daily lives. While the neural mechanisms underlying the sense of touch are not 

yet fully understood, recent advances in neurostimulation techniques have opened up new 

avenues for studying the peripheral (sensory) and central (neural) determinants of how we 

perceive and process the tactile world. In this study, we introduce the use of low-intensity 

focused ultrasound stimulation (FUS) as a novel tool to study haptic touch. FUS is a non-

invasive and painless technique that uses high-frequency sound waves to remotely stimulate the 

skin and evoke a sense of touch. It allows for precise control over the intensity, duration, 

frequency, and spatial location of the stimulation. We demonstrate the feasibility of using FUS to 

elicit tactile sensations in humans (N = 21, age group: 18-21) and explore the relationship 

between stimulus amplitude and duration in the perception of touch using a combinatorial 

approach. Our experiments revealed that the perceptual threshold for punctate stimuli was 

independent of stimulus duration (tested between 1-100 ms) across a broad range of durations 

(3.9-100 ms) and showed that the minimum duration of touch required for the detection of the 

stimulus was 3.9 ms. Overall, our study demonstrates the potential of FUS as a novel and 



innovative approach to studying the sense of touch and suggests that the brain's ability to detect 

touch is not influenced by the duration of the punctate stimulus. 
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Abstract: Purpose: Pain is a highly debilitating condition. To date, the pathophysiology of pain 

remains poorly understood, hindering the development of effective pain treatment. The 

thalamocortical (TC) circuitry is known to be involved in pain perception as well as the genesis 

and maintenance of chronic pain. The aim of this study was to investigate the alternation of 

thalamocortical (TC) connectivity of chronic low back pain during tonic pressure pain, no pain 

pressure and resting state as compared to no-pain controls. Methods: MRI scans were applied 

using a 3T Simons Scanner. 23 chronic low back pain (cLBP) patients and 27 pain free control 

were included in the data analysis. The 6-minute MRI scans were applied during tonic pressure 

pain (with an individualized average pain intensity of 4 using a 0-10 visual analog scale) and 

during no-pain pressure in random order. All stimuli were applied on left leg. A resting state 

fMRI scan was also applied at the beginning of the scan. Data analysis was performed using the 

CONN toolbox. Three thalamic subdivisions—ventral posterolateral thalamus (VPL), 

mediodorsal thalamus (MD), and the motor thalamus subregion (MThal) —associated with 

somatosensory, limbic circuity and motor were used as seeds for seed-based rsFC analysis. A 

threshold of p < 0.005 at voxel-wise level and p < 0.05 at cluster level (FDR corrected)Results: 

During tonic pressure pain, cLBP patients (compared to pain free control) are associated with 

greater VPL functional connectivity (FC) in the bilateral hippocampus and amygdala and left 

parahippocampal gyrus. During the no-pain pressure, cLBP (compared to pain free controls) is 



associated with decreased connectivity between MThal and precentral gyri (primary motor 

cortex, M1) as well as right middle frontal gyrus and right inferior frontal gyrus. During the 

resting state, cLBP (compared to pain free controls) is associated with increased connectivity 

between MThal and M1 (right precentral gyri) as well as bilateral post cingulate gyrus, right 

precuneus and right middle cingulate gyrus. Conclusion: These results support our hypothesis of 

TC circuit dysfunction in cLBP. Specifically, cLBP is associated with different TC alternation 

during different conditions (pressure pain, no pain pressure and resting), our finding may shed 

light on our understanding of pathophysiology of cLBP. 
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Abstract: Throughout our daily lives, the central nervous system must process an abundance of 

incoming sensory information from the environment. To prevent higher cortical areas from 

becoming overloaded with incoming sensory information, a mechanism known as sensory gating 

(SG) acts to selectively facilitate, or attenuate somatosensory information based on task 

demands. SG can be modulated by attention, resulting in the facilitation of sensory information 

that is goal-relevant (relevancy-based facilitation). Past work from our lab found that individuals 

with a history of concussion display a delay in the facilitation of relevant sensory information to 

guide movement compared to healthy controls. Of interest, this delay was found to occur at two 

timepoints reflective of distinct stages of sensory processing. The current work aimed to 

investigate this delay by probing the contribution of the dorsolateral prefrontal cortex (DLPFC), 

an area of the brain known to play a role in the modulation of incoming sensory information as 

well as being particularly vulnerable to concussive forces. To test this, somatosensory-evoked 

potentials (SEPs) were elicited via median nerve stimulation while participants performed a task 



that manipulated their focus of attention toward or away from proprioceptive feedback. 

Participants performed this task before and after the administration of intermittent theta burst 

stimulation (iTBS) or continuous theta burst stimulation (cTBS) over the DLPFC, which 

occurred at separate experimental sessions at least 7 days apart. SEP data replicated past work, 

showing a differential delay in relevancy-based facilitation that occurred at either the P50-N70 or 

the N70-P100. Preliminary results reveal that modulating DLPFC activity via cTBS and iTBS 

alters the pattern of facilitation of relevant sensory information. Given that frontal brain areas are 

particularly vulnerable to concussive forces, these results suggest a critical role of the DLPFC in 

the neuronal network underpinning relevancy-based facilitation. 
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Abstract: Sensory modulation plays a critical role in perception by filtering and prioritizing 

sensory information, crucial for flexible behavior. While the role and mechanisms of attention 

have been extensively studied in intact sensory systems, the extent to which attention modulates 

the properties of neural responses to intracortical microstimulation (ICMS) in impaired systems 

remains unclear. This study investigates the impact of directed attention on the perception of 

ICMS in the primary somatosensory cortex (S1). In this study, we utilized ICMS with a single 

human participant, who had four Utah arrays implanted: two in S1 and two in the primary motor 

cortex (M1), to investigate the role of attention on S1 and its connections with motor cortex. 

Results show that attention influences the detection threshold of ICMS, particularly with respect 

to stimulus amplitude. Stimuli at or below the detection threshold were more readily detected 

when attention was focused on the stimulated digit. Conversely, stimuli above the detection 

threshold were detected more often when attention was directed away from the area of 



stimulation, suggesting an increased responsiveness to unexpected stimuli. Next, we introduced a 

modification to the task which required the subjects to detect changes in stimulation intensity, 

starting from a non-zero baseline. This modification is designed to mitigate confounding effects 

from transient activity triggered by stimulation onset. Finally, we are investigating the effects of 

directed attention on the communication space between S1 and M1. 

Disclosures: A.H. Alamri: None. N.D. Shelchkova: None. N.G. Hatsopoulos: F. Consulting 
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Abstract: High-gamma (HG) activity is a well-known neurophysiological activity observed in 

various cortical regions. However, its mechanisms and functional roles are unclear. Specifically, 

although the relationship between theta-gamma activities is relatively well-established in some 

cortical areas including the hippocampus, it is unclear whether this relationship and functional 

characteristics are consistent across various cortical regions. Here, we investigate this issue using 

phase-amplitude coupling and effective connectivity analysis. In this study, we first confirm the 

coupling between theta-HG activities and then evaluate the information flow between them. 

Twelve patients with drug-resistent epilepsy underwent electrocorticography (ECoG) grid or 

depth electrode insertion surgery. Eight patients with electrodes located on the primary 

somatosensory cortex (S1) participated in the texture stimulation task, and four patients with 

electrodes located in the hippocampus performed a memory encoding task. We calculated theta-

HG phase amplitude comodulation (PAC) using ECoG signals from the S1 and hippocampus 

during texture stimulation and memory encoding periods, respectively. To evaluate information 

flow between theta activity and HG envelope, we calculated partial directed coherence (PDC) 

between them. For significance testing, we created surrogate datasets using the multiple 

partitioning method for PAC and the fast Fourier transform (FFT)-surrogate method (phase 

randomization) for PDC. We then performed the simulation 1000 times and extracted the z-

scores or p-values of each condition. We found that HG activities are phase-locked to the theta 



oscillations both in the S1 and hippocampus during tasks. The information flow between theta 

and HG activities showed distinct differences in S1 and hippocampus. That is, in the 

hippocampus, the theta oscillation drove the hippocampal HG activity. On the other hand, in the 

S1, the fluctuation of the HG envelope drove the theta oscillatory activity, and these results were 

consistent across patients. Interestingly, these directional differences in information flow were 

also observed across other cortical regions. In this study, we showed that the relationship 

between theta and HG activities varies across cortical regions. Specifically, results from the S1 

area indicated that S1 HG activity during stimulation is not induced by slow oscillatory activity 

such as theta oscillation but may be driven directly by external inputs. Therefore, we suggest that 

HG activities have different characteristics depending on cortical function and region. 
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Abstract: The sense of touch is vital for interacting with the environment and navigating our 

surroundings. Despite their importance, the functional properties of mechanoreceptors, the 

sensory receptors responsible for detecting touch, remain poorly understood. To address this 

question, in this study, we present a computational model based on adaptive exponential 

integrate and fire neurons (Adex) fitted with “Covariance Matrices Advanced evolution strategy” 

(CMAes) to electrophysiological recordings of mechanoreceptors. Our results reveal that the 

three mechanoreceptor types (Rapidly Adapting (RA), Slowly Adapting Type 1 (SA1), and 

Slowly Adapting Type 2 (SA2)), observed in [1], each have distinct filtering properties that 

together define the tactile system’s initial resolution for touch detection. We demonstrate that 

each receptor type plays a unique role in processing punctate tactile stimuli with varying 

amplitude and duration. SA1 serves as a temporal integrator, RA functions as a binary encoder 

(discriminator) for stimulus amplitude, and SA2 encodes both time and amplitude dimensions. 

Furthermore, we show that integrating activity from heterogeneous mechanoreceptors is 



necessary for precise stimulus detection. These fundamental insights offer a novel mechanistic 

insight into tactile perception and propose testable hypotheses on the neural basis of tactile 

perception in the sensory periphery.  

 

 

Figure. Response properties of mechanoreceptors and trigeminal (TG) neurons. Color bars 

represent the normalized population response. The firing rates are normalized within the 

mechanoreceptor and TG populations. 

[1]Sonekatsu, M., Yamada, H., & Gu, J. G. (2020). Pressure-clamped single-fiber recording 

technique: A new recording method for studying sensory receptors. Molecular Pain, 16, 

174480692092785. https://doi.org/10.1177/1744806920927852 
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Abstract: Despite major advances in decoding motor neural activity for the operation of robotic 

limbs, patient use of these assistive systems has been limited by their lack of sensory feedback, 

which is necessary for even simple everyday tasks. Somatosensory prostheses utilizing electrical 

stimulation of sensory areas corresponding to the somatotopic representation of the limb could 

provide actionable sensory feedback. A major challenge with this approach is that electrical 

stimulation often results in the generation of paresthesias, consisting of tingling, burning, 

shocking, and other abnormal sensations. The generation of paresthesias is partially caused by 

the activity evoked by electrical stimulation not sufficiently matching the natural activity 

resulting from touch. Our group has previously demonstrated a method to address this 

deficiency, using model predictive control for stimulation in the forelimb representation in the 

Ventral Posterolateral (VPL) thalamus based on resulting primary somatosensory cortical (S1) 

activity from focal natural touch stimuli. Intrathalamic Microstimulation (ITMS) optimized by 

this method produced cortical Local Field Potentials (LFP) more similar to that resulting from 

natural touch. To further improve this methodology, nonlinear models such as artificial neural 

networks (ANNs) can be used to relate VPL and S1 activity to the touch stimulus input space. In 

this work we implant Lewis rats in the VPL thalamus and cortex with multichannel NeuroNexus 

silicon arrays, and use a CNN-RNN model to relate natural touch activity from the VPL to S1 in 

order to find a basis set of activity that can be used to model activity contained in the somatotopy 

of both regions. After freezing the weights of this model, additional input and hidden layers are 

added to the model relating the forelimb touch input space to the cortical activity. Using this 

model to implement the controller better accounts for the non-linearities inherent in the 

thalamocortical somatosensory system, as compared to naturalistic touch by quantitative 

measures including mean squared error, Mahalanobis distance, and touch location classifier 

accuracy. 
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Abstract: In order to identify features of neural organization that may be common across 

mammalian clades, we are conducting a series of studies examining the brain of a representative 

species of Xenarthra, a relatively early branch of the mammalian lineage. The nine-banded 

armadillo (Dasypus novemcinctus) is the only extant xenarthran species found in North America. 

This species is known to have extensive pyriform cortex, a relatively large region of auditory 

cortex, and a relatively small region of visual cortex. In order to better quantify the extent of 

sensory structures, we are performing a volumetric analysis of the cerebral hemispheres and 

thalamic nuclei in this species using confocal microscopy and Nikon Elements AR software. In 

two cases, fixed whole brain specimens were sectioned at 50𝝻;m in the coronal plane and stained 

for cytochrome oxidase histochemistry (CO), cytoarchitecture (Nissl), and immunocytochemistry 

using antibodies to calbindin (Cb), parvalbumin (PV), and nonphosphorylated neurofilament 

protein (SMI-32). Sections were then mounted and each series of sections was scanned and 

imported into the software. Boundaries of structures were outlined manually by three 

independent observers, and the resultant areal data were converted into volumes using section 

thickness. Preliminary results indicate no significant left/right asymmetries in volumes of 

hemispheres or thalamic nuclei. Ongoing efforts will examine volumetric proportions of thalamic 

nuclei, hippocampus, pyriform cortex, and cerebral hemispheres with respect to whole brain and 

white matter volumes in this species. These analyses will help delineate specializations in the 

brain of the armadillo and will further our understanding of xenarthran neural organization in 

comparison to members of other mammalian clades. 
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Abstract: C. elegans hermaphrodites/females emit volatile cues that broadcast their reproductive 

status and readiness for mating; males must locate the potential mate in a complex environment. 

We investigated the response of C. elegans males to volatile sex pheromone, a highly selected 

behavior that provides an opportunity to elucidate mechanisms of efficient navigation as well as 

sex-specific behavior. We found that the sex pheromone chemoreceptor SRD-1 exhibits sexually 

dimorphic expression in both head and tail regions, suggesting that there are spatially separated 

detectors for pheromone. Pan-neuronal imaging shows SRD-1-dependent sex-specific neuronal 

activation with only male AWA neurons and male-specific PHD neurons activated by 

pheromone. The tail located PHD neurons are required for difficult but not simple navigation 

tasks. By observing trajectories of individual males, we observed that males employ multiple 

navigation strategies—orthokinesis, klinokinesis, klinotaxis, and tropotaxis—in response to 

pheromonal cues, enriching our understanding of behavioral complexity driven by olfactory 

stimulus. We computationally modeled aspects of the head versus tail signaling and find that it is 

relatively straightforward to match key experimental observations with a few parameters that 

capture the most relevant system properties. C. elegans offers a compelling demonstration of an 

efficient olfactory mechanism. Fine-tuning the expression of a single receptor allows for 

effective tropotaxis-mediated spatial navigation while simultaneously facilitating the execution 

of distinct sex-specific behaviors. This research lays the groundwork for future studies in 

complex systems and could transform our understanding of sexually dimorphic traits from 

receptor expression to neural circuit dynamics. 
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Abstract: Like most animals, Drosophila melanogaster uses chemosensory information to guide 

navigation and foraging. Tangential inputs to the fan-shaped body are anatomically poised to 

provide chemosensory input to the fly navigation center and a small number of these have been 

shown to respond to select odorants and tastants. However, how chemosensory information is 

encoded across the diverse tangential input population of ~150 connectomically-defined neuron 

types is unknown. Here we set out to characterize chemosensory representations across the 

population of tangential inputs and to link these representations to behavior. First, we used wide-

field calcium imaging to survey responses of developmental classes of tangential neurons to six 

odorants of varying valences. We found that most populations showed broad responses to odors 

with substantial variation across flies. These data suggest that chemosensory information is 

represented by a population code across the array of tangential inputs and strongly modulated by 

behavioral state or experience. Next, we performed whole-cell electrophysiology from ventral 

tangential inputs derived from a single developmental class and recorded responses to both 

odorants and tastants. We found that neurons targeting the same layers of the fan-shaped body 

showed similar temporal response profiles but distinct chemo-sensory tuning. A subset of these 

neurons showed pronounced changes in intrinsic properties during the course of recording— 

from tonic firing where sensory information was transmitted to burst firing where sensory 

information was blocked— providing a potential substrate for response differences observed 

across flies. Recording from a more specific driver line revealed more uniform chemo-sensory 

tuning suggesting that diverse tangential inputs to each layer are genetically-defined. In ongoing 

work, we plan to record from several specific classes of tangential neurons derived from multiple 

developmental lineages, and to compare sensory tuning to the effects of optogenetic activation 

and inactivation on navigation and foraging behavior. The expected output of this work is a first 

map of how tangential inputs to the fly navigation center transform chemosensory information 

into behavior. 
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Title: Creating an apparatus for high throughput extracellular recording with on-demand 

configuration in free-behaving locust 

Authors: *F. DENG1, Q. COQUEREL2, R. CHANDAK3, B. RAMAN3;  
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Abstract: <META NAME="author" CONTENT="菲阳 邓">Methods to record neural signals 

from multiple circuits and for long periods of time in behaving animals is an open challenge in 

neuroscience. Here we present a method using custom-built, flexible multielectrode and 

multicenter arrays for recording odor-evoked neural and behavioral responses in locusts 

(Schistocerca americana). By combining a twisted-wire fabrication method with 

polydimethylsiloxane (PDMS) as a structural agent, we devised a process that allows 

manufactured electrodes to be flexible and conform to various shapes, facilitating high-

throughput recording from multiple brain regions with varying topologies. We used this 

approach to demonstrate that we could record from multiple neural centers: antennal lobe, 

mushroom body, and central complex simultaneously and for multiple days. Further, by 

integrating minimally invasive surgical technique to expose the brain, we successfully recorded 

locusts that were freely behaving in a trackball-based olfactory VR. We further recorded neural 

signals while conditioning free-moving locusts with positive (sugar water) and negative (electric 

shock) rewards. Our results indicate that variances in odor-evoked responses of appetitive 

odorants (conducive for classical conditioning) and non-appetitive odorants (not conducive for 

classical conditioning) were not uniformly distributed but confined to distinct neural manifolds. 

In sum, our results establish a proof-of-concept methodology for achieving higher success rate, 

neural yield, longevity, and adaptability to monitoring neural response during various innate and 

acquired behavioral responses. 
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Abstract: The olfactory system in most mammals begins with two unique air flows separated by 

a nasal septum. Olfactory signals are then relayed to the brain in two separate olfactory bulbs, 

from which the brain produces a unitary perception of the olfactory environment. The 

mechanisms by which the brain combines these separate inputs to obtain perceptual unity remain 

unknown. The anterior olfactory nucleus (AON) is the earliest olfactory cortical area to project 

contralaterally, making it an excellent candidate for the combination of bilateral olfactory 

information. The AON is also implicated in social behavior and olfactory memory. However, the 

specific cell types involved in the interhemispheric AON connection are unknown, as are the 

functional consequences of contralateral input to the AON. Using anterograde and retrograde 

anatomical tracing, we show that contralaterally-projecting AON neurons are glutamatergic 

(VGLUT1-positive) but not GABAergic (VGAT-positive) (N=3 VGLUT1-cre mice, N=5 

VGAT-cre mice), making synapses with both VGLUT1 and VGAT-positive neurons (N=3 

VGLUT1-cre mice, N=3 VGAT-cre mice). Preliminary results from single nucleus RNA 

sequencing of the AON reveal 27 distinct neuronal clusters, 6 of which are VGLUT1-positive 

putative pyramidal cells, providing candidate populations to investigate the mechanisms of inter-

AON signaling. Optogenetic stimulation of contralaterally-projecting AON axons during whole-

cell recording of AON cells resulted in EPSPs with a connection probability of 0.46 (n=13 cells). 

This work will contribute not just to our understanding of the AON, but also to the processing 

done by the olfactory cortex. Insights from the cellular and functional diversity within the AON 

will guide future research on the role of the AON in olfactory-related disorders. This work is 

sponsored by NIH grant 1RF1NS128865 
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Abstract: Understanding the critical role of the olfactory system in guiding naturalistic foraging 

behaviors promises to provide fundamental insights into sensory perception and ecological 

adaptations. Mice rely heavily on their olfactory senses to navigate complex environments and 

locate potential food sources. Although odor-evoked activity has been intensively studied in 

head-fixed animals, little is known about the dynamic sensory signals acquired by freely moving 

animals when actively sampling their environment. To address the gap in knowledge about real-

time olfactory sensory-motor strategies, we engineered a novel head-mounted miniscope with an 

expanded field of view allowing us to bilaterally image glomerular activity in the main olfactory 

bulb (MOB). MOB imaging in freely moving animals revealed that sensory information was 

largely confined to a relatively small distance within 10 cm of the odor source. Average 

glomerular activation in the MOB increased as animals approached odor sources, allowing us to 

map well-studied concentration-dependent coding onto spatial distance measures. Interestingly, 

glomerular activity often showed directional tuning near the odor source, and these signals 

appear to inform future turning behavior. Odor-evoked activity was often temporally sparse, 

suggesting animals only obtain sensory information on a subset of sniff samples. To directly 

relate sniffing activity to behavior and neural activity, we implanted thermistors to track sniffing 

during foraging, which reveals that sensory sampling has a complex relationship between 

movement speed and directional changes. Currently, we are integrating sniff measurements and 

MOB miniscope imaging to test how active olfactory sampling strategies relate to both sensory-

driven activity in the MOB and ongoing moment-to-moment navigational decisions. 
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Abstract: Though olfactory experience is conventionally thought of in terms of orthonasal 

delivery (i.e., through the nose), rats learn an odor-reward association preference learning task 

faster when the odor is retronasally experienced (through the mouth; Blankenship et al., Curr 

Biol., 2019). Our data shows that rats trained after receiving combined (retro and ortho) olfactory 

exposure (OE) develop a significantly stronger preference for the paired odor than unexposed 

rats (n=12, 6 per group), suggesting that pre-exposing animals to a combined retro/ortho 

olfactory stimulus potentiates preference learning. Given that retronasal association preference 

learning and learning potentiation from taste pre-exposure (Flores et al., Learn Mem., 2018) are 

both gustatory cortex (GC) dependent, we ask whether the enhancement of this paired odor 

association learning from combined OE is also dependent on GC. Using the optogenetic inhibitor 

ArchT to dampen activity in GC during conditioning trials (GCx), we hypothesize that such 

inhibition would block learning potentiation seen from OE. A complementary demonstration of 

GC’s involvement is seen when we quantify viral expression at the site of the fiber. Preliminary 

results indicate no significant increase in preference for the paired odor after combined OE 

during GCx. Furthermore, the ratio of virus expression in GC compared to extracortical areas 

significantly negatively correlates with the extent of preference learning in OE animals. Together 

the data suggest that GC must be online for potentiation of combined retro/orthonasal association 

preference learning. 
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Abstract: Odors carry useful navigational and episodic information, but most of the chemical 

world cannot be accessed without actively sampling the environment. To optimally orient by 

olfactory information, the brain must unify odor-driven activity with representations of self-

movement and context. Studies in other sensory modalities demonstrate that contextual signals 

are common in primary sensory areas, and it has long been known that olfactory bulb (OB) local 

field potentials (LFP) are coupled with behavior. Our lab has found that individual olfactory bulb 



neurons track the long-timescale rhythmic structure of breathing, in the absence of experimenter 

applied stimuli or tasks. To better understand the coupled rhythms of breath and OB population 

activity dynamics, we analyzed local field potentials. During free movement, respiration is 

rhythmically organized into discrete states lasting minutes, whereas these states are not apparent 

during head fixation. In the OB, low frequency LFP oscillations correlate with sniff frequency 

and LFP waveforms in multiple frequency bands are aligned to inhalation. Interestingly, we 

observe a differential modulation of alignment in LFPs with varying sniff frequencies: alignment 

in high frequency LFPs strengthens as sniff frequency increases, whereas alignment in low 

frequency LFPs diminishes. Thus, OB LFP tracks information about timing and frequency of the 

respiratory cycle, and the alignment may be associated with behavioral state and odor 

information. We propose that these contextual signals, particularly those dependent on active 

sampling, facilitate the incorporation of olfactory information into cognitive maps of self and 

environment. 
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Abstract: The olfactory bulb (OB) at early developmental stages predominantly comprises 

mitral cells and superficial interneurons while deep interneurons, particularly granule cells, are 

lacking. This early circuitry is functional and can perform canonical computations including a 

decorrelation of overlapping odor representations. Granule cells emerge later in development and 

eventually become the most abundant cell type in the adult OB, raising the question of how they 

contribute to information processing. We used zebrafish to examine how the cellular 

composition and odor evoked population activity changes during development. We found a steep 

increase in the number of GABAergic neurons 3 weeks postfertilization, coinciding with the 

emergence of top-down projections from telencephalic area Dp, the zebrafish homolog of 

piriform cortex, as revealed by viral tracing. Using two photon calcium imaging we found that 

odor evoked activity patterns evolved with development, which included an increase in response 

amplitudes, and increase in tuning sharpness of excitatory neurons, and more pronounced pattern 

decorrelation. To explore the effects of learning on odor representations we devised a semi-



automated training apparatus for olfactory associative conditioning of group housed zebrafish in 

their home tanks. We found that training increased the amplitude of responses to trained and 

other odors, enhanced pattern decorrelation, and increased the discriminability of odor 

representations by a simple classifier. These results show that the development of the deep 

interneuron network coincides with a refinement of odor representations in the OB. Moreover, 

our results are consistent with the hypothesis that deep interneurons contribute to learning related 

modifications of odor processing, which may involve the integration of information conveyed by 

sensory input and top-down projections. 
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Abstract: The sensory world is noisy and cluttered, creating a challenge to extract relevant 

information. It is unclear how animal brains process complex, high-dimensional sensory signals 

efficiently to suit different contexts and behavioral needs. We address this question by studying 

how mice encode the information about complex odor mixtures in an olfactory cocktail party 

task. In this Go/NoGo task, mice smell odor mixtures with up to 16 components (with a palette 

of 65535 distinct stimuli in total) and decide which one of the two target odors is present in the 

mixtures. We improved the training curriculum to achieve task learning by mice in five days. We 

have recorded the activity of mitral/tufted cells in the olfactory bulb, and neurons in the piriform 

cortex in naïve mice, mice under training and expert mice. In preliminary data, we find that 

average neuronal responses in piriform cortex to the Go odor mixtures increased as mice learned 

the association (44, 38, 57, 56, 53, 70 neurons across 6 days of recording). We then used an 

optimal linear classifier to assess the discriminability of piriform population activity to Go and 

NoGo odor mixtures across the course of learning. We found that the learned animal has much 

higher discriminability than the naïve animal (19.6% for the naïve animal, 52.6% for the expert 

animal). This increase is significant starting at day 2 of training and keeps growing even as mice 

are trained with increasingly difficult curriculum, with more complex mixtures (71.8%, 76.9%, 



100%, 31.4% for day 2,3,4,5, respectively), with the only exception being day 5 which has the 

most difficult mixture curriculum. We found that the increase in discriminability cannot be 

explained by the increase in average neuronal activity, ruling out a trivial nonspecific scaling 

effect. We also tested the discriminability of piriform population to the number of components in 

the mixtures and found that the discriminability is higher in the expert animal than in the naïve 

animal (17.5% for the naïve animal, 52.4% for the expert animal). We are extending the analysis 

to more animals, while also expanding it, to illuminate the mechanism of complex odor mixtures 

encoding in the olfactory bulb and piriform cortex. 
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Title: Taurine-conjugated bile acids activate distinct vomeronasal neurons and drive aversive 

behaviors in mice 

Authors: *V. MANOHARAN, J. WANG, J. P. MEEKS;  
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Abstract: The rodent accessory olfactory system (AOS) detects environmental chemosignals 

and guides several social and non-social behaviors. Fecal bile acids have been found to activate 

neurons in the AOS, potentially serving as mammalian pheromones and kairomones. Using live 

volumetric Ca2+ imaging, we screened several classes of naturally occurring bile acids for their 

capacity to activate peripheral vomeronasal sensory neurons (VSNs). We found that taurine-

conjugated bile acids, including taurine-conjugates of cholic acid, deoxycholic acid, lithocholic 

acid, and chenodeoxycholic acid (TCA, TDCA, TLCA, TCDCA, respectively) activate large 

VSN populations that do not respond to unconjugated (CA, CDCA, DCA, LCA), glycine-

conjugated (GCA, GDCA, GLCA, GCDCA), or keto-conjugated (7-keto DCA, 12-keto DCA, 7-

keto LCA) bile acids. A minority of VSNs activated by taurine-conjugated bile acids were also 

sensitive to sulfated steroids. Among the taurine-conjugates, tauro-deoxycholic acid (TDCA) 

displayed particularly strong potency, activating many VSNs at sub-micromolar concentrations. 

Exposing mice in vivo to mouse fecal extracts 'spiked’ with TDCA – which is normally 

undetectable in mouse feces – elicited stress-associated behaviors in mice in a non-social context 

(avoidance, digging, grooming, etc.), supporting the hypothesis that TDCA may function as a 



mouse kairomone. These studies establish taurine-conjugated bile acids as a novel class of potent 

vomeronasal ligands driving aversive behaviors in mice. 

Disclosures: V. Manoharan: None. J. Wang: None. J.P. Meeks: None. 

Poster 

PSTR278: Olfaction: From Physiology to Behavior 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR278.11/D31 

Topic: D.03. The Chemical Senses 

Support: NSF award #2021795 

Title: Serotonergic modulation of odor-evoked neural and behavioral responses in solitary and 

gregarious locusts. 

Authors: *Y. BESSONOVA1, J. KELLEY2, B. RAMAN3;  
2Biomed. Engin., 1Washington Univ. in St. Louis, St. Louis, MO; 3Biomed. Engin., Washington 

Univ. In St. Louis, Saint Louis, MO 

Abstract: Phenotypic plasticity is the ability of an organism of the same genotype to exhibit 

different phenotypic characteristics, like behavior and morphological traits, based on 

environmental conditions. Locusts are one of the examples of such organisms. Depending on the 

social environment, locusts can exist as solitary grasshoppers or gregarious locust swarms. The 

phenotypic phase of locusts (solitary vs gregarious) is not a constant and the release of serotonin 

has been implicated to play a significant role in phase change in locusts. In particular, the 

increase in serotonin levels in the thoracic ganglion causes solitary locusts to undergo the 

transition into gregarious ones. On the other hand, the increase of serotonin in the brain is linked 

to the conversion of gregarious locusts into solitary grasshoppers. How sensory processing is 

altered in a phenotypic phase-dependent manner to support different behavioral responses to the 

same stimuli is not fully understood. We began by examining the appetitive behavioral responses 

of locusts (Schistocerca americana), to a panel of diverse odorants, before and after serotonin 

injections into the brain or thoracic ganglion. We examined how the odor-evoked behavioral 

responses were altered depending on the site of serotonin injection and the phenotypic state of 

locusts. Serotonin injection in the head of gregarious locusts altered behavioral responses in an 

odor-specific fashion. In contrast, serotonin injection into the head/thoracic ganglion of solitary 

locusts resulted in a homogenous increase or decrease in behavioral responses depending on the 

site of exogenous serotonin injection. Electrophysiological recordings from early olfactory 

circuits revealed increases in odor-evoked neural activity for most odorants. Using a linear 

statistical model, we reveal a simple mapping between the non-specific changes in neural 

responses to odor-specific changes in behavioral outcomes. 
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Title: Behaviorally relevant features of the neural code in olfactory bulb 
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Abstract: Odor stimuli evoke spatiotemporal patterns of activity at the glomerular level in the 

olfactory bulb. The relationship between patterns of neural activity and perceptual similarities 

among sensory stimuli remains debatable. In this study, we designed an experiment using the 2-

alternative-forced-choice (2AFC) paradigm to measure the generalization ability of mice in 

precise odor discriminations. This task allowed us to smoothly vary the spatiotemporal patterns 

of activity using three-component odor mixtures to identify the relevant features of neural 

activity that drive behavioral discriminations. We trained mice to discriminate a specific mixture 

of three odors (referred to as the "Target") from a range of different odor stimuli (referred to as 

"Non-Targets"). In subsequent probe trials, we manipulated the mixture's composition to test the 

mice's ability to generalize their response. We then employed two-photon Ca2+ imaging to 

measure the neural activity in mice expressing the fast calcium indicator GCaMP6f in 

presynaptic glomeruli. Based on these recordings, we aim to identify the critical aspects of neural 

activity that influence behavior. Our preliminary data indicate that this correlation exists within 

the early temporal window of the sniff cycle, and changes in the odor sets suggest that the 

relevant glomeruli for the task are determined by the task demand. These findings provide 

valuable insights into how the olfactory system represents and distinguishes between odor 

mixtures, highlighting the importance of the order of neural activity and the significance of 

temporal dynamics in encoding these mixtures. 
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Title: The geometry of odor representations and their transformation in the peripheral olfactory 

system 
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Abstract: The olfactory landscape is uniquely complex and varied, with animals having to 

grapple with an overwhelming chemical diversity of volatiles as they seek to sense kin, food, 

threats and mates at a distance. It remains unclear how the olfactory system represents stimuli as 

a function of their chemical composition and concentration, and which features shape the 

geometry of representations as they are transformed from sniff to smell. 

To address this question, we collected 1-photon calcium imaging data in the peripheral olfactory 

system of the mouse. We recorded olfactory sensory neurons in olfactory bulb glomeruli for a 

large panel of chemically diverse odorants, across a broad dynamic range from threshold to 

saturation of response. We look at how the odor-evoked responses evolve as temporal sequences, 

and how the features of odorant identity and concentration are represented. Comparing data from 

multiple animals, we also evaluate how conserved the manifold of neural activity is across 

individuals for representing odor identity and concentration. 

We additionally compare these results to data for the same odor set collected in mitral cells with 

2-photon calcium imaging, to better understand how odor representations are actively shaped and 

transformed as they propagate through the peripheral olfactory system. Using our data, we build 

a statistical model for how olfactory geometric relationships are transformed from inputs to 

outputs by the circuitry of the olfactory bulb. 
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Title: The geometry and role of sequential activity in sensory processing and perceptual 

generalization 
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Abstract: Animals encode sensory stimuli with precisely timed activity across modalities. For 

example, mice can rapidly recognize odors, independent of their concentration, based on 

complex spatiotemporal patterns of mitral and tufted cell (MTC) activity in the olfactory bulb. 

Yet, it remains unknown how sequential MTC activity is organized, and what role sequential 

activity plays in guiding perception. We performed fast 2-photon calcium imaging of hundreds 

of MTCs with sub-sniff temporal resolution to a battery of odors. We constructed a space of 

MTC tuning using the pairwise correlations between MTC odor responses averaged over a single 

sniff. We then analyzed the propagation of sequences in this space and discovered that sequences 

originated in a set of similarly tuned neurons and propagated to more distantly tuned neurons, so 

that the latency of MTC activation was linearly related to distance in tuning space. Further, we 

found that the early but not the later part of sequences carried concentration invariant 

information about odor identity. Finally, inspired by the discovery that similarly tuned MTCs are 

activated sequentially across odors, we propose a role of activity sequences in training the 

piriform cortex to learn perceptually generalizable odor representations. Like the role of retinal 

waves in establishing the retinotopic organization of visual processing, MTCs sequentially 

activated together across odor responses may be responsible for establishing odor cortical maps, 

even for odors that have never been experienced. These ideas were tested in a proof-of-principle 

computational model for sequence-based unsupervised training of synapses from MTCs to the 

piriform cortex, which revealed that sequential activity across the entire sniff permits perceptual 

generalization for novel odors. The olfactory system provides a tractable model of the proposed 

principle that sequential activity acts as a scaffold for learning relevant activity manifolds 

between networks, which is applicable to other information processing circuits beyond olfaction. 
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Abstract: How the brain represents physical properties of sensory stimuli is a central question in 

sensory systems neuroscience. In vision, the number of photons translates into brightness; in 

audition, sound-wave amplitude translates into volume. In olfaction however, how concentration 

relates to perceived odor intensity is poorly understood. Several studies have shown that changes 

in odorant concentration are correlated with changes in number of responsive neurons, neural 

firing rates, temporal shifts in responses relative to inhalation, or overall synchrony of neural 

responses. However, odorant concentrations are inappropriate proxies for perceived intensity: at 

similar concentrations some odors evoke strong sensations, while others are barely perceptible. 

Therefore, it remains unclear which neural phenomena underlie the perception of odor intensity. 

One major challenge to study the neural encoding of intensity is obtaining perceptual reports and 

neural recordings from the same animal model. Here, we leveraged a behavioral paradigm in the 

mouse that allows us to measure which concentrations of an odor pair are intensity-matched. We 

selected a set of three odors and computed the intensity-matched concentrations for each odor 

pair. We found the derived intensity-matches from one odor pair both matched to the same 

concentration of a third odor (p < 0.05). We repeated this measure at three different 

concentration ranges, with errors as low as 1 ppm (standard deviations ranged from 0.15 pm to 

10.42 ppm). By pairing neural recordings and the intensity-matching paradigm in the mouse we 

can study the encoding of odor intensity in a mouse model in an unprecedented fashion. Namely, 

we asked which neural features are good candidates to encode intensity, i.e. show equivalence at 

intensity-matched concentrations of different odors. We recorded wide-field one-photon imaging 

in the olfactory bulb at ten concentrations of each odor, ranging from 0.005% to 10% of 



saturated vapor pressure. We then computed response magnitude, response latency and number 

of activated glomeruli, which have been previously found to correlate with concentration 

changes. We found that these neural features do not seem to explain intensity equivalence across 

odors at intensity-matched concentrations. We plan to use machine learning approaches to 

combine optical recordings and behavioral data and formulate new hypotheses for an intensity 

code in olfaction. 
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Abstract: When novel stimuli are detected, humans and animals react with orienting and 

exploratory behaviors driven by sensory input. For example, mice exposed to novel odorants 

respond with an increase in respiration frequency and pupil dilatation. These spontaneous 

responses reflect the adaptive value of exploring unfamiliar stimuli in complex environments. 

How novel odors are discriminated throughout the early olfactory pathway is poorly understood. 

We used a spontaneous novelty detection paradigm to study how the olfactory system processes 

novel and familiar odors. We trained mice for four days while familiarizing them with an odor 

set. Then, we introduced a novel odor set on the fifth day to compare the influence of novel and 

familiar odors on behavior and neuronal responses. Our data showed stronger neural responses to 

novel odors in the anterior olfactory nucleus (AON), compared to the Piriform Cortex (PCx). 

Hence, we hypothesized that the AON, but not the PCx, is crucially involved in detecting 

stimulus novelty. To verify this, we inhibited these regions with muscimol infusions and 



observed respiration and pupil diameter during the spontaneous novelty detection paradigm. We 

found that inhibiting the AON, but not the PCx, reduced sniffing and pupil dilatation in response 

to novel odors. Given these results, the subsequent questions remained: a) did AON inhibition 

selectively influence novelty detection, or odor discrimination in general b) was the effect 

mediated by AON feedforward or feedback projections. To address these questions, we 

selectively inhibited the AON neurons that project back to the olfactory bulb (OB) using 

DREADDs. We found that inhibiting the AON to OB projection caused a reduction in response 

to novel odors. However, we observed that feedforward projections from the AON to the PCx 

were also labeled. Therefore, we cannot definitively conclude whether the feedback projection 

from AON to OB or the feedforward projection from AON to PCx is primarily important for 

discriminating between novel and familiar odors. We are now inhibiting feedback projections 

from the PCx to the OB, which will provide insight into the potential involvement of PCx to OB 

projection in odor discrimination. These approaches will further elucidate the specific 

contributions of the AON and PCx in olfactory processing and discrimination. 
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Abstract: Many sources of unknown and often uncontrolled variability can impact or impede 

progress in understanding cognitive behavior. Here we examine influence of two commonly-

neglected variables - sex and time-of-day - on odor discrimination. In one study, we tested adult 

Long Evans rats in a go/no-go (GNG) paradigm to discriminate 2 odors across several odor sets. 

In a second study, we tested rats on three 2-alternative choice (TAC) tasks to discriminate 5 

odorants across two odor sets. In GNG, female rats sampled odors slightly but significantly 



longer than male rats and responded slightly but significantly more slowly to achieve the same 

performance levels of > 90% after a day or two of training on each test odor set in sessions of 

200 trials. In the TAC tasks, female rats sampled a full sniff longer than males, and sampling 

times did not differ across the three tasks. Response times and performance did not differ by sex 

in the TAC tasks. Rats are nocturnal animals, but few studies report the precise time of testing, 

although many report testing during the light phase, when rats are inactive. Testing in a reversed 

light cycle may be an option, but it limits the use of most sources of light to avoid circadian 

disruption. To examine the effect of testing at different times of day, in a third study, we trained 

rats to perform the GNG task around the midpoint of the light phase. Then we examined whether 

testing four hours earlier or later than the standard test time would affect learning of new odor 

sets. In unshifted control tests rats learned to discriminate new similar odorants quickly when 

trained and tested at the typical reward-entrained test time: in 30-minute sessions, female and 

male rats reached ~65% performance on the first day and > 90% on the second day of training. 

When shifted four hours earlier or later than the normal test time, learning was severely 

impaired, and performance was at chance for two successive test days. Taken together the data 

indicate: (1) performance and variance are comparable across males and females, further 

justifying inclusion of females in olfactory studies without the need to control for estrous cycle 

day, (2) females use longer sampling times across multiple tasks in odor discrimination with 

sampling time differences varying by task category (GNG/TAC), and (3) mismatches between 

the time-of-day of training and subsequent testing strikingly impair performance of both sexes in 

a common learning paradigm. It is unlikely that any modulation of performance or variability 

caused by the estrous cycle exceeds that which already exists in non-cycling males. Proper 

attention should be paid to balancing and reporting time-of-day of behavioral training and 

testing. 
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Abstract: The rat olfactory system is a good model for investigating how sensory and cognitive 

elements influence learning. Rat Olfactory Bulb (OB) gamma (35-110 Hz) band oscillations of 

the Local Field Potential (LFP) are elevated during odor sampling in similar-odor (fine) 

discrimination. Moreover, blocking gamma oscillations in the OB disrupts fine odor 

discrimination for rats, mice, and honeybees, but not coarse discrimination. We test here the role 

of some of the cognitive elements driving increased gamma power during odor discrimination 

tasks. Based on previous results, we hypothesized that cognitive load influences gamma 

elevation in the OB and that rats can adjust gamma depending on cognitive context. To 

manipulate cognitive load, we used a variation of a Two-Alternative Choice (TAC) protocol for 

rats. We achieve higher cognitive load through 1) an increased number of stimuli, some of which 

are very similar, and 2) a harder task with a low level of predictability (high load, uninformative 

cues) compared to an easier task with a higher level of predictability (low load using informative 

context cues telling rats whether a fine or coarse discrimination odor was coming). Male and 

female rats were implanted with bipolar electrodes in the left OB, anterior piriform cortex, and 

dorsal hippocampus (dentate gyrus and CA1). We recorded LFPs from these areas while the rats 

performed the TAC task with informative or non-informative cues. We show that rats can 

successfully learn and perform this difficult variation of the TAC task. When provided with an 

informative context cue, rats change their strategies in performing the discrimination task, 

showing longer sampling times and slightly lower accuracy in overall performance; these rats 

can manipulate the power of gamma oscillations on a trial-by-trial basis to support fine or coarse 

odor discrimination. Rats provided with non-informative cues show elevated gamma oscillations 

throughout and perform slightly better at the less predictable task, with a shorter sampling time. 

Our results show that gamma elevation in the rat OB reflects better behavioral performance, 

which can be achieved with different cognitive strategies given the demand of tasks. 
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Abstract: The natural odors we encounter every day are noisy. They comprise complex, volatile 

mixtures that are spatiotemporally dynamic, face interference from other stimuli, and appear 

across disparate contexts. Adaptive olfactory behavior thus requires accounting for the noise that 

arises from these sources of variability. However, we know little about how the olfactory system 

manages sensory noise to support robust perception. We hypothesize that olfactory noise is 

regulated in a manner consistent with predictive coding in which sensory information is 

weighted according to its precision: precise information is amplified, and noisy information is 

suppressed. Thus, precise olfactory information is prioritized for use in downstream perceptual 

decisions whereas noisy information is ignored. Neurobiologically, predictive coding 

hypothesizes that this amplification and suppression is mediated by neuromodulatory centers in 

the basal forebrain and brainstem that disinhibit (amplify) olfactory neurons carrying precise 

information and inhibit (suppress) olfactory neurons carrying noisy information. To test these 

hypotheses, we developed a paradigm under 7T fMRI in which participants learned predictive 

associations between shapes (circle or square) and odors (pine- or banana-dominant mixtures). 

Critically, we manipulated both the noisiness of these associations and the noisiness of the odor 

mixtures, allowing us to examine multiple sources of olfactory noise. With computational 

modelling, we discovered that participants down-weighted noisy odor information when forming 

the shape-odor associations. Additionally, analyses of the fMRI data revealed that blood-

oxygenation-level-dependent activity in the brainstem and basal forebrain were parametrically 

modulated by the level of olfactory noise. All together, these results are consistent with our 

hypotheses that neuromodulation of the olfactory system works to amplify precise information 

and suppress noisy information in the service of robust olfactory behavior. 
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Abstract: When a new odor wafts its way into our awareness, how long does it take to 

recognize? To decide that we like it? Or whether we want to eat it? And how is this evolving 

olfactory experience reflected in our brain activity? Here, we paired an odor feature rating task 

with high temporal resolution intracranial recordings to investigate the neural signatures of 

human olfactory perception. On each trial, participants evaluated a real-world odor (e.g., cheese, 

dirt, lemon, shampoo) on one of three dimensions: (i) pleasantness, (ii) edibility, or (iii) identity. 

Participants’ ratings reliably differentiated pleasant and unpleasant odors as well as edible and 

inedible odors. Participants also overwhelmingly endorsed the true label of an odor versus an 

incorrect foil label. To compare behavior with odor-related brain activity, local field potentials 

were simultaneously recorded via surgically implanted EEG electrodes (placed as part of 

treatment for intractable epilepsy). Electrodes in piriform cortex were selected for analysis. We 

saw pronounced odor-evoked increases in theta band power (in piriform, but not control 

regions). A set of support vector machine classifiers were trained to decode neural responses 

based on odor identity, valence, or edibility. Early results demonstrate above-chance decoding on 

all three dimensions. Future analyses will reveal the nuances of the odor code as it evolves over 

time. 
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Title: Investigating the neural and physiological correlates of infant olfaction 
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Abstract: Odor perception serves a crucial role early on in human development. For example, 

newborns already exhibit a preference for their mother’s scent, and are soothed by the scent of 

maternal breastmilk. Despite the ecological relevance of such cues, the neural mechanisms 

underlying infant olfaction are not well understood. A couple initial functional magnetic 

resonance imaging (fMRI) studies suggest that odors activate piriform cortex and nearby 

olfactory brain areas in infants, but more work is needed to further establish these findings, 

characterize neural responses to specific odors, and incorporate physiological measurements. 

Here, we presented odors to one-month-old infants (n = 12) while they slept, and we collected 

nasal airflow and fMRI data during odor exposure. Olfactory stimuli included two appetitive 

scents (isoamyl acetate and ethyl hexanoate) and two aversive scents (isovaleric acid and 

cyclopentanethiol). Analysis of fMRI data indicates robust odor-evoked activity in bilateral 

piriform cortex and thalamus. Interestingly, in piriform cortex, fMRI response magnitude varied 

significantly across the four odors. Moreover, analysis of nasal airflow data suggests that infants 

may modulate their inhales based on odor valence, with larger inhales in response to appetitive 

as compared to aversive odors. Taken together, our findings show that young infants already 

show strong neural responses to a range of olfactory stimuli, even during sleep, and suggest that 

nasal airflow may be a viable behavioral metric to assess odor preference in early development. 
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Abstract: The olfactory system plays an important role in our daily lives, not only dictating what 

we smell but also intertwining with emotion, memory, and learning. Anatomically, the olfactory 

bulb (OB) serves as the entry point to the olfactory cortices, gathering odor information from the 

olfactory epithelium, and relaying it to higher-order circuits. Despite extensive research in rodent 

and non-human primate models, our understanding of OB function in humans remains limited 

due to constraints in imaging techniques. 

Functional magnetic resonance imaging (fMRI) using conventional gradient-echo echo-planar 

imaging (GE-EPI) is a common and powerful method for studying human olfaction. It indirectly 

detects neural activity by measuring blood-oxygenation-level-dependent (BOLD) activity. 

However, imaging olfactory-related regions, particularly the OB, poses challenges due to their 

proximity to the air and tissue interface of ethmoid sinuses, leading to high susceptibility. This 

unique positioning creates significant signal dropout. The small size of the OB exacerbates this 

issue, making detection nearly impossible with this method. 

Arterial Spin Labeling (ASL) emerges as a promising alternative for fMRI. Unlike conventional 

BOLD-based fMRI, it directly measures neurovascular coupling by quantifying blood perfusion 

using magnetically labeled arterial blood water protons, acting as an endogenous tracer. 

Moreover, ASL shows superior functional sensitivity in regions with low signal-to-noise ratio 

and high susceptibility, making it ideal for studying the OB and other olfactory-related areas. 

In this pilot study, we developed and optimized an ASL protocol specifically tailored for 

detecting perfusion signals within the OB region. We measured and presented the first report of 

resting OB blood flow in humans. To examine the OB neural activation patterns during odor 

delivery, we measured the perfusion signals in a block design experiment and demonstrated a 

correlation between the signals and odor stimulation. Our findings underscore the feasibility of 

utilizing ASL to explore neural dynamics in human olfactory-related regions, including the OB 

and the orbitofrontal cortex, where BOLD fMRI faces challenges, advancing our understanding 

of the human olfactory system and its underlying mechanisms. 
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Abstract: Recent advances in brain imaging techniques have greatly contributed to our 

understanding of olfactory information processing in the human brain. Among these techniques, 

electroencephalogram (EEG) has been used as a valuable tool due to its high-time resolution, 

revealing intricate temporal dynamics. However, the modulation of EEG signals in the time-

frequency domain and their relationship with olfactory abilities remain unclear. To address this 

gap, we conducted a comprehensive time-frequency analysis and examined the associations 

between olfactory abilities and EEG features. We used the previous research dataset (Kato et al. 

2022, N = 22) and our dataset (N = 12). These datasets included scalp EEG recordings during 

several kinds of olfactory stimulations and subjective assessments of the odors used. 

Additionally, our dataset included olfactory discrimination abilities assessed via the sniffin’ 

discrimination test. Time-frequency analysis of EEG features was conducted using wavelet 

transform, with event-related spectral perturbations (ERSP) and intertrial coherence (ITC) 

employed for further analysis. Furthermore, Spearman's rank correlation coefficient was 

calculated to explore the relationship between individual discrimination abilities and EEG 

features. Source estimation results obtained through brainstorm3 were also subjected to time-

frequency analysis to identify brain regions associated with olfactory abilities. Time-frequency 

analysis revealed that ERSP and ITC in theta band (4-7 Hz) increase significantly after olfactory 

stimulation onset in both datasets (Kato et al. dataset: ERSP = 268.8±58.4%, p < 0.001, ITC = 

0.085±0.038, p < 0.001; ERSP = 66.2±17.1%, p < 0.001, ITC = 0.10±0.03, p = 0.004). 

Furthermore, theta ITC change after stimulation negatively correlated with olfactory 

discrimination (rho = 0.71, p = 0.01). This correlation was not observed with ERSP (rho = -0.30, 

p = 0.34). Source estimation revealed that ITCs negatively correlated with discrimination ability 

were localized to the orbitofrontal cortex and left temporal gyrus. These findings show a link 

between ITC and olfactory discrimination ability, suggesting that individuals with higher 

discrimination abilities may exhibit distinct neural activity patterns in response to different 

stimuli. This finding indicates the potential utility of ITC in using neurofeedback to enhance 

olfactory perception. 
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Abstract: Olfactory perception is intimately associated with sniffing. Sniffing is widely 

considered to be an important aspect of the odor perception, eliciting the activity in the olfactory 

cortex. However, precisely how odor perceptual information modulates sniff responses and the 

precise neural mechanisms underlying this modulation are less understood. In this study, we 

analyzed fMRI data from subjects sniffing 160 different odorants over 4320 trials. Our findings 

show that sniffing patterns vary among perceptually distinct odors and that sniffing could be 

used to decode the identity of the odorant. We employed representational similarity analysis, 

revealing that similarities in sniffing patterns correspond to the perceptual qualities of odors. We 

examined the BOLD responses in the major olfactory areas and found that a subset of sniff-

responsive voxels in the amygdala are consistently modulated by percept-related sniffing 

information in each participant. Our research also highlights temporal disparities between odor 

perception and sniffing patterns, suggesting that there is an optimal time window during a sniff 

that can be used to decode information about odor identity. These findings suggest a percept-

related neural system of modulating one’s breathing in response to chemical stimuli. 

Disclosures: V. Sagar: None. G. Zhou: None. G. Lane: None. T. Kahnt: None. C. Zelano: 

None. 

Poster 

PSTR278: Olfaction: From Physiology to Behavior 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR278.25/D45 

Topic: D.03. The Chemical Senses 

Support: NIH grant R01 DC 018539 

NIH grant T32 NS047987 

Title: Context Dependent Odor Processing in the Human Brain 



Authors: *Q. YANG1, G. ZHOU2, V. SAGAR2, G. LANE2, N. L. ANDERSON3, R. BRAGA2, 

C. ZELANO2;  
1Northwestern Univ., Chicago, IL; 2Neurol., Northwestern Univ., Chicago, IL; 3Neurol., 

Feinberg Sch. of Med., Northwestern Univ., Chicago, IL 

Abstract: Context-dependent flexibility in odor object coding is a fundamental requirement of 

human odor processing. In nature, odor objects consist of complex mixtures made up of 

numerous chemicals, and the same chemicals are often present in a number of different naturally 

occurring smells. This requires the human brain to analyze not just the chemical features, but 

also the context in which these stimuli are encountered. How appealing an odor is depends in 

part on its context. For example, a cheese-like smell from valeric acid may smell appealing when 

emanating from a food but not so much when from a person. Human primary olfactory cortex is 

comprised of multiple cortical regions, each receiving monosynaptic input from the olfactory 

bulb in parallel. These include the anterior olfactory nucleus, olfactory tubercle, piriform cortex, 

parts of amygdala (the medial amygdala, anterior cortical amygdala, and the pariamygdaloid 

complex), and entorhinal cortex. This parallel anatomical organization is unique among sensory 

systems—which typically display serial organization—and its importance is unknown. Recent 

work in humans has shown that different olfactory areas form distinct networks with the rest of 

the brain, suggesting that these areas may extract distinct information from identical odor 

stimuli, possibly depending on the context in which they were encountered. While we know that 

basic features of odor stimuli can be decoded from responses in many of these regions, their 

specific functions in processing odors in natural, ecological contexts is unknown. Here we aim to 

systematically probe the mechanisms underlying context dependent coding flexibility and odor-

guided decisions in the human brain. Participants completed a context-dependent odor 

consideration task where an identical set of odor stimuli were presented under different contexts 

(food, person, location, and none) through naturalistic, engaging stories. Using high-resolution 

and high-precision functional neuroimaging, we are examining how responses to stories and 

odors change in olfactory cortical areas across contexts. Preliminary findings suggest that the 

medial amygdala shows increased activity in response to odors encountered in the context of a 

person, compared to identical odors presented in other contexts (permutation test, z = 2.31, p = 

0.01). Representational similarity analysis also indicated that information about the person 

context is represented in the medial amygdala. Further analyses will probe effects of other 

contexts and other cortical areas, in order to elucidate how the human olfactory system guides 

context-dependent decision-making. 

Disclosures: Q. Yang: None. G. Zhou: None. V. Sagar: None. G. Lane: None. N.L. 

Anderson: None. R. Braga: None. C. Zelano: None. 

Poster 

PSTR279: Hair Cells and the Periphery 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 



Program #/Poster #: PSTR279.01/D46 

Topic: D.05. Auditory and Vestibular Systems 

Support: R01DC018566 

Title: Genome-wide association study for age-related hearing loss in CFW mice 

Authors: *O. POLESSKAYA1, T. MISSFELDT SANCHES1, R. CHENG1, T. ZHOU2, E. 

BOUSSATY2, M. OKAMOTO1, K.-M. NGUYEN3, E. DU2, O. LA MONTE2, A. A. 

PALMER1,4, R. FRIEDMAN2;  
1Dept. of Psychiatry, Univ. of California - San Diego, San Diego, CA; 2Dept. of Otolaryngology 

- Head and Neck Surgery, Univ. of California - San Diego, San Diego, CA; 3Psychiatry, UCSD, 

San Diego, CA; 4Institute for Genomic Medicine, University of California - San Diego, San 

Diego, CA 

Abstract: Background. Age-related hearing loss (ARHL) is the most common cause of hearing 

loss and is one of the most prevalent conditions affecting the elderly globally. ARHL is 

influenced by environmental and genetic factors. The mouse and human inner ears are 

functionally and genetically homologous. Investigating the genetic basis of ARHL in an outbred 

mouse model will lead to a better understanding of the molecular mechanisms of this condition. 

The goal of this study was to identify genetic loci involved in regulating ARHL. We used 

Carworth Farms White (CFW) outbred mice, because (1) this strain has variation in the onset and 

severity of ARHL, and (2) they are an outbred population, which allows mapping complex traits 

to small genomic regions. Auditory Brainstem Response (ABR) was measured at a range of 

frequencies in 946 male and female CFW mice at the ages of 1, 6, and 10 months. Results. We 

obtained genotypes at 4,27 million single nucleotide polymorphisms (SNP) using low-coverage 

(mean coverage 0.27x) whole-genome sequencing followed by imputation using STITCH. To 

determine the accuracy of the genotypes we sequenced 8 samples at over 30x coverage and used 

them to estimate the discordance rate, which was 0.55%. We performed genetic analysis for the 

ABR thresholds for each frequency at each age, and for the time of onset of deafness for each 

frequency. The SNP heritability ranged from 0 to 42% for different traits. Genome-wide 

association analysis identified several regions associated with ARHL that contained potential 

candidate genes. This work is ongoing, our final target sample size is 2,000 CFW mice. 

Conclusion. We performed GWAS for ARHL in CFW outbred mice and identified several loci, 

containing multiple candidate genes. This work helps to identify genetic risk factors for ARHL 

and to define novel therapeutic targets for the treatment and prevention of ARHL. 
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Abstract: Over 430 million people worldwide experience disabling hearing loss. Hearing loss 

becomes more prevalent with age, affecting over 25% of adults older than 65. Hearing loss is 

known to arise from both genetic and environmental factors. Although the genetic component of 

hearing loss has been well established, our interest here is in how the genetic contributions to 

hearing loss change over time. In this study, we report the pure tone hearing thresholds across 

250Hz, 500Hz, 1000Hz, 2000Hz, 4,000Hz, and 8,000Hz from over 1,000 male-male twins 

composed of monozygotic (MZ) and dizygotic (DZ) pairs sampled from the Vietnam Era Twin 

Study of Aging (VETSA). Twins were tested at an average age of 56 at wave one, at an average 

age of 62 at wave two, and at an average age of 68 at wave three. Multivariate ACE Cholesky 

models were used to calculate the percent of variance due to genetic and environmental 

contributions for each acoustic frequency and time point. A cross-lagged panel model was used 

to calculate the stability of the genetic contributions across time points. Latent variables were 

used to estimate components of phenotypic variance: additive genetic variance (A), which 

captures the cumulative effect of individual genes; common or shared environmental variance 

(C), which quantifies the environmental factors shared by individuals that contribute to 

similarities in traits; and unique environmental variance (E), accounting for the environmental 

influences unique to an individual. Audiograms revealed a typical sloping pattern characteristic 

of age-related hearing loss at each wave. There was a significant effect of wave on participants' 

hearing acuity, where hearing acuity was highest in wave one, lower in wave two, and lowest in 

wave three. For all acoustic frequencies tested, genetics accounted for over 40 percent of the 

variance in hearing acuity, and the relative contributions of genetics were stable across the three 

time points. Conversely, the change in hearing acuity over time was more attributable to unique 

(person-specific) environmental factors than to genetics. These results replicate previous findings 

that genetic influences are important in determining hearing acuity. The unique contribution of 



the present analysis is the demonstration that the contribution of genetic factors to hearing acuity 

remains consistent over 15 years during this mid- to later-life period. Taken together, these data 

demonstrate that environmental factors play a larger role in individuals’ change in hearing over 

time, while the level of genetic determinants of hearing acuity remains stable as individuals age. 
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Abstract: Hearing in humans is a complex neural phenomenon that also forms the basis of 

speech and language. The development of its parts and aging in them affect psychosocial aspects 

of human life. The human cochlear nerve carries sound impulses that have been transformed into 

electrical nerve impulses in the cochlea to the cochlear nuclear complex in the brainstem. The 

nerve is affected by developmental defects and aging. The blood-nerve-barrier is formed by tight 

junctions between capillary endothelial cells and foot processes of glial cells like the astroglia 

and Schwann cells. This barrier prevents toxins and other systemic factors from affecting nerve 

health and impulse conduction. Here, after obtaining ethical clearance, we studied the elements 

of the blood-nerve barrier in 8 fetal, and 15 adult specimens of the human cochlear nerve by 

using transmission electron microscopy (Talos-S, Thermo Fisher Scientific). We identified the 

central and peripheral parts of the cochlear nerve by the difference between oligodendroglia and 

Schwann cells. Glial cells formed processes that covered the capillaries intimately. The 

endothelial cells of the capillaries were connected to each other by tight junctions and they 

shared their basement membrane with pericytes. In the older specimens, we were able to identify 

more inclusion bodies, autophagosomes containing lamellar bodies, increased fibrillar content 

and more heterochromatic nuclei, when compared to those specimens that were derived from 

younger individuals. The number of tight junctions were also fewer. Hence, with increasing age, 

there are morphological features indicative of disruption of the blood-nerve barrier. This 

disruption may be responsible for the decreased hearing acuity that occurs with increasing age. 
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Abstract: C57BL/6 mice are frequently employed as control subjects in studies focusing on 

hearing loss; however, there exists a paucity of literature concerning the longitudinal assessment 

of their auditory function. Given the imperative of longitudinal investigations for elucidating 

age-related hearing loss and the impacts of diverse interventions, our study aimed to monitor 

age-related hearing loss in C57BL/6J mice (n=10 each for males and females), alongside 

129X/SVJ mice (n=10 each for males and females). The mice were assessed at intervals of 7, 10, 

15, 25, 30, 40, 52,80 weeks of age. We conducted Distortion Product Otoacoustic Emission 

(DPOAE) testing with 13-step F1/F2 frequency combinations, encompassing F2 values ranging 

from 1kHz to 32 kHz, and Auditory Brainstem Response (ABR) testing, utilizing tone bursts at 

6, 12, 18, 24, and 30 kHz, as well as clicks. Our study revealed age-dependent decreases in 

cSNR (Corrected Signal to Noise Ratio) as measured by DPOAE in C57BL/6J mice, with 

significant differences emerging as early as 40 weeks of age compared to 10 weeks at F2 

frequencies of 8.8 kHz, 12.5 kHz, and 19.3 kHz, respectively (P<0.05). Conversely, ABR test 

thresholds, encompassing both tone burst and click stimuli, remained within normal ranges up to 

the 52-week time point. However, by 52 weeks, ABR thresholds at all test frequencies began to 

surpass the normal range, indicating progressive hearing loss. By 80 weeks, all mice exhibited 

deafness with no ABR response, suggesting severe hearing impairment. Meanwhile, both 

DPOAE and ABR data demonstrated significant hearing loss as early as 10 weeks of age in 

129X/SVJ mice. This finding is consistent with the known susceptibility of SVJ mice to early 

hearing deficits, attributed to the "age-related hearing loss 1" mutation of cadherin 23, which 

confers hearing deficits from a young age and eventual hearing loss. Notably, we did not find 

gender differences among these two strains. Our findings suggest that age-dependent hearing 

loss in C57BL/6 mice commences from outer hair cell dysfunction in the cochlea as early as 40 

weeks of age. This study represents the first longitudinal examination of hearing loss in C57BL/6 



mice employing DPOAE and ABR measurements, offering a valuable reference for future 

investigations into murine models of hearing loss. 
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Abstract: Spiral ganglion neurons (SGNs) of the cochlea slowly die after neonatal 

aminoglycoside-induced hair cell loss in rats, resulting in the death of >80% of all SGNs over the 

course of ~14 weeks. Treatment with anti-inflammatory agents rescues SGNs after hair cell loss, 

implicating an inflammatory/immune response as a cause of death. Hair cells were ablated in 

Sprague Dawley (SD) rats by daily injection of the aminoglycoside kanamycin from postnatal 

day 8 (P8) to P16, resulting in ablation of all cochlear hair cells by P19. Macrophages increase in 

abundance and activation by P21, well prior to the start of significant SGN death, which is first 

apparent at P39. Concurrent with the start of SGN death, there is an increase in lymphocytes in 

the ganglion, including CD4+ helper T cells, CD8+ cytotoxic T cells, and CD161+ NK cells. To 

determine whether the lymphocyte component of this inflammatory response is causal to SGN 

death, we evaluated SGN survival after hair cell loss in two immunodeficient rat strains: 1) RNU 

nude rats lacking T cells (Crl:NIH-Foxn1rnu) and 2) SRG rats lacking T, B, and NK cells 

(Sprague Dawley-Rag2em2heraIl2rgem1hera/HblCrl). Heterozygous RNU+ rats with a normal T cell 

compartment (Crl:NIH-Foxn1rnu/+) and immunocompetent Sprague Dawley (SD) rats were used 

as controls. Kanamycin-treated and untreated hearing control rats from each strain/genotype 

were euthanized at P70 and cochlea were frozen and sectioned for immunofluorescence to detect 

hair cells (myosin 6/7a), neurons (β3-tubulin), leukocytes (CD45), macrophages (IBA1), T cells 

(CD4, CD8), B cells (CD19), and NK cells (CD161). We found that SGN survival in RNU nude 

rats is not significantly different than in RNU+ rats after hair cell ablation, indicating that T cells 

are not required for SGN death. Similarly, preliminary data suggest that genetic ablation of T, B, 

and NK cells in the SRG rats does not prevent SGN death. These data indicate that lymphocytes 



are not required for SGN death after kanamycin-induced hair cell loss. We also found that 

macrophage number is significantly increased in the kanamycin treated groups compared to 

hearing controls for all strains evaluated. Therefore, we hypothesize that macrophages are 

responsible for SGN death and will test this hypothesis using a macrophage depletion model in 

kanamycin treated SD rats. 
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Abstract: Acquired sensorineural hearing loss can be due to aging, infection, noise exposure, or 

ototoxic drugs and is accompanied by increased cochlear inflammation. Sensorineural hearing 

loss is associated with loss of cochlear hair cells, spiral ganglion (SG) neurons, or the synapses 

between the two. However, it is not understood how the cochlear immune system is involved. 

The SG is rich in fractalkine, the primary ligand for CX3CR1-expressing macrophages. It is 

unknown whether macrophages residing in the SG serve a primarily neuroprotective or 

neuropathic role. We hypothesize that the initial, resting density of SG-resident macrophages 

determines the extent of hearing loss and synaptic loss. We have generated a mouse model with 

progressive, accelerated hearing loss via genetic deletion of the calcium binding protein 

oncomodulin (OCM KO). Semi-quantitative analysis of the immune marker CD45 and the 

macrophage and microglia specific marker IBA-1 using immunofluorescence indicates that 

OCM KO animals have higher levels of inflammation in the SG compared to wildtype mice. 

Despite this heightened inflammation, their hearing thresholds are comparable. Hearing loss and 

cochlear inflammation have also been reported after systemic treatment with lipopolysaccharide 

(LPS). To trigger an acute inflammatory response, OCM KO and wildtype mice were treated 

intraperitoneally with LPS. Distortion product otoacoustic emissions (DPOAEs) and auditory 

brainstem responses (ABRs) were recorded before treatment and 1-2 days after treatment. In 



general, LPS treatment elevated hearing thresholds for both OCM KO and wildtype mice. 

However, threshold shifts for OCM KO mice were greater than for wildtype mice. LPS treatment 

also altered synaptic density below inner hair cells, and increased immune cell counts in 

Rosenthal’s canal. While wildtype mice exhibited extensive SG inflammation after LPS 

treatment, macrophage density in the SG of OCM KO mice was unaffected by LPS treatment. 

This differential effect of LPS treatment on the inflammatory status of the ganglion suggests that 

the initial density of immune cells prior to an acute stimulus influences the extent of synaptic 

loss and auditory threshold shifts. 
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Abstract: Exposure to hazardous noise causes irreversible injury to the structures of the inner 

ear, leading to changes in hearing and balance function with strong links to age-related cognitive 

impairment. While the role of noise-induced hearing loss in long-term health consequences, such 

as progression or development of Alzheimer’s Disease (AD) has been suggested, the underlying 

mechanisms and behavioral and cognitive outcomes or therapeutic solutions to mitigate these 

changes remain understudied. The goal of this study is to characterize the association between 

blast exposure, hearing loss, and the progression of AD pathology, and determine the underlying 

mechanisms. To this aim we acquired wild-type (WT) and 3xTg-AD mice, a well-established 

experimental model of AD pathology. Mice of 4 months of age were randomly assigned at the 



beginning of the study to no blast or blast-exposed groups. Blast injury was carried out in an 

ecologically valid oxyacetylene gas tube. Functional outcomes and cognitive, affective and 

anxiety deficits were assessed at different time points using auditory functional tests (auditory 

brainstem response and cervical vestibular evoked myogenic potential) and behavioral 

assessments (novel object recognition, water maze, open field) over 3 months. In addition, we 

performed western-blot and immunohistochemistry analysis to examine expression levels of 

amyloid beta (Aβ), Tau, and inflammasome proteins in the peripheral auditory system and 

multiple brain regions including auditory cortex and brainstem after blast exposure. We found 

that blast injury led to auditory sensorineural cell loss and consequent combination of temporary 

and permanent hearing and balance impairment. Behavioral analysis revealed that both WT- and 

3xTg-blast mice as well as 3xTg sham animals had challenges with the novel object recognition. 

In open field, 3xTg blast mice exhibited significant increases in fecal boli when compared to WT 

mice while 3xTg animals (sham and blasted) showed a decrease in overall mean speed, total 

distance traveled and mobility while time spent at the center of the arena and frequency zone 

transition center-border increased noticeably. In addition, Aβ, Tau and inflammasome proteins 

were elevated in cochlea as well as brainstem and cortex of 3xTg mice suggesting an 

involvement of pyroptosis related mechanisms in the impact of hearing loss on the onset and 

progression of cognitive decline in AD pathology. Our results suggest a strong correlation 

between early hearing loss and progression of AD pathology. Preventive and therapeutic 

strategies aimed at attenuating hearing loss could be beneficial in delaying the onset of 

Alzheimer’s disease. 
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Abstract: Traumatic brain injury (TBI) represents a public health challenge, with significant and 

enduring consequences for individuals and communities. While the immediate effects of TBI are 



widely acknowledged, its long-term impact extends beyond cognitive and motor functions to 

encompass a diverse range of sensory dysfunctions often overlooked in clinical assessments. 

Among these less-explored yet clinically significant outcomes are hearing and balance 

impairments. The CDC estimates that auditory and vestibular loss affects 8 to 67% of TBI 

patients, with prevalence largely contingent upon injury severity. In cases of moderate to severe 

TBI, auditory and vestibular losses typically result from conductive or mixed mechanisms, often 

secondary to temporal bone fractures. In mild TBI these dysfunctions primarily manifest as 

sensorineural, stemming from transient or permanent damage to hair cells and the associated 

neural pathways. Despite hearing and balance impairments being common post-concussive 

symptoms, there’s limited understanding on the temporal dynamics and the pathophysiology of 

these phenomena. In this work we characterize relevant short- and long-term changes in auditory 

and vestibular activity in an ecologically valid mTBI model (n=6 male Brown Norway rats, 14-

16 weeks). The closed head injury was induced using the accelerated weight drop system, 

simulating a single controlled weight drop (450g at 1 meter). Threshold values of auditory 

brainstem responses (ABRs) and cervical vestibular myogenic potentials (cVEMPs) evoked by 

pure tone bursts at different frequencies (ABR 2, 4, 8, 16, 24, 32 kHz cVEMP 1, 8 kHz) were 

evaluated prior the injury and monitored up to 28 days post-concussion. Previous studies in 

mTBI rat models revealed complete recovery of their cognitive and motor functions within three 

days from the injury. Here we observe the same recovery timeframe for post-concussion changes 

of cVEMP and ABR responses to low and high frequency stimuli respectively. In contrast, 

changes in ABRs evoked by low frequency stimuli remain significant until 14 days after mTBI. 

Notably, mild head trauma does not affect cVEMP responses to 8 kHz stimuli. Overall, these 

results show the complex dynamics of mTBI-induced auditory and vestibular dysfunctions 

highlighting the importance of considering sensory outcomes alongside cognitive and motor 

assessments in TBI research and clinical practice. The detailed characterization of auditory and 

vestibular functional outcomes in the established model will help delving deeper into the 

molecular mechanisms driving these sensory dysfunctions, ultimately improving therapeutic 

interventions for TBI patients. 
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Abstract: BACKGROUND: Hearing loss affects nearly half a billion people worldwide, with 

the leading cause in young and aging adults being oxidative damage through recreational and 

occupational noise exposure or ototoxic medicines. In all of these cases, increased reactive 

oxygen species leads to oxidative damage of the inner and outer hair cells of the cochlea. When 

enough oxidative damage has accumulated, the hair cells die; however, it is thought that 

antioxidative treatments might prevent neuropathy. Currently there are no FDA approved drugs 

or therapies to prevent or treat noise or ototoxic induced sensorineural hearing loss. Therefore, 

we have developed an adeno-associated virus (AAV) gene therapy that protects these cells from 

oxidative damage and death. The therapy is based on the COREHYPOTHESIS that increasing 

the bioavailability of the antioxidative superoxide dismutase in the cochlear hair cells will 

prevent oxidative damage associated with noise and ototoxic exposure. 

METHODS: Adult (P86) Mongolian gerbils (Meriones Unguiculatus)received baseline auditory 

brainstem response recordings and/or c+VEMPs followed by intra cisterna magna injections of 

either saline or our AAV SOD1 (intracellular), SOD2 (mitochondrial), or SOD3(extracellular) 

gene therapy. After three weeks of trans gene expression, animals were exposed to 1) one week 

of noise exposure (110dB SPL 2hrs/day) to moderately damaging broadband noise 2) three 

cycles of cisplatin treatment (IP, 3mg/kg) or 3) a single round window application of gentamicin 

or kanamycin (1 ml, 500 mg/ml). Post exposure ABRs and/ or c+VEMPs were recorded for 1-9 

weeks (depending on exposure protocol) to track the progression and neuroprotection of hearing 

loss. 

RESULTS: Animals that received the SOD gene therapy showed significant protection from 

noise and ototoxic induced hearing loss compared to the control group that developed moderate 

to severe hearing loss and lowered vestibular function. 

CONCLUSIONS: These data show that increasing the bioavailability of natural cellular 

antioxidants in the inner and outer hair cells of the cochlea with AAV delivered SOD transgenes 

will protect auditory function. 
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Abstract: Early transtympanic administration of rhBDNF exerts a multifaceted 

neuroprotective effect against cisplatin-induced hearing loss 

Anna Pisani1, Fabiola Paciello2,Veronica Mohamed Hizam3, Raffaele Montuoro3, Rolando 

Rolesi3, Laura Brandolini4, Cristina Giorgio4, Andrea Aramini4, Claudio Grassi2, Anna Rita 

Fetoni1 
1Department of Neuroscience, Unit of Audiology, Università degli Studi di Napoli Federico II, 

Naples, Italy;2Department of Neuroscience, Università Cattolica del Sacro Cuore, Rome, 

Italy;3Department of Head and Neck Surgery, Università Cattolica del Sacro Cuore, Rome 

00168, Italy; 4R&D, Dompé Farmaceutici S.p.A. - L’Aquila, Italy. 

Cisplatin-induced sensorineural hearing loss is a clinical challenge and, currently, only one drug 

has been approved by Food and Drug Administration as an effective treatment. Thus, several 

efforts are needed to better understand cisplatin mechanism of damage and to explore new 

therapeutic strategies. Although the potential effects of brain-derived neurotrophic factor 

(BDNF) have previously been investigated in some ototoxicity models, its efficacy in cisplatin-

induced hearing loss remains uncertain. This study aimed to investigate the therapeutic potential 

of recombinant human BDNF (rhBDNF) local delivery in counteracting cochlear damage in an 

in in vivo model of cisplatin-induced ototoxicity. Thus, adult Wistar rats were treated with 

cisplatin (12 mg/kg, intraperitoneally injected) and, after one hour, they received 5 mg/kg of 

rhBDNF suspended in a thermogel by a transtympanic injection. Auditory brainstem responses 

were recorded to evaluate hearing function at 3 and 7 days after treatment. At the end of 

treatment, we performed morphological, immunofluorescence and molecular analyses to 

investigate the molecular mechanisms underlying the beneficial effects of our rhBDNF 

formulation. Our data showed that rhBDNF mitigates hearing loss in cisplatin-exposed rats by 

preserving synaptic connections in the cochlear epithelium and reducing hair cell and spiral 

ganglion neuron death. rhBDNF maintains the balance of its receptor levels (pTrkB and p75), 

boosting TrkB-CREB pro-survival signalling and reducing caspase 3-dependent apoptosis in the 

cochlea. Additionally, it activates antioxidant mechanisms while inhibiting inflammation and 

promoting vascular repair. Overall, our study demonstrates that the early transtympanic 

treatment with rhBDNF plays a multifaceted protective role against cisplatin-induced ototoxicity, 

thus holding promise as a novel potential approach to preserve hearing in adult and pediatric 

patients undergoing cisplatin-based chemotherapy. 
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Abstract: Ribbon synapses, characterized by a presynaptic ribbon tethering a large number of 

vesicles in the active zone, play a crucial role in connecting auditory hair cells with bipolar spiral 

ganglion neurons in the cochlea. Despite our extensive knowledge of the physiological aspects of 

ribbon synapses, the mechanisms governing their development and degeneration in cochlear 

synaptopathy remain poorly understood. To address this gap, we created the mScarlet-I-RIBEYE 

mouse line by tagging the RIBEYE protein with a red fluorescent protein, mScarlet-I, in the 

synapse. To validate the utility of this mouse model, we confirmed red fluorescence in cochlear 

and retinal ribbon synapses. Moreover, these mice exhibit a normal number of auditory ribbon 

synapses and maintain normal hearing, affirming the structural and functional integrity of tagged 

synapses. Using the mScarlet-I-RIBEYE line, we plan to capture dynamic events during ribbon 

synapse development and investigate their degeneration after noise exposure. This research will 

advance our understanding of how ribbon synapses are compromised in cochlear synaptopathy. 
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Title: Development of the hair cell synapse in the lateral line of the blind Mexican cavefish 

(Astyanax mexicanus) 

Authors: *A. I. DUENO;  
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Abstract: Sensory system compensation is a process by which organisms that lose one or more 

sensory modalities activate morphological and functional expansions of other sensory systems 

for survival. A prime example of sensory compensation in nature is found in Astyanax 

mexicanus, a teleost fish species that exists as two morphotypes: sighted, river-dwelling surface 

fish, and blind, cave-dwelling populations of cavefish. While the mechanisms underlying eye 

regression in cavefish have been widely studied, whether these trigger compensatory 

mechanisms through constructive evolution of other non-visual sensory systems, like taste, 

olfaction, or mechanosensation, remains understudied. We propose to address how hair cell 

mediated mechanosensory compensation emerges in cavefish by examining development of the 

hair cell-containing lateral line system across different populations. Recent studies have shown 

increased neurotransmission in the cavefish lateral line that enhances mechanosensitivty, but it is 

not well understood whether these changes are a result of variations at the hair cell sensory 

synapse. To answer this, we performed immunohistochemistry on hair cells of the lateral line 

using antibodies against ribeye a/b and MAGUK that target pre- and post-synaptic densities at 

the hair cell. Our preliminary findings suggest that both morphotypes express the same synaptic 

components, and that these synaptic mechanisms are conserved in hyper-sensitive lateral line 

systems. Our future directions are to address whether there are changes in the amount, pattern, or 

distribution of synaptic proteins at the hair cell synapse in cavefish compared to sighted surface 

fish. This work will shed light onto the developmental and neural architecture underlying natural 

compensation between sensory systems in an emergent fish model for sensory neuroscience. 
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Abstract: Ribbon synapses formed between hair cells and afferent neurons and are necessary for 

the transmission of sensory information to the central nervous system. The molecular 

mechanisms behind the ribbon synapse formation remain largely unknown. In recent research 

our group demonstrated that the long alpha form of the presynaptic adhesion molecule Neurexin 

3 (Nrxn3) is required to form ~60% of the ribbon synapses in zebrafish hair cells. However, 

whether the shorter beta variant of Nrxn3 also impacts ribbon synapse formation is unclear. In 

addition, how Nrxn3 disrupts the dynamics of ribbon synapse formation is undefined.Using 

zebrafish genetics, we strive to characterize how different variants of Nrxn3 impact ribbon 

synapse formation. Currently, we are leveraging zebrafish genetics to create a pipeline to assess 

Nrxn3 variants in zebrafish by using the power of CRISPR-Cas-9 gene editing to generate F0 

larvae with knockdown of Nrxn3 (Nrxn3 “crispants”). As proof of principle, we created F0 

crispants that target the long alpha form of Nrxn3 to test whether the crispant phenotype was 

comparable to that of our germline Nrxn3 mutants. We then used immunohistochemistry to label 

both pre- and post- synapses to quantify the number of complete ribbon synapses in zebrafish 

hair cells. While our previous data has shown that germline Nrxn3 mutants have a 60% decrease 

in number ribbons synapses compared to wildtype animals, we found that Nrxn3 crispants have a 

robust, but milder 40% decrease in number ribbons synapses compared to wildtype animals. Our 

work demonstrates that CRISPR-Cas-9 can be used as an efficient tool to test Nrxn3 variants. 

We are currently assessing the shorter beta variant of Nrxn3 using this same approach. In the 

future we plan to also assess the role of more specific splice variants of alpha and beta Nrxn3.In 

addition, due to the access of hair cells in zebrafish and the transparency of larval zebrafish, we 

have begun to visualize the dynamics of ribbon synapse assembly through high-resolution live 

imaging. To image ribbon synapses we are using transgenic lines that label the presynapse 

(ribbon) and the postsynaptic density. Using these transgenic lines along with Airyscan imaging 

we are imaging ribbon synapses in developing hair cells in both wildtype and in our Nrxn3 

crispants or germline mutants. Overall, understanding the molecular foundation of ribbon 

synapse formation is needed for the development of novel therapeutics to treat hearing loss 

caused by loss of hair cell synapse. 
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Abstract: The first step in the analysis of neural recordings involves tracking the timing and 

identity of firing neurons proximate to an electrode. Existing spike sorting algorithms, while 

effective, typically entail multi-step procedures and setting complex parameters by the user. 

Here, we introduce a novel approach for processing of unfiltered extracellular signals, enabling 

automatic detection of events and neuron identification without the need for user-defined 

parameters. Leveraging machine learning, we also demonstrate robust classification of inter-

event intervals, conventionally regarded as 'noise', across various recordings within brief time 

frames of a few milliseconds. This suggests that temporal patterns in neural data contain 

information beyond mere spiking activity, potentially facilitating detection of fine modulations 

and categorization of neuronal recordings. Such 'noise' stems from diverse sources that could be 

neuronal (e.g., distinct neuron types, local/feedback inputs) or non-neuronal (e.g., electrodes, 

animal subjects, equipment noise). By contrasting recordings from analogous neuron groups 

under diverse experimental conditions, we explore potential contribution of these different 

sources. These methodologies offer a versatile approach for marking and classifying both events 

and inter-event 'noise'. 
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Abstract: Autism spectrum disorder (ASD) is associated with vestibular dysfunction, resulting 

in postural instability, gait dysfunction, and impaired gaze. As ASD is a neurodevelopmental 

condition, untreated vestibular dysfunction in children can lead to delayed milestones such as 

sitting and walking and poor motor coordination later in life. While abnormalities in central 

pathways, including the vestibular nuclei and the cerebellum have been linked to some of the 

pathologies of ASD, the function of the peripheral vestibular pathway has not been tested. 

However, there is evidence that peripheral dysfunction in other sensory systems following a 



mutation in shank3 could induce changes in central pathways and ASD-related phenotypes. 

Here, we investigated whether the peripheral vestibular pathway is affected in shank3 KO mice 

by measuring vestibular sensory evoked potentials (VsEP) in response to rapid head movements. 

While VsEP responses did not differ between female shank3 KO or heterozygote mice and WT 

mice, male shank3 KO and heterozygote mice showed a 20% decrease in response compared to 

females. This gender-specific effect aligns with the higher prevalence of ASD and severity of 

phenotypes in males. VsEP relies on a unique non-quantal potassium-mediated transmission 

pathway, potentially linked to SHANK3 proteins' interaction with potassium channels like BK 

channels. Confirming this, we observed a similar decrease in VsEP amplitude in BK KO mice. 

Finally, we used ‘contact righting reflex’ to evaluate the effect of shank3 mutation on quantal 

synaptic transmission between type II HCs and afferent terminals in these mice. This reflex relies 

on vestibular afferents responding to tonic stimuli, allowing a supine mouse to swiftly adjust to a 

prone position by detecting the gravity vector. We found that all WT and female shank3 KO 

mice changed to the prone position in a few seconds (11 +/- 3 s, range: 2 – 20 s). In contrast, 

about half of male shank3 KO mice remained in the prone position and walked between the two 

surfaces for more than 30 s (68 +/- 40 s, range: 30 – 370 s) before righting. This defect most 

likely results from a decrease in the amplitude of quantal synaptic events in shank3 mice, as seen 

in other brain areas. These findings indicate a gender-specific dysfunction in the peripheral 

vestibular pathway in the shank3 KO model of ASD, involving alterations in both quantal and 

non-quantal synaptic transmission. Given the significance of vestibular inputs, especially from 

the otolith organs, for cognitive development and spatial navigation, this dysfunction may 

contribute to balance, memory, and spatial navigation issues in individuals with ASD. 

Disclosures: D. Ballinas: None. Y. Shu: None. N. Shi: None. S.G. Sadeghi: None. T. 

Deemyad: None. 

Poster 

PSTR279: Hair Cells and the Periphery 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR279.16/E1 

Topic: D.05. Auditory and Vestibular Systems 

Support: NIH Grant R01 DC019380 to SGS 

NIH Grant R01 DC012957 to EG 

Title: Functional contributions of quantal and non-quantal transmission in the vestibular 
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Abstract: Most vestibular afferents receive inputs from both types of vestibular hair cells (HC): 

type I HCs transmit signals through synaptic connections at the inner surface of specialized calyx 

terminals, while type II HCs form synapses either onto bouton terminals or directly onto the 

outer surface of calyces (Goldberg et al. 1990, Fernandez et al. 1995, Lysakowski and Goldberg 

2008). Traditional quantal synaptic transmission via vesicular release of glutamate is well-

documented, but an additional faster form of non-quantal (NQ) transmission has also been 

described between type I HC and calyx (Contini et al. 2022, Govindaraju et al. 2023). However, 

the precise role of the intricate network of connections between vestibular afferents and HCs 

along with the diverse forms of synaptic transmission remains a mystery. Recent studies have 

highlighted the role of type I HC – calyx synapses in eliciting normal vestibulo-ocular reflex 

(VOR) (Schenberg et al. 2023) and afferent responses to fast head movements (Pastras et al. 

2023). Here, we further investigated the significance of quantal and NQ transmission in shaping 

afferent responses and encoding a broad spectrum of head movements. Using an optogenetic 

method, we selectively activated type I and II HCs in the cristae of the semicircular canals in 

young mice and found predominant quantal inputs from neighboring type II HCs onto the outer 

surface of most calyces, alongside NQ inputs from type I HCs onto inner surface of calyces. We 

used two mouse models deficient in quantal transmission either through the absence of vesicular 

glutamate transporter 3 (vglut3 KO) or by acute pharmacological block of glutamate receptors. 

As shown by a recent study in guinea pigs, in the absence of quantal transmission, vestibular 

sensory evoked potentials (VsEP) remained unaltered. Notably, VOR gain and phase also 

remained intact in response to horizontal rotational head movements up to 6 Hz. Single-unit 

extracellular recordings from the vestibular nerve showed normal proportion of regular afferents, 

which have been suggested to play a pivotal role in generating VOR responses. Finally, we 

investigated the importance of quantal and NQ transmission in encoding tonic stimuli. We 

utilized the contact righting reflex as a behavioral measure to detect changes in the gravity 

vector. Mice exhibited a longer time to turn from supine to prone positions following 

pharmacological inhibition of quantal transmission compared to the control. We propose that NQ 

transmission is necessary and sufficient for encoding fast and ultrafast head movements, while 

quantal transmission is necessary for encoding tonic changes in gravity and most likely, slow 

head movements. 
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Title: Synaptic innervation of the mouse vestibular endorgans 
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Abstract: We decided to investigate the synaptic innervation of mouse vestibular hair cells 

(HCs) at the ultrastructural level using the disector method, as we have done before in the 

chinchilla and squirrel monkey (Lysakowski and Goldberg 1997, 2008). The reason for doing 

this is to have a comparable investigative method (TEM) and to confirm confocal data in a more 

recent study (Sadeghi et al. 2014). We need exact numbers for the mouse as we proceed to model 

quantal transmission after our recent non-quantal transmission model paper (Govindaraju et al. 

2023). The number and type of synaptic ribbons were studied in 4 utricular macula and 9 crista 

ampullaris samples. Each sample was sectioned transversely and contained 30-32 serial ultrathin 

sections spanning the entire sensory epithelium. The disector method was used to estimate the 

total number of type I and type II HCs for each sensory organ (Sterio 1984), with a stringent 

criterion, in which the nucleus must be present for the HC to be counted. The utricular 

neuroepithelium was separated into 3 zones: medial extrastriola, striola, lateral extrastriola; while 

the crista sensory epithelium was separated into 2 zones: peripheral and central. Zones were 

determined using the density of complex calyces (calyx-shaped afferent endings enclosing more 

than one type I HC) to delineate the striolar/central zone and hair bundle polarization to locate 

the macular reversal line to delineate the striola (Desai et al. 2005; Li et al. 2008). Overall, we 

found regional and cell type variations in the synaptic ribbon distribution. The utricular 

extrastriola (90% of the sensory epithelial area) is much larger than the striolar region and the 

crista peripheral zone (56% of the cross-sectional area) is larger than the central zone. The ratio 

of ribbons/HC varies by zone and HC type, averaging 8.4 ± 1.1 vs 14.4 ± 2.3 (mean ± SEM) 

ribbons per type I and type II HC, respectively, in the crista. In the utricular macula, the numbers 

were 7.5 ± 2.0 and 12.1 ± 2.3 (mean ± SEM) for type I and type II, respectively. There were 

significant differences between type I and type II ribbons/HC. A distinction was made between 

the spherical “S” ribbon and the rod-like “R” ribbon; their distribution also varied according to 

region with “S” ribbons being far more prevalent than “R” ribbons throughout the 

neuroepithelium. Variations in synapse distribution between type I and type II HCs are consistent 

with the idea that the two different HC types serve different purposes, while variations in 

synapse shape can also be understood as ribbon types having different functions. These data 

should be useful in future electrophysiology and modeling studies of vestibular sensory 

epithelium. 
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Abstract: We image Ca2+ activity in populations of utricular hair cells and afferents to capture 

moment-to-moment activity across the epithelium and correlate activity within and between 

distinct physiological zones. The utricle provides information about head tilt and linear head 

motions to the brainstem and cerebellum, facilitating rapid reflexes for maintaining stable visual 

fields, balance, and posture. Hair cell (HC) studies have shown major differences between HC 

and synaptic types, while in vivo afferent studies show distinct response properties that correlate 

with zone in the sensory epithelium and with spike regularity. Highly irregular afferents are more 

adapting and innervate the central zone (striola); highly regular afferents are more tonic and 

innervate the peripheral extrastriola. While single-unit recordings have shown that irregular and 

regular afferents differ strongly in average response properties, they do not establish moment-to-

moment correlations of afferent activity. To address this information gap, we are using two-

photon microscopy to correlate the Ca2+ activity of select populations of vestibular hair cells and 

afferents during a common fluid-jet stimulus. 

Our preparation is the excised sensory epithelium and attached afferent nerve of the mouse 

utricle, for which exist extensive whole-cell recordings of hair cell and afferent responses to 

mechanical stimulation. We remove overlying structures to expose the mechanosensitive hair 

bundles, then apply a fluid jet driven with voltage waveforms for steps, sinusoids (0.5-20 Hz), or 

head motions as recorded from mice (courtesy KE Cullen). The evoked hair-bundle motions are 

viewed from above, captured in Dodt or DIC movies, and tracked with a custom algorithm 

(Silvian et al., this meeting). Ca2+ signals (dF/F) are correlated directly and/or deconvolved to 

generate “inferred activity”. Strategic choice of ROIs allows us to correlate activities within and 

across zones, between bundle polarities, and between hair cell types, in order to isolate the 

significance of each of these factors in shaping response activity. Preliminary results for ROIs 



with ~50-125 HCs show activity with the expected zonal differences in stimulus orientation and 

frequency dependence. Complementary whole-cell recordings from hair cells and afferents 

(Kabirova et al., this meeting) reveal with great temporal precision the receptor and postsynaptic 

potentials and spikes driving the slower Ca2+ signals. 

These data will provide input to a population model we are developing on how sensory 

information is represented across the mammalian vestibular epithelium (Lutz et al., this 

meeting). 
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Abstract: Within the first few milliseconds of a head motion, each mechanosensory hair cell in 

the vestibular inner ear generates a receptor potential that reflects directional and frequency 

component of the head motion. Many recordings exist from individual hair cells ex vivo and from 

individual primary afferents in vivo. There are also recordings of summated potentials that reflect 

output of the vestibular inner ear. Such recordings do not directly show how hair cell 

subpopulations in mammalian vestibular epithelia together represent head motions on a moment-

by-moment basis. To address this question, we are recording Ca2+ signals from groups of hair 

cells and afferent terminals in the excised, intact epithelium of the mouse utricle, a linear 

accelerometer and widely used model vestibular epithelium. Accessory structures are removed to 

expose the mechanosensitive hair bundles to controlled fluid jets. Hair bundle deflections 

(tracked as in Silvian et al., this meeting) evoke Ca2+ signals detected by exogenous (e.g. fluo-



4ff) or genetically encoded (GCaMP) indicators (Luong et al., this meeting). Here we compare 

directly, for individual cells, evoked Ca2+ signals and concurrent whole-cell currents or voltage. 

Ca2+ indicators have a slower time course (seconds) than the trans-membrane Ca2+ currents 

(milliseconds) that give rise to the signals. During a hair bundle deflection, Ca2+ ions and other 

cations enter the bundle through transduction channels (TMCs), and the resulting receptor 

potential activates voltage-gated CaV1.3 channels in the basolateral membrane. Stimulus-evoked 

transmission to afferent synaptic terminals gives rise to postsynaptic Ca2+ signals likely due to 

voltage activation of CaV1.2 channels near the spike initiation zone. Direct comparisons of 

single-cell Ca2+ and electrical signals will guide our interpretation of population Ca2+ signals and 

modeling of how different populations within the vestibular epithelium and nerve represent head 

motions (Lutz et al., this meeting). 
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Abstract: The vestibular system provides us with a sense of balance and coordination by 

detecting head motions through displacement of stereocilia bundles on hair cells, which are 

transduced into electrical signals relayed to the brain. The vestibular epithelium is organized into 

spatial zones corresponding to hair bundles' preferred direction, depolarizing maximally in 

response to head motions aligning with their orientation. While previous studies have 

characterized hair cell responses to bundle deflection at the single-cell level, our ongoing 

research endeavors to record (see Luong et al., Kabirova et al., this meeting) and model (see Lutz 

et al., this meeting) the collective responses of hair cell populations to stimuli delivered across 



the epithelium. Stimuli across the epithelium may differentially deflect each hair bundle 

according to its preferred orientation and stiffness. A critical component of this research is to 

accurately track each hair bundle’s motion for correlation with the activity of the corresponding 

hair cell and/or afferent. 

We developed a custom motion-tracking pipeline to track individual bundle deflections evoked 

by a common fluid jet stimulus. We trained a machine learning algorithm (WEKA) to segment 

videos of moving hair bundles which we analyzed via custom algorithms and TrackMate (FIJI) 

to track the bundle positions with time. We established reliability with manual tracking. Our 

segmentation algorithm indicates motion relative to each bundle’s preferred orientation. This 

tracking methodology allows us to quantitatively characterize the relationship between each hair 

bundle’s motion and hair cell or afferent responses, as measured through calcium activity. For a 

particular head motion, bundle tracking will show how variation in bundle motions across the 

sensory epithelium affects the activity of the vestibular nerve. 
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Abstract: The vestibular inner ear detects head motion through displacement of 

mechanosensitive stereocilia bundles on hair cells (HCs). Primary vestibular afferents encode 

these bundle deflections with distinct firing patterns: irregular and regular. Both afferent classes 

encode head motion via spike rates, but irregular afferents provide more information based on 



precise spike timing. Computational studies thus far have modeled HCs and neurons at the 

single-unit level to explain how various biophysical properties may influence neural coding but it 

is not clear which properties are the most salient. Furthermore, the vestibular epithelium is 

spatially organized into zones related to afferent subtype and to preferred stimulus direction: 

irregular and regular afferents emerge respectively from central (striola) and peripheral 

(extrastriola) zones; hair bundles reverse polarity (stimulus orientation preference) at the 

striola/lateral extrastriola boundary. Although we know key differences in the mean activity of 

HCs and afferents in the striola and extrastriola and across the line of polarity reversal, we lack 

information about how HC and afferent activities represent head motions moment-by-moment on 

the vestibular epithelium. Here we address this question with a computational model of 

population activity by hair cells and afferents of the mammalian utricle, the horizontal linear 

accelerometer of the inner ear. HCs and afferents are simulated with Hodgkin-Huxley style 

equations and incorporating physiological data from our work in excised utricles plus the in vivo 

literature. Parameters are fit using a Bayesian inference approach to estimate parameter 

combinations that match the physiological data. The vestibular epithelium is simulated as a 

three-layer feedforward model in which each layer represents a two-dimensional plane of, 

respectively, 1) HCs, 2) synaptic terminals and 3) spike initiation zones. To incorporate spatial 

features of the epithelium, the first layer contains HC orientation vectors. Feedforward 

integration between layers represents dendritic arbor size and types of synaptic inputs to 

afferents. We will systematically change parameters between the two zones and compare spiking 

statistics. Pairwise correlations will be calculated with respect to spatial distance between 

neuronal receptive fields and relative to the striola-extrastriola boundary. Ongoing work in our 

laboratory will allow us to compare our simulated responses to population activity in HCs and 

synaptic terminals evoked by bundle motions (Silvian et al., this meeting) and collected with 

two-photon calcium imaging (Luong et al., Kabirova et al. this meeting). 
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Title: Knockout of KV1.8 subunits slows vestibular hair cell receptor potentials and impairs 

balance 
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Abstract: In amniotes, head motions and gravity are detected by two types of vestibular hair 

cells (HCs) that express distinct basolateral voltage-gated potassium (KV) conductances. Type I 

HCs, notable for their giant calyx synapse, express a large, low-voltage-activated KV 

conductance, gK,L, that is thought to augment non-quantal transmission. In contrast, type II HCs, 

contacted by more typical bouton synapses, express KV conductances that activate positive to 

rest. Previously, we found that KV channel subunit KV1.8 is essential for the major KV 

conductances in each HC (Martin et al. eLife 94342, 2024). Here, we present results on how 

absence of KV1.8 affects different ends of the vestibulomotor pathway: HC receptor potentials 

and behavior. Any effects likely reflect KV1.8 absence from the inner ear, given the low 

expression of KV1.8 in other tissues (Lee et al. Hear Res 300:1, 2013). 

We recorded from semi-intact, excised mouse utricles, an accessible sensory epithelium that 

detects horizontal translational acceleration. In KV1.8-null, wildtype, and heterozygous 

littermates (postnatal days 10-60), we deflected hair bundles with step or sinusoidal waveforms 

delivered by stiff probes, and recorded HC currents and receptor potentials. In KV1.8-null and 

heterozygous littermates (2-6 months), we tested activities that involve vestibular input: free 

swimming, open field activity, balance beam traversal, head stabilization, gait, and rotarod 

performance. 

In KV1.8-null HCs, greater input resistance increased the gain and rise time of the voltage 

response, and lowpass corner frequencies of receptor potentials fell from >100 Hz to ~20 Hz in 

type I HCs and from ~70 Hz to ~25 Hz in type II HCs. Absence of KV1.8 increased phase 

(timing) lag of the receptor potential in both hair cell types above 10 Hz. These effects degrade 

temporal fidelity of receptor potentials, impairing accurate detection of head motions, 

particularly for fast head motions. 

KV1.8-null mice had normal motor abilities but struggled on challenging vestibulomotor tasks, 

such as crossing a narrow beam crossing and rearing on hindlegs. In the water, where 

proprioceptive cues are limited, KV1.8-null mice did not maintain horizontal swim posture or 

stable head position. These results have implications for functional differentiation of type I and II 

vestibular HCs, synaptic transmission, and vestibular circuit function. 
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Abstract: Background: The inner ear is the hub where hair cells (HCs) transduce sound, gravity, 

and head acceleration stimuli to the brain. Hearing and balance rely on mechanosensation, the 

fastest sensory signals transmitted to the brain. The mechanoelectrical transducer (MET) channel 

is the entryway for the sound-balance-brain interface, but the channel-complex composition is 

not entirely known.Methods: The prevailing data suggest TMC may be the pore-forming protein, 

but it only exists in a liposomal membrane as a reconstituted pore-forming protein. Moreover, 

whereas mutations of TMC1 in HCs may block conventional MET current, the anomalous 

current is spared. Experiments implicating Tmc1 as a pore-forming protein in HCs did not rule 

out; none did contemplate an allosteric role of Tmc on another channel. Previous evidence shows 

us that altering protein mutations or varying their concentrations may only provide evidence for 

an accessory protein rather than the sought-after pore-forming protein. Results: Here, we report 

that the mouse utilizes Piezo1 (Pz1) and Piezo2 (Pz2) isoforms as components of the MET 

complex. The Pz channel subunits are expressed in HC stereocilia, are co-localized and co-

assembled, and are essential components of the MET complex in vitro and in situ, including 

integration with the transmembrane channel (Tmc1/2) protein. Mice expressing non-functional 

Pz1 and Pz2, but not wildtype Pz1 at the ROSA26 locus under the control of HC promoters, have 

impaired auditory and vestibular traits that suggest the Pz channel is integral to the MET 

complex. Conclusions: We propose that Pz protein subunits constitute part of the MET complex 

and that interactions with other MET components yield a functional hair-cell MET current. 
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Abstract: Retinitis pigmentosa (RP) is a degenerative disease causing blindness through the 

progressive loss of photoreceptors. Pathological variants in the USH2A gene (e.g., c.2299delG) 

account for the majority of autosomal recessive RP cases. Animal knockout models have shown 

that USH2A is required for long-term photoreceptor maintenance, but clinically-pathogenic 

variants introduced into mice do not mimic the expected human disease progression. Our lab has 

created a human retinal organoid (RO) model of USH2A disease using patient-derived induced 

pluripotent stem cells (iPSCs). Our USH2A-ROs serve as a human preclinical model that enables 

us to study photoreceptor maturation, disease mechanism and facilitate new therapeutic 

discoveries. Patient-derived USH2A-ROs demonstrate photoreceptor maturation defects, 

including stunted photoreceptor inner/outer segment (“brush border”) growth and reduced 

protein & gene expression of mature rod (Rhodopsin) and cone (Arrestin-3) markers from Week 

24 to 34 of organoid development, compared with healthy control lines (N=3-5, min. 3 ROs). 

SEM and TEM of photoreceptor ultrastructure confirmed impaired outer structure development 

and markedly lower density of inner segments in USH2A-ROs compared to healthy ROs. To 

rescue this disease phenotype, we treated USH2A-ROs with an antisense oligonucleotide (ASO), 

which causes skipping of the c.2299delG mutation in exon-13, or a scrambled sequence control. 

While ASOs have been tested in Phase 2 clinical trials for patients with USH2A-associated RP, 

these preclinical studies only tested in 2D cultures of human cells. For the first time in a human 

RO model, we found that USH2A-ROs treated with 10uM of ASO from Week 18 to 20 show 

robust exon-13 skipping, faster rate of brush border growth, and improved Rhodopsin gene 

expression at Week 24, compared to scrambled and untreated controls (N=2, min. 3 ROs). 

Optimization of dosage and treatment window to find maximal rescue effects is ongoing. We 

have also generated an isogenic iPSC control line (isoUSH2Acorr), in which the c.2299delG was 



corrected via CRISPR/Cas9 editing; culture and analysis of treatment in these ROs are 

underway. We hope that further gene expression analysis of diseased vs. healthy, treated, and 

corrected ROs will reveal differentially-regulated transcriptional pathways underlying a rescue 

effect, and potential new targets for neuroprotection and enhancement of photoreceptor 

maturation. We believe our work will provide new genotype-specific therapeutic targets against 

a common cause of inherited blinding eye disease. 
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Abstract: A genome-wide in vivo CRISPR-screen identifies neuroprotective targets in retinal 

degeneration 

Inherited retinal degenerations (IRDs) are a clinically and genetically heterogeneous group of 

blinding diseases characterized by progressive degeneration of photoreceptors. Most disease-

causing mutations are rare, but many converge on common pathogenic pathways, raising hopes 

for mutation-agnostic neuroprotective strategies. Rhodopsin-P23H (RHO-P23H) mutation causes 

autosomal dominant retinitis pigmentosa (ADRP), accounting for ∼10% cases in North America. 

In RHO-P23H mutation disease, misfolded Rhodopsin triggers ER stress, resulting in cell death 

through common pathways (e.g., unfolded protein response, UPR and apoptosis). In this study, 

we conducted the first in vivo genome-wide lentiviral CRISPR-screen in RHO-P23H knock-in 

mouse retina, and identified Ubiquitin fusion degradation 1 (Ufd1) and ubiquitously expressed 

prefoldin-like chaperone (Uxt) among the top neuroprotective candidate genes, whose removal 

accelerated photoreceptor death. We overexpressed Ufd1 and Uxt via adeno-associated viruses in 



RHO-P23H knock-in mice, analyzed retina anatomical changes, electroretinograms (ERGs), 

visual cliff tests, and pupillary light responses to examine their ability to protect photoreceptors 

and rescue visual functions. Finally, we established RHO-P23H models in human retinal explant 

cultures to test the translational potential of the two candidate genes. We found that 

overexpression of Ufd1 or Uxt protects photoreceptors, rescues impairments in ERGs and visual 

behaviors in RHO-P23H knock-in mice, and supports photoreceptor survival in the RHO-P23H 

human retinal explant culture. Our study highlighted some promising candidate genes for 

neuroprotection in retinal degeneration and reveals the remarkable therapeutic potential of Ufd1 

and Uxt gene augmentation. 
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Abstract: Patients with Cone Dystrophy with Supernormal Rod Response (CDSRR) experience 

a childhood-onset decline in cone mediated vision followed by macular degeneration. About half 

of the patients also develop night blindness. CDSRR is caused by mutations in KCNV2, which 

encodes the obligatory Kv8.2 subunit of the rod and cone specific heteromeric Kv2.1/Kv8.2 

voltage-gated potassium channel. Kv2.1/Kv8.2 participates in setting the resting dark current and 

filtering light responses. We developed two complimentary mouse models to study this disease. 

The Kv8.2 knockout (KO) retina is rod-dominant, like the human peripheral retina. These mice 

have the same electrical abnormalities as CDSRR, delayed or decreased rod responses in 

response to dim or brighter light respectively and decreased cone responses. In Kv8.2 KO there 

is slow rod degeneration and no loss of cones. The Conefull: Kv8.2 KO is a triple mutant mouse 

strain with only cone photoreceptors, similar to the cone-only fovea within the human macula. 

Conefull: Kv8.2 KO retina has the same decrease in cone-driven electrical responses as Kv8.2 

KO and there is accelerated cone degeneration compared to the all-cone retina with intact Kv8.2. 

The deficits in electrical signaling are consistent with the predicted shift in the dark current. 



Metabolomics was used to identify potential contributors to degeneration triggered by loss of 

Kv8.2. The two pathways most significantly altered in Kv8.2 KO retina were homocysteine 

degradation and taurine metabolism. High levels of homocysteine in neurons is associated with 

oxidative stress and inflammation. Taurine is an osmolyte and antioxidant abundant in 

photoreceptors that is essential for neuronal viability. In conclusion, together our Kv8.2 KO and 

Conefull: Kv8.2 KO mice allow us to model the different regions of the human retina affected by 

CDSRR. Rods appear to protect cones from degeneration, which could explain why the 

degeneration in CDSRR patients is limited to the macula. Further investigation of oxidative 

stress and inflammatory signaling in this disease is warranted to achieve the larger goal of 

identifying targets for drug development to slow retinal degeneration. 
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Abstract: The macula is a central region in the retina that is densely saturated with cone 

photoreceptors and is responsible for high-acuity vision. It is prone to degenerative diseases such 

as age-related macular degeneration (AMD) which is the most common cause of blindness in the 

elderly. However, the pathogenesis and treatment of the macular degeneration are still unknown. 

In this study, we used zebrafish as an animal model since our previous studies showed that larval 

zebrafish have a macular-like cone-rich area in the retina that is physiologically, molecularly, 

and structurally specialized in a similar manner as seen in the human macula. This model also 

has the benefit of being easy to maintain and cost-efficient compared to other animals with 

known macular-like structures such as primates. We hypothesize that, in the macular-like area, 

the metabolic activity is higher; thus making this area metabolically more demanding, and more 

susceptible to environmental stress. We investigated metabolic activities in zebrafish by 

generating a series of transgenic lines that express biosensors for measuring the levels of various 

metabolic substrates such as ATP (biosensors: PercevalHR, iATPSnFR, GRABATP1), glucose 

(iGlucoSnFR), lactate (eLACCO 1.1) and hydrogen peroxide specific for different cell 



compartments including mitochondrial matrix (MLS-HyPer7), mitochondrial intermembrane 

space (IMS-HyPer7) and cytosolic side of plasma membrane (HyPer7-MEM). In our 

experiments, we used the TrpR/tUAS system to drive the expression of these biosensors in a cell-

type-specific manner. With these transgenic lines, we aim to reveal the retinal regions, cell 

compartments, and cell types that are metabolically more demanding, and how the variations in 

metabolic activities arise during development. In our future studies, we will investigate whether 

and how the metabolic activity is altered in AMD-associated gene mutants by knocking out these 

genes with F0 CRISPR screening in our biosensor lines. 
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Abstract: Retinitis pigmentosa (RP) is a genetically inherited retinal degeneration that affects 

rods and may lead to visual impairment. RP can be caused by mutations in phototransduction 

genes, including RHODOPSIN (RHO). One RHO mutation, Q344X, can cause a severe form of 

RP in humans, which has no treatment. Hence, we aimed to discover new drugs for Q344X RP 

by repurposing FDA-approved drugs, which is faster and cheaper than de novo drug discovery. 

Thus, we screened an FDA-approved drug (FDA) library with 1430 drugs using a transgenic 

Q344X RP zebrafish model[1]. The screening utilized the visual-motor response (VMR), a 



startle response displayed by zebrafish during drastic light changes. We previously detected a 

differential VMR between WT and Q344X larvae during light offset (light-off). This difference 

was the basis for our functional screening. We aimed to identify drugs that induced Q344X to 

display a light-off VMR similar to that of the WT controls, theorizing that these drugs may 

improve the vision of the Q334X mutant. To this end, we first exposed Q344X larvae to 10 µM 

drugs from 5 to 7 days post-fertilization (dpf). We began the treatment at 5 dpf because Q344X 

rods begin to degenerate substantially at this stage. We ran the VMR at 7 dpf because untreated 

Q344X larvae displayed a significantly reduced light-off VMR compared to WT. Using this 

treatment period would maximize our chance to identify drugs for Q344X RP. We eliminated 

191 toxic drugs (13.4%) and then screened 1239 (86.6%) non-toxic drugs by VMR (n = 24 per 

drug). The positive and negative controls were drug-carrier-treated WT and Q344X, respectively. 

When analyzing the VMR data, we used an unbiased approach to detect similarities in VMR 

profiles by unsupervised machine learning. We combined the results of three clustering 

algorithms: hierarchical, K-means, and Gaussian Mixed Model with Expectation Maximization 

(EM-GMM). Since each algorithm has unique strengths in detecting similarities, combining their 

results will maximize our chance to discover drugs that induced a WT-like behavior in Q344X 

larvae. Out of the 1239 non-toxic drugs, 26 hits were identified by at least one algorithm 

(positive rate = 2.1%). One hit was identified by all three algorithms. The Q344X retina treated 

by this hit also contained more rods than the Q344X controls in the histology (n = 18 and 14; 

Wilcoxon two-sample test, W = 194, p-value = 0.028). In summary, we identified functional hits 

for Q344X RP from the FDA library. These hits can be further developed and repurposed for 

human Q344X RP treatment. Reference:1. Nakao T et al., PLOS ONE. 2012;7:e32472. 
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Abstract: To encode a wide range of light information, retinal neurons including photoreceptors 

must be able to facilitate high rates of sustained neurotransmitter release over long periods. This 

is accomplished by a specialized structure anchored at the active zone of axon terminals of 

certain sensory neurons, known as ribbon. The ribbon tethers a large fraction of synaptic 

vesicles, enabling it to function as a conveyor belt for continuous vesicle exocytosis, thereby 

supporting tonic neurotransmitter release. Within the retina, ribbon synapses are located at the 

photoreceptor terminals in the outer plexiform layer (OPL) and at bipolar cell terminal in the 

inner plexiform layer (IPL). While the physiological properties and structural organization of 

ribbon synapses have been well studied, their role in synaptic assembly and circuit formation 

remains unclear. In this research, we utilized transgenic mice with a deletion of the ribbon 

synapse component RIBEYE to compare the differences in synaptic organization in OPL and 

retinal circuitry relative to wild-type mice, as well as how these structural changes affect the 

function of the retina. To assess these differences, serial block-face scanning electron 

microscopy was utilized to reconstruct neurons and their connectivity at the subcellular level in 

both RIBEYE knockout (KO) and wild-type (WT) mice. Additionally, we also conducted ex 

vivo electroretinograms (ERGs) to test the effect of synaptic ribbons on ERG responses to assess 

the impact of the loss of ribbon synapse on photoreceptor and bipolar cell output in response to 

light stimuli. Our results indicate that the specialized ribbon structure is completely lost from 

both rod and cone photoreceptor axon terminals in the KO mice. Rod photoreceptors in the KO 

mice form a lower percentage of conventional ribbon synapses which typically include four 

postsynaptic partners: two bipolar cells and two horizontal cells, compared to WT mice. The 

dendritic area of rod bipolar cells is nearly doubled, although the number of rod photoreceptors 

contacting the same rod bipolar cell remains unchanged. ERG responses indicate that scotopic 

bipolar cell responses were smaller in KO mice compared to WT. The synaptic organization of 

cone photoreceptors in KO mice is also significantly altered. However, ERG responses indicate 

that photopic bipolar cell responses in KO mice are unchanged compared to WT. In summary, 

absence of ribbon alters the rod terminal synaptic organization, which correlates to changes in 

rod bipolar cell response under scotopic light conditions. However, despite changes in the cone 

terminal synaptic organization, the cone bipolar response remains unchanged. 
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Northwestern Univ., Evanston, IL 

Abstract: Light is a fundamental feature of the environment, and it plays a critical role in 

entraining the circadian clock. Intrinsically photosensitive retinal ganglion cells (ipRGCs) are a 

highly conserved class of retinal photoreceptors that express the photopigment melanopsin, 

allowing them to detect light independent from rod and cone input. There are 6 types of ipRGCs, 

M1-M6, each with a distinct subset of physiological properties and transduction cascades. M1 

ipRGCs, for example, relay ambient light information for circadian photoentrainment and pupil 

constriction, while M4 ipRGCs integrate contrast and environmental luminance to contribute to 

conscious visual perception. Despite extensive description of diverse ipRGC properties, little is 

known about the genetic programs shaping these differences. Recent work has shown that 

ipRGC subtypes express the transcription factor Brn3b in a gradient (M1<M2<M4). 

Interestingly, many subtype defining physiological features vary along this gradient including 

capacitance (M1<M2<M4), input resistance (M4<M2<M1), excitability (M1<M2<M4), and 

maximum firing rate (M1<M2<M4). Based on these relationships, we hypothesized that Brn3b 

may be required for development of these subtype-defining properties. If this is the case, then 

removal of Brn3b from the M4 ipRGCs, which have high Brn3b expression, should shift M4 

physiological features toward those of M1 ipRGCs, which express the least Brn3b. To test this, 

we generated mice in which Brn3b is knocked out specifically in ipRGCs (Brn3b cKO) and used 

whole-cell patch clamp electrophysiology to measure the intrinsic properties of ipRGCs in 

Control and Brn3b cKO littermate mice. In agreement with our hypothesis, we find that Brn3b 

cKO cells show a shift toward M1-like properties in their intrinsic properties (capacitance, input 

resistance, excitability, and maximum firing rate), but little change in the photocurrent. 

Furthermore, Brn3b cKO M4s go into depolarization block following positive current injection, a 

characteristic of the lower Brn3b-expressing M2 and M1 ipRGCs. Finally, we also find that the 

action potential shape is altered in Control versus Brn3b cKO cells. Altogether, our results 

suggest that Brn3b plays a critical role in determining the electrophysiological properties of 

ipRGCs. 
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with the downregulation of Fatty Acid Elongases 2 and 4 
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Abstract: Docosahexaenoic acid (DHA), an omega-3 fatty acid found abundantly in the central 

nervous system and retina, plays a crucial role in maintaining vision by preserving the 

morphology of photoreceptor discs. Its diverse benefits include antioxidative, anti-inflammatory, 

and anti-apoptotic properties through lipid mediator generation. Our study focused on mutant 

Adipor1 and Mfrp mice, which showed reduced levels of DHA and very long-chain 

polyunsaturated fatty acids (VLC-PUFAs; ≥ 28 carbons), synthesized primarily by elongases 

Elovl2 and Elovl4. These mutant mice exhibited compromised retinal function and a progressive 

loss of photoreceptor cells. To understand the inflammation mechanism driving retinal 

degeneration in these models, we analyzed retinas and RPE-eyecups from Adipor1-/- and Mfrprd6 

and wild-type mice. We harvested retinas and RPE-eyecups from Adipor1-/-, Mfrprd6 and 

C57BL/6J (wild-type; WT) male and female mice. Utilizing capillary Western blot and qPCR we 

assessed the expressions of Elovl2 and Elovl4. Additionally, we conducted FAM-FLICA 

Caspase-1 Assay on mice eye sections to ascertain caspase-1 activation and employed 

immunohistochemistry with Iba-1 antibody to investigate microglia invasion in mutant mice. 

Elovl2 and Elovl4 proteins and RNA expressions were notably reduced in the mutant mice, 

suggesting a role in observed retinal abnormalities. Further analysis using FAM-FLICA 

demonstrated a significant increase in caspase 1 activity in Adipor1-/- and Mfrprd6 eyes. 

Immunostaining revealed a higher number of Iba-1 positive cells in the retinas of both mutant 

groups, indicative of increased microglia invasion. These findings suggest that Adipor1-/- and 

Mfrprd6 mice are prone to uncontrolled neuroinflammation, leading to microglia invasion and 

caspase 1-dependent retinal damage, potentially involving a pyroptotic immune response. 

Targeting the inflammasome pathway could be a promising therapeutic strategy for addressing 

retinal degeneration in these mutant models. 
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Title: Improved response properties of single neurons in higher visual cortex of retinal 

degenerated rats following retinal sheet transplant 
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Abstract: Age-related retinal degeneration affects millions of people worldwide and often 

results in permanent loss of vision. In a previous study (Foik et al, 2018, J Neurosci) we showed 

in retinal degenerated rats (RD) that the number of visually responsive units and selectivity to 

stimulus size and orientation of primary visual cortex (V1) neurons were significantly improved 

after transplantation of a small fetal retinal sheets into one eye. The current study was designed 

to determine the effectiveness of retinal transplantation in rescuing neural responses of higher 

visual areas cortex of RD rats. We collected single unit responses from lateral medial area (LM, 

putative ventral visual stream in rodents) to drifting gratings and pattern motion. Briefly, the 

transgenic Rho-S334ter line-3 rat (both sexes), which loses photoreceptors at an early age and is 

effectively blind at postnatal day 30, received fetal retinal sheet transplants (E19) in one eye 

between 41 and 78 d of age. RD controls included sham surgeries and age-matched non-surgery 

rats (AMC). The quality of the transplant was then assessed using high-resolution OCT retinal 

imagining. Rats with qualitatively good transplants were used for recording. Responses from ~ 

200 single-units from area LM of anesthetized rats we measured using tungsten sharp electrodes 

inserted perpendicular to the cortical surface. Cells were tested under optimal stimulus 

parameters for orientation, size, and spatial and temporal frequencies. Our primary results show 

that the proportion of visually responsive units increased from 4% in RD rats to 19% in 

transplanted animals. Also, firing rates to flashes of light were significantly increased in 

transplanted rats. Consistent with our previous findings, we observed improved orientation 

tuning and selectivity in transplanted animals compared to RD rats.Our results suggest that 

transplantation of fetal retinal sheets can improve responses of higher visual cortex and result in 

partial restoration of a functional connectivity in lower and higher visual cortex. 
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Title: Electrical stimulation alters behavioral state-dependent neuronal and population activities 
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Abstract: Intracortical microstimulation is an important tool for directly altering neuronal 

responses and probing cortical functions, providing an essential foundation to the development 

of brain machine interface and neuroprosthesis. However, it remains unclear if and to what level 

the consequences of stimulation is dependent on the animal's behavioral states and pre-stimulus 

neural activities. 

To answer this question, we applied two-photon calcium imaging in the awake mouse to track 

the single-cell activities of both excitatory and labeled inhibitory neurons in the primary visual 

cortex, before and after the stimulation. Electrical stimulation consisted of 25 biphasic cathode-

leading train pulses was delivered through a tungsten electrode, once every 10 s at one of nine 

possible current amplitudes (3, 5, 10, 15, 20, 25, 30, 40, or 50 A) in pseudo-random order,for 10 

repetitions at each amplitude (details in Dadarlat et al, 2023 ). We also differentiate behavioral 

states of the head-fixed mice based on their velocity on the floating ball. 

We found that electric stimulation’s modulation depends on pre-stimulus activity, behavioral 

states, and cell types. Inhibitory neurons showed increased responses post-stimulation, while 

there is a decrease in post-stimulation activities for excitatory neurons. Interestingly, during 

quiescence, the excitatory neurons are also more dependent on the pre-stimulation activities. This 

may be due to changes of the local network connectivity during different states. While the mice 

were still, stimulation enhanced the overall population correlation, increasing the similarity 

among excitatory neurons. However, we did not find any similar effect on population correlation 

during locomotion. Pairwise noise correlation between excitatory neurons also has a similar 

pattern. While the average noise correlation increased for excitatory neurons during quiescence, 

we found an opposite trend during moving. For inhibitory neurons, the dependence on pre-

stimulus activities was similar during both locomotion and quiescence. Both population 

correlation and noise correlation among inhibitory neurons increased after stimulation during 

both locomotion and quiescence state. 

Overall, our study revealed key properties of the local neuronal network were significantly 



altered after the stimulation, which are also contingent on the animal’s behavioral states and cell 

types. 
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Title: V1 population spiking does not show statistically significant differences between laminar 

compartments during binocular rivalry flash suppression. 
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Abstract: Binocular rivalry flash suppression (BRFS) arises when one eye is adapted to a 

stimulus that persists after an incompatible stimulus is presented to the other eye. During rivalry, 

one eye’s perception is suppressed while the other eye’s perspective dominates. In the context of 

BRFS, the adapted eye is almost always briefly suppressed after the second stimulus is 

presented. Recent modeling work proposed that the upper layers of V1 might act as the primary 

site of rivalry-related activity (Evers et al., 2023). Several studies over the past decades 

scrutinized V1 activity during BRFS. However, most of these studies preceded the advent of 

laminar neurophysiology. Consequently, our understanding of how BRFS influences V1 

responses at the laminar level remains limited. Here we test the computational model prediction 

of laminar anisotropy by detailing the laminar profile of BRFS responses in primate V1. We 

performed 43 acute laminar microelectrode penetrations in two awake macaques using linear 

array probes equipped with 32 contacts, each spaced 100um apart. Local field potentials (LFP) 

and spiking data were recorded during these penetrations. To localize the layer IV/V boundary, 

we employed power-spectral-density (PSD) analysis and validated these findings with current-

source-density (CSD). Our analysis identified 28 penetrations that orthogonally spanned all V1 

layers, yielding a total of 140 multi-units per laminar compartment. Population spiking did not 

follow the hypothesized laminar profile. In line with earlier work, BRFS-related spiking 

modulation was in the minority. The associated response profile of population averages was 

roughly equally distributed across V1 layers. We speculated that the effects of BRFS on V1 



laminar responses might vary in ways that are challenging to detect by traditional rate-coding 

metrics such as averaged population spiking. As a first inroad to this question, we tested for 

laminar differentiation in V1 LFP coherence between regular and rivalrous visual stimulation. 

These analyses matched previous reports by Leopold & Logothetis in that V1 LFP exhibits 

greater coherence with dioptic stimulation than dichoptic stimulation. Even more interestingly, 

this effect was strongest within and between supragranular layers and infragranular layers, 

suggesting significant laminar differentiation. Taken together, these results suggest that more 

neuronal population-centered work is needed to fully determine the role of the columnar 

microcircuitry of primate visual cortex for binocular rivalry flash suppression. 
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Abstract: Research on high-frequency transcranial random noise stimulation (hf-tRNS) revealed 

the benefits of noise to perceptual and cognitive processes, which have been modeled through 

stochastic resonance (SR, Simonotto et al., 1997). Using the SR framework, previous research 

identified enhanced stimulus processing when electrical (Pavan et al., 2019) or stimulus noise 

(van der Groen & Wenderoth, 2016) applied. Although these studies provide important insights 

into noisy processing, there is no systematic comparison of visual noise and tRNS. This requires 

a closer alignment of visual noise to the tRNS characteristics, such as continuous presentation of 

noise during the ongoing visual task and noisy stimulation of a wider area of the visual cortex. 

Here, we addressed whether dynamic visual noise could mimic the tRNS effects on visual 

processing when the noise characteristics were equated as possible. To achieve this, we 

generated several levels of dynamic white pixel noise continuously presented in the background 



during a contrast detection task. To address SR effects of visual noise on stimulus processing, we 

presented Gabor stimuli at individualized contrast levels associated with either barely seen 

(subthreshold, n=25) or easily detectable (suprathreshold, n=25) stimuli. We calculated the 

performance improvement at each noise level with respect to the baseline accuracies to 

determine optimal noise levels leading to maximum performance. Our results demonstrated the 

robustness of visual noise in increasing the detection performance when presented concurrently 

but unrelated to the ongoing task. Importantly, we found a strong negative correlation between 

the baseline performance and maximum improvement (p < .001), indicating that participants 

with lower initial performance benefited most from the visual noise. We also confirmed that 

presenting an optimum level of visual noise is significantly more effective (Welch’s t-test, p < 

.001) on the detection of subthreshold (M = 19.79, SD = 19.96) compared to suprathreshold (M 

= 4.77, SD = 5.28) stimuli, as the effect of tRNS shown in previous literature. Consistent with 

the SR phenomenon, we highlight that visual noise mimics the tRNS effect on visual processing. 

Specifically, we confirm the presence of individual optimum visual noise similar to the 

effectiveness of distinct tRNS levels, resulting in the maximum increase in perceptual 

performance. These findings suggest a potential use of dynamic visual noise to enhance visual 

perception and offer a safer procedure compared to electrical stimulation, especially for clinical 

populations that cannot tolerate electrical current application to the cortex. 
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Title: Gamma in awake macaque V1 causes response-gain modulation 
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Abstract: A prominent feature of brain activity is oscillatory neuronal synchronization in the 

gamma range (40 – 90 Hz). Gamma rhythms have been hypothesized to implement the effective 

neuronal communication of selected stimuli through the alignment of excitability phases between 

lower and higher visual areas. Local gamma synchronization entails sequences of excitation and 

inhibition that have the potential to rhythmically modulate synaptic input gain. If synaptic inputs 

were consistently aligned to phases of high excitability, this would increase their gain. Indeed, 

we have previously shown that visually induced gamma in awake macaque area V4 and 

optogenetically induced gamma in anesthetized cat area 17 entails rhythmic gain modulation. 

Here, we tested whether visually induced gamma in awake macaque area V1 entails 

corresponding gain changes, and whether they constitute modulations of input or response 

gain.We recorded multi-unit activity (MUA) and local field potentials (LFP) from primary visual 

cortex (V1) of one awake macaque monkey. While the monkey maintained fixation, a uniform 

red background induced ongoing gamma-band activity, and a randomly timed probe stimulus 

evoked a MUA response. We investigated whether this MUA response was modulated by the 

phase of the ongoing gamma rhythm just prior to the probe presentation. Importantly, we 

quantified whether this putative gamma-rhythmic MUA-response modulation was multiplicative. 

That is, we tested, whether it exceeded an additive modulation that was expected from a simple 

superposition of an un-modulated probe-evoked response onto the background-induced ongoing 

gamma-rhythmic MUA modulation. Indeed, we found that gamma rhythmically modulated the 

MUA response, and that this modulation exceeded the additive component and therefore had a 

significant multiplicative component.We tested whether this effect constituted a gamma-

rhythmic modulation of response gain or input gain. In the case of input gain, the contrast-

response function is shifted to the left, with strongest response increases for mid-level stimulus 

contrasts. In the case of response gain, the contrast-response function is multiplied by an 

approximately constant factor for all stimulus contrasts. We therefore used probe stimuli with 

contrasts of 5%, 10%, 20%, 40%, 80% and 100%. The gamma-rhythmic gain modulation was 

approximately proportional to the probe-evoked response and thereby constituted a response-

gain modulation.Based on these findings we propose that the gamma rhythm has causal 

consequences for neuronal communication, and that this effect is present in the primate visual 

system as early as primary visual cortex. 
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Abstract: The human eye has a crystalline lens that focuses retinal images at the point of 

fixation. Outside this region, images are distorted by optical blur, which increases light scatter 

and reduces the spatial resolution and contrast processed by neuronal pathways. The negative 

and positive spectacle lenses that humans use for optical correction also minify or magnify the 

images, affecting neuronal surround suppression. Because light and dark stimuli are processed 

with ON and OFF pathways that have different spatial resolution, contrast sensitivity and 

surround suppression, lens distortions should affect differently the two pathways and the 

perception of lights and darks. Here, we provide support for this prediction by performing 

electrophysiological recordings from the visual cortex of cats (multiunit spiking activity) and 

humans (electroencephalography). All animals and human subjects wore contact lenses or 

spectacles while having their lens accommodation pharmacologically blocked. As expected from 

the effect of light scatter, optical blur expanded ON receptive fields measured with contact lenses 

(±10 vs. 0 diopters: 6.8o ± 0.1o vs. 5.9o ± 0.1o, n=128, p = 2.1 x 10-18) or spectacles (±10 vs. 0 

diopters: 6.7o ± 0.1o vs. 6.2o ± 0.2o, n=70, p = 9.2 x 10-5, Wilcoxon tests and means ± standard 

errors in entire abstract). Opposite to ON receptive fields, optical blur shrunk OFF receptive 

fields measured with contact lenses (±10 vs. 0 diopters: 6.0o ± 0.1o vs. 6.2o ± 0.1o, n=128, p = 1.2 

x 10-5). However, when measured with spectacles, optical blur did not affect the average OFF 

receptive field size (±10 vs. 0 diopters: 5.7o ± 0.1o vs. 5.8o ± 0.1o, n=70, p = 0.1186) because 

positive and negative lenses had opposite effects on image size (i.e. magnification and 

minimization), which affected differently surround suppression. Specifically, the image 

magnification of positive spectacles made OFF receptive fields smaller than ON receptive fields 

(OFF vs. ON at +10 diopters: 5.1o ± 0.1o vs. 6.4o ± 0.1o, n=70, p = 4.7 x 10-11) and OFF receptive 

field size strongly correlated with spectacle blur (R2 = 0.98, p < 0.0001, n = 70; slope: -0.1o per 

diopter, blur range: -10 to +10 diopters). As expected from light scatter, optical blur also 

decreased the population response of OFF more than ON cortical pathways in humans (± 5 

minus 0 diopters with contact lenses for OFF vs. ON: -4.8 ± 1.1 vs. 0.1 ± 0.7 microVolts, n=10, 

p = 0.002). Based on these results, we conclude that optical blur and image magnification reduce 

the receptive field sizes and cortical responses of OFF more than ON pathways, making OFF 

pathways better suited at optimizing the magnification/quality of retinal images during eye 

development. 
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Abstract: When multiple stimuli lie within a cortical neuron’s receptive field (RF), the 

combined response is typically less than the sum of the responses to those stimuli when 

presented individually. Divisive normalization models have been used to explain this non-linear 

relationship, a phenomenon that is widely observed in cortical responses. Normalization yields a 

response that approximates a contrast-weighted average of the responses to each stimulus when 

presented alone. Normalization thus preserves response selectivity by preventing multiple non-

preferred stimuli from producing a response that is as strong as the response to a preferred 

stimulus. While normalization is widespread, neurons have been found to vary widely in how 

closely their response to multiple stimuli approximates a contrast-weighted average (Ni and 

Maunsell, 2017). An individual sensory neuron can even show differences in the strength of its 

normalization when the positions of a preferred and a non-preferred stimulus in its RF are 

swapped. The origins of this variance in normalization are not well understood, but differences in 

the strength of responses arising from different RF locations (i.e., RF weight) might be a factor. 

To test this, we recorded from neurons in the monkey middle temporal visual area (MT) while 

the animal held its gaze on a fixation spot and reported stimulus changes that occurred far from 

the RF. While the animal did the task, we flashed sequences of one or two, task-irrelevant Gabor 

stimuli in the RF to measure normalization. The positions of the stimuli were varied 

parametrically to measure how normalization depends on the RF weights at the stimulated 

locations. To date, we have recorded from 18 well-isolated MT neurons in one monkey. 

Presentation of individual Gabors at different RF sites revealed that the average MT RF weight 

profile is approximately Gaussian. Stimuli with preferred or non-preferred directions of motion 

produce Gaussian RF profiles that differ only in amplitude. When the Gabors were paired, one 

stimulus was always presented at the RF center while the other was presented at varying distance 

from the center. In all cases, as the second stimulus approached the RF limit, the paired response 

approached the response to the center stimulus by itself. Paired responses were well predicted by 

weighting each stimulus by the RF weight of its position. Failing to factor in the RF weight led 

to poor predictions of paired responses and variance in the apparent strength of normalization. 



RF weighting, like contrast weighting, is a necessary factor for capturing a neuron’s response to 

multiple stimuli. 

Disclosures: C.J. Cherian: None. J.H. Maunsell: None. 

Poster 

PSTR281: Visual System: Response Modulation and Adaptation 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR281.07/E24 

Topic: D.06. Vision 

Support: NIH Grant R00 EY029323 

Title: Thalamic stimulation modulates experience-dependent visual plasticity 

Authors: *Y. ZHAO1,2, M.-F. FONG3;  
1Georgia Tech., Atlanta, GA; 2Biomed. Engin., Emory Univ., Atlanta, GA; 3Biomed. Engin., 

Georgia Tech. and Emory, Atlanta, GA 

Abstract: Thalamocortical (TC) plasticity is a prominent feature of early sensory systems, 

enabling development of precise topographic maps in neocortical layer 4 (L4). As animals age, 

the capacity for thalamocortical long-term potentiation (LTP) and long-term depression (LTD) 

diminishes substantially, with numerous ex-vivo studies establishing the absence of TC-L4 

LTP/LTD beyond early postnatal life. However, recent in-vivo studies in the adult rodent visual 

system have highlighted an important role for thalamic circuits in cortical plasticity beyond the 

canonical critical period. In this study, we sought to develop a system for directly monitoring and 

manipulating activity at TC-L4 synapses in vivo to assess their capacity for plasticity in adult 

mice. To enable high-frequency optical stimulation of the thalamus, we expressed the ultrafast 

depolarizing opsin, Chronos, into the dorsal lateral geniculate nucleus (dLGN). Meanwhile, we 

used chronically-implanted field electrodes in L4 to assess optically- and visually-evoked 

responses during different phases following stimulation. We first establish that the response in 

L4 of primary visual cortex (V1) increases monotonically with light power and that stimulus-

response profile remains stable over the course of weeks. We then find that optogenetic 

stimulation of the thalamus alone has limited ability to produce thalamocortical LTP or visual 

response potentiation, but exerts significant influence over ongoing visually-driven cortical 

plasticity. We posit that although thalamic stimulation in the adult brain may not have the 

capacity to directly drive TC-L4 LTP in-vivo, it can act to augment or disrupt ongoing 

experience-dependent processes. 
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Abstract: Retinal prostheses have been developed to restore vision in individuals who have lost 

sight due to retinal pigmentosa (RP) or age-related macular degeneration (AMD), which are 

diseases characterized by the degeneration of photoreceptors. Like other implantable prostheses 

such as cochlear implant system and deep brain stimulation systems, retinal prostheses also 

employ the principle of generating neural activity using electrical stimulation. By applying 

electrical stimulation to the retina, the surviving retinal ganglion cells (RGCs) are activated even 

in the absence of functional photoreceptor cells. A key aspect of developing retinal prostheses is 

optimizing electrical stimulation protocols by adjusting parameters to ensure successful vision 

restoration. In a previous study using the retinal tissue of C57BL/6 mouse (8 weeks, male) on 

microelectrode arrays, we have investigated the response of RGCs responding to the electrical 

pulse stimulations with various amplitudes (10~80 μA) and widths (100~1000 μs). It was 

observed that there exist short-latency responses and long-latency responses following subretinal 

stimulation. The short-latency responses were likely due to direct stimulation of RGCs, while the 

origin of the long-latency responses was less clear. In this study, the effects of the glutamatergic 

receptor antagonists (NBQX, AP5) were investigated. The synaptic blockers suppressed the 

long-latency responses of RGCs indicating the long-latency responses were mediated by 

glutamatergic synaptic transmission. Additionally, the RGC responses to light stimulation are 

also recorded in the absence and presence of the blockers. 
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Title: Arousal-dependent modulation of membrane potential dynamics in the rabbit visual cortex 
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Abstract: Studies of visual processing during different internal states of arousal revealed 

profound state-related changes in neuronal operations along the visual pathway. In the rabbit 

primary visual cortex a shift from alert to nonalert state is associated with a decrease of response 

gain and response reliability. Although there is a clear effect of arousal state on neuronal spiking 

activity, the subthreshold mechanisms underlying state-related changes of visual responses are 

poorly understood. We employed a novel technique which allows us to obtain stable intracellular 

recordings from primary visual cortex neurons in awake head-restrained rabbits. To minimize 

damage to the cortex, increase the stability of recording and allow multiple recording sessions 

from the same cortical area, we used a combination of coaligned guiding cannula that penetrates 

the dura and a “sharp” recording micropipette. Using this technique, we obtained intracellular 

recordings from visual cortical neurons across multiple episodes of alert and nonalert brain 

states. Brain states were defined by the characteristic signatures in hippocampal and cortical 

EEG. Recorded neurons were classified by the firing patterns evoked with depolarizing current 

steps and action potential waveforms. In regular spiking neurons we measured responses to 

visual stimuli and receptive field properties, using subthreshold membrane potential (Vm) 

dynamics and spiking. We found that upon transition from alert to nonalert state, regular spiking 

neurons showed a clear reduction in the Vm modulation and action potential firing in response to 

optimal visual stimulation. Changes in spiking were more pronounced than changes of the 

membrane potential responses, and relatively small changes in the Vm modulation amplitude 

could cause larger changes in spiking. In some cases, visually evoked spiking could be even 

completely shut off during nonalert state, but an underlying modulation in the Vm amplitude was 

still clear, though of a reduced amplitude. Interestingly, we found that the threshold for action 

potential generation and the transformation of membrane depolarization into spike responses did 

not change with state. These results point to the role of the threshold mechanism and 

involvement of the 'tip-of-the-iceberg' effect in shaping state-related transformation of neuronal 

responses in the visual cortex. 
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Abstract: Neural spiking responses in the cerebral cortex are highly variable. One proposal to 

explain this variability is that it emerges from a balanced interaction between excitatory and 

inhibitory inputs. A critical prediction of this balanced hypothesis is that small changes in input 

lead to changes in spiking responses. This may occur if the underlying membrane potential lies 

near spike threshold. However, current injection thresholds for eliciting an action potential have 

not been measured in vivo. Using in vivo whole-cell electrophysiology, we have made 

measurements on the relationship between input current and spike rate using 20ms and 100ms 

current pulses in order to determine the rheobase of neurons in mouse primary visual cortex. We 

have found that the average rheobase for 100ms current injections is 80pA (SD = 53.0pA), while 

for 20ms current injections the rheobase is 150pA (SD = 64.3pA). These measurements are often 

complicated by the fact that membrane potential fluctuations occur in vivo on the order of 10mV. 

These fluctuations induce significant trial-to-trial variability in the relationship between injected 

current and spike rate. We compared responses to current injections when neurons were in a 

“down” state, receiving weak synaptic input, to current injections when neurons were in an “up” 

state, receiving strong synaptic input. Our results show that for many neurons, when a strong 

depolarizing event occurred prior to the 20ms current pulses, less current was required to initiate 

a spike (mean = 100pA, SD = 35.0pA). However, the rheobase measurement for many neurons 

remained invariant to membrane potential fluctuations. In tandem with these findings, we have 

made voltage-clamp recordings in a subset of these neurons to measure the currents that neurons 

receive during visual stimulation. Through optogenetic inactivation of cortex, we have measured 

the thalamic contribution to visual cortical neurons is small (mean = 20pA SD = 11.0pA), while 

the total drive to these neurons is on average 60pA (SD =20.4pA). Taken together, our results 

suggest that many neurons in cortex exist in a fluctuation-driven state, in which synaptic input 

during visual stimulation results in variable spike output. In addition, our rheobase measurements 

alone provide an estimate of cortical excitability under spontaneous conditions and suggest that 

there is diversity in sensitivity to small changes in input. 
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Abstract: Primary visual cortex (V1) is the initial stage of cortical processing in the visual 

system, receiving retinal information via several parallel pathways within the lateral geniculate 

nucleus (LGN) of the dorsal thalamus. Based on decades of research, a strong model has 

emerged of V1 based on an array of divisive normalization modulated Gabor filters that 

distribute visual signals to a variety of higher-order, extrastriate cortical areas. These elegant 

linear-nonlinear (LN) models provide a satisfyingly intuitive understanding of V1 receptive 

fields; however, they fail at predicting the response of V1 neurons to arbitrary stimuli, including 

naturalistic stimuli, and have not been extended in a sophisticated fashion to account for network 

dynamics. More recent models that have employed convolutional neural networks (CNN) have 

been more successful at predicting V1 responses to novel stimuli; however, the “black box” 

nature of these models has allowed the underlying neural mechanisms and receptive field 

properties to remain enigmatic. The overarching goal of our research is to unify the concepts of 

single cell receptive fields and interneuronal network dynamics, with an eye toward bridging the 

gap between older Gabor models and newer CNN models. 

As part of our research, we have explored the relationship between single cell receptive fields, 

and response sparseness in V1. Towards this aim we have recorded from two awake, behaving 

macaque monkeys using 128-channel laminar probes positioned in the operculum of V1 

(parafoveal region, ~4°-6° eccentricity). By presenting a combination of synthetic and 

naturalistic stimuli we probed the interaction of receptive field properties and population 

dynamics, quantifying how certain population dynamics can be explained by stimulus dependent 

changes in classical and nonclassical receptive field properties. Our data establishes a link 

between response sparseness and receptive field properties including orientation bandwidth, 

contrast gain control, and extraclassical suppression. Further, we predict that contrast dependent 

changes in response sparseness can be modeled as a consequence of contrast dependent 

summation fields. Current efforts are focused on determining the benefits of “direct” model 



parameter mapping vs “random estimation”. Finally, we are estimating the relative contributions 

of individual model parameters to residual error in order to determine the factors that limit the 

generalizability of Gabor models to naturalistic stimuli. 
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Abstract: Retinal function has been shown to differ across sexes and to fluctuate based on 

hormonal status. There is increasing evidence that visual behaviors are also sex dependent. 

Specifically, circadian photic responses, which are mediated by intrinsically photosensitive 

retinal ganglion cells (ipRGCs), are known to be sex- and estrus phase-dependent. However, it is 

unclear whether these responses are modulated at the level of photoreception in the retina. Sex 

steroid hormone (SSH) receptors are expressed in the retina, but the specific expression patterns 

of these receptors are unknown. Identifying the specific retinal cell types that express each SSH 

receptor would lend insight into which retinal circuits could be modulated by sex or the estrus 

phase. We aimed to characterize the cell type-specific expression patterns of SSH receptors and 

quantify expression across sexes and the estrus cycle in ipRGCs. We used RNAscope in retinal 

sections to visualize the expression pattern of 5 SSH receptor genes: Estrogen Receptor 1 (Esr1), 

Estrogen Receptor 2 (Esr2), G-protein Coupled Estrogen Receptor 1 (Gper1), Progesterone 

Receptor (Pgr), and Androgen Receptor (Ar). This was done in retinal slices of both male and 

female mice. Esr1 expression is predominantly localized to the inner nuclear layer, particularly 

in SEG amacrine cells. Esr2 does not show any detectable expression in the retina. Gper1 is 

expressed sparsely in both the ganglion cell layer and the inner nuclear layer. Pgr and Ar are 

widely expressed in the ganglion cell layer and are both expressed in ipRGCs. We observed a 

difference in Pgr and Ar expression in ipRGCs between males and females in sexually receptive 

and non-sexually receptive estrus phases. Overall, this data indicates that SSH receptors show 

sex-dependent and cell-type specific retinal expression patterns. 
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Abstract: The superior colliculus (SC) guides our eye movements to regions of interest in the 

form of saccades, and it is thus one of the more important brain regions involved in our day-to-

day active vision. The large majority of the sensory information that the SC uses to accomplish 

this comes from the primary visual cortex (V1). Nonetheless, the neural signal transformation 

that happens from V1 to the SC is not thoroughly understood. Here, we aimed to further the 

understanding of this inter-regional communication by comparing SC and V1 visual burst 

activity with regard to contrast sensitivity and luminance polarity preferences. We analyzed 

neuronal recordings from three macaque monkeys that performed an active vision task in the 

form of reflexive visually-guided saccades. After initial fixation, a target disc of ~0.5 deg radius 

appeared within the response field of a neuron, and the fixation spot was extinguished 

simultaneously. Across trials, the target varied both in contrast and luminance polarity (dark 

versus bright) compared to the uniform task background. We found that both SC and V1 neurons 

generally prefer dark rather than bright contrasts, as evidenced by either earlier visual burst 

onsets or stronger visual bursts, but not necessarily both. Moreover, in both areas, we found 

neurons reacting faster for one stimulus polarity (e.g. bright) but stronger for the other (e.g. 

dark), suggesting a dissociation between neuronal response latency and response strength in both 

brain areas. V1 neurons also appeared to have stronger specialization than SC neurons: on 

average, the dynamic range in response latency or strength between the preferred and non-

preferred contrast was larger for V1 neurons than for SC neurons. Next, we analyzed contrast 

sensitivity curves. While both areas generally showed increasing visual burst strenghts with 

higher contrasts, we were much more likely to encounter non-saturating contrast sensitivity 



curves in V1 than in SC, and these non-saturating contrast sensitivity curves were most frequent 

for dark but not bright contrasts. Thus, shadows are represented in a more graded fashion than 

highlights in V1, and this asymmetry is not present in the SC population. These results suggest 

that somewhere along the visual processing pipeline from V1 to SC, some of the variability in 

stimulus representation is removed. We hypothesize that the graded representation of dark 

stimuli in V1 might help with jump-starting accurate image analysis in higher cortical areas, 

whereas the more step-like representation in the SC might help with detecting potential saccade 

targets of interest, with no need to much more accurately represent the exact stimulus shadings. 
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Abstract: In the realm of visual cognitive neuroscience, retinotopic mapping plays a pivotal role 

in deciphering how the brain processes visual stimuli. However, despite its significance, this 

process heavily relies on BOLD functional magnetic resonance imaging (fMRI), which is 

hampered by low signal-noise ratio (SNR) and inadequate spatial resolution. These inherent 

limitations impede the creation of precise and reliable retinotopic maps. This research applies an 

innovative approach known as Diffeomorphic Registration for Retinotopic Maps (DRRM; Tu, et 

al, 2022) to improve the alignment of retinotopic maps. Utilizing the 3T NYU Retinotopy 

Dataset, which includes analyze-PRF and mrVista results, DRRM aims to overcome the 

challenges posed by traditional methods. By quantifying the diffeomorphic condition, it ensures 

accurate alignment of retinotopic maps while maintaining topological integrity through the 



utilization of the Beltrami coefficient. Applying DRRM to the 3T NYU retinotopy dataset, we 

observed notable improvements in retinotopic map alignment and predictive accuracy compared 

to traditional methods. Visual inspection revealed refined alignment of retinotopic maps, evident 

in the absence of flipping triangles and enhanced topological integrity. Quantitative assessment 

confirmed DRRM's superior performance. Across 41 observers, DRRM achieved an average 

registration error (RMSE) of 1.129 for the left hemisphere and 1.181 for the right hemisphere, 

outperforming alternative mapping techniques. Pearson correlation coefficients were also notably 

enhanced, reaching 0.352 for the left hemisphere and 0.294 for the right hemisphere. Cross-

validation revealed consistent predictive performance for the BOLD time series, with an average 

Pearson correlation of 0.168 and RMSE of 1.275 across 12 visual areas. Furthermore, a detailed 

analysis focusing on V1, V2, and V3 highlighted DRRM's consistent and superior performance 

across hemispheres. In summary, our study underscores the utility of DRRM as a valuable tool 

for enhancing the quality of retinotopic maps within the domain of 3T fMRI data. The successful 

integration of DRRM in our research showcases its potential to advance retinotopic map research 

and applications. By overcoming challenges associated with the limited signal-to-noise ratio and 

spatial resolution of BOLD fMRI, DRRM offers a promising avenue for improving the accuracy 

and interpretability of retinotopic maps. 
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Abstract: Choice probability (CP) offers a way to relate trial-to-trial fluctuation in neural 

responses to behavioral outcomes. However, whether CP indexes a causal feedforward influence 

of neural activity on decisions or if CP reflects a non-causal feedback representation of decisions 

is still debatable. To examine these possibilities, we inactivated spiking activity in a small patch 



of the visual cortex, using the GABA agonist muscimol, while non-human primates performed 

various visual discrimination tasks. Because long-range communication in the brain relies on 

spikes, this manipulation precluded a causal influence of neural activity near the site of the 

inactivation. We then evaluated CP in the local field potentials (LFPs), which index nearby 

synaptic activity. Injection of muscimol into MT or V4 usually led to strong decrements in 

behavioral performance for motion discrimination (MT) and shape discrimination (V4) tasks. In 

these cases, we observed an inverse correlation between the power of beta oscillation (13-20 Hz) 

and the proportion of preferred stimulus decisions, so that CP values were on average below 0.5. 

This contrasted with the baseline conditions, in which beta oscillatory power positively 

correlated with these behavioral decisions, yielding CP values that were above chance. As 

reported previously (Liu & Pack, 2017) small changes in the stimulus or the training procedure 

often reduced or abolished the effect of muscimol injections on behavior. In these cases, the 

pattern of CP observed in the beta band was not observed, and instead, we found that muscimol 

injection actually increased CP values in the alpha LFP band (8-12 Hz), so that decisions were, 

on average, positively correlated with alpha power. These findings illustrate that CP generated 

by LFP, which reflects neural activity that is not propagating out of the local cortical circuit, can 

persist even in the absence of spiking activity within a cortical domain, relying on non-causal 

correlations with neural oscillations that vary with task engagement. 
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Abstract: A hallmark of mammalian behavior is the ability to rapidly remap actions in response 

to sensory stimuli depending on internal representations of the environment. Studies of the 

circuitry underlying context-dependent perceptual decision-making have classically focused on 



frontal cortex, basal ganglia, superior colliculus (SC), and the recurrent connections between 

them. Here, we dissect a previously unidentified node within this circuitry: the midbrain reticular 

nucleus (MRN). Previous studies have implicated MRN in motor control, including locomotion, 

eye and limb movements, and releasing cue-triggered actions. It remains unclear how function 

localizes spatially within MRN and whether MRN plays a role in higher-order functions beyond 

motor control. Additionally, the connectivity and gene expression throughout MRN, and their 

potential alignment with function, is unknown. We first tested the hypothesis that MRN encodes 

abstract decision-related variables. Mice were trained on a novel reverse contingency task, 

wherein identical visual stimuli required opposing actions for reward depending on the uncued 

Block context. Mice successfully remapped sensorimotor contingencies between Blocks, which 

switched 8-15 times per session. Neuropixels 2.0 recordings were performed densely throughout 

MRN as well as SC, secondary motor cortex (MOs), caudoputamen (CP), and other structures 

(n=5 mice, 38 sessions). A single neuron encoding model, population decoding, and manifold 

trajectory analysis all revealed a significant representation of context in MRN, SC, MOs, and CP. 

The MRN also exhibited training-dependent plasticity: Representations of the specific task visual 

stimuli were found in trained, but not task-naive (n=6 mice, 22 sessions), mice. To assess MRN 

connectivity and cell types, we used open datasets, viral tracing, and whole-brain imaging. We 

found that MRN is densely interconnected with perceptual decision-making related circuitry, 

with inputs from substantia nigra pars reticulata, SC, and motor/somatosensory/retrosplenial 

cortex, and outputs to mediodorsal thalamus, SC, and brainstem motor centers. The input 

connectivity was topographically organized, and strikingly, aligned with context and motor 

representations within the space of MRN. Furthermore, spatial transcriptomic data from MRN 

revealed a clear spatial organization of cell types, which we integrate with the anatomical and 

functional data to provide a new understanding of the sub-regional organization of MRN. 
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Abstract: Spontaneous occipital alpha-band activity (8-12 Hz) has been shown to influence 

perceptual variability, leading one to report seeing a stimulus more often during states of weak 

alpha power, likely due to a shift in detection criterion. However, prior work has paid little 

attention to the specific stimulus properties mediating detection. In early vision, different 

stimulus properties are preferentially processed along the magnocellular (MC) and parvocellular 

(PC) pathways, which vary in their preference for spatial and temporal frequency and chromatic 

information. The goal of this study was to understand how spontaneous alpha power effects the 

detection of stimuli which are preferentially processed by either the MC or PC pathway. To 

achieve this, we used the “Steady/Pulsed Paradigm” which presented a brief, near-threshold 

stimulus in two conditions intended to bias processing to one or the other pathway. The pulsed 

condition presents the target stimulus atop a luminance pedestal, whose transient onset is 

believed to saturate MC firing and bias detection to the PC pathway. In the steady condition, 

which more closely resembles canonical detection paradigms, the luminance pedestals are 

present throughout the entire trial which is thought to evoke a sustained response from the PC 

pathway, biasing detection towards the MC pathway. Our results showed an interaction effect of 

alpha power on detection between the two conditions. While weak alpha power was predictive of 

seeing the stimulus in the steady condition (MC-biased), no significant effect was found in the 

pulsed condition (PC-biased). This interaction was driven by selective alpha-related criterion 

shifts between the two tasks, suggesting that alpha oscillations may deferentially regulate 

excitability in the MC and PC pathways. 
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Abstract: When confronted by a predator, most animals make instinctive decision-making with 

a rapid reaction time, a trait shaped by natural selection to maximize survival chance. However, 

in complex and dynamic environments, a swift response is meaningful only when grounded on 

accurate judgments and correct decisions, which often involve cognitive control. Here we 

investigated how the decision to an overhead approaching threat during foraging is influenced by 

prior experience, reward, and social hierarchy in mice. Our results demonstrate that mice quickly 

learn from experience and make economic decisions by balancing risk and reward, and the 

decision is modulated by social status. Specifically, we observed both habituation and 

sensitization to the threat for the first five trials. When a reward is offered at the end of the linear 

track, mice show increased hesitancy to flee back to their nest, indicated by increased immobile 

duration. In addition, foraging mice are more vigilant than those exploring, evidenced by reduced 

detection latency and increased flight speed. This context-dependent decision-making is further 

shaped by social hierarchy, with dominant mice exhibiting heightened vigilance relative to 

subordinate peers. 
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Abstract: Visual perception is a crucial sensory modality through which animals experience 

their surroundings and environment, and integration of incoming sensory information through 

parallel processing streams supports higher-order cognition and decision-making. While spatially 

navigating their environment via locomotion, nonhuman primates (NHPs) utilize perceptual 

information, such as distinct visual characteristics or cues to guide decision-making and 

executive function. Physical activity has been shown to benefit cognition by improving 

cerebrovascular perfusion and regulating hormone-mediated processes on a systemic level; 

however, the acute effects of physical activity such as locomotion on behavior and the neuronal 

circuits underlying communication between visual processing and executive function have yet to 



be fully characterized. We performed high-yield electrophysiological recordings simultaneously 

from area V4, a mid-tier visual cortical region, and the dorsolateral prefrontal cortex (dlPFC) as 

the animal performed a visually-guided decision-making task following a period of sustained 

physical activity, finding that communication and feedback between V4 and dlPFC is modulated 

post-physical activity. 
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Abstract: In our ever-changing world, we must learn from experiences for better future 

decisions. Decision confidence, the belief that a choice is correct, is thought to be crucial for 

adjusting decision strategies after feedback. The lateral intraparietal area (LIP) represents 

accumulated evidence in the form of a decision variable (DV) that also predicts decision 

confidence. Yet, whether and how LIP plays a role in utilizing previous confidence to influence 

the current decision process is unknown. We hypothesized that LIP maintains signals related to 

confidence on a previous trial, allowing it to mediate confidence-dependent choice bias and 

adjustments of reaction time (RT) in the subsequent trial. We trained two rhesus monkeys to 

perform a novel version of the random-dot motion task that measures choice, RT, and confidence 

on every trial ("peri-decision wagering"). The monkeys viewed a dynamic random-dot stimulus 

and reported both the perceived direction of motion and a wager on the decision outcome with a 

saccadic eye movement to one of four targets: left-high, left-low, right-high, or right-low. The 

wager served as a reliable indicator of their confidence in the direction decision on that trial, as 

validated by behavioral analyses. We found that both monkeys were more biased to repeat a 

previously rewarded choice when they reported lower confidence in the previous trial, as 

anticipated by previous work. Furthermore, larger changes in RT were observed after a less 



expected outcome, i.e. a high-confidence error. LIP population activity before and after trial 

onset encoded the previous trial's choice and wager, and did so more strongly after a low-

confidence rewarded trial. Moreover, stronger encoding of trial history predicted a larger choice 

bias. To characterize the population dynamics, we used a support vector machine to construct a 

neural DV from LIP activity on each trial. The monkeys' individual patterns of post-error RT 

were reflected in the slope of the neural DV (a correlate of the rate of evidence accumulation), 

and previous confidence further modulated this slope following an unexpected outcome (low-

confidence reward or high-confidence error). In one monkey, the DV showed a higher starting 

point and lower ending point after a high-confidence error, suggesting choice bias and early 

stopping of the accumulation process counters the slowing-down effect from the reduced rate of 

evidence accumulation. In summary, this work suggests LIP could mediate confidence-guided 

learning and trial-by-trial strategy adjustments in perceptual decision-making. 
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Abstract: Our brains must use a variety of rules that associate sensory inputs and behavioral 

outputs in different behavioral contexts. The prefrontal cortex (PFC) encodes such task rules and 

shows distinct neural dynamics reflecting decision formation under different task rules. Previous 

studies have investigated these context-dependent dynamics using task paradigms that require 

subjects to switch between orthogonal rules, such as motion vs. color categorization. However, 

the rules we use to associate stimuli and responses in the real world are not always orthogonal 

but are often similar across contexts and even generalizable to new contexts. Here, we examined 

context-dependent signals in the ventrolateral PFC while a monkey switched between two 

similar face categorization tasks that had a common rule and generalized the rule to new tasks. In 

each task, we created face stimuli by morphing a human and a monkey face. Monkeys were 



trained to categorize each face by choosing one of two targets corresponding to the two 

prototype faces. Thus, all the tasks were human vs. monkey face categorization, but because a 

specific facial identity was used as a prototype in each task, the monkey could improve its 

discrimination performance by relying on fine features diagnostic of the prototypes of each task. 

While the monkey performed the tasks, we recorded population neural activity from the 

ventrolateral PFC with a 96-channel Utah array. Analysis of the population response geometry 

reveals rotational dynamics and a curved manifold during decision formation, consistent with 

previous studies (Mante et al., 2013; Okazawa et al., 2021). In addition to these dynamics, we 

found distinct encoding of task context between the two tasks in the PFC population responses 

despite their common rule. This task-dependent signal cannot simply be explained as visual 

responses to different face stimuli, as it persisted after stimulus offset and differed from activity 

during passive viewing. We then introduced a third task with a new pair of prototypes to 

examine rule generalization. The monkey was able to generalize the rule to the new task with a 

small reduction in performance, but the PFC showed stronger context-dependent signals. As the 

monkey improved its performance, the signals gradually weakened and converged to the level 

we observed in the previously learned task. Altogether, we propose that the PFC encodes task 

contexts in a graded manner, showing differences in activity even under a common task rule 

depending on subtle differences in task conditions, allowing accurate learning, categorization, 

and generalization of perceptual tasks 
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Abstract: Neurons in multisensory cortices involved in heading perception, respond to multiple 

task-relevant variables, for example heading direction and choice. However, that makes it 

difficult to distinguish the functional properties of these neuronal populations. In our study, we 

recorded neuronal activity from the ventral intraparietal cortex (VIP), dorsal medial superior 

temporal cortex (MSTd), and parietoinsular vestibular cortex (PIVC) in 6 adult male rhesus 

macaques during a heading discrimination task. We applied a targeted dimensional reduction 

analysis by projecting the activity of each neuronal population onto a low-dimensional subspace, 

defined by dynamic motion parameters. We found VIP has a strong choice component, 

acceleration is not so clear in visual condition, but present in vestibular condition. MSTd has 

strong velocity component in visual condition, but also has the other two components in 

vestibular condition. PIVC has weak visual response, but a strong acceleration component for 

vestibular condition. Our results show that dynamic motion variables can be decoded from the 

different cortical populations, in accordance with the prevalence of the signals in each area. 
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Abstract: The perception of sensory stimuli is influenced by underlying cognitive or behavioral 

variables, known as internal states. Much like how a student’s attention can fluctuate throughout 

the course of a class, internal states can fluctuate even during the course of a single experimental 

session. The inability to sustain engagement is a hallmark of many neuropsychiatric diseases and 

learning disorders such as Attention Deficit Hyperactivity Disorder (ADHD), leading to 

difficulties in learning, working memory, and sensory processing. Task-engagement directs 

attentional resources to relevant stimuli, which enhances the perception and encoding of sensory 

information. However, little is known about how engagement can impact the downstream 

computations necessary to integrate accumulated sensory evidence. To investigate this, we 

trained wild-type mice (WT) and mice with a heterozygous deletion of the dopamine transporter 

(DAT +/-) as a model of ADHD to perform a freely-moving evidence accumulation task. Mice 

are presented with a sequence of poisson-distributed stimuli and must determine whether the rate 



of the stimulus is above or below an experimenter-defined category boundary. We then fit a 

hidden Markov Model coupled to a generalized linear model with Bernoulli emissions (GLM-

HMM) to characterize latent states in WT and DAT +/- mice. We first verified that, as in 

previous studies, WT mice alternate between engaged and disengaged states. Interestingly, DAT 

+/- mice occupy a significantly greater proportion of disengaged states compared to WT mice 

and exhibit more frequent transitions between engaged and disengaged states. To probe the 

dynamics of sensory integration, we used psychophysical reverse correlation to calculate a time-

varying kernel that captures the weight of sensory information on the animal’s upcoming 

decision. WT mice exhibit distinct and consistent state-dependent differences in the strategy of 

evidence accumulation. Engaged decision-makers strongly and transiently prioritize early 

sensory evidence, while disengaged states exhibit decreased sensory weight across all time bins. 

Comparatively, DAT +/- mice show no transient prioritization of sensory information during 

engagement, and exhibit heterogeneity and idiosyncratic differences in sensory weight between 

states. Together, these findings reveal that sensory integration is altered in a state-dependent 

manner. These results highlight how increased fluctuations in engagement and unique temporal 

dynamics in sensory processing may underly behavioral and cognitive differences in ADHD. 
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Abstract: Perceptual decisions exhibit dependencies over time, a phenomenon known as serial 

dependencies or choice-history effects. Recent studies showed that choice-history effects depend 

on contributions from both previous perceptual choices and the motor responses used to report 

them. However, it is unclear whether the magnitude of modulation by previous choices depends 

on the coupling of perceptual choice to motor responses. To explore this, we analyzed datasets 

from non-human primates (macaca mulatta) performing two different perceptual decision-

making tasks: disparity discrimination (DD) and random dot motion direction discrimination 



(MD). Each task had a “coupled” variant where the mapping between perceptual choice and the 

motor response to report the choice was fixed, and an “uncoupled” variant where the mapping 

between perceptual choice and the motor response was varied randomly across trials. Critically, 

the choice-response mapping in the uncoupled variant was revealed to the animal only after 

stimulus presentation in each trial. Our dataset comprised eight animals (mean # of trials per 

animal = 40380), with two animals doing each task variant (2 tasks x 2 variants per task x 2 

animals per task variant). Using regression models fit on choice behavior, we tested whether the 

strength of the choice-history bias depends on the coupling between perceptual choice and motor 

response. We found that, in both tasks, animals in the coupled variant had a larger magnitude of 

choice history bias (mean bias across animals = 8.34% signal coherence; bias quantified as the 

horizontal shift of the psychometric curve conditioned on previous choices, i.e. curves for 

negative minus positive previous choice) compared to animals in the uncoupled variant (mean 

bias across animals = -2.51% signal coherence). We quantified the choice prediction 

performance of previous choices in pure-noise (0% signal) trials as choice correlations 

(prediction performance was computed as the area under the receiver-operating characteristic 

curve on pure-noise trials and converted into choice correlations). The choice correlations were 

significantly higher in coupled tasks than in uncoupled tasks (mean choice correlations 

comparing coupled vs uncoupled tasks: in DD = 0.2 vs 0.05, p = 2.29e-09 & in MD = 0.22 vs 

0.03, p = 2.37e-05; p-values computed using Wilcoxon Rank Sum test). This suggests that 

choice-history effects are only minimally driven by abstract categorical choices. Instead, they are 

driven by the action plans used to report them. Our findings support the idea that decisions 

represent intentions to pursue a course of action rather than abstract computations. 
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Abstract: The mammalian cerebral cortex plays a central role in decision-making and different 

visual cortical regions have unique functional roles in processing visual information. Further, 

cortical excitatory pyramidal neurons (PyNs) have rich diversity, but the unique roles of different 

PyN types across primary and secondary visual areas in decision-making remains unclear. 

Recent work from our lab shows the particular importance of cortical output neurons, which 

reside in layer 5b (L5b), during perceptual decision-making—especially in the anterior visual 

areas (AM/A). Nonetheless, whether L5b PyNs in anterior visual areas serve a specific role 

during decision making is not known. Here, we address this gap in knowledge by characterizing 

the functional activity of AM L5b PyNs during visual decision-making and comparing with cells 

in AM L2/3 as well as V1 L5b and L2/3. We retinotopically mapped visual cortex and used 2-

photon calcium imaging to record neural activity during passive visual stimulus viewing and 

while mice make perceptual decisions in a spatial and temporal accumulation of visual evidence 

task. In the task, visual patches appear in stochastically different screen locations. Head-fixed 

mice must judge the side of higher rate, hold their choice for a brief delay period, and report by 

licking. We recorded from over 6,000 cells in 7 mice (over 3000 in AM and V1), out of which 

approximately 60% were responsive during the task. We used full-field gratings to measure 

responses from L5b AM cells and found sharp orientation tuning and selectivity, similar to cells 

in V1 or other layers in AM. During the task, we found that L5b neurons in AM are stimulus 

selective: individual neurons respond to stimuli corresponding to one choice option but not the 

other. Stimulus selectivity during the task was not restricted to neurons in L5b of AM and 

selectivity was also observed in the response period. In future work we will determine whether 

this signal reflects cognitive or movement related aspects of choice reporting. Overall, we 

conclude that AM transmits information about the visual stimuli during evidence presentation in 

perceptual decision-making. Our results support the hypothesis that the interplay between 

cortical and subcortical areas is essential for the sensory evidence processing that enables 

perceptual decision-making. 
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Abstract: Previous studies of confidence in perceptual decisions have converged on two 

predictions derived from accumulator-to-bound models. First, overlapping time periods of 

evidence accumulation should in parallel support both choice and confidence. Secondly, a 

balance of evidence (BOE) for and against a given option should support both choice and 

confidence. Yet, other studies have cast doubt on these fundamental characteristics, raising the 

possibility of a distinct mechanism for confidence. These studies have suggested that a BOE 

informs choice, but in contrast, confidence is informed by primarily the evidence that supports 

the selected option, known as a positive evidence bias (PEB). These contrasting mechanisms 

highlight the perplexing state of our understanding between sensory systems and their support of 

choice and confidence. To address this problem, we designed a peri-decision wagering (Peri-

DW) task that simultaneously measures choice and confidence in visual motion discrimination. 

Monkeys made a saccadic eye movement to one of four targets arranged in a square: the left-

right axis indicating the perceived motion direction and the up-down axis indicating a wager on 

the choice outcome. The decision was initiated at the monkey’s discretion, thereby providing 

three measurements of the decision process: choice, reaction time, and confidence.We first show 

that deliberation about choice and confidence occurs concurrently in time. Reaffirmation of this 

theoretical prediction provides support for an accumulator-to-bound model. We found that lateral 

intraparietal area neurons (LIP; N=430 neurons) display temporal dynamics supporting a parallel 

updating of choice and confidence. To test the spatial contributions to choice and confidence we 

fit a generalized linear model (GLM) to a population of neurons recorded from visual areas MT 

& MST (N=406 neurons). Preliminary results suggest a contribution from strictly neurons whose 

preferred direction matches the choice outcome for confidence, reflecting a PEB. However, the 

initiation of the PEB phenomenon comes after the readout of choice, hinting at possible feedback 

contribution. Leveraging an extension to the GLM and simultaneous recordings from LIP and 

MT, we are able to infer functional feedback contributions from LIP to MT. This could reflect 

possible influences from the belief of the current choice onto the sensory representation, an idea 

previously postulated using hierarchical inference. Ultimately, we reconcile these differences by 

extending the accumulator-to-bound model in incorporating approximate hierarchical inference 

principles to explain the behavior and the neuronal results. 
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Abstract: Selecting adaptive actions in noisy, dynamic environments requires continuously 

updating one’s beliefs about the state of the environment. Understanding such action selection is 

challenging as it requires estimating beliefs, which are generally internal to the actor and so not 

directly observable. Past work has demonstrated that eye movements can be informative about 

the evolution of these beliefs (Lakshminarasimhan et al., 2020). In particular, eye movements of 

humans and monkeys navigating in a virtual reality environment to an invisible target have been 

shown to track the remembered location of this target. However, it was unclear whether eye 

movements indeed tracked the remembered target location through time or simply the actor’s 

desired navigational end-point, which were in this case equivalent. To disambiguate these 

alternatives, we analyzed eye movement strategies of human participants in a task in which the 

target was either stationary - as before - or moving relative to the scene. In both cases, the target 

was visible only briefly at the beginning of each trial, and participants needed to either navigate 

to the target’s location if the target was stationary, or intercept it if it was moving. Imposed self-

motion during target presentation induced further ambiguity about the target’s velocity in the 

world. As in previous work, we observed initial saccades toward the target’s location while the 

target was visible, followed by smooth pursuit eye movements. Leveraging our task design, we 

asked whether eye movements either tracked the hidden target’s location through time or instead 

focused on the expected location of target interception. Model comparison revealed the hidden 

target’s location to be a significantly better predictor of the participants’ eye movement 

throughout the trial than the target’s interception point. The analysis furthermore revealed speed-

dependent target tracking biases that might provide further insights into participants’ beliefs 

while performing these tasks, but the origin of these biases requires further study. Overall, our 

work underlines the utility of using eye movements to gain insights into latent belief dynamics 

that would not be accessible otherwise. 
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Abstract: Motivation: We can often anticipate the precise moment when a stimulus will be 

relevant for our behavioral goals. Voluntary temporal attention, the deliberate prioritization of 

sensory information at task-relevant time points, helps us see better at relevant times. How does 

the brain anticipate and select a relevant moment in a temporally precise manner? Anticipatory 

activity including fronto-parietal ramping and periodic modulations of sensory cortex in the delta 

band precede predictable and relevant moments. However, whether these anticipatory 

mechanisms are specific to voluntary temporal attention is unclear, because previous neural 

studies have not attempted to isolate its influence from that of temporal expectation, which 

reflects timing predictability rather than relevance. Voluntary temporal attention has been shown 

to improve behavioral performance and affect microsaccades over and above the effects of 

temporal expectation, suggesting dissociable neural mechanisms. Here we used time-resolved 

steady-state visual evoked responses (SSVER) to investigate how temporal attention dynamically 

modulates visual activity when temporal expectation is controlled. Methods: We recorded MEG 

while human observers (n = 10 x 2 sessions) performed a challenging perceptual discrimination 

task. Observers directed temporal attention to one of two sequential grating targets according to 

an auditory precue (75% validity) and reported the tilt of one grating according to an auditory 

response cue. On every trial, the targets were fully predictable in time following the precue, but 

the attended time point varied trial-to-trial. Meanwhile, we used a co-localized SSVER noise 

probe to continuously track visual cortical modulations leading up to the targets. Results: We 

found both ramping and a low-frequency (~2 Hz) periodic modulation of the SSVER that 

anticipated the arrival of the targets, tied to temporal expectation. Furthermore, the low-

frequency modulation shifted in phase according to which of two time points was attended. Thus, 

temporal attention flexibly coordinates visual cortical excitability to proactively prioritize 

sensory information at precise moments. 
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Abstract: Motivation: Observers are constantly faced with the challenge of uncertainty in their 

estimations of the state of the world. For example, when driving on a foggy day you might be 

more uncertain about how far the car in front of you is compared to when the day is clear. Even 

for the same physical stimulus, uncertainty may vary across presentations or across time due to 

internal noise. Functional magnetic resonance imaging (fMRI) studies support the approach of 

using model-based Bayesian classifiers to decode trial-by-trial probability distributions from 

population-level neural responses and show that uncertainty estimates derived from these 

distributions are related to human behavior. However, the poor temporal resolution of fMRI 

prevents these studies from investigating how probability distributions decoded from neural 

population activity evolve over time, which may illuminate the dynamics with which neural 

uncertainty unfolds during perception and decision making. Here we assess the feasibility of 

extending population-based uncertainty decoding to electroencephalography (EEG). 

Methods: We recorded EEG data while participants fixated at the center of a screen and visual 

grating stimuli appeared at various locations around fixation at a fixed eccentricity. We 

implemented a decoding method based on TAFKAP (van Bergen & Jehee, 2021), developed for 

fMRI, training separate decoders at each timepoint. Stimulus-evoked activity at each EEG 

electrode was modeled as a linear combination of a set of hypothetical tuning curves which tiled 

the feature space. A generative model for the electrode response was estimated from training 

data to describe a conditional sampling distribution for the observed data given any possible 

spatial location. We then derived a probability distribution across possible locations whose 

center was the classifier’s point estimate and whose width was the classifier’s uncertainty. 

Results: The trained classifiers decoded stimulus location above chance following stimulus 

presentation. The time course of decoded uncertainty mirrored the time course of decoder 

accuracy. In addition, decoded uncertainty correlated with decoder accuracy on a trial-by-trial 

level within time windows where accuracy was above chance. 

Conclusion: Successful decoding supports the feasibility of probabilistic decoding methods for 

EEG, and trial-by-trial correlation between uncertainty and accuracy supports the validity of the 

uncertainty measure. These findings open up new possibilities for future studies which examine 

the temporal dynamics of probabilistic stimulus representations in the brain. 
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Abstract: Pareidolia is the tendency to interpret a nebulous stimulus like wall stains as a 

meaningful object like a human face. Despite its frequent occurrence among individuals with 

neurodegenerative disorders, especially dementia with Lewy bodies (DLB), brain network 

alterations underlying pareidolia remain unclear. We aimed to unveil the neural mechanism of 

pareidolia using both functional connectivity (FC) and effective connectivity (EC) analyses of 

resting-state functional MRI. 

The participants were healthy aged people (HA, n=53) and individuals diagnosed with 

Parkinson's disease (PD)/DLB (PD/DLB, n=56) and Alzheimer’s disease (AD, n=43) recruited at 

four institutes in the Parkinson’s and Alzheimer’s disease Dimensional Neuroimaging Initiative 

(PADNI) cohort. First, we correlated FCs derived of 105 volumes of interest (VOIs) with log-

transformed pareidolia test score (log-PS) through linear modeling (CONN toolbox). Second, 

focusing on the networks identified in the FC analysis, we conducted an EC analysis with 

dynamic causal modeling (DCM) in each participant. For group-level analysis, we estimated a 

Parametric Empirical Bayes model with the age, sex, log-PS, and group (HA, PD/DLB or AD) as 

covariates, and calculated the expected value and posterior probability of each connection. 



The pareidolia scores were significantly higher in PD/DLB (mean ± standard deviation: 

2.82±5.82) than in HA (1.42±3.89) (p=0.016, Wilcoxon rank-sum test), but not in AD 

(3.95±7.59). We found the log-PS were negatively correlated with FCs between the visual 

regions (i.e., the occipital pole and fusiform gyrus) and fronto-temporal regions (i.e., the central 

gyrus, insula, and operculum). EC analysis showed that EC from the right visual network to the 

right supplementary motor area positively correlated with log-PS, while EC from the right 

supplementary motor area to the left visual network showed negative correlation with log-PS. 

Several other ECs of inter- or left-hemispheric bottom-up pathway from the visual regions 

negatively correlated with log-PS. 

Our findings suggest that pareidolia is related to reduced top-down regulation from the frontal 

regions to the visual network and strengthened bottom-up information flow from the visual 

network to the frontal regions. Together, we speculate the role of exaggerated bottom-up object 

recognition processing in the occurrence of pareidolia. 
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Abstract: Visually recognizing objects is a fundamental step to guide a multitude of behaviors, 

including orientating oneself and navigating through an environment. Freely-moving 

experiments in rodents are well suited to study the spatial navigation system, but it is unclear if, 



how and where visual object information is computed. To address these questions, we first took a 

comprehensive approach and performed a brain-wide screen for areas that preferred images of 

objects compared to images of scrambled objects in head-fixed mice. Interestingly, with this 

approach we do not find visual object sensitivity (VOS) in previously described higher order 

visual regions, but instead found that VOS was enriched in aspects of the hippocampal formation 

and the retrosplenial cortex - systems that are tightly linked to spatial navigation. Single-cell 

electrophysiology in both postsubiculum and restrosplenial cortex recapitulated this preference 

for objects over scrambled images. Furthermore, recordings in freely-moving mice revealed that 

object-preferring postsubicular neurons included both head direction and non-head direction 

cells. Overall, our data reveal that regions of the spatial navigation system support complex 

visual information processing in the mouse brain. 
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Abstract: Visual words and faces have very different properties, but they are both visual stimuli 

for which humans have high expertise, raising the possibility that they might share common 

perceptual mechanisms and effects. One marker of this expertise in face recognition is the part-

whole effect, which describes how recognition of a face’s parts is superior when tested in the 

whole face than when tested alone. In the present study, to confirm the role of expertise in visual 

word processing, we measured the part-whole effect in word matching for familiar and 

unfamiliar languages. We also compared computerized font and handwriting to determine if 

stimulus regularity played a role. We recruited two groups of 20 human subjects, one fluent in 

Farsi (5 men, 15 women, aged 18-53, mean age=37.6 years, SD=10.9 years) and one in Punjabi 

(9 men, 11 women, aged 20-65, mean age=37.3 years, SD=13.4 years) with neither group 

familiar with the other language. Stimuli were comprised of single letters, 4-letter words, and 4-

letter pseudowords (a string of letters lacking semantic meaning), in one of 4 handwriting or 4 

font styles, shown in either upright or inverted orientations. The subjects engaged in an 



alternative forced-choice task, in which subjects were required to discern whether the letter 

displayed on the screen was included in the real word or pseudoword presented on the preceding 

screen. Repeated-measures ANOVA revealed that subjects displayed greater accuracy and 

quicker reaction times when engaging with the familiar language in the upright orientation. 

There was no difference between computerized fonts and handwriting, and age and sex did not 

affect the results. Importantly, one sample t-test against chance level confirmed that there was a 

whole-word effect - i.e., accuracy was higher for words than pseudowords and single letters - but 

only in the familiar language in the upright orientation (all ps < .05). We conclude that 

experience generates an orientation-dependent whole-word effect similar to the face part-whole 

effect, irrespective of the script's regularity. 
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Abstract: “All vision is color vision”: This is Maxwell's (1871) opening statement in a paper on 

human color vision. Expressed in another way, this view states that color is the basis of all 

conscious vision: It is a culmination of the British empiricist’s view regarding color sensation, 

beginning from Thomas Hobbes and continuing up to Maxwell’s philosophical mentor Sir 

William Hamilton when Maxwell was attending University of Edinburgh. As noted by Maxwell, 

in this view, color includes the sensation along the black-white dimension. In contrast, the 

currently dominant view concerning color’s role in visual perception is that color is just one 

visual attribute in parallel with others such as form, depth, and motion. Which view is closer to 

the truth with respect to the neuroanatomical organization of the human visual system? In an 

attempt to answer this question, a meta-analysis has been conducted concerning over 100 cases 

of congenital cataracts who had gained vision later in life when the patients were already able to 

verbally express their visual experience. The sources of such cases include Cheselden (1728), 

Latte (1904), Miner (1905), von Senden (1960), Gregory and Wallace (1963), Fine et al. (2002), 

Sinha and Held (2012), and Barry (2021). Overall, this meta-analysis yields the following 

conclusions: 1. As illustrated in Fig 1A, newly gained vision is at first purely phenomenal and 

consists only of color sensation, followed by a learning stage when color is used for developing 

associations among various visual attributes; 2. Newly sighted may experience binocular color 



transparency—as illustrated in Fig 1B, this implies that color sensation is monocular or bi-

monocular (i.e., a neural substrate where monocular neurons for both eyes co-exist); 3. As 

illustrated in Fig 1C, mapping onto the known neuroanatomical organization of the human visual 

system, we can infer that color sensation occurs in V1-L4 (i.e., layer 4 in the primary visual 

cortex / visual cortical area V1); 4. As illustrated in Fig 1D, color is not just one of visual 

attributes—instead, it is the basis (carrier) of visual consciousness. 
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system 
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Abstract: The shape and texture of our environment is enriched and informed by our perception 

of color. From the retina, information about the intensity, spectral content, and spatial 

organization of light are progressively integrated through the visual hierarchy to generate visual 

images. Light intensity signals relative differences in luminance while contrasts in spectral 

content are the basis of colors. The joint coding of color and luminance in space is at least 

partially established by networks connecting the retina, lateral geniculate nucleus of the thalamus 

(LGN) and primary visual cortex (V1). By extension, these networks are necessary for image 

segmentation, object recognition, and visual memory. Despite fundamental implications for 

understanding visual processing, it is still unclear how and where color and form are integrated 

in the early visual system. 

The evidence for strong color opponency in single mouse visual neurons has been mixed, but 

nonetheless, mice are able to behaviorally discriminate colored stimuli. However, it is not 

currently understood how chromatic signals are relayed and integrated through the LGN and into 

V1. Here, we used multi-Neuropixels recordings in awake mice to broadly capture the network 

dynamics and visuospatial distribution of neurons that could convey color information in mice. 

We hypothesize that while spatial tuning relies on strong synaptic relationships between neurons 

with overlapping retinotopy, chromatic tuning emerges as a byproduct of pseudorandom 

convergence of opposing opsin signals. We found diverse single-cell chromatic tuning across 

regions with only rare instances of strong color opponency. Despite this, we found chromatic 

information within the aggregated population responses of these non-opponent neurons to 

chromatic stimuli. To understand potential mechanisms integrating this chromatic information, 

we compare chromatic populations across areas and retinotopy using a series of supervised and 

unsupervised machine learning methods. Finally, to elucidate the relationship between color and 

luminance coding, we compare the structure and dynamics of population responses to chromatic 

and luminance stimuli. 
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Abstract: The two aspects of color vision - perception and thresholds - correspond to different 

stages of neural processing of color. While perception depends on the magnitude of neural 

signals at the last stage of color processing, thresholds are set by noise, which originates at all 

stages of neural processing. The simplest model of color thresholds (Vorobyev and Osorio, 1998, 

Proc.R. Soc. B, 265: 351-358) - the receptor noise limited model (RNL) - takes into account only 

the noise originating at the first stage of processing (photoreceptors) and, hence, does not have 

free parameters. Surprisingly, the RNL model describes the increment threshold spectral 

sensitivity in humans and in a number of animals, such as bees and birds. The RNL model 

postulates that the second stage mechanisms are not sensitive to changes in intensity of the light 

stimuli. This assumption is valid only for large stationary stimuli, which limits the applicability 

of the RNL model. Here I present a multistage generalization of the RNL model, which is 

applicable to a wide range of viewing conditions. This multistage model assumes that noise can 

be added at each stage of neural processing and does not restrict the nature of color processing. 

Therefore, unlike the RNL model, the multistage model has many free parameters that can be 

adjusted to fit experimental results. The multistage model is aimed to describe both color 

thresholds and perceptual judgements of color difference. While thresholds are inferred from the 

signal-to-noise ratio of neural mechanisms, the perceptual difference is given by the magnitude 

of the last stage neural signals. Therefore, by comparing color thresholds to perceptual 

judgements of color it is possible to make inferences about the higher order mechanisms. 

Analysis of results of a number of experiments suggests that thresholds can be explained by the 

noise of the first two stages of neural processing - the photoreceptors and the retinal ganglion cell 

together with the lateral genicular nucleus, i.e. the noise added at higher order mechanisms can 

be ignored. We observe that thresholds are generally similar among observers, which indicates 

the similarity of the early stages of color processing among observers. In contrast, perceptual 

judgements vary among observers significantly. This indicates that the higher order mechanisms 

revealed using a psychophysical method differ between people. It is unclear what are the neural 

corelates of he higher order mechanisms and whether the differences in the psychophysically 

revealed higher order mechanism indicate significant variations in the neural wiring of color 

pathways in human brain. 
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Abstract: Perception of faces is understood to be processed by specialized brain mechanisms 

that occur in distinct brain regions. Recent evidence suggests that there are neurophysiological 

differences between areas involved in face and object recognition. For example, damage in the 

occipitotemporal cortex may cause an inability to recognize faces, but little or no deficit in 

recognizing objects. In another study, a small region in the right lateral fusiform gyrus was found 

to respond more to faces than to objects. Most previous studies used fMRI to study processing of 

faces and bodies within fusiform gyrus and adjacent ventral occipitotemporal cortex. However, 

stereoelectroencephalography (SEEG) can provide better spatial and temporal resolution and 

provide insight into local neural activity. Broadband gamma activity, which is known to reflect 

local neuronal firing, makes SEEG well-suited for localizing task-related cortical activity. In this 



study, we investigated the spatiotemporal neural dynamics within the occipitotemporal cortex 

during visual perception. Thirteen patients implanted with SEEG electrodes participated in this 

study. Subjects attended to rapid serial visual presentation of images (in color or black and 

white), randomly selected from ten categories (faces, bodies, scenes, objects, scrambled objects, 

digits, lines, words, shuffled words, and character strings). Each image was presented for 200 ms 

with an 800 ms interstimulus interval. Visual attention was assured through a 1-back task. BBG 

was extracted from the SEEG signal recorded throughout the experiment. Electrode locations 

with statistically significant responses were determined by comparing broadband gamma activity 

during baseline and task phases. Electrode locations were transformed into MNI coordinates, and 

the distance to the AC-PC line was used to classify responsive electrode locations into clusters. 

Our results show that electrode locations responsive to all ten image categories were clustered in 

the posterior portion of fusiform gyrus for both hemispheres. Further, electrode locations 

responsive to specific image categories were more likely to be located in the anterior than in the 

posterior aspect of the fusiform gyrus. Electrode locations that responded to scenes were 

generally also responsive to bodies, objects, and scrambled objects, while electrode locations that 

were responsive to words were generally also responsive to perturbed words, digits, and colored 

strings. These findings are preliminary and require a larger sample size and broader electrode 

coverage for conclusive interpretation. 
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Analysis 
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Abstract: Animals adapt their visual behaviors to the changing environmental light levels 

throughout day and night, with these adaptations being crucial for survival and maintaining 



normal visual function. Contrast sensitivity, or the ability to sense spatial differences in 

luminance, is a key element of proper visual function. Prior work has shown that contrast 

sensitivity displays circadian rhythmicity in mice. This rhythmicity is characterized by 

heightened sensitivity during the day and reduced sensitivity at night, highlighting the cyclic 

nature of this visual adaptation. Traditionally, contrast sensitivity has been gauged through the 

Optomotor Response (OMR), relying on tracking of head movements in response to moving 

stimuli as a proxy for visual function. The neural circuit driving the OMR is complex, where 

each region involved possesses its own circadian clock. However, it remains unknown where in 

the OMR circuitry the circadian rhythmicity observed arises. For a more precise assessment of 

visual function, we sought to measure the Optokinetic Reflex (OKR), reflexive eye movements 

induced by motion in the visual field. The OKR retinal and brain circuitry is well characterized 

and less complex, providing us with the ideal system to study where circadian rhythmicity in 

visual function arises from. To achieve this, we developed a method to record OKR responses in 

head-fixed mice exposed to drifting sinusoidal gratings at various contrast levels. To test whether 

the circadian rhythmicity observed in OMR contrast sensitivity extends to the OKR, we recorded 

OKR responses (~ZT6) and Midnight (~ZT18). Using DeepLabCut, an open-source pose 

estimation toolbox, we tracked the pupil's location in space and automated the measurement of 

eye-tracking movements (ETMs) characteristic of the OKR. Our deep-learning-based analysis 

successfully detected ETMs both during Midday and Midnight. Importantly, we observed 

differences in contrast sensitivity thresholds, with animals exhibiting lower thresholds and 

enhanced contrast sensitivity during the day (~ZT6), confirming that the circadian rhythmicity 

observed in OMR holds true for the OKR. These results highlight the robustness and reliability 

of our methods across various time points. This automated behavioral analysis pipeline will 

allow us to delineate the effect of circadian rhythms on the OKR, deepening our understanding 

of this fundamental visual behavior. Ultimately, this will aid to investigate how light and 

circadian rhythms influence visual function. 
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Abstract: How is an external noise stimulus encoded and then decoded by the visual system? 

One might assume that when presented with spatially independent noise, e.g., white noise, 

responses of V1 neurons will be independent. However, recent electrophysiological work has 

shown that white noise triggers correlated responses in V1, theoretically increasing information 

represented (Meytlis et al., 2012). But the perceptual importance of such correlations remains 

unknown. Here we use decoding of simulated V1 neural responses to show that the correlations 

are necessary to produce a spatially independent noise-like percept. Our simulation was based on 

a CNN-like model of V1 consisting of simple and complex neurons. The model used a 

convolutional layer of 512 channels: 256 were Gabor-shaped linear filters of various frequencies 

and orientations followed by rectification, and the other 256 were similar filters in quadrature 

pairs that were squared and summed (Dapello et al., 2020). Internal noise was then added 

independently to each neuron at different locations. External visual noise was then fed to the V1 

network. The neural activity produced appeared independent, but reducing internal noise 

revealed strong correlations between neurons of the same type at nearby locations and weaker 

correlations across different neuron types. To test whether these correlations were necessary for 

perception, a separate CNN was trained to reconstruct a large set of natural images from the 

model V1 activity, and then tested on activity from external noise images. Reconstructing the 

image from V1 model output with correlated channel activity produced a noise-like image, 

resembling the input. However, removing the correlations from the V1 output produced a 

reconstructed image that did not resemble noise. Specifically, it produced a more spatially 

dependent "tiger stripe" pattern (similar to Perlin noise). These results suggest that despite 

external noise being spatially independent, the neural "noise" it generates internally is not, and 

conversely that adding independent internal noise to neurons will not result in a percept similar 

to external noise. People with visual snow syndrome, a recently isolated and surprisingly 

common condition, perceive noise continuously in their vision. Our results suggest that snow is 

unlikely to arise from noise originating (independently) in V1 neurons, and instead points to an 

increase in retinal noise to produce the needed correlations in V1 activity. 
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Abstract: Functional magnetic resonance imaging (fMRI) is a non-invasive measurement of 

human brain activity with relatively higher spatial resolution based on blood oxygenation-level 

dependent (BOLD) signals (Ogawa et al., 1992). While most studies have focused on analyzing 

positive BOLD responses, the negative BOLD response (NBR) is observed under particular 

conditions. Previous fMRI studies reported that the NBR is induced in the visual cortex during 

tasks for auditory stimuli (Laurenti et al., 2002; Mozolic et al., 2018) at relatively coarse spatial 

resolution. We performed a block-design fMRI experiment to evaluate spatial distribution of the 

NBR in the visual cortex occuring during auditory task using 7T MRI and individual subject-

based analysis. 15 healthy adult volunteers participated in the experiment. Experiment consisted 

of two conditions (visual and auditory); in visual condition, the wedge-like gratings were 

presented in either left or right visual hemifield whereas in auditory condition, the beep sounds 

were presented in one of the ears. Participants were instructed to detect the changes occuring in 

the grating or beep sound while maintaining a fixation. In each hemisphere, we identified regions 

of interest (ROIs; V1, V2, and V3) by using an anatomical template (Benson et al., 2014) on 

structural data and divided each ROI based on eccentricity representation. FMRI data were 

analyzed after distortion correction, motion correction, and co-registration with structural image 

acquired from the same participant (Yamamoto et al., 2021). We evaluated the percent signal 

change of the BOLD in each ROI. All ROIs exhibited positive BOLD responses at the 

eccentricity corresponding to stimulus position when visual stimulus was presented in the 

contralateral visual field (10 deg). Importantly, NBRs were observed during auditory tasks in V2 

and V3 ROIs representing peripheral visual fields (40-80 deg), suggesting a possibility that these 

responses are spatially localized in the peripheral area of the visual cortex. These results have 

potential implications for elucidating neural mechanisms involved in processing of multi-sensory 

inputs in the human visual cortex. 



Disclosures: T. Miyata: None. M. Fukunaga: None. J. Luo: None. I. Yokoi: None. T. 

Yamamoto: None. A. Yoshioka: None. J. Yang: None. T. Morita: None. H. Takemura: 

None. 

Poster 

PSTR283: Visual Cortex: Functional Architecture and Circuits 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR283.02/F16 

Topic: D.06. Vision 

Title: Using natural images to compute receptive fields in primary visual cortex 

Authors: M. SOMARATNA, S. NG, *A. FREEMAN;  

Univ. of Sydney, Sydney, Australia 

Abstract: Introduction. The receptive field of a visual neuron conveys valuable information 

about the cell’s signalling properties - visual field location, spatiotemporal characteristics, and 

more. A variety of stimuli have been used to compute the receptive field, including spots, bars, 

gratings, and white noise. We instead aimed to use stimuli, natural images, which neurons have 

evolved and developed to process. Methods. Stimuli were photographs of macaque monkeys 

(Deng et al., 2009, ImageNet), and were presented to a signal-processing model of the macaque 

visual system (Somaratna et al., 2023, SfN). The model included cones, horizontal cells, on- and 

off-centre bipolar and ganglion cells, geniculate cells, and both excitatory and inhibitory cells in 

layer 4Cβ of primary visual cortex. Each cell was implemented as a first-order differential 

equation, and all equations were solved simultaneously to obtain time-varying responses. 

Receptive fields were calculated by presenting each image for 50 ms, weighting the image by the 

cell’s peak response, adding all weighted images, and normalising the sum by the number of 

images (about 1600). As a control we also used gratings which varied across the full range of 

orientation, spatial frequency, and spatial phase. Receptive fields were calculated from responses 

to flashed gratings using the same stimulus/response correlation method as for natural stimuli. 

Results. Receptive fields were calculated for excitatory cells in the input layer of primary cortex. 

The fields obtained with images approached those for gratings as the number of images 

increased. The correlation coefficient between the two receptive field types for the cell shown in 

the figure was 0.74 (p < 0.001). This is quite representative of the coefficient, 0.69, for all 529 

neurons in our sample. Discussion. While neurons in primary visual cortex respond well to 

gratings, the preferred stimulus for downstream cells is typically unknown. Finding optimal 

stimuli for these downstream cells may be assisted by calculating their receptive fields from 

responses to natural images. 
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Title: Fast-spike interneurons in visual cortical layer 5: Heterogeneous response properties are 

related to thalamocortical connectivity 

Authors: *C. SU1,2, R. F. PLATT1, J.-M. ALONSO3,4, H. A. SWADLOW1,5, Y. I. 

BERESHPOLOVA1;  
1Dept. of Psychological Sci., Univ. of Connecticut, Storrs, CT; 2Zuckerman Institute, Columbia 

University, New York, NY; 3Biol. and Visual Sci., SUNY-Optometry, New York, NY; 
4Department of Psychological Sciences, University of Connecticut, Storrs, CT; 5Biological and 

Visual Sciences, SUNY-Optometry, New York, NY 

Abstract: Layer 4 of rabbit V1 contains fast-spiking GABAergic interneurons (suspected 

inhibitory interneurons, SINs) that receive potent synaptic input from the LGN and provide fast 

feed-forward inhibition to local spiny neurons. These cells display overlapping ON/OFF 

subfields, very broad orientation tuning, non-linear responses to drifting visual gratings, and high 

spontaneous and visually driven firing rates. Such fast-spike interneurons are also found in layer 

5 (L5), which receives much less LGN input, but their response properties and thalamocortical 

connectivity are relatively unstudied. Here, we examine L5 SINs in awake rabbits and compare 

their response properties with previously studied SINs of layer 4. We also assess thalamocortical 

connectivity of L5 SINs using both cross-correlation of retinotopically aligned LGN-SIN pairs 

and electrical stimulation of the LGN. We found that the response properties of many L5 SINs 

are similar to L4 SINs, but show considerably more heterogeneity. Moreover, some of this 

heterogeneity was related to the L5 SINs thalamocortical connectivity. Thus, L5 SINs with 

longer latencies to LGN stimulation display (1) better tuning to stimulus orientation, (2) lower 

spontaneous activity, (3) lower visually driven firing rates, and (4) longer latencies to visual 

stimulation. Importantly, cross-correlation analyses confirmed that a population of L5 SINs does 

receive monosynaptic LGN input. Moreover, all these first-order L5 SINs respond with short 

synaptic latencies to LGN stimulation and are found in the upper ½ of L5. Thus, we find that 

many L5 SINs, like those of L4, receive a strong and fast synaptic drive from the LGN, and this 

results in similar visual response properties to L4. However, L5 SINs that respond synaptically at 



a longer-latency to LGN stimulation are better tuned to stimulus orientation and have more 

heterogeneous response properties. We suggest that the long-latency responses to thalamic 

stimulation in L5 SINs reflects a multi-synaptic intracortical pathway that generates lower 

spontaneous and visually driven firing rates, longer latencies to visual stimulation, and more 

selective orientation tuning. 
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Title: Increasing robustness of ventral visual cortex revealed by neurally-guided deep neural 

networks 
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Abstract: Humans excel at visual processing, effortlessly recognizing objects even in dynamic 

and cluttered environments. In contrast, deep neural networks (DNNs), despite being the only 

artificial systems with human-level performance in visual tasks, show surprising vulnerability to 

image perturbations that remain imperceptible or innocuous to humans. This disparity raises the 

question of what underlies the robustness of the human visual system. Some theories suggest that 

the ventral visual stream plays a key role in achieving stable object representations. In particular, 

all identity-preserving changes to objects form continuous representation manifolds. These 

manifolds are highly tangled upon entry but become progressively disentangled across 

successive stages of the ventral visual stream. If such representational space disentangling is 

indeed the key and unique to human brains, then training DNNs to produce more human-like 

representations should also improve their robustness. We trained DNNs to emulate neural 

representations while performing visual classification and captioning tasks, through a method we 

term “neural guidance”. More importantly, different DNNs were trained to each emulate 

successive stages of the ventral visual stream. Thus, we should expect to see progressively 



increased robustness if these evolving representations are indeed essential for human visual 

robustness. We extracted neural activity patterns from seven hierarchical regions of interest 

(ROIs) in a 7T fMRI dataset (Allen et al., 2022) obtained while human participants viewed a 

large number of natural images. Five of these ROIs were obtained from the ventral visual stream: 

V1, V2, V4, VO, and PHC, and two lateral ROIs, LO and TO were included to capture the 

shape-sensitive lateral occipital cortex (LOC). DNN models were simultaneously trained to 

perform the visual task and emulate neural activity from each ROI. Our findings show not only a 

significant improvement in DNN robustness but also a hierarchical effect: greater robustness 

gains were observed in DNNs guided by later stages of the visual hierarchy. More importantly, 

through several analyses, we found that neurally-guided DNNs developed not only smoother 

decision spaces, but also qualitatively different representational spaces compared to conventional 

models. These unique representational spaces likely contribute to the desirable property of 

neurally-guided DNNs showing robustness to image perturbations. Our results, thus, support the 

hypothesis that human robustness gradually emerges along the ventral visual stream as a result of 

smoother and more disentangled object manifolds. 
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Abstract: Understanding visual information processing in the cortex is crucial for neuroscience 

and visual AI. Studying how different stimuli modify the receptive field characteristics of 

neurons in the cortex has been a focus for decades. Despite the accepted organization of the 

visual cortex in columns, understanding how microcircuits process information from various 

sources remains unclear. Here, we explore the mechanisms and dynamics between microcircuits 

underlying classical and extra-classical receptive fields effect (ECRF). To do this, we developed 

a model representing a small portion of the visual cortex consisting of 5 interconnected 

microcircuit models (4 in V1 and 1 in V2) based on the Potjans model, which describes 



interactions among excitatory and inhibitory neuron groups across 4 layers of a cortical column 

(layer 2/3, 4, 5 and 6), and all model parameters were chosen for bio plausibility. We study how 

long-range lateral connections and top-down interactions from nonstriated cortices modulate V1 

neuron activity. To simulate the ECRF effect, we present a preferred stimulus to a microcircuit, 

followed by the appearance of a new stimulus outside its receptive field. Each stimulus and its 

characteristics are simulated as an increase in the firing rate of a group of simulated thalamic 

neurons connected directly to V1. All simulations in our model maintain neuronal activity within 

reported ranges, indicating stable network parameters. Results show expected neuronal activity 

during the first stimulus presentation in both complete and modified (without V2) networks. As 

expected, simulating a stimulus outside the receptive field shows minimal changes in the first 

microcircuit. Unlike classical effects, simulating the preferred stimulus first and then the outside 

stimulus shows no significant change in the V2-absent model but suppresses activity in the 

complete model. Our findings suggest that lateral and vertical connections jointly contribute to 

the generation of receptive field effects. Furthermore, we noted that achieving the observed 

dynamics required very fine tuning of the top-down and bottom-up connections between 

modules, the sensitivity of which could be the origin of all observed effects in the cortex.This 

work was supported in part by The National Center for Artificial Intelligence CENIA, Chile 

FB210017. 
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Abstract: Electrocorticography (ECoG) offers high spatial resolution and signal-to-noise ratio 

by placing electrodes directly on the cortical surface. ECoG allows for the decoding of complex 

cognitive information through multivariate pattern analysis of oscillatory signals. This capability 



suggests that ECoG captures oscillatory patterns based on the cortical functional organization. 

However, it remains unclear how well ECoG signals represent the functional organization. In 

this study, intrinsic signal optical imaging (ISOI) was used to visualize the functional 

organization of the macaque visual cortex. ECoG recordings were then performed in the same 

region to compare responses to visual stimuli between ISOI and ECoG signals. One macaque 

underwent surgical exposure of V1, V2, and V4 under isoflurane anesthesia, followed by ISOI 

and ECoG under propofol anesthesia. Visual stimuli consisting of horizontal or vertical drifting 

gratings made up of achromatic black and white or isoluminant chromatic red and green were 

presented to each eye. After the ISOI, a 64-channel ECoG electrode array (500 µm spacing) was 

implanted on the imaged cortical surface. The dura mater over the ECoG electrodes was replaced 

with a transparent artificial dura, and a chamber with a glass window was fixed to the skull with 

dental cement for observation of the electrodes. Visual inspection revealed that the ECoG 

electrodes were gradually covered by a neomembrane containing vessels within two weeks after 

implantation and were obscured by cloudy cerebrospinal fluid after four weeks. The mean 

displacement of electrode positions after two weeks was 138 µm (SD = 78 µm, n = 64). ISOI 

signals showed site-specific response preferences to visual stimulus attributes. Similarly, ECoG 

signals showed electrode-specific response preferences to visual attributes, particularly in 

gamma power. The extent to which electrodes showing preferences for visual attributes 

correlated with ISOI signals was investigated. In V1, gamma power responses of ECoG 

electrodes showing eye dominance correlated significantly with ISOI responses only in 

conditions where the dominant eye was stimulated. In addition, the gamma power of electrodes 

with preferences for achromatic or chromatic stimuli showed a significant correlation with ISOI 

responses when the preferred stimuli were presented. These results suggest that the spatial 

patterns of ECoG signals can indeed reflect the cortical functional organization. Furthermore, our 

observation reveals how the cortex responds to implanted ECoG electrodes. 
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Title: The role of inhibition in divisive normalization in the mouse primary visual cortex 
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Abstract: Understanding the circuit-level mechanisms of neural computation is a key goal of 

neuroscience. Divisive normalization is a “canonical computation” that is common to sensory 

processing across multiple visual and auditory cortical areas. Phenomenological models of 

normalization help to explain various individual neuronal responses in the visual cortex. Recent 

studies have identified differences in pairwise correlations during responses to normalizing 

stimuli, suggesting the involvement of a network mechanism. However, the specific neural 

circuits in the neocortex that are responsible for carrying out normalization remain unclear. 

Recurrent inhibition is a putative mechanism for providing the divisive signal needed for this 

computation, but its function has not been extensively studied in mammals. In this work, we 

characterize the responses of two types of inhibitory neurons, parvalbumin-expressing (PV) and 

somatostatin-expressing (SST) cells, to normalizing stimuli in mouse primary visual cortex. 

Specifically, we induce cross-orientation suppression, a form of normalization, in V1 neurons by 

presenting sine-wave gratings and their corresponding plaids, which consist of two superimposed 

perpendicular gratings. We label specific inhibitory neuron subtypes with the constitutively 

expressed fluorescent protein tdTomato. We monitor neuronal activity in superficial layers of V1 

in several male and female mice using two-photon microscopy of neurons expressing the 

fluorescent calcium indicator GCaMP6f, imaging a 750x750um field of view at 30Hz. 

Population imaging enables us to analyze the responses of numerous inhibitory cells following 

the presentation of normalizing stimuli. We also assess their functional connectivity with the 

local population of excitatory cells. We investigate whether the responses of PV and SST cells 

show activity changes consistent with implementing normalization, specifically examining if 

these cells are particularly active during the presentation of plaids. Additionally, we explore how 

the strength of normalization in individual excitatory cells is related to their functional 

connectivity with neighboring interneurons and the network organization of normalization 

among the local cell population. 
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Abstract: What scientific questions could you answer with a cubic millimeter of cortex, 

reconstructed at nanometer resolution? The Machine Intelligence from Cortical Networks 

(MICrONS) dataset is a volumetric electron microscopy (vEM) reconstruction of the mouse 

visual cortex containing more than 200,000 cells and half a billion synapses. Dense calcium 

imaging recorded the activity of 75,000 neurons while the mouse viewed natural movies and 

synthetic stimuli. This massive dataset was collected, processed, automatically segmented, 

manually proofread, and is now public and open access. 

The Virtual Observatory of the Cortex (VORTEX) is here to assist scientists who want to 

analyze the data to further their own research interests: across scales from organelles to cells, 

circuits, or functional dynamics. Investigate the structure of synapses, and map their partner cells 

to find connectivity motifs. Or find the principals underlying visual computation across space, 

within and across primary visual cortex (VISp) and three higher visual areas (VISrl, VISal and 

VISlm). Inspect the soma and nucleus features of cells, such as chromatin patterning or 

membrane invagination, to identify cell types and render their structural details. Quantify the 

myelination of axons across layers of cortex, and locate nodes of Ranvier. Dissect and quantify 

the elements of the neurovascular unit, astrocytes and pericytes, smooth muscle and 

endothelium, across complete networks of arterioles, capillaries, and venules. Observe microglia 

and their phagolysosomes, and oligodendrocyte precursor cells at stages of division and 

differentiation. All these examples reflect current use of the MICrONS dataset, some by 

scientists with the support of VORTEX resources. 

In VORTEX, we provide analysis consultation and tutorials to work with the data. Our team of 

proofreaders support further refinement and annotation of the dataset, directed by the needs of 

the scientific community. We are committed to contributing to the advancement of brain science, 

and are actively reviewing and accepting requests. Access the data portal and submit a research 

request at microns-explorer.org/vortex today. 
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Abstract: Somatostatin (SST) interneurons comprise approximately 30% of inhibitory 

interneurons in the cortex and are thought to preferentially innervate the dendritic arbor of 

pyramidal neurons. Inhibition on a broader scale has been shown to alter plasticity in the primary 

visual cortex (V1) of rodents. More specifically, silencing somatostatin cells in mice during adult 

monocular deprivation (MD) increases ocular dominance plasticity (ODP), the ability for cells to 

shift their response from one eye to the other. It has been shown that during adult MD there is a 

net loss of dendritic inhibitory synapses onto L2/3 pyramidal neurons, consistent with data 

suggesting that disinhibition is permissive to plasticity. While dendritic inhibitory synapses are 

thought to be innervated by SST afferents, the identity of dendritic inhibitory synapses removed 

during ODP has not been determined. Further, how SST innervation may differ across pyramidal 

neurons in V1, and how their response to ODP may depend on an individual cells’ ocular 

dominance properties has not been studied. To ask if the removal of SST synapses onto 

individual pyramidal neurons in response to MD relates to their initial OD preference and the 

extent of their OD shift, we used a combined genetic and molecular strategy which sparsely 

labels L2/3 pyramidal neurons with a cell fill and a functional calcium sensor, as well as all 

inhibitory post-synaptic sites, and SST presynaptic boutons. By crossing SST-cre mice with a 

cre-dependent synaptophysin-TdTomato mouse, we generated pups expressing TdTomato in all 

their SST presynaptic boutons. These pups were then in-utero electroporated to express a cell fill 

(YFP), inhibitory post-synaptic markers (teal-gephyrin), and a calcium indicator (jRGECO) in a 

sparsely labeled population of pyramidal neurons in L2/3 of V1. By combining 3-color structural 

and functional imaging in the same cells we will be able to use MD to induce ODP and measure 

the functional ocular dominance shift of individual cells, as well as the inhibitory synapses lost, 

their position along the arbor, and their afferent source (SST or non-SST), allowing us to 

examine the relationship of SST synapses removed along the dendritic arbor with the functional 

OD shift in individual neurons. 
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Abstract: Deep convolutional neural networks have been shown to predict neural responses in 

primary visual cortex (V1) substantially better than classical models. However, this performance 

comes at the expense of simplicity because these models have at least four hidden layers with 

many feature maps in each layer. Here we show that V1 encoding models can be substantially 

simplified while retaining high predictive power for both monkey and mouse neurons. To show 

this in mouse V1, we recorded over 3,000 neurons simultaneously using two-photon calcium 

imaging, while presenting 30,000 natural images. We fit encoding models to the V1 neural 

activity, and found that the models only required two convolutional layers for good performance, 

with a relatively small first layer. We further found that we could also make the second layer 

small without loss of performance, by fitting models separately for each neuron. Similar 

simplifications applied for a public dataset of monkey V1 neurons (Cadena et al 2019). We show 

that these relatively simple models can be used for tasks such as object and visual texture 

recognition and we use the models we fit to gain insights into how the texture invariance 

properties arise in real neurons. 
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Abstract: Objective Inferotemporal cortex (IT) is the final stage of the ventral visual pathway. 

It occupies a large portion of the temporal cortex and receives main visual inputs from area V4. 

Neurons in IT cortex usually exhibit selectivity to complex object features, and are organized 

into functional modules that can be detected at different spatial scales. Although there have been 



many studies on functional architectures in IT cortex, fine-scale functional modules in this area 

remain unclear. For example, it is unknown whether IT cortex contains orientation or curvature 

maps similar to those found in earlier visual areas.Method With intrinsic signal optical imaging, 

we imaged posterior part of IT cortex and adjacent V4 in 5 anesthetized macaques (6 

hemispheres). Visual stimuli included gratings at different orientations, motion directions, SFs 

and colors, and more complex patterns such as curvatures, shapes, faces and nature pictures. We 

obtained maps by comparing cortical responses to different visual stimuli. A cortical coordinate 

system for imaged IT surface was established to compare maps across different cases.Result We 

observed clear sub-millimeter curvature and orientation domains in posterior IT (PIT). They 

were similar to the same types of domains in the adjacent V4 regions, and no clear V4-PIT 

border can be discerned based on these maps. In the imaging region, however, map strength 

became weaker from posterior to anterior, and single domains became smaller. In addition, 

evidence of motion direction domains was also observed in PIT, although direction domains 

were much weaker and fewer than the orientation and curvature ones.Overall, functional 

domains in IT are smaller and sparser than those in earlier visual areas.Conclusion This is the 

first evidence of sub-millimeter structure for simple visual features in area IT. Additionally, our 

evidence suggests the penitential existence of other types of functional maps, which exhibit 

structures consistent with the previously observed mosaic-like organization in the IT cortex. 

Thus, although IT processes higher-level object features, it still contains functional structures for 

simple visual features. This means that different ventral visual areas possess some common types 

of functional modules, despite their clear differences in hierarchical order. These findings are 

important for understanding the visual information processing in the ventral pathway and the 

functional role of functional modules. 
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Abstract: Frontal cortex is implicated in cognitive control of visual spatial behavior, as 

classically observed in studies of spatial attention in primates. This control is presumed to rely on 

“top down” inputs from frontal cortical areas to visual cortical areas. Recent studies in mice have 

revealed similar control functions of frontal cortex - particularly anterior cingulate (ACA) and 

secondary motor cortex (MOs) - on visual spatial behaviors. However, the representation of 

visual space by neurons in these areas, and their underlying circuit organization, remains poorly 

understood. Here we addressed this with Neuropixels recordings across both ACA and MOs in 

awake, non-locomoting, head-fixed mice that passively viewed visual stimuli (no task). We 

presented black or white vertical and horizontal bars across the binocular and monocular visual 

fields to map receptive fields (RFs). Surprisingly, a subset of neurons (10-15%) responded 

robustly to the bars and showed clear spatially-localized receptive fields (RFs), tiling all of visual 

space but particularly in the binocular visual field. Recordings across a 2mm rostral/caudal 

extent showed no retinotopic organization. The size of the RFs (32 ± 14° full width at half max; 

mean ± s.d; n=411) was comparable to those recorded in higher visual cortical areas AM and PM 

(32 ± 18°; n=189) but larger than V1 (19 ± 12° degrees; n=263). Their peak response latency 

(107 ± 34 ms) lagged both areas AM and PM (80 ± 31 ms) and V1 (76 ± 37 ms). Antidromic 

responses (driven by ChR2-evoked axonal spikes) revealed functional projections of ACA and 

MOs neurons to multiple visual cortical areas. Finally, optogenetic silencing of visual cortex 

largely abolished frontal cortical receptive fields. In conclusion, we show that spatially selective 

visual receptive fields in the mouse frontal cortex prioritize binocular visual space, and depend 

on input from visual cortex. We are currently investigating how visuospatial properties of these 

frontal cortex neurons relate to the functional organization of their feedback projections to 

multiple areas of visual cortex. 

Disclosures: A.D. Lien: None. B. Haider: None. 

Poster 

PSTR283: Visual Cortex: Functional Architecture and Circuits 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR283.13/F27 

Topic: D.06. Vision 

Title: Decoding Visual Features from Ultra-High-Density EEG Recordings 

Authors: *L. SCHREINER, K. MAYR, C. GUGER;  

g.tec Med. Engin. GmbH, Schiedlberg, Austria 

Abstract: Exploring the sensitivity of the early visual cortex to a range of fundamental visual 

attributes, including orientation, contrast, spatial frequency, and colors, constitutes a significant 

area of inquiry within neural engineering. Building upon prior research demonstrating improved 

outcomes with higher EEG electrode density, this study seeks to deepen our understanding of 



visual information processing in the brain. To achieve this, ultra-high-density EEG (uHD EEG) 

surface scalp recordings were employed to capture richer spatial and temporal data. Focusing on 

the occipital region, known for its role in visual processing, the study involved densely covering 

this area with 512 channels using flexible surface electrode grids across three healthy subjects. 

The analysis centered on decoding responses to colored and black-and-white stimuli. Visual 

evoked potentials (VEPs) were scrutinized to elucidate the temporal dynamics of neural activity, 

while topographical maps, rendered on 3D reconstructed head models, provided enhanced spatial 

insights. Furthermore, classification models were deployed to gauge the discriminatory capacity 

of extracted VEPs, distinguishing between features such as colors, spatial frequencies, 

orientations, and contrasts of colored and black-and-white stimuli. The findings highlighted 

consistent VEP timing and amplitudes across subjects, with notable variations observed among 

colors and black-and-white stimuli. Moreover, distinct focal areas of activation corresponding to 

each stimulus type within the occipital region were identified. The classification results showed 

that, on average, accuracies were 82.1% for distinguishing between low and high spatial 

frequencies, 71.1% for low and high contrast images, and 79.43% for the four-color classes (red, 

green, blue, and black and white) across all subjects. These findings highlight the effectiveness 

of the approach in decoding various visual features concurrently. 
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Abstract: Sensory neurons exhibit substantial variability in response to repeated presentations of 

a sensory stimulus. To account for this variability, recent studies have proposed a Modulated 

Poisson model [Goris et al 2014; Charles et al 2018], in which a Poisson firing rate is multiplied 



by a stochastic gain variable representing stimulus-independent fluctuations. The resulting model 

is effective at capturing greater-than-Poisson variability in spike counts across a wide range of 

visual areas. However, the model typically assumes that the stochastic gain variable is constant 

within each trial, and drawn independently across trials. This imposes strong assumptions about 

how spike count variability changes with time bin size, which limits its ability to capture the 

statistics of real neural spike trains. To address this shortcoming, we introduce the Continuously 

partitioned Modulated Poisson model. In this model, the firing rate is given by the product of a 

time-varying stimulus drive (signal) and a stimulus-independent time-varying stochastic gain 

process (noise), which we model with an exponentiated Gaussian process. We fit this model to 

spike train data from a variety of brain regions and show that the modulatory noise process 

exhibits temporal correlations that decay according to an exponentiated power law, thus offering 

new insights into the temporal dynamics of signal-independent modulatory signals within and 

across trials. We apply our model to spike responses from four visual areas (LGN, V1, V2, and 

MT), revealing novel insights into trial-to-trial variability across the visual hierarchy. We found 

that rapid temporal fluctuations in trial-to-trial variability decrease as information propagates 

along the pathway, while the strength of the trial-to-trial variations increases along the visual 

hierarchy. Furthermore, a comparison of the strength of the inferred signal and noise processes 

revealed that they tend to be negatively correlated in all visual areas. Our method thus supports 

existing hypotheses, outperforming several existing methods in accurately modeling spiking 

observations and their over-dispersion across multiple time scales. 
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Abstract: In mammalian primary visual cortex (V1), form vision is supported by networks of 

orientation selective neurons. In carnivores, primates, and some marsupials orientation domains 

comprised of local clusters of similarly tuned neurons are organized in quasi-periodic patterns. 

This architecture is quantitatively invariant both among deeply separated lineages and across 

substantial evolutionarily timescales (Ho et al. 2021, Kaschube et al. 2010, Schmidt & Wolf 

2021). Orientation columns may provide visual encoding or other benefits. Irrespective, they 

require more remodelling for convergence than random architectures. If such remodelling is 

necessary, it is should ideally be slight and fast. Here we present a mathematical theory 

uncovering that the experimentally observed universal architecture of V1 orientation domains 

and pinwheels uniquely enables development with minimal representational turnover of neuronal 

orientation encoding. We argue that this fundamental advantage may explain the surprising 

evolutionary stasis and potential convergent evolution observed for this system. 

We model orientation selectivity by order parameters governed by some symmetry constrained 

variational dynamics. In the regime of biologically realistic architectures attractors are composed 

of an exponential number of toroidal state manifolds. Considering a large class of dynamical 

rules for the formation of orientation domains, we, using gradient descent optimisation, find that 

dynamics with realistic attractor states are singled out by the requirement of minimal 

representational turnover. 

We formalize the principle of minimal turnover by requiring that for an ensemble of random 

initial conditions, attractors can be reached with the shortest path length in circuit space. 

Analytically this is achieved by minimising a gradient of the dynamical system. In gradient 

descent space the solutions closest to the initial condition should have the flattest gradient. We 

validate equivalence of this approach with the principle of shortest average path length by 

numerical calculation in a subset of analytically tractable systems. The characteristics of minimal 

turnover may be advantages for the animal lineages particularly when evolving into visual 

specialists with deep cortical processing hierarchies during mammalian evolution. 
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Abstract: Apical dendrites drivesurroundresponses inthevisual cortexAnyi Liu1,Kenneth 

D.Harris3,L.FedericoRossi1,2& MatteoCarandini1 1UCL Instituteof Ophthalmology,University 

CollegeLondon,London,UK 2Center for NeuroscienceandCognitiveSystems,ItalianInstituteof 

Technology,Rovereto,Italy3UCL QueenSquareInstituteof Neurology,University 

CollegeLondon,London,UKIntroduction. Pyramidal neurons haveprominent apical dendrites that 

arehypothesizedtomodulatesomatic output. Inthevisual cortex, apical dendrites may 

receivecontextual signalsviatop-downinputs andlocal inhibition. It is not known, however, 

whether they mainly driveorsuppress somatic activity, andhow they shapeaneuron’s visual 

tuning.Methods. Werecordedtheactivity of pyramidal neurons sparsely expressing GCaMP7s 

inlayer5of thevisual cortex inawakemicebeforeandafter pruning their apical dendrites withtwo-

photondendrotomy. Together with theneuron’s receptivefieldandorientation/directionselectivity, 

wemeasuredproperties that dependonsensory andbehavioral context:sizetuningandcorrelationwith 

facial movements. Thenwerepeatedthesemeasurements after pruning theapical dendriteof 51% 

randomly selectedneurons (n=118, N =6), sparing theothers ascontrols.Results. Pruning theapical 

dendritesignificantly reducedaneuron’s visual response(onaverage, by 65%, p<0.05), but didnot 

affect its selectivity for orientationor direction, or itscorrelationwith facial movements. Inneurons 

that exhibitedsurroundsuppression, it left thissuppressionintact. However, inneurons that 

preferredlargestimuli, it reducedresponses tothosestimuli (p<0.05).Conclusions.Inconclusion, 

theapical dendriteprovides amultiplicativegaineffect onall visual responses;moreover, inneurons 

that integrateresponses over alargeregionof visual space, it deliverssignals originating inthedistal 

parts of thereceptivefield. Perhaps surprisingly, theapicaldendritedoes not appear necessary 

toprovidebehavioral signals such as thosereflectedinfacial movements.(Characters:1725 
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Title: Acute and chronic windows for macaque multi-photon Ca2+ imaging in areas V1, V2 and 

V4 of the visual cortex 
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Abstract: We describe the design, implantation and use of several types of cranial windows for 

in vivo multi-photon Ca2+ imaging in the macaque cerebral cortex. Our designs fall into two 

broad categories, those that are implanted at the time of a terminal imaging session (acute) and 

those that are implanted chronically. Both designs address several key challenges to achieving 

successful imaging. First, the window needs to be as small as possible while allowing water-

immersion microscope objectives with working distances of only a few millimeters to be moved 

laterally, close to the cortical surface. Second, we designed the windows to be completely sealed 

within the craniotomy at the time of implant so that there is no maintenance and to limit tissue 

growth on the cortex below the window. Third, the window must be placed at an appropriate 

elevation to achieve enough pressure to prevent z-axis (vertical) motion. Our chronic windows 

have allowed us to record for up to five consecutive days in terminal, anesthetized, paralyzed 

sessions while visual stimuli are presented to characterize the physiology of ROIs in areas V1, 

V2 and V4 at many depths down to 500 um with 2-photon and 800 um with 3-photon imaging. 

Our chronic windows are implanted right after injection of AAV-GCaMP6s. They consist of 

small titanium rings that hold a coverglass (7-10 mm diam) in the center and have a surrounding 

annular silicone artificial dura (AD) that extends several millimeters. The AD is tucked below 

the native dura, and dental acrylic seals the ring to the skull within an 18-20 mm craniotomy. We 

tested three designs for attaching the AD to the rings: a one-piece ring attached using silicone 

sealant, and two 2-piece designs where the AD is either squeezed between two press-fit titanium 

rings (no sealant) or held between rings with sealant. For imaging with acutely implanted 

windows, we first attach an oval headplate to the cranium with a 23 mm diameter aperture 

overlying a matching craniotomy. A window plate (18 mm diam coverglass) of appropriate depth 

to prevent z-motion is sealed to the headplate. We will describe our surgical implant technique, 

including for dual V1 and V4 windows in the same hemisphere, and will provide scale diagrams 

to allow others to copy and fabricate our designs. 
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Abstract: Understanding the relationship between a neuron’s function and its morphology or 

genetic profile is crucial for achieving a unified taxonomy of cell types in the brain. Previous 

work linking different modalities has focused on summarizing a neuron’s ”function” by 

relatively simple features such as its preferred orientation for neurons in primary visual cortex. 

However, recent work has shown that the stimulus selectivity in the mouse primary visual cortex 

is much more complex and not captured well by a single dimension such as orientation tuning. 

Here we took a data-driven approach and used recent deep learning models to obtain a vector 

space representation that captures the full stimulus-response function of a population of neurons 

to arbitrary visual stimuli and represents each neuron’s response function with a fixed-length 

vector embedding. Using a recent combined structure-function dataset from the MICrONS 

Consortium, we investigated to what extent a neuron’s stimulus-response function could be 

explained by its morphology, and vice versa. To do so, we used redundancy analysis (Stewart 

and Love, 1968) to project functional and morphological embedding vectors into a common 

latent space and extracted the percentage of variance explained in one modality (function) by the 

other (morphology). We found that, across visual areas V1, AL and RL and after accounting for 

the cortical location, 18.6% of the functional variance was explained by morphology. This 

number was higher (26.6%) when restricting to V1 neurons. The morphological features most 

predictive of function were the number of dendrite branches, the dendrite area, the skeletal 

length, the total number of apical branches, and the number of synaptic shafts. Counting the 

number of synaptic shafts provided insight into the connectivity as well as branching structures 

of dendrites are the projections that receive signals from other neurons. These results suggest that 

the morphological features that are most predictive of function are the ones that are involved in 

the communication between neurons. 
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Abstract: Criticality in a complex system is defined by a phase transition point between order 

and disorder. The hypothesis that information processing properties emerge at this critical point 

has been of interest in neuroscience, inspiring a phenomenological framework for analysis of 

“neural avalanches” of activity that propagate with power-law distributions of size and duration. 

There is growing experimental support for neural systems across species (and observed via a 

range of recording modalities) operating at or near criticality. However, the way in and extent to 

which this criticality might contribute to cognitive information processing remains unclear. One 

important limitation of previous studies is the assumption of at most a single avalanche at any 

time. Yet, in a system as large as the brain, it is highly likely that multiple avalanches co-exist, 

intersecting in space (cell membership) or time. In this work, we investigate neural avalanches 

with mesoscale, single-cell resolution optical imaging, finding that as neural recording 

technology scales up, this assumption is no longer viable. 

We recorded the activity of ~7000 layer 2/3 neurons from a 3x3 mm2 field of view (FOV) 

including striate and extrastriate visual cortical areas in awake, head-fixed mice, using a 

Diesel2p mesoscope (Yu et al, Nat Comms 12:6639, 2021). The mice were presented with 

randomised visual stimuli, and an infrared camera recorded pupil diameter. We used the 

seqNMF algorithm to decompose spatiotemporal patterns of neural activity into components 

which we found to contain individual propagating neural avalanches, for which we calculated 

criticality and information metrics. Avalanches detected using entire FOVs revealed a proximity 

to criticality (2 animals, 3 recordings). seqNMF demixed the 3 FOVs neural activity into 23 sets 

of co-occurring avalanches that displayed a range of distances to criticality, and differing 

information content (with some containing mutual information about pupil diameter, and others 

stimulus-related information). Pupil-related avalanches appeared to behave closer to criticality 

than the stimulus-related. The former tended to propagate along the antero-posterior axis, while 

the latter typically localised in V1 then diffused into higher visual areas. Consistently, pupil-

avalanches appeared close to the critical point on the phase transition diagram. Lastly, 

information and criticality metrics corroborated that information processing is enhanced closed 



to criticality. Overall, our study suggests that the interplay of co-occurring, near-critical 

avalanches may play an important role in information processing across cortical circuits. 
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Abstract: Advancements in instrumentation have increased the maximum achievable size of the 

two-photon imaging field of view (FOV), from less than 500 × 500 µm to 5,000 × 5,000 µm, 

allowing for the near simultaneous measurement of activity from enormous populations of 

neurons. However, large FOV imaging requires that genetically encoded calcium indicators 

(GECIs) be expressed over equally large areas of the brain. Transgenic mouse lines with brain-

wide GECI expression are regularly created, but this technique is not feasible in non-rodent 

species, e.g., marmosets. We previously demonstrated that an AAV capsid variant which crosses 

the blood brain barrier, i.e., AAV-PHP.eB, can be intravenously injected to provide brain wide 

GECI expression that produces high fidelity sensory-evoked responses in the mouse visual 

cortex (Leikvoll and Kara 2023 Front Neurosci). A weakness of the PHP.eB capsid is that it 

produces good expression only in mice. Moreover, cytoplasmic expression of GECIs can 

generate large sensory-evoked calcium transients from the neuropil (axons and dendrites), 

contaminating soma responses. 

Here, we present our extensive testing of an alternative AAV GCaMP8 GECI which is also 

capable of crossing the blood brain barrier, i.e., AAV.CAP-B10-GCaMP8. Critically, the CAP-

B10 capsid has been tested and showed strong expression of non-GECI proteins in several rodent 

and non-rodent species, including non-human primates like marmosets (Goersten et al 2021 Nat 

Neurosci). We found that AAV-CAP-B10-GCaMP8 provides brain-wide expression in neurons 

with similar efficacy as AAV-PHP.eB in male and female C57BL6/J mice. We compared these 

AAV capsids in terms of expression patterns and fidelity of two-photon calcium imaging for two 

versions of GCaMP, traditional cytoplasmic Syn-GCaMP8s and ribosome tethered Syn-RiboL1-



GCaMP8s (Grodem et al 2023 Nat Commun). Ribosome tethering limits GECI expression to the 

neuronal soma and thus eliminates neuropil contamination (Chen et al 2020 Neuron). Regardless, 

all GCaMP8 variants we tested produced robust trial-by-trial visually evoked responses that 

matched expected retinotopic mapping and orientation tuning properties. We are currently 

performing histological assays to determine the ratio of excitatory to inhibitory neurons that 

express these GECI variants. Based on our findings, we anticipate that cytoplasmic and ribosome 

tethered GCaMP expressed with the AAV-CAP-B10 vector will become invaluable for 

population calcium imaging of neurons in non-rodent species such as marmosets. 
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Abstract: The brain exhibits spatial patterns of fMRI correlations at rest, a phenomenon 

commonly known as functional connectivity. While it is well established that such fMRI 

correlations capture important aspects of network structure and function, their relationship to 

spontaneous electrophysiological signals is only partly understood. A recent study employing 

concurrent electrophysiological and fMRI measurements determined that neurons in a local 

cortical population are functionally heterogeneous at rest. Specifically, two major cohorts of 

intermixed neurons (S+ and S-) exhibited opposite polarity correlation with cortical fMRI 

signals. In the present study we conducted a detailed investigation of these two functional 



subpopulations. In five macaque subjects, we simultaneously measured spontaneous fMRI 

activity from the entire brain and single unit activity from local neural populations in the inferior 

temporal cortex. In each subject, MRI compatible electrode arrays were implanted to sample 

single units within a volume of 1 mm3, smaller than a single fMRI voxel. A total of seventy-six 

simultaneous fMRI/electrophysiology scanning sessions were carried out while monkeys sat 

quietly in the dark scanner in the absence of any visual input or a task. We found that S+ cells, 

which were positively correlated with regional cortical signals, had a much higher spiking 

frequency than S- cells, which were negatively correlated with the same regions. Beyond their 

polarity and rate differences, the S+ and S- cells also exhibited significant differences in their 

spatial pattern of functional connectivity. Namely, the positive correlation of S+ cells was largely 

restricted to other STS face patches and a few areas of the visual and frontal cortex, whereas the 

negative correlations of S- cells were more widespread and included regions such as the 

hippocampus and retrosplenial cortex. Together, these results demonstrate that two 

physiologically distinct populations of neurons, which coinhabit the same cortical voxel, differ in 

both their resting firing rates as well as their functional connectivity with voxels locally and 

across the brain. 
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Abstract: Recent work suggests that the visual cortex enhances or attenuates its representation 

of visual features (such as orientation) based on retinotopic position. However, the circuits of the 

retina encode many of these features uniformly. The non-uniform cortical representation of 

visual features could reflect variations in both intracortical circuitry and corticothalamic 

projections. To learn more, we investigated visual feature representation across the dorsal lateral 

geniculate nucleus of the thalamus (dLGN). We injected viruses containing axon-localized 

calcium indicators (aGCaMP8s) into the entire mouse dLGN and then implanted a cranial 

window over the visual cortex. Next, we imaged dLGN terminals across the visual cortex in 



lightly sedated mice to full-field static gratings, drifting gratings, and luminance modulations and 

compared these dLGN feature maps to those obtained following chemogenetic ablation of Layer 

6 visual cortical (L6V1) neurons and to those obtained from the retina. We observed topographic 

variations in spatial frequency, preferred orientation, direction, and temporal frequency in dLGN 

terminals distributed across the cortical surface. dLGN terminals representing the optical axis of 

the mouse eye showed a preference for higher spatial frequencies with a gradual change along 

eccentricity. Terminals had a bias for horizontal orientations in the anterior visual field which 

transitioned to a bias for vertical orientations in the posterior visual field. Preferred direction also 

changed along the anterior-posterior field axis from posterior to upward direction. Lastly, high 

temporal frequencies were preferred by dLGN terminals encoding stimuli at the top and posterior 

parts of the visual field with gradual tapering towards the lower, anterior part of the visual field. 

Ablation of L6V1 neurons significantly altered the maps of preferred motion direction and 

temporal frequency while those of spatial frequency and orientation were largely preserved. Our 

results indicate that the mouse dLGN conveys a location-variant feature representation to cortex 

that is partly dependent on cortical feedback. These results provide new circuit-level insights into 

geniculocortical feature organization and functional architecture of the visual pathway. 
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Abstract: In the primary visual cortex (V1) of many mammals, orientation preference is 

organized in a periodic pattern across cortical space known as orientation maps. The iterated 

clusters of similarly responding neurons, or modules, resemble spontaneous patterned cortical 

activity observed before eye opening, consistent with an experience-independent origin of a 

fundamental modular structure. The sequence of early events that leads to the initial emergence 

of modular network structure remains unknown. Interestingly during this period of early visual 



system development, linear wavefronts of spontaneous activity also sweep across the retina and 

downstream visual pathways before eye opening in many species. Here we examine the 

contribution of patterned spontaneous feed-forward activity for setting up mature cortical 

networks. 

To address these questions, we have developed a chronic imaging preparation to record changes 

in patterns of spontaneous V1 activity over several days in early developing tree shrews. The 

mature tree shrew has long served as a model for studying the functional organization of circuits 

in V1, due to its well-defined modular representation of visual properties and resemblance to 

primate V1. In this study, we use multi-color imaging to measure calcium signals in genetically 

targeted cell types. We find that in the tree shrew, patterned spontaneous waves are broad and 

unspecific early in the developing visual cortex and then rapidly transform within a day into a 

modular coactivation of multiple patches extending millimeters across the cortical surface. 

Surprisingly, early on, we find a correlation between wavefront trajectory and modular pattern 

identity, with orthogonal wavefronts activating complimentary modular patterns. As the neonate 

approaches eye opening, wave complexity and modular pattern dimensionality increases. 

Ongoing studies continue to evaluate laminar and structural changes that could be developing 

concurrently during this time period by using multiphoton functional imaging, laminar 

electrophysiological probes, and structural analyses of cell morphology. Preliminary 

reconstructions in layer 2/3 of V1 show that axon length, dendritic length, and spine density 

remain similarly immature until eye opening. Thus, the developmental emergence of functional 

modules appears to precede the development of modular L2/3 recurrent connectivity. Further 

investigation into the dynamics of these processes promises to deepen our understanding of 

developing networks in the visual cortex. 
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Abstract: Amblyopia (lazy eye) is a developmental visual disorder of the cerebral cortex that 

compromises contrast sensitivity, spatial resolution, and shape perception. Based on our recent 

work (Pons et al., 2019; Najafian et al. 2022), we hypothesize that amblyopia affects differently 

ON and OFF visual pathways and their sampling of visual space in the cortex. We test this 

hypothesis with a computational model that simulates visual distortions perceived by humans 

with amblyopia, reported as drawings of grating patterns (Barrett et al., 2003). The grating 

distortions are simulated by sampling visual space with multiple receptive fields from area V1 

(V1 filters) that, through neuronal convergence, generate large grating-like receptive fields in 

extra-striate cortex (Ve filters). Each visual percept is simulated as a weighted sum of Ve filters 

with different preferred orientations, spatial frequencies, and phases (e.g., 2-5 Ve filters for 

Figure 1). The Ve filter that best matches the stimulus has a weight of one whereas the 

mismatched Ve filters have lower weights calculated as convolutions between filter and stimuli. 

Before integrating the Ve filters, we apply an offset for background adaptation followed by 

response saturation to stimulate ON-OFF asymmetries. We then normalize and saturate the 

integrated response to simulate sharp edges. As amblyopia severity increases, the model 

decreases the response of the matched Ve filter, causing a reduction in the ratio of 

matched/mismatched filters that distorts the visual percepts. Preliminary simulations reproduce 

the visual distortions (Figure 1, cpd: cycles per degree), and the correlations between the 2D-

Fourier spectrums of simulations and drawings are strong (mean ± standard deviation for R = 

0.92 ± 0.03 and Rc = 0.68 ± 0.15 in 2 subjects and 10 visual percepts, Rc = (R-Rmin)/(1-Rmin), 

where Rmin is the minimum correlation between the lowest-spatial-frequency drawing and its 

copy rotated by 90o). We are currently optimizing the model to quantify the entire parameter 

space for all amblyopia drawings available in the scientific literature. 
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Abstract: Cortical neurons integrate information from a large number of inputs originating from 

various sources, including local connections and long-range projections to generate well-tuned 

somatic responses. Functional imaging of dendritic spines has revealed diversity rather than 

specificity and organization of inputs on multiple spatial scales. However, it remains unclear 

how different input sources contribute to the observed functional synaptic architecture. By 

combining in vivo two-photon Calcium imaging of spines and posthoc source identification with 

multi-colored 3D Stimulated Emission Depletion (STED) Microscopy, we are able to visualize 

inputs from one source onto an entire cell. This new tool enables us to successfully link 

functional properties of spines and their location within the dendritic field to defined input 

sources. 

Here, we present preliminary results disentangling how two prominent input sources are 

contributing to the observed functional diversity, spatial organization and somatic drive of spines 

in layer 2/3 of ferret visual cortex. Specifically, we explore the anatomical and functional 

properties of spines identified as receiving input from either recurrent axons from within V1 or 

feedback axons from visual area 19. Preliminary results suggest a remarkable difference in the 

tuning of these source-identified synaptic inputs relative to somatic output. Recurrent inputs are 

strikingly co-tuned with the somatic orientation preference of their target neurons, while A19 

identified inputs are less likely to exhibit somatic co-tuning. Recurrent inputs tend to terminate 

within a field of similarly tuned neighboring spines. These functional clusters do not show an 

anatomical preference in terms of their location within the dendritic tree. In contrast, A19 inputs 

lack functional clustering, appearing in functionally heterogeneous neighborhoods that are 

randomly distributed within the dendritic tree. 



Together, these results highlight the critical importance of source identification in understanding 

the functional synaptic architecture of a cell. 
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Abstract: Visual stimuli evoke rhythmic activity throughout visual cortex. Theoretical studies 

have suggested these oscillations could be important for effective inter-areal communication, 

with different channels operating within distinct frequency bands. This hypothesis has been 

supported by reports that oscillations within feedforward (FF) pathways are synchronized within 

the gamma band, while feedback (FB) circuits exhibit directed interactions in a lower (beta - 16-

29Hz) frequency range. However, studies have also suggested that FB also plays a role in V1 

gamma oscillations. Specifically, the effect of stimulus size on V1 gamma power is greater in 

FB-recipient layers, and cooling higher-order visual areas decreases evoked gamma power. To 

investigate the specific role of FB from the second visual area (V2) on rhythmic activity in V1, 

we employed selective optogenetic inhibition of V2-to-V1 FB in sufentanil-anesthetized 

marmosets. We expressed the inhibitory opsin ArchT in V2 pyramidal cells via injections of 

AAV9-CaMKII.Cre and AAV9.CAG.Flex.Arch.eGFP viruses into V2 (N=3 cases). We 

measured V1 activity using linear electrode arrays (LEAs) (N = 9 penetrations) while 

optogenetically inactivating nearby V2 FB terminals in V1. We measured size tuning to full 

contrast drifting sinusoidal gratings of optimal orientation and spatiotemporal frequency with 

and without FB inactivation. Consistent with prior work, V1 gamma power was size tuned, with 

some suppression at the large stimulus diameters in the supra- (SG) and infragranular (IG) 

layers. Also consistent with prior results, we observed size tuning of beta power. However, 



unlike for gamma oscillations, beta power increased with stimulus size across all layers. FB-

inactivation effects were size and layer dependent. Stimuli matched to the RF size generated a 

modest but significant decrease within the high-gamma band. Further increases in stimulus size 

yielded significant decreases in both high-gamma and gamma band power (stimuli ~ 1.5 x RF 

size), gamma and beta power (stimuli > 3.3 x RF size) and only beta power at the largest 

stimulus sizes (stimuli > 6.67 x RF size). Thus, the dominant effects were a reduction of beta 

power for the largest stimuli and of gamma power for smaller stimuli. These effects varied across 

layers, with FB-recipient SG and IG layer contacts exhibiting all of the aforementioned changes, 

while signals in layer 4C only showed significant decreases in beta power in response to large 

stimuli. These results suggest FB signals can shape rhythmic activity within lower order areas, 

suggesting one role of FB could be to adjust the coordinated activity of neuronal assemblies 

providing FF input. 
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Abstract: Parvalbumin-expressing (PV) inhibitory neurons (INs) are the largest IN class in 

many species (Federer et al. 2024). Studies of PV IN function in mouse V1 have been 

inconclusive. Some studies found PV INs modulate gain but not orientation tuning (Atallah et al. 

2012; Wilson et al. 2012), while others found subtractive inhibition by PV INs alters tuning (Lee 

et al. 2012). Primates offer a better model to understand the role of cortical PV INs in generating 

and sharpening orientation selectivity, because, unlike in mouse, in primates this property first 

emerges in V1. Thus, we studied how PV INs affect visual responses in sufentanil-anesthetized 

marmoset V1. We injected a C1V1- or stGtACR2-expressing AAV-PhP.eB-S5E2 vector into V1 



to optogenetically activate or inhibit PV INs, respectively. We optogenetically manipulated PV 

INs while measuring orientation tuning across V1 layers, using linear electrode arrays (n=171 

single units in 3 animals). PV-IN manipulation affected both response gain and orientation 

selectivity, with the magnitude of the effects depending on the magnitude of PV perturbation. PV 

perturbation led to both subtractive/additive and divisive/multiplicative changes in tuning. The 

former dominated when moderate levels of optogenetic manipulation changed firing rates 

between -50% (PV excitation) to +100% (PV inhibition), whereas the latter increased for high 

manipulations that drove larger changes in spike rate. PV-IN manipulation did not affect 

orientation preference, but significantly changed orientation selectivity (measured as OS Index or 

as circular variance, CV, a measure of the global shape of the tuning curve which varies from 0, 

highly tuned, to 1, untuned). The magnitude of these changes scaled with the magnitude of the 

change in firing rate induced by PV-IN manipulation. At moderate and high PV manipulations, 

averaging across all layers, ΔOSI=+0.09±0.01 and +0.28±0.04 (PV activation), -0.05±0.01 and -

0.15±0.01 (PV inhibition), respectively, and , ΔCV=-0.05±0.01 and -0.21±0.05 (PV activation), 

+0.03±0.01 and +0.07±0.01 (PV inhibition), respectively. The half-bandwidth (HBW) of the 

tuning curve was less altered by PV-IN manipulation (ΔHBW at moderate and high 

manipulation=-0.8°±0.6 and -8.5°±3.5, PV activation, -2°±3.5 and 1.5°±0.7, PV inhibition). 

Moreover, as predicted by some models (Shapley et al. 2003), the effects of PV-IN inhibition 

were strongest in the most selective cells (CV<0.8; ΔOSI=-0.23±0.01, p<10-4, ΔCV=+0.13±0.01, 

p<10-5, ΔHWHH=+4.27°±0.5, p<10-5;Wilcoxon rank-sum test). A simple “iceberg effect” could 

explain changes in tuning at the highest PV activation but not changes caused by PV-IN 

inhibition. 
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Abstract: In marmoset primary visual cortex (V1) parvalbumin-expressing (PV) inhibitory 

neurons (INs) are about 60% (80% in layer 4C) of all GABAergic cells (Federer et al 2024). An 

important step towards understanding PV-IN function in primate V1 is to elucidate their 

connectivity. We developed a viral TRIO strategy to map brain-wide monosynaptic inputs to PV 

cells. In marmoset V1, we injected helper virus AAV1/2-S5E2-TVA-V5-P2A-N2cG to express 

the avian TVA receptor, the glycoprotein for rabies variant N2c (N2cG), and a V5 tag, 

selectively in PV INs. EnvA-nuclear-N2c(ΔG)-NLS-tdTomato rabies was injected at the same 

location 7 weeks after helper injection, and perfusion occurred 1 week later. Following 

immunolabeling of V5 tag, we mapped (by hand) labeled starter cells in V1 and input cells 

throughout the brain (excluding local input cells within 0.8 mm from the injection center). We 

quantified the percentage of long-range inputs labeled in all cortical and subcortical regions. 

Starter cells were found across all layers of V1. About 30% of long-range inputs to V1 PV-INs 

arise from within V1, with more V1 label found in supragranular (SG) than in infragranular (IG) 

layers (SG/IG=~1.5). Of the extra-V1 inputs, 85% (~60% of total inputs), arise from other visual 

cortical areas, specifically from areas previously demonstrated to send feedback projections to 

V1. Projections were more numerous from areas V2 and MT, moderate from VLP, VLA, DM, 

MTc, MST and DI, and sparse from areas DA, parietal and temporal cortices. Differing from 

reports in mouse V1, we found almost no inputs from prefrontal areas, and inputs from non-

visual areas (including auditory, somatosensory, entorhinal, perirhinal, and motor) were very 

sparse (~0.1% of total label, or 0.2% of extra-V1 label). Cortical feedback to V1 PV INs arises 

predominantly from the IG layers, specifically at the border between L5 and L6A, with some 

contributions from SG layers (mainly L2/3A) in areas V2 (18% SLN=SG / (SG+IG), MT and 

VLP (7% SLN), DM and MTc (3 and 2% SLN, respectively). Thus, as previously described for 

feedback projections in primate visual cortex, the proportion of SG input to PV IN also decreases 

with hierarchical distance from V1 (Markov et al 2013). About 15% percent of extra-V1 input to 

V1 PV INs arises from subcortical nuclei (LGN, pulvinar, midline thalamus, 

endopiriform/claustrum and basal forebrain). Among these subcortical inputs, those from the 

LGN and endopiriform nuclei were most numerous. This study expands our knowledge of the 

circuitry involving PV INs and demonstrates important differences between rodent and primate 

regarding the global connectivity of PV cells situated in primary sensory areas. 
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Abstract: Striking form distortions seen by amblyopes have been documented by showing high 

contrast sinusoidal gratings to the amblyopic eye (AE) and drawing the percept through the 

fellow eye (FE). The drawings fall into 7 types, each resembling sums-of-gratings plaids (Barrett 

et al 2003), suggesting aliasing in orientation (OR). Drawings could conceal distortions of 

contrast, shading, spatial frequency (SF) and linearity, so we have measured Perceptograms for 4 

amblyopes ages 22-45. In a dichoptic display, AE sees a test grating in the center (6, 9, 12 

cyc/deg, 4 orientations, ON or OFF). FE sees 8 surrounding patterns: the test grating and 7 plaids 

matching every distortion type adjusted to the SF and OR of the test. The observer picks the 

pattern most like the central image, ignoring possible differences in contrast, SF, OR and phase. 

Then the AE sees the test grating and the FE sees just the chosen match while 8 parameters of 

the 2 plaid gratings (contrast, SF, OR and phase) are adjusted until the two percepts match 

perfectly (3 repeats). Fig 1 shows 8 ON & OFF gratings and the Perceptograms for one observer. 

The linking hypothesis for our model: In visual extra-striate cortex (Ve) the signals generated by 

the test grating through AE match the signals generated by the matched plaid through FE. We 

separately pass the image of the grating and the matched plaid through Steerable Filters 

representing a normal V1 cortex and use the Portilla-Simoncelli algorithm to calculate marginal 

statistics and correlations which reflect Ve responses. The multi-dimensional difference between 

the responses drives the model. Our algorithm selectively modifies the response magnitude and 

orientation tuning width of the filters for just the grating input until the two Ve responses match. 

We test the model by finding its best match to the Perceptogram from 1,000 plaids (Fig 1). The 

modified set of orientation filters with selective broader tuning and lower magnitude compared 

to normal V1 (Fig 1) reveals the deficit that generates distortions through AE. The modified V1 

provides the target for neural development models of amblyopia. 
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Abstract: Visual discrimination learning modifies cortical neural representations according to 

changes in the behavioral relevance of sensory stimuli. Previous studies in primary visual cortex 

(V1) of the tree shrew (tupaia belangeri) show that learning a fine visual discrimination task 

leads to long lasting enhancement in responses of a subset of excitatory neurons whose 

orientation preferences allow optimal encoding of differences between task-relevant stimuli 

(Schumacher et al 2022). However, exactly how his process unfolds throughout stages of 

learning and the role of different types of neurons remains elusive. We aim to understand the 

progression of discrimination learning related changes in the responses of cortical neural 

populations. To address this question, we employ chronic 2-photon calcium imaging of 

excitatory and inhibitory neurons simultaneously, within V1 layer 2/3 of head-fixed tree shrews, 

throughout learning of a fine orientation discrimination task. The task is based on a Go/No-Go 

paradigm where animals learn to distinguish between a rewarded orientation (target) and a 

distractor orientation (22.5 degrees difference). In the task structure, successful responses (lick) 

after viewing the target provides juice as reward while failing to respond or licking for the 

distractor results in time out. Comparison of tracked neural activity at different learning stages 

uncovered a period of feature specific changes in both excitatory and inhibitory populations 

during the learning process. Our data suggest that a selective decrease in the inhibitory 

population response to the rewarded stimulus, but not the distractor, precedes the long-term 

enhanced activity described in the excitatory network. This decrease in inhibitory responses is 

transient, as it recovers once proficiency is achieved in task performance. Coincidentally, we 

observe neuronal population responses to the rewarded stimulus, but not the distractor, 

transiently become variable during learning and later regain stability in expert stages. Our data 

suggest that during learning, when the target stimulus is presented, V1 L2/3 neural populations 

sample alternative network configurations some of which enhance discriminability between task 

relevant stimuli. Moreover, the selective nature of the observed changes to the rewarded, but not 

the distractor stimuli, suggest reward association may underlie the altered neural population 

responses during learning. Our current efforts are focused on dissecting the role reward history 

may play in opening a period of dynamic network configurations and in instructing more 

efficient stimulus representations across learning. 
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Abstract: Previous studies from this lab have explored the neurogenic capability of an alpha7 

nicotinic acetylcholine receptor agonist, PNU-282987, in the retina. The goal of this study is to 

investigate the neurogenic effects of PNU-282987 in adult mouse retinas following blast-induced 

ocular trauma. Functional recovery and neurogenesis was evaluated using electroretinogram 

(ERG) recordings in dark adapted animals and IHC. Blast injuries were induced in 3-8 month old 

adult mice with a 35-psi blast delivered to the left eye using a modified paintball gun. One month 

post blast, mice were treated bilaterally daily for two weeks with PBS eye drops containing 

either 1% DMSO/1 mg/mL BrdU or 1 mM PNU-282987/BrdU. ERG recordings were conducted 

before blast exposure and every week following blast exposure for two months. At the end of 

two months, retinas were processed immunohistochemically for BrdU incorporation and for 

retinal cell markers. ERG analysis revealed that the a-wave amplitude significantly decreased by 

an average of 24% +/- 5% the b-wave amplitude decreased by an average of 32% +/- 18%, and 

oscillatory potentials (1, 2, and 3,) decreased by an average of 41% +/- 1%, 55.4% +/- 5%, and 

55.8% +/- 5% (N=7; P less than 0.05) respectively following blast injury. However, amplitudes 

recovered to control-like levels (136% +/-34%; a-wave, 121% +/- 25%; b-wave, 120% +/- 5%, 

111% +/- 2%, and 129% +/- 6% ; OP1, 2, and 3) when treated with PNU-282987 after blast. 

Morphological analysis demonstrated significantly decreased cell counts in all layers after blast 

but recovered with agonist treatment. Using DAPI stained cells, ONL cell counts under control 

conditions averaged 208.15 cells +/- 10.2, the INL cell counts averaged 90.1 +/- 5.2, and the 

GCL counts averaged 15.1 +/- 2.1 from 200-µm² confocal images. After blast, ONL cell counts 

significantly decreased to an average of 180.1 +/- 3.4, INL cell counts decreased to an average of 

70.4 +/- 4.1, and GCL cell counts decreased to an average of 6.8 +/- 2.8. After PNU-282987 

treatment following blast, the ONL cell counts significantly increased to an average of 225.22 +/- 

12 cells, INL cell counts increased to an average of 94.4 +/- 2.1, and GCL cell counts increased 

to an average of 16.2 +/- 1.8 (N=7; P less than 0.05). In IHC studies, BrdU incorporation was 

seen in retinal ganglion cells and photoreceptors after PNU-282987 treatment, with or without 

blast exposure. These are the first experiments to demonstrate neurogenesis in the adult 

mammalian retina after treatment with an alpha 7 nicotinic acetylcholine receptor agonist. 

Results of this research may have implications for neurodegenerative diseases, trauma, and aging 

in adult mammals. 
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Abstract: The adaptability of the human visual system to comprehend complex environmental 

inputs is indeed remarkable. This skill of the brain to organize visual information into 

meaningful patterns or structures is referred to as perceptual grouping. However, it is uncertain 

whether this ability is innate or develops over time with experience. A compelling scenario that 

provides an exceptional opportunity for conducting such investigations arises in cases involving 

the restoration of a deprived sensory modality. Individuals born with bilaterally dense cataracts, 

which block patterned light from reaching the retina due to opaque lenses, present a distinctive 

opportunity. We are presented with a remarkable opportunity to collaborate with special subjects 

from Project Prakash (referred to as PP subjects). Project Prakash operates as part of 

humanitarian and scientific endeavors aimed at studying and treating congenitally blind children. 

The PP subjects have experienced prolonged early-onset blindness, which commenced before the 

age of one and persisted for 8-17 years before the removal of bilateral cataracts. The present 

study investigates the development of perceptual grouping abilities following long-term visual 

deprivation (age group 7-20 years, mean age: 15.63 years, 4 females) after the visual restoration 

surgery. The electroencephalography (EEG) data was collected for these subjects while the 

display was with or without a `structure' (a line segment formed by dots) amidst random dots 

(referred to as `non-structure'). The EEG data were also collected from age-matched healthy 

controls with the same age and socio-economic background. The ERP was evaluated in the 

occipital region in the left and right hemispheres for structure and non-structure separately before 

sight onset and after a long period of sight-restoring surgery. This study focuses on analyzing the 

brain responses of PP long-term subjects (LTS) and comparing them with brain responses from 

age-matched control subjects. The LTS subjects were examined for the development of the skill 

of differentiation between structures and non-structures through EEG and behavioral 

experiments. The results demonstrate the development of the visual ability to discriminate 

between structure and non-structure following long-term visual impairment. Furthermore, our 

findings suggest that newly sighted children exhibit comparable neural responses to control 

subjects, indicating the acquisition of perceptual grouping skills over time. The findings 



elucidate that perceptual grouping skills may evolve with experience and not necessarily depend 

on early visual input. 
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Title: Differentially expressed genes and pathways identified in primary murine Müller glia cells 

associated with adult neurogenesis as a result of exposure to supernatant from PNU-282987-

treated retinal pigment epithelium cells 
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Abstract: Previous studies from this lab have suggested Müller glia are the source of new cells 

generated by the selective α7 nicotinic acetylcholine receptor (nAChR) agonist, PNU-282987. 

The goal of this study was to identify transcriptome changes in primary cultures of Müller glia 

after indirect exposure to PNU-282987 to further our understanding of the pathways being 

activated and genes being expressed. Primary Müller glia cultures sourced from adult (3-6 

months) murine retinae were exposed to either 1% DMSO (control) or 100 nm PNU-282987-

treated retinal pigment epithelium cells for 8, 12, 24, and 48 hours and total RNA was extracted. 

Novogene conducted mRNA-seq and mapped reads to the Mus musculus GRCm39 reference 

genome. Novogene provided Deseq2 bioinformatics and gene ontology (GO). Additional 

functional enrichment was performed using the Kyoto Encyclopedia of Genes and Genomes 

(KEGG) and PANTHER pathway analysis. RT-qPCR was performed to validate the mRNA-seq 

using the comparative Ct method (2−ΔΔCt) for several genes of interest. Principle Component 

Analysis revealed transcriptome differences between DMSO control samples and samples 

exposed to PNU-282987 for various time points, suggesting a time-dependent effect on Müller 

glia gene expression. Pathway analysis revealed that differentially expressed genes (DEGs) in 

earlier time points were associated with MAPK, Hippo, TNF signaling, and PI3K-Akt pathways 

that are initiated in regenerative responses in lower vertebrates. Later time points were 

significantly enriched for the cell cycle. Furthermore, significant (p less than 0.05 and log2 fold 

change greater than 1 or less than -1) GO terms at earlier time points included those involved in 

neural retinal development, cell differentiation, and pathways that are upregulated in retina 



regeneration. GO terms at later time points were associated with the cell cycle. mRNA-

sequencing results were verified with RT-qPCR and were found to follow similar patterns of up 

and down-regulation at their respective time points. These data suggest PNU-282987 allows the 

expression of genes involved in differentiation and retina regeneration in Müller glia. This 

furthers the notion that PNU-282987 can induce neurogenesis in the adult murine retina. The 

results of this study have significant implications for retinal degenerative diseases. 
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Title: Elucidating the role of dorsal lateral geniculate nucleus burst-mode firing in retinal 

inactivation induced recovery from amblyopic rearing 

Authors: *M. ECHAVARRI-LEET1, T. CHAUHAN1, A. THOMAZEAU2, M.-F. FONG3, M. 

F. BEAR1;  
1Picower Inst. for Learning and Memory, MIT, Cambridge, MA; 2IPMC, CNRS, VALBONNE, 

France; 3Biomed. Engin., Georgia Tech. and Emory, Atlanta, GA 

Abstract: Amblyopia is a prevalent disorder characterized by reduced vision in one eye resulting 

from inadequate visual experience during early development. Current strategies for treating 

amblyopia are generally only effective if implemented at a young age, before the age of seven, 

and compliance with treatment is often a challenge for children and their caregivers. Thus, 

developing new treatment strategies for amblyopia addresses an unmet medical need. While 

exploring alternative ways to treat amblyopia, our lab and our collaborators made the discovery 

that temporary inactivation of the non-amblyopic eye enables a recovery from amblyopic rearing 

in mice and cats. Of particular significance, this recovery was possible in older animals when 

conventional treatments fail and occurred without penalty to the inactivated eye. The mechanism 

by which this treatment promotes recovery is currently unknown, but a potential clue comes 

from recordings in the dorsal lateral geniculate nucleus (dLGN) contralateral to retinal 

inactivation, which reveal an increase in burst mode firing for at least 48 hours. In the present 

study, we aimed to determine whether this increase in burst-mode firing after retinal inactivation 

was input specific, given that retinal inactivation as a treatment for amblyopic rearing involves 

the ipsilateral and not the contralateral eye. For this we used single unit recordings of ~p54 male 



and female mice via acute silicone probe implants targeting the dLGN ipsilateral to intravitreal 

injection of either tetrodotoxin (TTX) or saline. We found ipsilateral eye inactivation 

significantly increases dLGN burst mode firing in contralateral eye responsive units by two 

hours after inactivation. We additionally found this inactivation induced increase in burst-mode 

firing can be reliably eliminated via knockout of the predominant low voltage activated calcium 

channel in the dLGN, Cav3.1. This was achieved by injecting HSV-Cre into the dLGN of both 

transgenic mice in which the gene encoding Cav3.1 is flanked by loxP sites and non-floxed mice. 

This elimination of burst firing occurs without significant impacts in firing rate statistics or 

PSTHs. Furthermore, Nissl staining of HSV-Cre injected and uninjected hemispheres revealed 

no significant changes in dLGN cell count following viral injection, suggesting elimination of 

burst-mode firing via Cav3.1 KO occurs without tissue damage or changes in tonic firing. This 

method of eliminating dLGN burst mode firing will be harnessed to determine whether dLGN 

burst mode firing is necessary for ipsilateral retinal inactivation induced recovery from 

amblyopic rearing. 
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Title: Primary visual cortex responds during spoken language comprehension 
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Abstract: In congenitally blind populations there is increased activity in the primary visual 

cortex (V1) while listening to spoken language, suggestive of cross-modal plasticity. However, 

recent evidence of V1 activation by spoken language in sighted individuals in the 3 Tesla MRI 

(Seydell-Greenwald et al., 2023) suggests pre-existing connectivity between V1 and regions 

associated with language comprehension. Given the auditory nature of the stimulus, the V1 

activation must reflect cortico-cortical feedback originating from non-visual areas. Here, we 



replicate activation of V1 from spoken language in the 7 Tesla MRI. Following the method of 

Seydell-Greenwald and colleagues, we presented sighted participants (n=9) with 6 runs of audio 

recordings of forward and reversed speech in 30 second counterbalanced blocks. While listening 

to the audio, participants looked at a fixation cross while their eye-movements were recorded. In 

the forward speech condition, participants heard short sentences (e.g., “Birthday cake lights are 

candles”, “Something that sweeps the floor is a canoe”) and were tasked with indicating when a 

sentence was semantically incorrect. In the reversed speech condition, participants heard 

sentences played in reverse and were tasked to press a button if they detected a beep at the end of 

an utterance. Replicating the previous study, activation in V1 for the forward speech condition 

was greater than the reverse speech condition across all participants. Moreover, there was 

increased forward versus reverse activation in left V1, potentially reflecting the left lateralization 

of the frontotemporal language network. In the future we plan to employ the Vascular Space 

Occupancy (VASO) sequence to characterize the depth-dependent profile of feedback in V1 

from non-visual stimuli. 
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Title: Ocular Dominance Plasticity and Visual Circuit Reorganization in Nogo Receptor 1 (ngr1) 

mutant mice 

Authors: *T. BROWN, A. W. MCGEE;  

Univ. of Louisville, Louisville, KY 

Abstract: During development, sensory systems engage experience to aid in proper wiring. In 

many sensory systems, periods of heightened sensitivity to experience known as "critical 

periods” govern when the influence of experience is most prominent on circuit formation. 

Abnormal experience during critical periods can cause enduring deficits in sensory function. 

Extending or reopening critical periods has been a therapeutic target to treat many diseases and 

neurological conditions. Nogo receptor (NGR1) is a neuronal receptor and deletion of the ngr1 

gene extends critical period-like plasticity for ocular dominance into adulthood. Here, we probed 

the neuronal mechanisms of this critical period with two-photon calcium imaging at cellular 



resolution by measuring the stability of neuronal tuning properties, a phenomenon termed 

‘representational drift’. By measuring representational drift in juvenile wild-type mice during the 

critical period, adult wild-type mice after the closure of the critical period, and adult ngr1 KO 

mice, we have determined how the magnitude and mechanisms of ocular dominance plasticity 

relates to representational drift 
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Abstract: Recent technological strides in transcriptomic profiling of single neurons (RNA-seq) 

have yielded novel insights into the diversity of neocortical cell types in vertebrates across the 

evolutionary tree. Previous studies indicate that the fundamental cell classes and subclasses are 

largely conserved between mice and primates, but the transcriptomic landscape of neocortex in 

species that diverged early in mammalian evolution has not been characterized. This would aid 

in identifying cell types that consistently shifted in proportion or transcriptomic complexity 

throughout mammalian evolution, which are likely to play a role in supporting enhanced cortical 

representations of the sensory environment and higher-order cognition. 

The gray short-tailed opossum, Monodelphis domestica, is a marsupial that diverged from 

placental mammals around 160 million years ago and is considered a good model of the ancestral 

mammalian brain. We used comparative single-nucleus transcriptomics to characterize cortical 

cell types in opossums and mice. While the relative abundance of glutamatergic subclasses is 

largely preserved between these species, the balance of GABAergic subclasses shifted 

dramatically. Specifically, we identified a decrease in parvalbumin-positive (PV) GABAergic 

neurons from opossums to mice across neocortical regions. In more rostral areas, this was 

accompanied by an expansion of GABAergic subclasses derived from the caudal ganglionic 

eminence (CGE), including vasoactive intestinal peptide-positive (VIP) GABAergic neurons. 

Importantly, although CGE-derived GABAergic subclasses preferentially occupy the upper 

neocortical layers, the glutamatergic composition of layer 2/3 is unchanged between opossums 

and mice. Thus, it appears that during mammalian evolution, alterations in GABAergic 

populations preceded well-characterized glutamatergic changes between mice and primates, 



including upper-layer expansion. We posit that these GABAergic changes improved the quality 

of cortical representations of the environment. This would improve evolutionary fitness and may 

be a recurring motif in mammalian neocortical evolution. 
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Title: Transient inactivation of ON signaling drives pathway-specific cortical plasticity in mice 
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Biomed. Engin., Georgia Tech. and Emory, Atlanta, GA 

Abstract: Early visual processing is broadly organized into two independent signaling pathways 

that respond to increments (ON) and decrements (OFF) in luminance. The ON and OFF 

signaling pathways emerge in the retina, operate in parallel through the thalamus, and combine 

within the primary visual cortex (V1). We previously discovered that transient bilateral 

inactivation of the retinas led to a long-lasting potentiation of visual cortical responses in mice. 

In this study we asked whether visual enhancement could similarly be achieved via selective 

blockade of the ON retinal pathway. To inactivate the ON pathway, we used intravitreal 

injections of the mGlu6 antagonist, L-2-amino-4-phosphonobutyric acid (APB), to block 

depolarization of ON bipolar cells in both eyes. We also recorded visually-evoked potentials in 

the binocular zone of V1 before, during, and for several days after ON pathway blockade. 

Immediately after APB injection, we observed a pronounced disruption of visual responses 

across a range of visual stimuli. However, upon recovery of ON pathway signaling in subsequent 

days, we observed an increase in the magnitude of the visually-evoked responses to ON stimuli 

that exceeded baseline values; meanwhile responses to OFF and grating stimuli returned to 

baseline. While multiple forms of visual deprivation have been shown to drive homeostatic 

plasticity in V1, our observation that ON pathway blockade selectively drives potentiation of ON 

responses suggests that the compensatory response to visual deprivation may be pathway-

specific. 
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Title: Longitudinal monitoring of visual functions after stroke in the mouse visual cortex as a 

new preclinical model of cortical blindness using calcium imaging 
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Abstract: As the global population grows older, ischemic stroke (IS) prevalence increases. IS 

induce disabilities varying as a function of which cortical areas are injured. Following an IS, 

spontaneous functional reorganization generally occurs but remains limited. Mostly studied in 

the motor cortex, functional reorganization mechanisms include connectivity modifications and 

adaptation of functional properties of neighbouring cortical areas. Here, we sought to investigate 

whether similar mechanisms were present within the visual cortex. Indeed, visual disabilities 

following IS, such as cortical blindness, are far less studied compared to motor impairments. 

Cortical blindness occurs when the visual cortex is injured and can no longer interpret visual 

information. In the absence of preclinical models, our goal is to develop a cortical blindness 

mouse model using widefield calcium imaging. 

By implanting adult Thy1-jrGECO1a mice with cortical windows (n=12), we observed 

fluorescence fluctuations associated to neuronal calcium activity over multiple weeks in response 

to visual stimulations or during rest. After 3 weeks of baseline recordings, photothrombotic 

strokes were induced in the primary visual cortex (V1). Specifically, following an intraperitoneal 

injection of Rose Bengal, a green laser was targeted on the cortex to induce an IS in V1, 

imitating cortical blindness. One week after stroke induction, we observed a strong reduction of 

visual evoked responses (baseline stroke mice DF/F = 0.042 ± 0.002% vs sham 0.045 ± 0.002%, 

one week after for stroke mice 0.017±0.004% vs sham 0.032±0.002%). After this transient 

impairment, a tendency towards functional recovery of calcium activity and evoked contrast 

response appeared four weeks after photothrombosis in comparison to sham mice (stroke mice 

0.023 ± 0.003% vs sham 0.030 ± 0.004%, two-way repeated measure ANOVA: pValue = 0.085). 

Overall, our findings show that V1 neuronal activity is first disrupted by IS induction and then 

trends towards partial functional reorganization after a month of recovery. Further exploitation of 



this preclinical model will improve fundamental knowledge on cortical blindness mechanisms as 

well as facilitate the evaluation of new treatments strategies. In the future, our findings may 

benefit patients by advancing vision practitioners knowledge; thereby, allowing them to improve 

their patient care. 
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Title: Available sensory input instructs performance and sensory sampling strategy in early blind 

and sighted short-tailed opossums (Monodelphis domestica) 

Authors: *C. R. PINEDA1, L. A. KRUBITZER2;  
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Davis, CA 

Abstract: Available sensory input during early post-natal life instructs typical neocortical 

development, such that the loss of sensory input drastically changes neocortical organization and 

subsequent adult behavior. For example, congenitally blind adult humans develop new adaptive 

navigation and communication strategies such as cane-walking and braille reading supported by 

the spared somatosensory system. Despite the prevalence of vision-loss in human populations 

sensory-mediated compensatory strategies after sensory loss are not systematically studied. 

Studies in our laboratory in short-tailed opossums (Monodelphis domestica) that are bilaterally 

enucleated at post-natal day 4 (EB), before the formation of retinogeniculate and thalamocortical 

pathways, allowed us to examine several behaviors mediated by the spared sensory systems. For 

example, EB opossums have lower texture discrimination thresholds, and lower error rates in 

variable ladder-rung walking task, which are accompanied by postural differences (Englund et 

al., 2020; Rammamurthy et al., 2021). Here, we trained EB and SC opossums in a classic skilled 

reaching task to examine the relative contribution of the spared sensory systems to reward 

targeting performance. We restricted somatosensory input by trimming whiskers of the snout and 

chin, and restricted olfactory input with chemically induced anosmia. Animals were recorded 

with 3 video cameras positioned in stereo which allowed us to extract pose kinematics using 

DeepLabCut, a deep learning algorithm (Mathis et al., 2018). Results show that EB opossums 



performed above chance, but significantly lower than SC opossums under light conditions while 

the performance of SC opossums decreased significantly under dark conditions. Sensory 

deprivation had an effect on both groups, though whisker trimming significantly decreased EB 

performance relative to SC opossums. Anosmia abolished targeting performance in some, but not 

all animals. Kinematic analysis of the extension phase of the reaching movement showed similar 

effects between groups across sensory deprivation types in both light and dark conditions. 

Kinematic analysis of the snout showed effects on snout position after whisker trimming in 

which the snout of EB opossums had greater peak vertical displacement compared to SC 

opossums, indicating differential strategies in sensory sampling between SC and EB opossums. 

Determining how EB opossums use the spared senses to compensate for the lack of vision allows 

us to see the extent to which the body and the brain adjust to sensory deficits over a lifetime. 

Disclosures: C.R. Pineda: None. L.A. Krubitzer: None. 

Poster 

PSTR284: Visual System: Plasticity 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR284.11/G18 

Topic: D.06. Vision 

Support: NIH grant no. 1ZIAEY000570-01 to H.N. 

Title: Transient morphological changes in the primary visual cortex of the thirteen-lined ground 

squirrel during hibernation 
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Abstract: Hibernating and seasonally breeding animals undergo seasonal neuroplasticity 

manifesting as changes in brain volume, dendritic arborization, and dendritic length. In the 

thirteen-lined ground squirrel (Ictidomys tridecemlineatus), an obligatory hibernator, such 

morphological changes have been observed in the hippocampus, thalamus, and somatosensory 

cortex. We recently reported (Jacob et al. SFN 2023) that similar changes extend to layer 2/3 

pyramidal cells in the primary visual cortex (V1). Here, we expand our previous results and ask 

whether these morphological changes reverse during the summer months. We performed Golgi-

cox staining on squirrel brains collected in March (at the end of the hibernation cycle) and 

September (at the end of the summer months). Animals collected in March were divided into 

three groups (4 animals per group): awake (no hibernation, body temperature 100 °F), 

hibernating (torpor, body temperature 35 °F), and interbout arousal (aroused from hibernation 



using gentle handling, body temperature 96.2 °F to 103 °F). Experimenters were blind to the 

group. Animals collected in September either did not hibernate (awake non-hibernating, 4 

animals) or did hibernate (awake hibernating, 3 animals) during the previous hibernation cycle. 

For the animals sampled in March, we counted the number of dendritic intersections at 10-µm 

intervals extending from the soma (Sholl analysis) and found a significant decrease (basal 

p=0.0029, apical p=0.0056) during hibernation compared to when awake. We also found 

significant reductions in the number of dendritic nodes (basal p<0.0001, apical p=0.0029), 

dendritic length (basal p=0.0016, apical p=0.0037), and dendritic complexity (basal p=0.0028, 

apical p=0.0153). These changes demonstrated that seasonal neuroplasticity occurs in the visual 

brain areas. For the animals sampled in September, we completed the same analysis on the same 

dendritic variables we analyzed in March and found no significant differences between the 

awake hibernating and awake non-hibernating groups. These results show that the morphological 

changes during the hibernation cycle are transient. Together, our results reveal for the first time 

pronounced seasonal neuroplasticity in V1 of the ground squirrel that reverses before animals 

enter the next hibernation cycle. 
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Title: Stereological analysis of cholinergic and monoaminergic innervation of visual and frontal 

cortex in early enucleated and anophthalmic mice. 

Authors: K. LAPOINTE, G. LALIBERTE, R. DUBOIS, *D. BOIRE;  

Anatomie, UQTR, Trois-Rivieres, QC, Canada 

Abstract: Only a few studies demonstrate modifications of neuromodulator afferents to sensory 

cortices following sensory deprivation. The cholinergic and noradrenergic systems have been 

proposed to be involved in visual cortex plasticity. An increase in choline acetyl transferase has 

been observed in the primary and extrastriate cortices of dark reared kittens. Similarly, choline 

levels were elevated in the visual cortex of anophthalmic and early blind humans. Moreover, the 

basal nucleus of Meyner (NBM), a major source of cholinergic input to cortex, has a stronger 



functional connectivity with the visual, language and default mode networks in early blind than 

in late blind and sighted subjects. This increased functional connectivity between NBM and 

visual cortices might suggest a strengthened anatomical projection from NBM to the visual 

cortex in the early blind. Moreover, the increased basal forebrain cholinergic connectivity with 

the aforementioned networks in the early blind could be related to the enhanced performance of 

early blind subjects in auditory, tactile and language tasks compared to late blind subjects. 

Stereological estimations of total length of VAChT and TH immunolabeled axons and varicosity 

density were performed in the primary visual cortex and in frontal cortices in two mouse models 

of early blindness, perinatal enucleation and anophthalmia. Enucleations were performed in 

C57B/6J mice and in mice from a cross between anophthalmic ZRDCT/An and DBA mice. This 

backcrossing produced mice with normal eyes and anophthalmic mice in the same litter, 

allowing for a direct comparison of the effects of early enucleation and anophthalmia. Density of 

VAChT labeled axons was greater in frontal and visual cortex in enucleated compared to intact 

C57BL6 mice. VAChT+ axonal density was increased only in the visual cortex of the 

anophtalmic hybrid mice. Linear density of VAChT labeled varicosities was lower in the frontal 

cortices of the enucleated C57BL6 but unchanged in their visual cortex. TH labeled axon density 

was similar in frontal cortices and increased in the visual cortex of blind mice. TH+ varicosity 

density was similar in all groups. Early loss of vision had a greater impact on cholinergic 

innervation of frontal and visual cortex of C57B/6J mice than on monoaminergic afferents. The 

precocial loss of vision can alter the development of cholinergic and monoaminergic innervation 

of frontal and visual cortices. Early blindness had a lesser impact on the development of these 

neuromodulators in ZRDCT/An X DBA hybrid mice. 
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Title: Prey capture induces dynamic and persistent plasticity in binocular visual cortex (V1b) 
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Abstract: Neurons in the primary visual cortex (V1) have firing rates that span several orders of 

magnitude and remain stable across time, light-dark cycles, and even sensory perturbations. This 

work suggests that V1 neurons have an individual ‘firing rate set point’ that is homeostatically 

maintained. Here we asked whether these set points are truly ‘set’ or might be malleable in 

response to salient, ethological experiences. To investigate this, we use a prey-capture paradigm 

where juvenile rats learn to hunt live crickets. Rodents are opportunistic omnivores with an 

innate drive to hunt, but progressively improve their performance across multiple hunting 

sessions in one day, indicating robust learning. To determine whether this behavior depends on 

V1, we expressed excitatory Designer Receptors Exclusively Activated by Designer Drugs 

(DREADDs) in parvalbumin-positive interneurons to suppress V1 activity during hunting, which 

prevented the learning. Next, we used chronic, in vivo extracellular recordings in V1b to track 

neuronal activity during learning. Initially a small subset of neurons in V1b were significantly 

modulated during hunting epochs, but this fraction increased dramatically across subsequent 

hunting sessions, indicating that the activity of V1b neurons becomes tied to the behavior during 

learning. Next, we measured how learning impacts firing rates on longer timescales to determine 

whether firing rate set points were altered by learning. We found that V1b neurons have stable 

firing rates prior to hunting, but that firing rates change slowly over several days hours post-

learning, leading to an overall increase that persists at both the individual neuron and population 

levels for at least 60 hours post-learning. This increase was observed in both regular spiking and 

fast-spiking neurons, suggesting that excitation and inhibition increase in a coordinated manner. 

Because upward firing rate homeostasis is gated by wake states, we used polysomnography to 

determine when this increase in firing occurs. Remarkably, we found that the increase in firing 

happens primarily during waking states, implicating homeostatic, rather than Hebbian, plasticity 

in this process. Finally, pharmacological block of homeostatic plasticity using a TNFa inhibitor 

administered after learning was completed significantly decreased the retention of learning 

several days later. Our data are consistent with a model in which learning rapidly resets the firing 

rate setpoint for the network, and wake-dependent homeostatic processes then slowly move the 

network to this new state. 

Disclosures: D.P. Leman: None. B.A. Cary: None. B.J. Lane: None. K. Bhut: None. M.R. 
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Title: Mesoscopic calcium imaging of cortical activity in early blind mice 

Authors: *G. LALIBERTE, K. LAPOINTE, D. BOIRE;  

Anat., UQTR, Trois-Rivières, QC, Canada 

Abstract: Early visual loss in humans triggers cortical network restructuring and heightened 

sensitivity to remaining sensory inputs and cross-modal activation of visual cortical areas. 

However, resting-state functional connectivity and anatomical projections between visual and 

other primary sensory cortical areas are decreased. It has been suggested that cross-modal 

cortical activation rely on established top-down projections and modifications of the 

excitatory/inhibitory balance in local cortical circuits rather than new connections linking 

sensory modalities. We used mesoscopic calcium imaging in sighted (n=19) and visually 

deprived mice (neonatal enucleation [n=17] or congenital anophthalmia [n=5]) to record cortical 

activity at rest and investigated functional alteration after early blindness. We recorded all 

cortical neuronal populations (AAV.PhP.eB-hSyn-GCaAMP6s), or selectively glutamatergic 

(Thy1-GCaMP6s), or GABAergic (AAV.PhP.eB-mDLX-GCaMP6s). Non-visual stimulation 

activated areas beyond those typically engaged in sighted controls, demonstrating cross-modal 

activation in mice. Resting-state functional connectivity (rsFC) spectral analysis reveals shifts in 

spontaneous activity within hSyn and glutamatergic groups, but not among the GABAergic 

population. These changes are mostly evident in low-frequency oscillations (<5 Hz), enucleation 

increased negative intrahemispheric correlations between medial higher visual areas (PM, AM, 

and A; HVA) and motor/trigeminal somatosensory regions (BC, NO, and MO) for the hSyn 

targeted neuronal population. Also, a reduction occurred in interhemispheric correlations 

between lateral (AL, LM, and RL) HVA and motor and trigeminal areas. Within the 

glutamatergic population a decrease in intrahemispheric correlations between lateral HVA and 

lemniscal somatosensory areas (HL, FL, and TR) was observed. Resting state recording of 

GABAergic neurons showed a decreased interhemispheric positive correlation between 

homotopic lateral HVA. The global network metrics were mainly unchanged by the loss of sight 

(network density, global efficiency, and global strength), but nodes efficiency, strength, 

centrality and participation coefficients reveal a reduced influence of V1 and contrasting effects 

between lateral and medial HVA, and among lemniscal and trigeminal somatosensory areas. 

Early blindness seems to have a greater effect on rsFC disruption than the congenital blindness. 

These results demonstrate differential effect of specific neuronal populations on cortical 

plasticity and their influences on the dynamics of cortical sensory networks following visual 

deprivation. 
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Abstract: Passive viewing of a 2 Hz contrast-reversing stimulus has been shown to potentiate 

visual evoked responses in humans, allowing for quantification of experience-dependent visual 

cortical neuroplasticity referred to as stimulus-specific response potentiation (SSRP). Brain 

states like attention are known to modulate learning and plasticity, but how attentional state 

impacts SSRP effects has not been previously studied. We hypothesized that focusing visual 

spatial attention on the SSRP-induction stimulus enhances response potentiation within its 

retinotopic extent, while diverting attention away from the SSRP-induction stimulus will reduce 

response potentiation. Stimuli consisted of 2 semicircular checkerboards placed on each side of 

fixation (10° eccentricity), each frequency-tagged to measure EEG steady-state visual-evoked 

potentials, recorded with a 128-channel EGI system. Before and after SSRP-induction, 

participants observed contrast-sweeps of the checkerboard stimuli with sign-reversal rates are 

2F1 = 6 Hz, 2F2 = 7.5 Hz (sign-reversal frequencies not expected to induce plasticity), while 

maintaining fixation via a letter-detection task. In the SSRP-induction block, the left 

checkerboard (potentiating stimulus) was presented at 100% contrast with sign-reversal rate at 

2F1=2 Hz (a frequency known to induce plasticity), and the right checkerboard (non-potentiated 

control) was presented at 2% contrast, sign-reversed at 2F2 = 3 Hz. During the SSRP-induction 

block, participants deployed peripheral spatial attention to either the potentiating stimulus 

(Aligned SSRP + Attention) or the non-potentiated control (Unaligned SSRP - Attention) in two 

separate sessions, by performing a contrast increment detection task. Our preliminary data (n=26 

SSRP + Attention, n=24 SSRP - Attention) suggests that post-induction neural activity in the 

potentiated hemifield increased regardless of attentional deployment. During the Aligned SSRP 

+ Attention condition, both the potentiated stimulus and non potentiated control increased, 

whereas in the Unaligned SSRP - Attention condition, responses increased in the potentiated 

hemifield but decreased in the control hemifield. Our results preliminarily demonstrate SSRP 

induced response enhancement in the visual cortex in this study and suggest that attentional 

deployment extends the neuroplastic effect of SSRP beyond its retinotopic extent, affecting 

responses in the contralateral hemisphere. 
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Abstract: Briefly exposing mice to an unrewarded, oriented, phase-reversing visual grating 

stimulus initiates thalamocortical synaptic plasticity that later enables the animal to recognize the 

stimulus as familiar. In primary visual cortex (V1), stimulus-selective response plasticity (SRP) 

is characterized by a robust increase in the magnitude of the visually-evoked potential (VEP) 

recorded in layer 4 that reports summed thalamocortical and intracortical synaptic currents and 

correlates with increased peak firing in response to the familiar stimulus. Intriguingly, VEP 

potentiation does not emerge within a single stimulus presentation session but manifests by the 

next recording session the following day, raising the possibility that the plasticity requires a 

period of offline consolidation. The goal of this work was to characterize this consolidation 

period. We began with “deck-splitting” experiments designed to investigate if classic circuit- or 

cellular-level neural mechanisms of consolidation are recruited following initial stimulus 

presentation. We found that systemically treating mice with anesthetics, barbiturates, amnestic 

drugs, or a protein synthesis inhibitor after initial stimulus presentation to broadly disrupt 

ongoing neural or biochemical activity in the subsequent hours failed to block emergence of 

stimulus-selective VEP potentiation. Next, we examined the possibility that SRP requires sleep 

and found no difference in emergence of SRP during the day and overnight. We then directly 

addressed the question of how long it takes for this electrophysiological change to emerge after 

the mouse first sees the grating stimulus. We found that following presentation of a 1 Hz phase-

reversing grating, VEP potentiation in juvenile mice reaches an asymptote within 30 minutes. 

However, when we presented the grating at a higher temporal frequency (4 or 7.5 Hz phase-

reversals), stimulus-selective VEP potentiation emerged during initial stimulus exposure - on the 

timescale of minutes - reminiscent of in vivo thalamocortical long-term potentiation. This 

suggests that the emergence of SRP can be fully set into motion by the initial exposure to the 

grating stimulus and that neither circuit-level consolidation mechanisms nor sleep need to be 

recruited after the stimulus presentation for VEP potentiation to emerge. 

Disclosures: S.K. Simpson: None. P.S.B. Finnie: None. M.F. Bear: None. 

Poster 

PSTR284: Visual System: Plasticity 



Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR284.17/G24 

Topic: D.06. Vision 

Support: R21-EY034297 

Title: A mouse model to probe the limits of adult neuroprosthetic plasticity 
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Abstract: As neural prostheses become increasingly more sophisticated, they may hit a point 

where they are no longer limited by the number of recording channels or stimulation electrodes, 

but rather by the reduced plasticity potential of adult cortical circuits. At the same time, a 

multitude of methods have been proposed for reopening ‘critical periods’ of plasticity, but 

whether these would work in the context of neuroprosthetics remains unknown. To bridge this 

gap, we developed a mouse model of a thalamic visual prosthesis in which normal vision is 

replaced by patterned optogenetic stimulation of dLGN using a digital micromirror device, with 

light delivered through a fiber bundle coupled to an implanted grin lens. In a proof of principle 

experiment, we trained mice on a go-nogo task based on optogenetic stimulation of 2 different 

spatial locations within thalamus. Most of the mice were able to learn detection of these artificial 

stimuli, with the speed of learning being strongly correlated with overall stimulus strength. 

Stimulus discrimination, however, proved much more challenging and even the mice that learned 

to discriminate could not do so at the levels achievable with regular visual discrimination tasks, 

with performance of even ‘successful’ mice often capped at a d’ of about ~1. Learning was 

accompanied by several changes in the activity of L2/3 neurons monitored using calcium 

imaging. These include a modest increase in stimulus selectivity, decrease in response 

magnitude, and decrease in stimulus-evoked correlations that is at least partly explained by 

increased sparseness of response. We are currently examining a range of interventions to see 

whether we can enhance the neuroprosthetic learning in the trained mice. 
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Title: Stimulation of primary adult pig retinal pigment epithelium culture with an alpha7 

nicotinic agonist leads to neurogenesis in primary adult pig retinal cell culture 
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Abstract: Previous work has shown that activation of the alpha7 subtype of nicotinic 

acetylcholine receptor (nAChR) on retinal ganglion cells (RGCs) protects from glaucoma-like 

damage. More recent work has shown that in addition to this neuroprotective effect, activation of 

the alpha7 nAChR can lead to the generation of new adult retinal cells via a multi-cellular 

pathway. Specifically, activation of alpha7 nAChRs (with PNU-282987) on retinal pigment 

epithelial (RPE) appears to induce the release of substances that cause retinal Muller glia (MG) 

to re-enter the cell cycle and produce new retinal cells, including RGCs. One study exposed an 

RPE cell line to PNU-282987 and then injected the supernatant from that culture into the eye of 

an adult rodent. The neurogenesis of retinal cells was confirmed by several techniques. We are 

attempting to expand on those studies by using primary culture of adult pig RPE and adult pig 

retina. Basically, we used 4 different experimental conditions and quantified cell number at the 

end of culture. In Condition A: Retinal cells were cultured for 5 days without any intervention 

and served as a control. Condition B: Retinal cells were co-cultured with untreated RPE that had 

been cultured for two days prior. Condition C: Retinal cells were co-cultured with RPE treated 

with a low dose (100 nM) of PNU-282987 for two days prior. Condition D: Retinal cells were 

co-cultured with RPE treated with a high dose (200 nM) of PNU-282987 for two days prior. We 

observed an increase in the number of retinal cells when co-cultured with RPE, and an even 

greater dose-dependent increase in cell number when RPE were exposed to PNU-282987. When 

retinal cells were co-cultured with primary RPE that had been cultured without any PNU-282987 

(Condition B), we observed a 28.3% increase (p = 0.02, N=6). When retinal cells were co-

cultured with RPE exposed to a low dose of PNU-282987 (100 nM) for two days (Condition C), 

we observed a 57.7% increase (p = 0.01, N=6). And, when retinal cells were co-cultured with 

RPE exposed to higher dose of PNU-282987 (200 nM, Condition D), we observed a 102.8% 

increase (p < 0.001, N=6). Preliminary data where cultures were exposed to tagged alpha-

bungarotoxin shows diffuse staining through-out the RPE and punctate staining on presumptive 

RGCs. This is the first report, that we are aware, where control and stimulated primary RPE can 

induce an increase in a primary retinal cell culture numbers from an adult non-rodent large 

mammal model. Further experiments need to be conducted to differentiate between potential 

neuroprotective and neurogenerative mechanisms activated via the alpha7 nAChR. 
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Abstract: We present a new dataset, the Macular Degeneration and Plasticity (MDP) project, 

which is part of the Human Connectome Project (HCP), now publicly available through the 

NIMH Data Archive. Macular degeneration (MD) encompasses pathologies resulting in the loss 

of photoreceptors in the macula, causing central vision loss. Patients with MD often have a 

specific portion of spared visual field that they preferentially use in place of the fovea. This 

pseudofovea, also known as a preferred retinal locus (PRL), is an area of increased use in the 

periphery of vision. While some MD patients never fully develop a PRL, all participants with 

central vision loss take advantage of areas of spared visual field to compensate for their vision 

deficit. Since many areas of the brain are retinotopically mapped, data from participants with 

MD allows for an examination of increased and decreased usage of brain regions within the same 

participant. Thus, observing how the brain adapts to loss of central vision loss can provide useful 

insights on mechanisms of plasticity in the visual system. The MDP project is made up of 38 

participants with central vision loss due to MD and 30 controls. Data including MRI, visual 

exams, and behavioral data was collected across 6 sessions. MRI data includes T1/T2 anatomical 

scans, multiple diffusion scans, as well as 150 hours of curated, cleaned BOLD data across all 

participants. BOLD data includes over 40 hours each of eyes-open resting state data and eyes-

open resting state data acquired in complete darkness, as well as 4 movie watching scans and 4 

HCP task scans collected for most participants. Additionally, a full-field stimulation scan, a scan 

designed to stimulate the PRL region, and 4 retinotopy scans were collected. Visual exams 

performed for all participants includes fundus photography, Optical Coherence Tomography 

(OCT), Macular Integrity Assessment (MAIA), and tests for visual acuity and contrast 

sensitivity, the Farnsworth color test, and completion of the Visual Function Questionnaire 

(VFQ). Behavioral data includes a full HCP behavioral workup, including NIH toolbox, the Penn 

Computerized Neuropsychological Test Battery (Penn-CNB), and daily functioning and 

personality exams. Additionally, we present the results of several analyses of the dataset, 

showing its utility for examining plasticity in an ecological model in humans. We believe this 

dataset has potential to help the field better understand the scope and nature of neural plasticity 

in the visual system. 
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Abstract: Amblyopia is the most frequent cause of vision loss in children aside from refractive 

error, and impaired stereopsis is a principal symptom of amblyopia. Understanding the 

development, refinement, and disruption of the neural circuits for binocular depth perception 

may lead to rational therapies to improve or recover stereoscopic perception. We recently 

demonstrated that mice possess binocular depth perception, and that the disparity information 

from populations of neurons in visual cortex is sufficient to explain the performance of naïve 

adult mice. Here we probe the emergence and refinement of binocular depth perception in mice 

during development, as well as the impact of early abnormal vision, long-term monocular 

deprivation (LTMD), on depth perception, binocular alignment, and disparity tuning in primary 

visual cortex. Using the pole descent cliff task (PDCT), we observe that depth perception 

requiring binocular vision is not fully mature until around postnatal (P) day 80. We also detect a 

deficit in binocular depth perception with the PDCT in mice receiving LTMD from P22-52 

followed by 6 weeks of binocular vision compared to control mice. Interestingly, the sensitivity 

of binocular depth perception to LTMD extends beyond the maturation of visual acuity as mice 

receiving LMTD from P70-98 also display deficits in performance. Disruptions of sensory input 

such as amblyopia may also lead to abnormal binocular alignment, referred to as sensory 

strabismus. Remarkably, mice receiving LTMD had a standard deviation of binocular alignment 

that was twice as large as control mice (6 vs 3 degrees of visual angle) and equal to that observed 

in mice at P22. In order to explain their behavioral deficits, we examined the disparity-dependent 

responses in the visual cortex of LTMD mice to see if they differed systematically from control 

mice. At first glance, visual responsiveness to disparity did not appear to be disrupted in these 

mice. In fact, mice that underwent LTMD had larger responses across all disparities, more 

visually responsive neurons, a higher percentage of significantly disparity-tuned neurons, and no 

clear differences in disparity selectivity compared to control mice. When we fit Gabor functions 

to disparity-tuned neurons in LTMD mice though, they had spatial frequencies that were half as 



large as those measured in control mice (0.02 vs 0.04 cycles/degrees). In addition, preferred 

disparities in LTMD mice were spread out over a broader range of disparities. This suggests that 

LTMD degraded the representation of disparity, a circuit disruption that could explain the 

associated sensorimotor deficits. 

Disclosures: T. Brown: None. C. Barr: None. A.W. McGee: None. J. Samonds: None. 

Poster 

PSTR284: Visual System: Plasticity 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR284.21/G28 

Topic: D.06. Vision 

Support: R01AG064067 

Title: Structural excitatory and inhibitory synaptic remodeling elicited by repeated visual 

experience 

Authors: *J. DODERER1, J. SUBRAMANIAN2;  
2Dept. of Pharmacol. and Toxicology, 1Univ. of Kansas, Lawrence, KS 

Abstract: Structural excitatory and inhibitory synaptic remodeling elicited by repeated 

visual experienceJulia J. Doderer, Jaichandar Subramanian; Department of Pharmacology and 

Toxicology, School of Pharmacy, University of Kansas, Lawrence, KS 66045, USA 

AbstractRepeated visual stimulus exposure leads to robust recognition memory, facilitates 

perceptual learning of specific details, and enables generalization to novel similar stimuli. 

Repeated passive visual experience of orientation grating stimuli for multiple days modulate 

neural responsiveness to familiar and non-familiar stimuli. How repeated exposure to a specific 

visual stimulus alters the excitatory and inhibitory synaptic adaptation is not fully understood. 

Here, we present the structural synaptic adaptations associated with repeated visual experiences 

of orientation grating stimuli in ~4-6 month old B6SJL mice. Using multicolor two-photon in 

vivo synaptic imaging of visual cortical neurons fluorescently labeled with PSD-95 and gephyrin, 

we found both excitatory and inhibitory synapse dynamics are modulated by repeated passive 

visual experience. Furthermore, the modulation of inhibitory synapses differs based on their 

dendritic location. We also test whether the plasticity of these synapse types and their 

coordinated dynamics is affected in a mouse model of Alzheimer's disease. These results provide 

insight into the synaptic plasticity mechanisms of visual recognition memory. 
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Abstract: Introduction: Convergence Insufficiency (CI) is the most common dysfunction in 

binocular vision, impacting quality of life, especially for daily tasks involving close visual work 

such as reading. CI participants show reduced resting-state functional connectivity (RSFC) 

compared to those with normal binocular vision. To date, there is a lack of longitudinal studies 

exploring RSFC changes following Vergence and Accommodative Therapy in CI participants. 

This study aimed to investigate the neural effects of Office-Based Vergence and Accommodative 

Therapy (OBVAT) on RSFC in participants with CI. 

Methods: The study included fifty-one CI participants aged 18-35, randomly assigned to receive 

either 12 sessions of OBVAT or a placebo treatment. Baseline and post-treatment RSFC 

assessments were conducted using resting-state functional magnetic resonance imaging 

alongside clinical evaluations. A Region of Interest (ROI) analysis was conducted on 9 areas of 

the oculomotor vergence network, including the cerebellar vermis (CV), frontal eye fields (FEF), 

supplementary eye fields (SEF), parietal eye fields (PEF), and primary visual cortices (V1). 

RSFC changes were evaluated within each group using paired t-tests. A linear regression 

analysis was employed to explore behavioral correlations in significant ROI pairs at the group 

level analysis. 

Results: Following OBVAT, increased RSFC was observed in 10 ROI pairs compared to the 

placebo treatment group (p<0.05, False Discovery Rate corrected). These pairs included Left 

(L)-SEF - Right (R)-V1, L-SEF - CV, R-SEF - R-PEF, R-SEF - L-V1, R-SEF - R-V1, R-SEF - 

CV, R-PEF - CV, L-V1 - CV, R-V1 - CV, and L-V1 - R-V1. Significant behavioral correlations 

were noted between the RSFC strength of the R-SEF - R-PEF pair and visual function 

parameters of positive fusional vergence and near point of convergence (p<0.05). 

Conclusion: While OBVAT led to increased RSFC in specific ROIs of the oculomotor vergence 

network in CI participants, correlating with improvements in clinical measures, placebo 

treatment did not significantly change RSFC. 



KeywordsResting-state functional connectivity, resting-state, fMRI, convergence insufficiency, 

binocular vision 
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Abstract: The fate of occipital cortices in the blind has been of key interest in neuroscience to 

investigate if and how much brain regions change with experience. Neuroimaging shows that 

occipital cortices in the blind activate during all kinds of non-visual tasks. We recently showed 

that the entire occipital regions in the blind become multiple-demand (MD) regions and activate 

in response to any kind of control demand. We suggested that this may account for the numerous 

existing observations of these regions activating during non-visual tasks. 

However, some past studies have also shown activations of foci within these regions to language 

tasks and have suggested a hemispheric specialization within these regions, with left occipital 

regions predominantly taking up language functions. It is unclear, however, if left occipital 

regions in the blind do indeed take up language functions or if their activation is due to control 

demands immanent in many language experiments. 

We had 19 blind and 15 sighted participants do two language fMRI tasks. The language blocks 

of the first one required participants to hear a sentence with a missing last word and then 

generate and verbalize the missing word. In the non-language blocks of this task, participants 

heard a pseudoword sentence and then repeated the last pseudoword. The language and non-

language blocks of the second task required listening, respectively, to passages from Alice in 

Wonderland and degraded incomprehensible sentences. The first language task, requiring 

participants to select and articulate the missing word, had high domain-general control demands, 

while the second one, which only required listening and comprehending passages, was a passive 

language task with barely any control demand. These participants also did a tactile decision-

making task requiring size judgments on tactile shapes. These judgements could be easy or hard. 



We found that while both language tasks activated the language network, the first task 

additionally activated MD regions – pre-supplementary motor area, inferior frontal junction and 

frontal eye fields – that typically activate to control demands. Crucially, only the first language 

task, but not the second, activated occipital regions in the blind. That this occipital activation was 

due to the domain-general control demand was also suggested by the fact that both the MD 

regions and the occipital regions activated by the first language task also activated to the control 

demands of the tactile task. 

All of these suggest that blind occipital regions primarily become MD regions, and their 

activation during language tasks is limited to those that require domain-general cognitive control. 

(121K902) 
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Abstract: If and how much brain regions can change from their biologically determined 

functions is a key question in neuroscience. 

In this regard, the fate of visual regions in the blind has been a focus of many studies that have 

tried to show that visual regions in the blind behave in ways very different from those in the 

sighted and activate to tasks in other sensory modalities. But it remains unclear if these regions 

are indeed showing distinct functions, or are just showing multi-sensory responses already 

present in these regions. 

We recently showed that all visual-occipital regions in the blind become multiple-demand (MD) 

regions and, like the canonical frontoparietal MD regions, activate to all kinds of cognitive-

control demands. In contrast, most visual-occipital regions in the sighted either showed a reliable 

absence of such activation or deactivated to such control demands. However, we did find a small 

cluster of voxels in the primary visual cortex (V1) of the sighted that activated to different non-

visual control demands, much like the visual-occipital regions of the blind. 



In the current study, we investigated if this V1 voxel-cluster in the sighted behaves identically to 

the analogous voxels in the blind. Both participant groups did two fMRI experiments. The first 

involved easy and hard blocks of an auditory n-back task that required participants to continually 

update items in their working memory. The second involved easy and hard blocks of a tactile 

decision-making task. 

We found that even though this voxel-cluster activated to control demands in both participant 

groups, it did behave very differently in the blind compared to the sighted, especially during the 

auditory n-back task: (1) it showed more intense activation to control demands in the blind than 

in the sighted; (2) the pattern of its activity across the three junctures of a task block – beginning, 

main block, and completion – were different across the blind and the sighted; (3) its time-course 

of activity across a task block was also different between these groups. 

Thus, even though this small V1 cluster did activate to non-visual control demands in the 

sighted, its behavior was categorically different from that in the blind, suggesting that even this 

visual region developed into a categorically different brain region in the blind. (121K902) 
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Abstract: Most people who lose their vision do so in adulthood, when the brain is less plastic 

than in youth. In these people, functional magnetic resonance imaging has shown that the 

spontaneous resting brain activity of visual regions is affected. Functional connectivity between 

the primary visual cortex and other areas of the visual network, as well as with the primary motor 

and somatosensory cortex, is weaker than in sighted people. These changes may be associated 

with cross-modal plasticity, where in the case of blindness, neurons in the visual cortex start to 

represent other sensory modalities. However, it’s unclear how this plasticity induced by bilateral 

vision loss develops in the adult brain. Furthermore, we don't know how functional connectivity 

is altered in active behavioral states. To answer those questions, we are using the mouse, a 



popular model for studying the spontaneous brain activity and plasticity in the visual system, and 

where there is evidence of cross-modal plasticity occurring in the adult brain. We used 

mesoscopic calcium imaging of the dorsal cortex on 24 transgenic mice Thy1-jRGECO1a to 

measure the cortical activity during head-fixed spontaneous behavior. After the surgical 

implantation of a chronic imaging window, mice were group-housed to maximize the 

multisensory experience. The mice were habituated to being head-fixed on a running wheel 

under the imaging system for 1 week. Then we started the baseline imaging sessions. The 

spontaneous activity sessions lasted 20 min, during which the mice were free to run on the wheel 

and their behavior was captured by a camera under infrared illumination. From the face and paw 

movements, the behavior was classified into rest and locomotion. The longitudinal protocol 

started with 4 weeks of baseline measures. Then 18 mice were bilaterally enucleated, while the 6 

others remained sighted as a control. Imaging sessions continued at 1, 2, 3, 5, 7, and 10 weeks 

after the vision loss. We found that, during the resting state, the primary visual cortex (V1) has 

an increase in activity that reaches its maximum 3 weeks after vision loss. At that time, the 

standard deviation of the signal was 28% higher than baseline. After 3 weeks, the level of 

activity slowly decreases to near baseline levels at 10 weeks after vision loss. While the activity 

increases, V1 decreases its functional connectivity with the other regions. However, during 

locomotion, V1 has an opposite temporal dynamic. To conclude, it seems that the spontaneous 

brain activity is affected by vision loss in a state-dependent manner. This ongoing project will 

help to better understand how plasticity shapes the functional brain architecture after vision loss. 
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Abstract: Information representation in the visual cortex changes after the onset of visual 

experience. In the mouse primary visual cortex (V1), the number of visually responsive neurons, 

particularly those preferring oblique orientations, increases after eye opening (Rochefort et al., 

2011; Hoy et al., 2015; Hagihara et al., 2015). Thus, the neuronal population matures to 

represent all orientations, but the process remains unknown. One possibility is that neurons that 

initially prefer horizontal or vertical orientations change to prefer oblique orientations. Another 

possibility is that neurons that gain responsiveness after eye opening predominantly prefer 

oblique orientations. To test these possibilities, using longitudinal two-photon calcium imaging, 

we tracked the responses of the same neurons to drifting gratings in the mouse monocular V1 

every other day for one week after eye opening. Among the tracked neurons, only a small 

proportion of neurons were consistently responsive across imaging days. The majority of 

neurons either gained or lost their responsiveness from day to day, highlighting the daily 

reorganization of visual responsiveness after eye opening. In addition, the proportion of neurons 

that maintained their responsiveness between two consecutive imaging days increased. Thus, 

while the visual responsiveness of individual neurons was dynamically reorganized, their visual 

responses gradually stabilized. Under this reorganization, the proportion of oblique-preferring 

neurons increased rapidly from day 1 to day 3 after eye opening. This increase was mainly 

contributed by both neurons that changed their preferred orientations from cardinal to oblique 

and those that gained responsiveness on day 3. These results indicate that the orientation 

representation in the neuronal population matures under the daily reorganization of both visual 

responsiveness and orientation tuning in the mouse V1. 
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Abstract: Visual dysfunction is a common disability in people with traumatic brain injury (TBI), 

but underlying mechanisms remain largely unknown. In a previous study (Frankowski, Foik et 

al, 2021), we reported ~35% reduction in inhibitory neurons and impaired responsivity to visual 

stimuli, including broader orientation and size tuning, following mild controlled cortical impact 

to mouse primary visual cortex (V1). Here, we studied the effects of TBI on extra-classical 

surround suppression in mouse V1. We delivered a mild unilateral injury centered over the 

rostral end of V1 in young-adult mice at P60 (N=6) from both sexes. Three months post-injury, 

animals underwent in-vivo single-unit recording in V1 under isoflurane anesthesia. We 

compared the orientation tuning of neurons to drifting gratings presented at the optimally sized 

classical receptive field (CRF; smaller aperture which elicits the largest response) and the full-

field suppressive surround (FF; size larger than the optimal which results in fewest spikes/s). In 

control animals we found that response rates were lower to FF compared to CRF, approximately 

30 vs 40 spikes/s, similar to our results shown previously in cat V1 (e.g. Liu, Hashemi-Nezhad, 

Lyon, 2015). Conversely, in TBI animals there was no difference between FF and CRF response 

rates and both were significantly lower than controls at ~12 spikes per second under both 

stimulus conditions. In addition, our preliminary data suggests in controls FF suppression results 

in sharper orientation tuning (measured as the half-width at half-height; HWHH) compared to 

CRF stimuli, as previously shown (ibid.) In TBI, there was no suppressive FF effect and 

orientation tuning not only broader than controls, but showed the opposite effect of controls in 

the tuning was worse under FF compared to CRF. Surround suppression has been shown to 

result, at least in part, from long range excitatory inputs (from within V1 and from higher visual 

areas) synapsing onto local inhibitory neurons. This long-range mediated suppression leads to 

sharpening of orientation tuning by suppressing responses to non-preferred orientations more 

strongly than the preferred. We detected this suppressive effect in controls, but not in animals 

suffering TBI to V1. These results suggest local inhibition is markedly reduced following mild 

TBI to V1, consistent with a loss of inhibitory neurons following injury. 
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Abstract: This study aimed to elucidate the mechanisms that enable participants to quickly shift 

their gaze to the predicted arrival position of a parabolically moving target that becomes an 

invisible mid-trajectory, and to successfully execute the Saccade Strategy Task (SST). The 

participants’ electroencephalography (EEG) and gaze signals were recorded while they engaged 

in the SST. The participants performed a task to predict the final arrival position and the time of 

a target moving parabolically from the lower left to the lower right of the screen. For the SST, 

participants were instructed to move their eyes directly to the presumed final arrival point, which 

was at almost the same height as the starting point, as soon as they predicted it. The participants 

were then instructed to keep their eyes at the final arrival point (almost the same height as the 

starting point) at the bottom of the display, and to respond by pressing a button with their right 

thumb when they predicted that it had been reached. Within 1 s of the target movement onset, the 

x-coordinate of the eye position of six participants changed rapidly (indicating a saccade to the 

arrival position of the moving target), and these participants did not track the parabolic moving 

target (the y-coordinate of the eye position was below a certain standard point). These 

participants were categorized as the Early Saccade Strategy Group (ESSG), while the remaining 

ten participants were grouped into the Late Saccade Strategy Group (LSSG). In the right 

premotor, low beta EEG activity was found to be significantly higher in ESSG than in LSSG at 

0.517-0.594s after the start of target movement (p<0.05). This low beta EEG activity in the right 

premotor in ESSG may reflect visuomotor transformation. In addition, in the right middle 

temporal (MT) visual area, low beta EEG activity was significantly higher in ESSG than in 

LSSG at 0.723-0.810s after the initiation of target movement (p<0.05). This low beta EEG 

activity in the right MT visual area in ESSG may reflect the detection of moving target speed 

information. Conversely, in the right parietal region, low beta EEG activity was significantly 

higher in the LSSG than in ESSG at 1.714-1.757s after target movement started (p<0.05). The 

low beta EEG activity in the parietal region in LSSG may reflect visual attention to moving 

targets in late period. Overall, our study suggests that it is necessary to quickly detect the speed 

and direction of a moving target in the right MT visual area and perform a visuomotor 

transformation in the right premotor area, thereby performing an Early Saccade Strategy. 
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Abstract: Saccadic eye movements are fundamental to vertebrate visual perception, yet it is still 

unclear how visual circuits smoothly handle the resulting shifts in visual input. The zebrafish 

model, with its genetic and optical tractability, offers an ideal system for investigating the 

underlying sensorymotor circuits. We combined eye tracking and two-photon calcium imaging to 

investigate the neuronal correlates of saccades in larval zebrafish (6-8 dpf). We used a modified 

two-photon microscope equipped with a remote focusing path to enable rapid multi-plane 

imaging. This provides single-cell resolution neuronal activity across six planes of the optic 

tectum and parts of the hindbrain at 5 volumes per second, correlated with the changes in eye 

angles. Even in the absence of visual stimuli we find neurons in the optic tectum and hindbrain 

that display increased activity associated with spontaneous saccades. To investigate how visual 

stimuli are integrated, we recorded from the same neurons during various visual stimulus 

paradigms. We are in the process of modeling how both visual scene and eye motor information 

influence the responsiveness of these neurons. Furthermore, we plan to follow up our imaging 

experiments with third generation in situ hybridization chain reaction, aiming to correlate 

functional and transcriptional cell types on a single-cell basis. Leveraging the ability to look at 

single cell information across the entire circuit, we aim to contribute to our understanding of 

fundamental principles governing sensorymotor integration. 
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Abstract: For over a century, researchers have identified the frontal eye field (FEF) as a crucial 

region for eye movement control in macaque monkeys. However, it wasn't until the late nineties 

that a series of studies employing reversible inactivation of the FEF unveiled substantial 

impairments in both saccadic and smooth pursuit eye movements. Our laboratory has been 

investigating the potential FEF regions in marmosets using electrical stimulation and tracer 

injection. However, to conclusively determine whether these areas correspond to the FEF and 

exhibit similar functions in controlling eye movements as in macaques, acute, reversible 

inactivation is needed.To target the putative FEF, we conducted MRI scans of 2 marmosets and 

designed a chamber covering the lateral areas 45, 8aV, 8C, 8aD, 6Va, 6DR, 6DC, and the medial 

areas 8b, and 6M based on our previous results. We injected 0.5µl of 5mM muscimol and one 

hour post-injection, marmosets performed visually guided saccade (VGS) and free viewing tasks, 

while their gaze was recorded. Muscimol was administered every other day to ensure recovery 

and to obtain control data. After confirming the affected area with muscimol, we injected 0.8 µl 

of the red-shifted Halorhodopsin, (AAV2.1-TRE3G-Jaws-KGC-GFP-ER2) and (AAV2.1-Thy1-

stTA) in area 6Va. One month later, we started optogenetics inactivation of this area at the time 

of target onset while the marmoset performed the same tasks.Consistent with previous 

observations in macaques, muscimol injection into lateral frontal areas (6DR, 8C, 8aV,6Va) 

resulted in prolonged saccade latency and duration, more scattered saccade endpoints, even an 

inability to generate contralateral saccades in both tasks. Optogenetics inactivation showed 

similar results. On the contrary, muscimol injection into medial frontal areas (8b, 6M) did not 

affect saccadic behaviour in VGS task but it did result in a decrease in fixation in the ipsilateral 

visual field while preserving the capacity to generate saccades during free viewing task. In 

conclusion, our study demonstrates that marmosets possess a fully functional FEF akin to 

macaques. Furthermore, our results highlight distinct effects on saccades following inactivation 

of lateral versus medial frontal areas. We also show that optogenetics can work successfully in 

marmosets. 
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Abstract: Saccade behaviour is underpinned by well-established circuitry spanning diffuse brain 

regions. Therefore, patterns of saccade alteration caused by Parkinson’s disease (PD) can provide 

insight into inter-individual and longitudinal variation in pathology location and severity. 

Understanding links between pathology and abnormal patterns of behaviour will facilitate the 

development of objective behavioural disease markers that could form the basis of future 

automated disease screening and diagnostic tools. These patterns can be measured using video-

based eye tracking, which provides objective and precise measurements of saccade behaviour. 

119 PD patients recruited from the Ontario Neurodegenerative Disease Research Initiative and 

104 healthy age-matched controls completed an interleaved pro- and anti-saccade task (IPAST) 

and instruction-free viewing of rapidly changing video clips (FV). We compared behaviour 

between groups and across tasks to determine the effects of pathology and explore underlying 

neural mechanisms. PD demonstrated voluntary saccade control deficits across tasks (e.g., 

increased antisaccade errors, reduced FV saccade rate during voluntary epoch), indicating 

heightened inhibitory input to the superior colliculus (SC) from the substantia nigra pars 

reticulata (SNr). PD also displayed faster visually-driven prosaccades: they made more correct 

express prosaccades (90-140ms latency) and faster prosaccades relative to controls, but these 

parameters did not correlate with voluntary control deficits, suggesting a different causal process 

such as a mechanism compensating for impaired movement initiation by enhancing responses to 

visual stimuli. Saccade amplitude was reduced in PD across tasks but was uncorrelated with 

measures of voluntary control and fast visually-driven processing, suggesting a third discrete 

dysfunctional mechanism. Finally, PD made fewer short-latency microsaccades than controls 

following changes between video clips during FV, which might imply a fourth process impacted 

by PD pathology. Together, these results illuminate several independent PD-affected neural 

processes that can be indexed by eye tracking, which may have implications for the development 

of screening or diagnostic tools that quantify behavioural irregularities and underlying neural 

dysfunction. 
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Abstract: It is well known that the superior colliculus (SC) in the midbrain coordinates the 

orienting reflex to novel stimuli, including both saccades and changes in pupil size. However, the 

mechanisms of this coordination are not fully understood. This study aimed to determine if a 

temporal correlation existed between saccade initiation and pupil size changes. We used video-

based eye tracking data collected on an Eyelink 1000 (SR Research) during a 10-minute 

naturalistic scene viewing experiment to investigate this. Horizontal (n=40,000) and vertical 

(n=15,000) saccades of 98 participants aged 20-25 were analyzed. Sex differences were not 

investigated. Post-saccadic pupil responses were aligned on saccade onset to examine the 

temporal relationship of saccade execution and accompanying pupil size changes. 

Approximately 200-400ms after horizontal and upwards saccades, there was a small, consistent 

transient pupil constriction that returned to baseline around ~600ms after the saccade. The speed 

of the constriction increased systematically with saccade amplitude (p = 0.02). Interestingly, the 

velocity of this transient constriction was smaller after rightward saccades, compared to 

amplitude-matched leftward saccades (p = 0.0001). Downwards saccades produced different 

pupil dynamics than the other directions. Around ~500ms after downward saccades, a transient 

dilation started, instead of a constriction. The dilation velocity increased with saccade amplitude, 

though this was not statistically significant. The results found for horizontal saccades, including 

the difference in pupil constriction velocity between right and leftward saccades, were replicated 

using data collected from the same participants performing the Interleaved Pro- and Anti-

Saccade task, in which subjects make 10-degree horizontal saccades across different points on 

the screen. Further investigation is required to determine how these discrepancies between 

different saccade directions are affected by geometrical issues related to the camera and infrared 

light source, which were located below the computer screen. This study provides important 

preliminary evidence that a correlate of the saccade burst command is also present as a post-

saccadic pupil response, indicating a shared pathway between saccade and pupil motor circuitry 

that likely includes the superior colliculus. 
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Abstract: Objective Multiple step saccades (MSS) has been treated as a non-physiological 

behavior and occurred more frequently in patients with Parkinson’s disease (PD). It has been 

reported that the incidence of MSS in reflexive and voluntary saccadic tasks could serve as the 

complementary biomarker for the diagnosis of PD. Thus, MSS has attracted increasing attention 

in the clinical research. However, it remains largely unclear regarding the neural mechanisms 

underlying the generation of MSS. The objective of the present study is to explore the role of 

prefrontal and posterior parietal cortex in the generation of MSS.Methods There are two 

subsequent studies. Each study recruits fifteen male and female right-handed healthy subjects. In 

study one, the brain activity is recorded by electroencephalogram (EEG) while the subjects 

performing the visually guided gap saccade task. In study two, we use single pulse transcranial 

magnetic stimulation (TMS) to transiently disrupt neuronal activity in the prefrontal cortex 

(PFC) or posterior parietal cortex (PPC) of the participants while they perform the same saccadic 

task.Results In study one, there are significant differences in time-frequency power and Granger 

causality coefficients between trials with MSS and without MSS. In study two, the incidence of 

MSS increases more after TMS on PFC than on PPC. Conclusions Both PFC and PPC are 

involved in the generation of MSS, and PFC plays more important role than PPC does. 
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Abstract: There is a prevailing view that internally-driven movements, such as memory-guided 

saccades, are more impaired in people with Parkinson’s disease (PwP) compared to externally-

driven movements. Internally-driven eye movements are thought to be more reliant on the basal 

ganglia and PwP have shown greater deficits during memory-guided saccades compared to 

visually-guided saccades. PwP tend to have increased memory-guided saccade latency, 

decreased gain, and decreased peak velocity compared to age-matched healthy individuals. The 

deficits in saccade latency and gain tend to be greater during memory-guided saccades compared 

to visually-guided saccades. Despite this, no study has determined the effect of antiparkinson 

medication on memory-guided saccades using participant’s clinical dosages. If memory-guided 

saccades are more reliant on the basal ganglia, then we hypothesize that antiparkinson 

medications will improve memory-guided saccade performance. 

Thirty-three PwP and 14 healthy controls completed a memory-guided saccade task. Participants 

fixated on a central fixation point even when a peripheral target appeared for 50ms. Participants 

were told to memorize the location of this target using peripheral vision. After a delay period 

(0.5 or 5 seconds), the central fixation point disappeared, which was the cue to make a saccade to 

the remembered target location. The PwP performed this task over 2 days: 1 day off medication 

after overnight withdrawal and 1 day on usual medications. The order of medication condition 

was randomized. Healthy controls performed the task once. The outcome measures were saccade 

latency, gain, peak velocity, and duration. 

We found that medication significantly decreased latency back towards healthy control 

performance. Additionally, medication had no effect on saccade gain, but significantly increased 

peak velocity and decreased duration towards healthy control performance. Overall, 

antiparkinson medication is improving memory-guided saccade performance. This is in contrast 

to the previously reported detrimental effects of medication on visually-guided saccade 

performance. 
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Abstract: Stable and accurate control of gaze - the sum of the head's position and orientation in 

space with the orientation of the eyes within the head - is integral to activities of daily living, 

including for guiding locomotion. The vestibular system makes critical contributions to both 

postural and visual stability via vestibulo-spinal and vestibulo-ocular reflexes. Patients with 

vestibular deficits must thus contend with symptoms including postural instability, vertigo, and 

blurred vision. 

To better understand how nonhuman primates adapt to vestibular dysfunction during locomotion, 

we investigated differences in gait and gaze control of two normal rhesus macaques and two with 

bilateral vestibular loss (BVL) implanted with vestibular prostheses. Animals walked on a 

treadmill at varied speeds and along a linear walkway at a self-selected pace. Data were captured 

using single-eye video-oculography via head-mounted camera, a head-mounted 6D inertial 

measurement unit and marker-based tracking systems mounted to the head and trunk, and 

markerless tracking using synchronized cameras set around the behavioral apparatus. 

Normal animals maintained stable limb and head movements across paradigms. During slow 

phase periods (i.e., between gaze shifts), compensatory reflexes kept the animals' gaze stable in 

space. Gaze shifts made by these animals were more frequent during self-paced overground 

walking compared with experimenter-paced treadmill walking. In contrast, BVL animals 

exhibited variable head and limb movements. Mean gaze velocity during slow phases was 

significantly higher in BVL animals, indicating reduced gaze stability. Additionally, gaze shifts 

made by BVL animals were larger rather than more frequent during overground walking. The 

degree of phasic modulation of gaze shift activity with the step cycle increased from treadmill to 

overground locomotion across both groups. Finally, we found that when head-coupled electrical 



stimulation was delivered by a vestibular prosthesis, head and limb kinematic instability 

decreased while VOR gain increased, reducing observed differences between BVL and normal 

animals. 

Taken together, these findings demonstrate a change in gaze control strategy following BVL and 

establish that the vestibular system provides a foundation of postural and gaze stability. This 

work thus advances our understanding of a critical preclinical model of vestibular loss during 

more dynamic, natural behavior than traditionally studied. Further research will be needed to 

specifically elucidate how adaptations to this loss occur at the neural and circuit level. 
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Abstract: Saccades, or rapid orienting eye movements, occur during spatial navigation and are 

essential for gathering visual information. The intermediate and deep layers of the superior 

colliculus (SC) integrate input from several brain regions to select spatial targets and initiate 

saccades to them. In addition, the SC is thought to convey predictive information about future 

saccade targets to regions responsible for motor error signaling like the inferior olive (IO). 

However, the functional coupling between saccade initiation and error signaling, particularly at 

the level of specific SC cell types, is unclear. Here, we focus on Pitx2-expressing pre-motor 

output neurons in the SC. These neurons are critical for orienting head movements and project to 

the IO, suggesting a potential role in linking orienting movements with motor error signaling. 

However, the role of Pitx2+ neurons in initiating saccades, and whether they convey spatial 

information to IO sufficient for error correction, is unknown. We hypothesize that Pitx2+ 

neurons directly initiate saccades and project topographically to the IO. Using Pitx2-Cre mice 

and DREADDs, we silenced Pitx2+ neuron activity in head-fixed mice during a paradigm 

eliciting saccades. Comparing saccade parameters between sessions with DREADD and saline 

administration, we aim to determine the necessity of Pitx2+ neuron activity for saccade 

initiation. Within the same mouse line, we employed cell-type-specific anterograde viral tracers 



to map Pitx2+ neuron projections in the IO. Preliminary results suggest that inhibiting Pitx2+ 

neurons affects saccades, while tracing experiments confirm their projection to the IO. Ongoing 

experiments and analyses will quantify the relationship between the activity of Pitx2+ neurons 

and saccades, as well as the role of their projection to the IO in error signaling. Ultimately, this 

research seeks to elucidate integrated functional circuitry governing precise movements during 

active vision. 
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Title: Wireless eye tracking for 3D gaze estimation in head-free and freely moving macaques 
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Abstract: To explore their environment, primates commonly use saccadic eye movements to 

bring objects of interest into focus. In natural settings, this visual exploration requires the 

scanning of a three-dimensional (3D) space, and therefore disjunctive saccades in which the two 

eyes differentially rotate. To monitor such binocular eye movements, various eye-tracking 

techniques have been implemented, including conventional sclera-embedded search coils and 

optical tracking. In either case, calibration typically relies on the estimation of offsets and gains 

that are applied to linearly map the measured signals onto screen coordinates at a fixed distance. 

These methods are best suited for head-fixed conditions and are not readily adaptable to head-

free or freely moving paradigms. To perform accurate, real-time measurement of 3D gaze 

endpoints in head-free and freely moving macaques, we devised a novel wireless face-mask-

mounted eye tracking device. First, a face mask is 3D printed based on 3D scans of the animal’s 

head. The mask is designed to have a low-profile that minimizes the occlusion of the visual field. 

Within the mask, two small cameras are embedded for optically measuring the movements of 

each eye. An additional scene camera and LIDAR camera are embedded at the level of the brow. 

The mask and camera assembly are rigidly secured to a cranial implant that further allows for 



neurophysiological recordings. Images of each eye are transferred by separate single-board 

computers over a wireless network and fit with a computational model to estimate the rotation of 

the eyes inside their orbits. A small battery pack secured to the assembly powers the single-board 

computers. The 3D kinematics of the head are further incorporated by using a 3D motion capture 

system to track reflective markers attached to the assembly. The eye rotation and head pose 

information are then combined to determine 3D gaze end points within the environment. To 

calibrate the tracker, the animal’s head is initially fixed while a computer numerical control 

machine precisely positions fixation targets at locations distributed throughout the 3D visual 

field. At its current specifications, this head-free wireless binocular eye tracker acquires eye 

position measurements within an average angular error of 0.87° at a 120 Hz sampling rate for 

each eye. This eye tracker is therefore well-suited to support 3D gaze tracking across a wide 

range of head-free and freely moving non-human primate experimental paradigms. 
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Abstract: For predatory mammals with retinal specializations, the visual system accurately 

tracks erratically fleeing objects, such as prey, whilst simultaneously providing information 

about the environment being coursed through. While the visual system contains a complex set of 

eye-rotation and compensatory mechanisms that could potentially achieve this, how the visual 

system enables simultaneous navigation and object tracking is not known. By computational 

reconstruction of the visual fields of freely moving ferrets during pursuit of an unpredictably 



moving target, we found that rapid eye saccades, exclusively elicited during curved trajectories, 

did not track the target. Instead, saccades aligned features of the optic-flow fields generated 

during motion, used for navigation in many species, with the ferret’s intended direction of travel 

and retinal specializations. The mechanisms underlying this were tightly synchronized head and 

eye rotation kinetics, with matched head and eye rotation velocities and amplitudes in individual 

saccades. Lastly, we show the same tightly synchronized and matched head and eye rotations in 

freely moving tree shrews and rats, suggesting this is a generalized visual mechanism for 

navigation during free motion. 
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Abstract: Saccadic eye movements are the fastest and most accurate movement among all kinds 

of body movements, and are vital for vision and represented in wide areas of the central nervous 

system. Saccades shift gaze to objects of interest in the visual field, moving their image to the 

central retina, where it is maintained for detailed examination (eye fixation). During such 

fixation, all eye movements to other targets are suppressed. It is known that neurons in the 

frontal eye field (FEF), the rostral pole of the superior colliculus (SC), and the raphe interpositus, 

have tonic activity that suppress high gain saccade burst neurons during fixation, and that is 

inhibited before and during saccades, but the neural mechanisms for triggering saccades by 

suppressing raphe neurons have not been analyzed. Recently, we identified the neural 

mechanisms for suppressing saccades (fixation) and triggering saccades, using intracellular 

recording and staining methods in anesthetized cats.The SC has a functional difference between 

rostral and caudal parts. The rostral pole of the SC contains neurons whose discharge increases 

during fixation and decrease just before and during saccades. The more caudal SC contains 

saccade-related neurons that show burst activity at the onset of saccades. In the saccade 

generating system in the brainstem, one group of neurons stops firing during saccades in all 



directions (OPNs, omnipause neurons) and shows tonic activity between saccades. Stimulation 

of the OPN area in the midline pons could prevent saccade occurrence in all directions, 

suggesting that pontine excitatory (EBNs) and inhibitory burst neurons (IBNs) may be under 

inhibitory control by OPNs so that a cessation of activity of OPNs is necessary before burst 

neurons can discharge. Many researchers have tried to identify inhibitory interneurons that 

inhibit OPNs, but neural substrates for triggering saccades was still controversial. This study was 

to provide an electrophysiological and morphological evidence that IBNs project to OPNs and 

help to trigger saccades. The results showed that OPNs received monosynaptic excitation from 

the rostral SC and disynaptic inhibition from the caudal SC, and this latter disynaptic inhibition 

was mediated via IBNs. Microstimulation of the IBN area evoked monosynaptic inhibition in 

OPNs and intracellular staining of single IBNs with HRP demonstrated that they projected to the 

contralateral OPNs. These findings suggested possible roles of IBNs for triggering horizontal 

saccades by actively inhibiting the tonic activity of OPNs at the onset of saccades and also 

maintaining saccades by continuously inhibiting OPN activity during saccades. 
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Abstract: The cerebellum has long been considered a crucial hub for sensorimotor learning. In 

this domain, the cerebellum is thought to act as an internal forward model, making predictions 

about the outcomes of motor commands and computing prediction errors based on discrepancies 

between predicted and actual outcomes. The prediction errors calculated in the cerebellum are 

then used as teaching signals to refine actions and reduce error in subsequent attempts. 

Numerous studies have contributed to our understanding of the cerebellar circuitry that supports 

motor learning and highlights how the cerebellum is optimized for prediction error-driven 

learning. More recently, there has been growing interest in the role that the cerebellum might 

play in nonmotor learning, particularly in learning situations that also use prediction and 

prediction error. For example, reinforcement learning (RL) involves using reward feedback and 



reward prediction errors (i.e., discrepancies between predicted and actual reward) to learn about 

the environment and guide choice behavior. Might the human cerebellum play a role in 

prediction-based learning in nonmotor domains as it does in motor learning? In this project, we 

investigate the role of the cerebellum during RL in humans using fMRI. In particular, we are 

interested in neural correlates of reward processing, reward anticipation, and reward prediction 

error in the human cerebellum. Recent work in animals models provides strong evidence that the 

cerebellum is indeed involved in core neural computations associated with RL. Still, the role of 

the cerebellum in RL in humans has not been rigorously studied and extant work often cannot 

rule out sensorimotor explanations for cerebellar activation during RL. To address this, we 

scanned adults as they engaged in a RL task. During the task, participants chose between stimuli 

that were associated with different reward probabilities and were instructed to use reward 

feedback to optimize their choices. We then used model-based fMRI analyses to find regions of 

the brain where activity was associated with reward prediction and outcome evaluation, with a 

particular focus on the cerebellum. Data collection is ongoing so results are preliminary. 

However, pilot analyses provide initial evidence that the human cerebellum is involved in both 

reward processing and reward prediction in RL, echoing to its role in error-based motor learning. 

These results suggest that the cerebellum might performed more generalized error-based learning 

in both motor and nonmotor domains, rather than serving narrowly for motor learning. 
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Abstract: The cerebellum is increasingly implicated as a key structure for the processing of 

emotions. In particular, distributed cerebellar circuits are critical to fear extinction learning 

processes (Apps and Strata, 2015). Interestingly, many behavioural and pathological changes in 

autism, such as atypical adaptive behaviour, are also associated with cerebellar circuit 

dysfunction. Furthermore, changes in fear recall and extinction learning are present in both 



animal models and people with autism (Powell et al., 2016). Thus, aberrant connectivity/activity 

within extended networks formed between the cerebellum and other fear-related brain regions, 

such as the ventrolateral periaqueductal gray or the superior colliculus, may contribute to core 

features of autism. SYNGAP1 haploinsufficiency is associated with intellectual disability and 

autism (Berryer et al., 2013). A recent study using a novel rat model of SYNGAP1 

haploinsufficiency identified impairments in extinction of a conditioned fear response 

(Katsanevaki et al., 2020). To understand the contributions of distributed cerebellar network 

function to the fear extinction deficits in this model, we are using a range of behavioural, 

anatomical, electrophysiology/circuit-manipulation techniques. As a first step, we used 

retrograde adeno-associated virus tracing to characterise and compare the cerebello-midbrain 

monosynaptic connectivity patterns for both wildtype and Syngap+/Δ-GAP rats. We have also 

charted the immediate early gene c-Fos activation patterns in this network at various time points 

across the fear-learning paradigm. In addition, we are using in vivo opto-tagging and neural 

recording techniques to compare cerebello-midbrain neural dynamics across the fear paradigm in 

both genotypes. 
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Abstract: The endocannabinoid signaling system (ESC) plays a key role in neuromodulation 

andneurodevelopment. ESC consists of small signaling lipids, their synthesizing and degrading 

enzymes, andtheir receptors. Diacylglycerol lipase alpha (DAGLα) is responsible for the 

synthesis of about 80% of themajor neuronal endogenous cannabinoid, 2-Arachidonoylglycerol 

(2-AG). Mutations in DAGLα areassociated with neurodevelopmental disorders, seizures, and 

cerebellar ataxia. In order to elucidate thepathological mechanisms associated with mutations in 

DAGLα we generated cerebellar Purkinje cellspecific DAGLα mutant mice (PC-DAGLα-KO). 

Our transcriptomics analysis of Purkinje cells in PC- DAGLα-KOs revealed dramatic changes in 

the expression of mitochondrial proteins, including the components ofthe electron transport chain 



and the regulators of mitochondria size and shape. A defect in mitochondriacould lead to a 

decreased availability of ATP or to the deregulation of cytoplasmic calcium 

concentration,therefore interfering with neuronal activity. Another important aspect of 

mitochondria that previousresearch has seen to be affected by endocannabinoids is mitochondrial 

fusion. Both hypo and hyper-fusion have been seen in endocannabinoid knockout models, with 

fusion playing an important role inmitochondrial health and maintenance. To determine if 

endocannabinoids could play a potential role inmitochondrial morphology, the net voxel volume 

of mitochondria was measured between a DAGLαknockout and littermate to observe any 

differences. Immunohistochemistry was used to stain for TOM20and IMARS software was used 

to quantify voxel amount. By looking into specific mitochondrial functionsthat are affected by 

DAGLα, we can determine endocannabinoids function within Purkinje cells overall. 
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Abstract: Using MRI scans, Corre et al., (2014) noted that the cerebellar vermis was a region 

affected both by sex chromosome complement and gonad in Four Core Genotypes mice. In 

FCG-like rats, we previously found that Purkinje cell density differs due to gonadal sex as well 

as across lobules in the cerebellar vermis. Here we examine granule cell density across vermal 

lobules to see if it differs either with gonadal sex or sex chromosomes using a five-group design. 

This design includes XX gonadal females (FXX, n = 9), XY females in which the Sry gene was 

disrupted so they developed ovaries (FXY, n = 7), XY gonadal males (MXY, n = 10), XX males 



in which the Sry gene had been inserted into an autosome so they developed testes instead of 

ovaries (MXX, n = 6), and XYTG gonadal males that had Sry genes both on the Y chromosome 

and also inserted into an autosome (MXYTG, n = 5). Cerebelli were cut at 40µm in the sagittal 

plane and stained with thionin. Between 3-6 images per vermal lobule, each spanning 330µm, 

were taken at 50x. Since granule cells are quite small, we measured the relative optical density 

(ROD) using FIJI to measure the density of the granule cell layer as well as the adjacent 

molecular cell layer on the same section. The largest possible ROI was marked out within each 

layer and the mean density of the two layers subtracted for each lobule. This procedure 

controlled for variation in staining or illumination. All measures were made blind to gonadal sex 

and genotype. An ANOVA having 5 groups x 11 lobules revealed significant effects of lobule, 

F(10, 32) = 4.615, p < 0.001, η2 = 0.034, and a lobule by group interaction F(40, 32) = 1.475, p < 

0.05, η2 = 0.044, but no main effect of group. Posthoc Holm analysis (corrected for 231 

comparisons) revealed significant differences across lobules within the MXY group that did not 

occur in other groups. Most differences were because MXY lobules 6a and 6b had a higher ROD 

than other lobules within the MXY group (lobules 1, 9, and 10). Subsequent analyses further 

revealed that the MXX group had lower ROD than did the MXY group in Lobule 6a, F(1,16) = 

4.613, p < 0.05, η2 = 0.224. This latter difference suggests that granule cell numbers differ 

between two of our male gonadal phenotypes and are influenced by their sex chromosome 

complement. Notably, lesions of Lobule 6a result in impaired sexual performance and other 

motor problems in male rats (Ortiz-Pulido et al., 2010). Thus, a rat FCG-like model and the 

mouse FCG model both show sex chromosome effects on cerebellar morphology. 
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Abstract: The cerebellum is traditionally recognized for its role in sensorimotor learning and 

body coordination, but recent anatomical and behavioral studies demonstrate its involvement in 

higher cognitive functions such as reward expectation and nonmotor skill learning. From 

previous studies, it known that in an operant task where mice push a manipulandum to receive 



delayed water reward, a subset of cerebellar granule cells in Lobule VI activate in anticipation of 

expected water reward. Simultaneously, climbing fibers from the inferior olive spike just after 

water reward is given. This activity becomes more robust and precise as the mice learn the 

timing of the task. Importantly, this activity cannot be explained by licking to consume the water 

or any other extraneous body movements. This demonstrates that the cerebellum may play a role 

in encoding nonmotor aspects of reward. 

Despite these findings, it is still unknown whether this activity generalizes across different 

reward contexts, such as in compulsive reward-seeking behavior which is a key component of 

addiction-related disorders. The question remains whether cerebellar circuits are engaged by 

reward seeking or because consuming water rewards requires movement. To investigate these 

questions, we are training head-fixed mice in an operant paradigm where they push a 

manipulandum in exchange for delayed stimulation of the midbrain. At the same time, we are 

monitoring activity of cerebellar granule cells and climbing fibers chronically as the mice learn 

the task. This study will enhance our understanding of cerebellar encoding of reward signals and 

widespread brain circuitry changes caused by midbrain activity. This will broaden the field’s 

understanding of how cerebellar activity contributes to addiction and other related neurological 

disorders. 
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Abstract: Previous findings consistently have shown that the expression of a preference for 

drug-related cues correlates with increased neuronal activity in the posterior cerebellar vermis. 

Cerebellar manipulations that reduce the inhibitory control of the cerebellar vermis over the 

interposed and lateral deep cerebellar nuclei (DCN) facilitates the acquisition of conditioned 

preference for drug-related cues. Furthermore, chemogenetic inhibition of the DCN can prevent 

the facilitating effect over drug-induced conditioning. 

Here, we addressed two studies to further investigate the role of posterior vermis in drug-induced 

associative learning using a biased conditioned place preference (CPP). In the first study, we 

expressed AAV5-hSyn-hM3/hM4D-mCherry DREADDs in lobule VIII. Only inhibitory 

interneuronal populations, Golgi and molecular interneurons, were infected and expressed the 

viral construct. DREADD activation by IP CNO administration was accomplished 30 minutes 

before every conditioning trial. Activation of inhibitory interneurons encouraged in all rats the 

acquisition of CPP and increased the magnitude of the preference for cocaine-associated 

compartment (CS+). As expected, their inhibition prevented the acquisition of conditioned 

preference. Then, we wondered whether the activation of these inhibitory interneurons would be 

rewarding per se and capable to induce preference conditioning in absence of drug effects. To 

this end, we expressed the DREADD in lobule VIII and injected CNO before every conditioning 

trial. Unexpectedly, activation of Golgi and molecular interneurons reduces the time spent in 

CS+. These findings strongly suggest a key role of the posterior cerebellar vermis in modulating 

cocaine-induced Pavlovian learning and indicate that cocaine-induced changes such as granule 

cell hyperactivity are required for cerebellar modulation on drug effects. 

Keywords: Cerebellum, cocaine, DREADD, Conditioned Place Preference. 
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Abstract: The cerebellum is an established regulator of motor control and has recently garnered 

novel focus for its modulation of affective processes. We previously characterized cerebellar 

projections to the limbic thalamus, including the parafascicular nucleus (PF), which classically 

modulates orienting responses and behavioral alertness. We also identified an anatomical circuit 

between the deep cerebellar nuclei (DCN) and the basolateral nucleus of the amygdala (BLA) 

through the limbic PF. Here we provide functional characterization of this circuit and examine 

whether and how the circuit might regulate affective processing. We show that optogenetic 

stimulation of DCN-PF projections induces c-Fos expression in limbic PF and modulates BLA 

neural activity, which establishes functional connectivity. To test the behavioral relevance of the 

circuit, we optogenetically inhibited the DCN-PF projections during distinct phases of auditory 

fear conditioning. We find that inhibition during training does not affect acquisition or 

expression of learned fear 48 h later. However, optoinhibition during extinction training results 

in faster extinction. This effect is only observed when inhibition is applied during both cue and 

omitted shock, but not during cue alone or omitted shock alone, indicating that the circuit may 

encode information other than stimulus salience or prediction error. Interestingly, the effect on 

extinction appears to be specific to the DCN-PF projection: optoinhibition of cerebellar 

projections to the centromedial thalamic nucleus (CM), which is also an intermediary node 

between the cerebellum and amygdala, does not appear to modulate fear acquisition or 

extinction. Anatomical work reveals largely segregated populations of PF- and CM-projecting 

DCN neurons. Ongoing work is targeting these neural populations in order to capture neural 

signatures of fear regulation. Overall, our findings reveal a novel functional divergence between 

limbic projections of the cerebellum and establish future targets for exploring affective processes 

of relevance to neuropsychiatric disorders. 
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Abstract: The cerebellum, predominantly known for its influence in motor behavior, has 

recently been identified to be active during non-motor tasks, notably social behavior (Badura et 

al. 2018; Stoodley et al. 2017). Individuals with autism spectrum disorder (ASD) show decreased 

connectivity between the cerebellar nuclei (CN) and regions of the prefrontal cortex, including 

the anterior cingulate (ACC) and orbitofrontal cortex (OFC) when performing social tasks 

(Olivito et al. 2017). Additionally, a recent monosynaptic pathway has been identified between 

the cerebellum and the ventral tegmental area (VTA) that is active during social interactions 

(Carta et al., 2019). However, it is still unclear how CN development shapes social and reward 

circuits during CN developmental critical periods. Moreover, CN perineuronal nets (PNNs), 

specialized extracellular matrix structures whose appearance are associated with the end of the 

critical period of plasticity, are largely understudied within the CN. Therefore, we hypothesized 

that typical maturation of CN PNNs are required to shape the cerebello-neocortical circuit for 

social behavior. 

In the following experiments, lateral CN activity was manipulated in adolescent mice using 

Designer Receptors Exclusively Activated by Designer Drugs (DREADDs) to enhance (AAV2-

hSyn-hM3D(Gq)-mCherry) or reduce (AAV2-hSyn-hM4D(Gi)-mCherry) cerebellar output. 

Males (n=20) and females (n=17) were exposed to the DREADD receptor ligand, clozapine-N-

oxide (CNO; 10 mg/kg), in drinking water from postnatal day (PND) 21-35. Social behavior was 

assessed using a classic three-chamber assay at PND 65-70 and analyzed using SLEAP (SLEAP 

Estimates Animal Pose). Neural activity via the immediate-early gene, c-Fos, was quantified in 

the ACC, OFC, and VTA to understand relationships between CN development and social 

behavior. In the three-chamber task, we found both CN excitation (p=0.04) and inhibition 

(p=0.01) resulted in indifference for male social preference compared to controls. However, in 

females, no group differences in social preference were observed (p = 0.41). Additionally, CN 

PNN intensity had no relation with social preference (R2 = -0.03, p = 0.84). However, c-Fos 

counts in the VTA revealed a positive correlation with social preference (R2 = 0.82, p < 0.001, n 

= 12). These results suggest an early-life CN manipulation can impact adolescent social 

preference, potentially through changes in CN-VTA activity and/or distal cortical regions. These 

findings can guide clinical applications targeting development in individuals with 

neurodevelopmental disorders, such as ASD. 
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Abstract: Autism Spectrum Disorder (ASD) is a heterogeneous condition dynamic to the aging 

process, yet little research focuses on the relationship between aging and ASD in regards to 

health outcomes. Social deficits, a hallmark symptom of ASD, limit essential healthcare 

engagement, which can vary between neurotypical and neurodivergent individuals as they age. 

Older individuals with ASD are more likely to be diagnosed with early-onset dementia (Vivanti 

et al., 2021), which can worsen both cognitive and social function. The cerebellum is commonly 

atypical in ASD and plays a role in social behavior possibly due to cerebellar nuclei (CN) 

connections to reward pathways, including the ventral tegmental area (VTA), but it is unknown 

how the cerebellum may contribute to social decline in aging. Since social deficits precede the 

presentation of cognitive decline (Boyer et al., 2019), social deficits may serve as an early 

detection criterion for cognitive deterioration, which may present differently for individuals with 

or without ASD. 

To assess rates of social decline, we inhibited the CN-VTA pathway in male mice (n=16 test and 

n=16 controls) using chemogenetics. The CN-VTA pathway was inhibited with an inert ligand, 

clozapine-N-oxide (CNO), during postnatal days 21-35 (P21-35), followed by a washout period 

(5 days). Behavioral tests, including the open field, 3-chamber social preference, olfactory 

habituation and dishabituation, and the Y-maze test, were used to evaluate social and cognitive 

ability. Videos were analyzed using Social LEAP Estimates Animal Poses (SLEAP). A separate 

subset of animals was analyzed for changes in dendritic complexity from juvenile to aged using 

Golgi-cox staining. Comparison between juvenile animals (P40) and middle-aged animals (10 

months) allows for cross-sectional comparisons, while a subset of animals tested at P40 and 

retested at 10 months allows for longitudinal comparisons. Furthermore, in-situ hybridization 

assays probing for genetic markers involved in ASD and aging (RLN, IL-6, and GAD1) will be 

correlated with behavior metrics. 

In typical aging mice (juvenile to middle-aged) we found longitudinal changes in cognition, 



revealing decreased acquisition ability (p=0.004) and slower response time (p<0.001) in a 

touchscreen learning task. Aged animals also revealed decreased dendritic complexity (p<0.001) 

in male animals. These results suggest that aging and reductions in neural complexity contribute 

to cognitive decline and future experiments will reveal aging and CN impacts on social changes 

in aging. This will be important in understanding how social behavior can be a key factor for 

early detection of cognitive deficits. 
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Abstract: Social behavior is an interaction between two or more organisms and is theorized to 

incorporate multiple brain regions, including the cerebellum. Studying cerebellar-social circuits, 

which can connect to reward pathways, are important for understanding how social behavior 

develops. In this study, machine learning tools were utilized to understand sex differences in 

social behavior in a pair of freely moving mice. Then, the effect of chemogenetic excitation of 

crus I on social behavior was analyzed, as inhibition of crus I in the cerebellum has been shown 

to negatively impact social preference (Badura et al., 2018). All mice completed the three-

chamber task, consisting of social discrimination and social memory components, and a novel 

freely moving social interaction test. Sex differences were examined in male (n = 8) and female 

(n = 8) C57BL/6J mice. In the three-chamber social discrimination task, both male (p = 2.31 x 

10-6) and female (p = 0.017) mice spent significantly more time in the chamber with the 

conspecific, compared to the object. Yet, only male mice spent significantly more time (p = 0.04) 

and traveled a greater distance (p = 0.034) in the chamber with the novel versus familiar mouse. 

To explore the role of the cerebellum on social behavior, bilateral crus I molecular layer 

interneuron (MLI) activity was increased using Designer Receptors Exclusively Activated by 

Designer Drugs (DREADDs, AAV8-hSyn-hM3D(Gq)-mCherry) in male C57BL/6J mice (n = 



4). Mice received either clozapine-N-oxide (CNO, 1 mg/kg) or vehicle (0.9% saline) prior to 

testing in a within experimental design. MLI excitation significantly increased the time spent 

with the social partner during both the social discrimination (p = 0.0083) and social memory (p = 

0.027) components of the three-chamber test. In addition, MLI excitation significantly increased 

anogenital sniffing (p = 0.013) and side-side contact (p = 0.031) in the freely moving social 

interaction test. All mice, regardless of sex and treatment, showed an interest in exploring a 

conspecific over an object during the three-chamber test. However, untreated male mice were 

more inclined to investigate the novel conspecific during the social memory component, while 

cerebellar modulation led male mice to spend more time with the familiar conspecific. 

Examining the naturalistic behaviors of mice with machine learning can aid in uncovering the 

role of sex and the cerebellum on social behavior. 
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Abstract: Habits, defined as automatic behaviors triggered by stimuli, involve neural 

mechanisms distinct from those regulating goal-directed actions. While habits are crucial for 

efficiency, their imbalance with goal-directed control underlies disorders like OCD and 

addiction. Prominent theories attribute habit formation to dopamine-mediated reinforcement 

learning and cortico-striatal plasticity. Although studies of dorsal striatum support this, 

neurophysiological evidence is deficient. Neuronal activity in the cerebellum connects individual 

actions to form sequences, suggesting that it could also connect cues to actions to form habits. 

Anatomical studies show that the interposed nucleus (IP) of the cerebellum has reciprocal mono- 

and polysynaptic connections with the infralimbic cortex, a structure required for habit behavior. 

Therefore, we explored whether chemogenetic disruption of IP disrupts habit learning and 

execution. We trained male and female Long-Evans rats in a discriminative stimulus task. A 

discriminative stimulus (S) informs the subject that a reward is available. In response to S 

presentation, the subject enters a reward port (A) and a sweet liquid reward (R) is delivered. This 

sequence must occur in order (S-A-R). We first gained evidence that the task is acquired via 



habit learning by showing that responses in over-trained animals are resistant to LiCl-induced 

devaluation of the reward, while in contrast this effect was not observed early in training. Using 

this behavioral paradigm, we then tested our hypothesis that IP contributes to habit learning and 

expression. We injected the inhibitory hM4D(Gi) DREADD virus bilaterally into IP. After 3 

weeks, virus-injected and control rats received an intraperitoneal injection of clozapine-N-oxide 

30 minutes prior to each daily training session. The time taken to learn the task in IP-suppressed 

rats was not different from that in control rats. Furthermore, in a devaluation test after habit 

formation, there was no difference in responding between the control group and the IP-

suppressed group.These results indicate that IP may not contribute to behavioral learning and 

habit formation in the discriminative stimulus task, although this conclusion should be 

considered tentative because we have not yet verified the effectiveness of DREADD inhibition 

of IP. 
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Abstract: Manual exploratory behaviors provide infants with a crucial opportunity for acquiring 

knowledge about object properties, including size, shape, and texture. Understanding how infants 

engage with and explore objects offers potential insights into the developmental mechanisms 

underlying object manipulation. However, prior work has focused mainly on ‘frequency’ of 

behaviors and paid little attention to how these behavioral action sequences are organized. Here, 

we aim to investigate how infants explore objects with different properties over time, specifically 

focused on action sequence. Infants, aged 6-12 months, participated in a longitudinal exploration 

of eight distinct objects characterized by differences in size (2” vs. 4”), shape (cube vs. sphere), 

and texture (hard vs. soft). We categorized infant exploration into three main actions – fingering, 

rotation, and transportation. Our results show three main findings: first, there was a tremendous 

range of observed behavioral action sequences across infants and objects, suggesting that these 

behaviors are highly exploratory. Second, of the three properties that were varied, changes in 

object size elicited the widest range of behavioral sequences. Third, with development, infants 

demonstrate a progression from simple fingering exploration to more complex actions, such as 

transporting objects through throwing or bringing them to their mouths. Understanding the 



evolution of these action sequences provides insight into the complex interplay between 

perception, cognition, and motor development during this critical period of early childhood. 

Furthermore, identifying atypical exploration sequences may also have implications for clinical 

applications, aiding in the early identification of children who may be at risk for movement 

disorders or autism spectrum disorder. 
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Abstract: Introduction: Motor assessment is vital for the understanding of pediatric development 

and neurorehabilitation. The ability to assess reaching, grasping, and the manipulation of objects 

using a repeatable task that could be paired with neuroimaging (e.g. EEG); would aid in gauging 

a child’s progress during an intervention, and guide future studies aimed at understanding the 

neural correlates of motor recovery. Here we present the preliminary data from a longitudinal 

study that aims to develop an assessment tool for gauging the reaching and grasping behaviors of 

children. Specifically, we describe the developmental trajectory for an object retrieval task in a 

wide age range of children. Methods: N=37 children with typical development participate in this 

project. During 4 visits (baseline and 1-month, 3-months, and 7-months following baseline), 

children (4- 38 months) were asked to retrieve a toy from an opaque box (task 1), a clear box 

(task 2), and then the clear box nested inside the opaque box (task 3). Verbal cues and assistance 

were provided at standardized time points, and the task was defined as complete when the child 

grasped the toy in their hand. Using video recordings, trained behavioral coders identified the 

start and completion of each task, each hand contact of the boxes and toys, and the amount of 

assistance provided. Pearson correlations were used to test for correlations between age, task 

duration, amount of assistance provided, number of toy contacts, and the proportion of bilateral 

contacts during each task. Results: With age, children take less time to complete each task (r> -

0.6, p< 0.01 for all three task), require less assistance (r> -0.39, p< 0.01 for all three task), 

contact the test materials a fewer amount of time (r > -0.6, p < 0.01 for all three task), and the 

proportion of bilateral contacts increases (r> 0.5, p < 0.01 for all three task). Conclusion: 



Developmental trends show that as children age, they can retrieve the toy quicker, with more 

independence, and more efficiently. The object retrieval task used can be collected in a wide age 

range and should be used to study children with neurodevelopmental disorders. We have started 

to collect these data in children with perinatal stroke, and plan to present findings related to their 

neurorehabilitation once our clinical trial is completed. Future results will guide research 

directed towards understanding the neurorehabilitation of object retrieval skills in children. 
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Abstract: The human hand is critically important for performance of many activities of daily 

living. It remains unclear what type of motor repetition is most beneficial for training 

sensorimotor control of the hand. This gap in our knowledge limits the extent to which motor 

rehabilitation programs can be optimized to ensure maximal gains in training and generalization 

to a wide variety of untrained motor tasks. This study compared two types of motor repetition 

paradigms that require generating either discrete force pulses (FD) or continuous motion (MC) 

with participants’ hands in the supination and pronation directions. We assessed how these 

repetition training can affect the ability to control a complex motor task in which a virtual 

inverted pendulum must be balanced by either left or right hands. Both young and older adults 

were tested (n = 29 and 27, respectively). We found that the FD training enabled better 

performance of the pendulum balance task than the MC training in both hands of older adults. In 

contrast, young adults showed better pendulum balance performance with their dominant hands 

when MC training, but not FD training, was used. Lastly, we also evaluated how performing the 

virtual pendulum task may alter the postural balance control by measuring the center of pressure 

(CoP) trajectory during quite standing both before and after the pendulum task. Interestingly, 

older adults showed a decreased CoP velocity in the mediolateral direction after the pendulum 

task during eyes-open but not eyes-close conditions, suggesting an improved visuomotor control 

of postural balance. 
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Abstract: Age-related oral health problems have been associated with Alzheimer’s Disease 

(AD), yet the pathophysiological link between oromotor dysfunction and AD is still unknown. 

Understanding the cortical underpinnings of such association in a non-human primate (NHP) 

model is an important step in filling this knowledge gap. Specifically, the ventrolateral prefrontal 

cortex (vPFcx) has been shown to exert cognitive influences on the primary motor (MIo) and 

somatosensory (SIo) areas of the orofacial sensorimotor cortex (OSMcx). We hypothesize that 

cortico-cortical interactions are altered in the orofacial cognitive-sensorimotor networks in a 

NHP model of AD-related dementia. In our study, we investigate the interactions between the 

activity of populations of neurons in OSMcx and vPFcx during natural feeding behavior in aged 

rhesus macaques (Macaca mulatta). We performed simultaneous recording of 3D tongue and 

mandible kinematics with neuronal activity in multiple cortical areas (Brodmann areas 44, 45, 4, 

3a/3b, 1/2) of an aged male macaque (21 years, 12 kg). We show successful recordings from 320 

microelectrodes (i.e., three Utah arrays (Blackrock, Salt Lake City, UT) and two Floating 

Microelectrode Arrays (Microprobes, Gaithersburg, MD)), which were surgically implanted 

using Brainsight Vet Robot and workflow (Rogue Research, Montreal, Quebec, Canada). Using 

functional connectivity analyses, we characterize the cortico-cortical interactions within the 

orofacial cognitive-sensorimotor neuronal networks during feeding (i.e., chews and swallows) 

and how these may be differentially affected by memory deficits. The aberrant connectivity 

patterns between cognitive and sensorimotor networks may relate to disrupted interactions 

between cognitive or sensory inputs and motor outputs (i.e., tongue and jaw movements) and/or 

compensatory mechanisms. These have important implications for understanding how cortico-

cortical interactions may be altered in healthy aging and in AD. 
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Abstract: Changes in stability of a steady-state action in preparation to a quick change of the 

salient performance variable have been addressed as anticipatory synergy adjustments (ASAs). 

We explored two types of ASAs during accurate four-finger total force (FTOT) production task. 

The first type is a change in the index of total force stability (∆V) quantified using the 

framework of the uncontrolled manifold (UCM) hypothesis when a person is expecting a signal 

to produce a quick FTOT change, which is seen even when the signal does not come (steady-state 

ASA, ASASS). The other type is the drop in ∆V prior to a planned change of FTOT starting at a 

known time (transient ASA, ASATR). The subjects performed a task of steady FTOT production at 

10% of maximal voluntary contraction (MVC). This phase was followed by a ramp FTOT change 

to 20% MVC over 1 s, 3 s, and as a step function (0 s). In another task, in 50% of the trials 

during the steady-state phase, an unexpected signal could come requiring a quick force pulse to 

20% MVC (0-surprise). Inter-trial variance in the finger force space was quantified per 

dimension within the UCM (VUCM) and orthogonal to the UCM (VORT). A synergy index ∆V was 

computed as the normalized difference (VUCM - VORT) and log-transformed (∆VZ). We observed 

significantly lower ∆VZ values during the steady state in the 0-ramp trials (1.19 ± 0.327) 

compared to the 1-ramp and 3-ramp trials (1.36 ± 0.326 and 1.33 ± 0.271). There were also 

larger ASATR during the 0-ramp trials (median drop in ∆V by about 0.2) compared to the 1-ramp 

and 3-ramp trials (median drops of 0.024 and 0). In the 0-surprise condition, ∆VZ was 

significantly higher compared to the 0-ramp condition (without surprise targets) whereas the 

ASATR was significantly larger (median drop in ∆VZ of 0.37). The former effect was due to both 

larger VUCM and smaller VORT. The finding of ASATR scaling is of importance for clinical 

studies, which commonly involve populations with slower actions, which can by itself lead to 

smaller ASATR. The higher VUCM in the 0-surprise trials suggests that the participants varied the 

sharing pattern of FTOT across trials more in the series with “surprises”. This effect remains 



enigmatic and in need of further exploration. This was coupled to more attention to precision of 

performance, i.e., inter-trial deviations from the target as reflected in VORT, possibly reflecting 

higher concentration on the task, which the participants perceived as more challenging compared 

to a similar task without surprise targets. 
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Abstract: Yank is defined as the time derivative of force, which is an essential metric for 

quantifying changes in force over time. Existing literature has used yank to quantify the 

instantaneous rate of force development and steadiness of constant force tasks. To our 

knowledge, no studies exist that examined if yank control is essential for the accuracy of goal-

directed contractions. In this study, we aimed to investigate the significance of yank in 

modulating the accuracy of goal-directed ballistic contractions across varying force levels. 

Eighteen healthy young adults (26.3 ± 6.4 years, 9 women) performed ballistic abduction of the 

index finger in isometric contractions towards a targeted force. Participants performed 50 trials at 

seven randomly assigned force levels (2%, 15%, 30%, 50%, 70%, and 85% of maximum 

voluntary contraction force, MVC). The first 10 trials were excluded (adjustment to the targeted 

force) and the last 40 trials were analyzed. We found a significant reduction of absolute error 

(63%) and bias error (86%) from 2% to 15% MVC, indicating that very low forces are 

challenging. To understand which yank variables associated with the reduction of error from 2% 

to 15% MVC, we quantified the change in the following yank metrics from 2% to15% MVC: the 

magnitude of the whole yank as root mean square (RMS) yank, the time duration from yank 

onset to its positive peak (termed as Time to Peak Yank), Positive Peak and Negative Peak of 

yank, Area of the Positive Yank. In addition, we examined the trial-to-trial variability across the 

40 trials of each yank parameter with the coefficient of variation (CV). We found that the 

reduction in absolute (p<0.05, r2=0.33) and biased (p<0.05, r2=0.23) error at 15% relative to 2% 

MVC associated with the reduction in the CV of the RMS yank. All other yank variables were 

weakly or not associated with endpoint accuracy. The findings provide novel evidence that 



greater inaccuracy at very low force levels relates to greater variance in yank amplitude, 

highlighting the importance of yank regulation during targeted ballistic contractions. 
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Abstract: SCOPE: When hammering a nail into a wall, the hand can move along multiple 

trajectories even if the hammer always hits the nail. This variability in tasks with redundancy is 

even more complex when the actions involve non-rigid tools. Examples are abundant and range 

from tying shoelaces to spreading a tablecloth. Control of those objects is challenging, which is 

particularly evident in motor-impaired individuals. Our research explores interaction with an 

extreme example of complex tools, a bullwhip, with a focus on variability in its underactuated 

degrees of freedom. METHODS: One expert (E) and 16 novices (N) used a 1.6-m whip to hit a 

target at 2m distance repetitively in five blocks, 30 trials per block. Eight additional novices (NP) 

practiced the same task in 35 blocks over a month. Arm and whip kinematics were recorded via 

motion capture. Analysis focused on the throw interval defined from the instance when the hand 

was farthest from the target until when the whip was closest to the target. Trajectories from each 

marker (4 on the arm, 10 on the whip) were rescaled by their mean arclength. For each marker, 

variability across trials was computed as the cross-section of the trajectory bundle. RESULTS: 

Expectedly, E hit the target 90% of the trials, while N scored 5-35% and NP scored 25-55%. 

Results indicated an emerging spatiotemporal structure of variability across the arm and whip 

markers: (1) E showed smaller variability in the whip than N and NP. (2) In all subjects, whip 

variability decreased by the end of the throw interval, while hand variability increased. (3) In less 



accurate N16, variability increased from the shoulder to the tip of the whip, while more accurate 

N and NP showed no change; variability in E decreased. (4) The more accurate N, NP, and E 

showed a cascade of low variability propagating from the hand towards the tip as the whip 

unfolded towards the target. INTERPRETATION: These results demonstrated a channelling of 

variability with the least variability at the tip of the whip when close to the target, the location 

and time most critical for task success. Counter to findings on manipulating rigid tools, hand 

variability was not necessarily decreased, suggesting a shift of control attention from the hand, 

the end-effector, towards the task-relevant tip of the whip. The low-variability cascade 

propagating from the hand to the tip indicates that participants discovered “natural” modes of the 

whip, consistent with its dynamics. Taken together, these findings demonstrate effective control 

and embodiment of even such complex tools as a bullwhip. 
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Abstract: Arm choice, whether to reach an object with the left or right arm, is an unconscious 

decision frequently made in daily life. When a target is provided on the right or left side of the 

space, the probability of choosing an arm on the same side is very high (Schweighofer 2015; 

Oliveira 2010). However, when a target is provided near the center space between the left and 

right arms, the probability of choosing either arm is approximately 50% (equivalence point). A 

previous forced binary choice study reported that the state of brain activity before option 

presentation was related to subsequent choice when the choice was at the equivalence point 

(Bode et al. 2012). Here, using a task in which participants were required to select one arm 

quickly to reach targets that appeared at a variable location on a semicircular array, we examined 

whether brain activity, as recorded by EEG before the target was presented, could predict arm 

choice. We measured whole-head 64-channel EEG (Biosemi) while participants executed an 



arm-choice reaching task with 13 healthy right-handed individuals. Signal source estimation was 

performed using the preprocessed EEG data during a fixation period of 1 second before target 

representation using the Brainstorm software. We performed sLORETA to compute the source 

activity and investigated 79 cortical regions of interest (ROI) that were parcellated using the 

Brodmann Area map and delineated using the PALS-B12 atlas. We then classified arm selection 

with a linear support vector machine (SVM) using the 79 EEG features for center and peripheral 

targets and calculated the classification accuracy with ten-fold cross-validation. The 

classification accuracy of the center target condition (58.8 ± 1.9%) was significantly higher than 

the chance level (50%; P < 0.05) and that of the peripheral target condition (51.2 ± 1.8%; P < 

0.05). In addition, we conducted a weight analysis to examine the highly related cortical areas for 

the SVM classification. The activities of the posterior parietal and premotor cortices showed high 

weights for the classification. These results suggest that the state of brain activity before target 

presentation can influence subsequent arm choice. Furthermore, some previous studies have 

suggested activities in the posterior parietal and premotor cortices to be important regions in arm 

choice (Hirayama 2021; Fitzpatrick 2019; Hamel-Thibault 2016), and the present results support 

those findings. 
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Abstract: Reaching movements post-stroke are variable, effortful, and slow. Our previous work 

(Kim et al., 2022; Schweighofer et al., 2015) showed that paretic arm choice is influenced by 

success rates (variability), and (physical) effort. Here, we considered the potential impact of 

longer movement time (MT) on choice. The duration of fast movements, like eye saccades and 

arm reaches, has been proposed to act as an implicit delay during reward acquisition (Berret et 

al., 2022; Shadmehr et al., 2016). We conducted a two-day experiment to assess the effect of 

movement time on arm choice. On day 1, to evaluate discounting, targets were presented at 



various distances, sizes (Fitts’ law), and angles to produce multiple MTs. Participants were 

shown two targets at each trial, one for each arm, and were instructed to choose one arm to reach 

the corresponding target. Arm positions were concealed, represented only by cursors. Arm 

choice was modeled as a competition between internally estimated action values assigned to each 

arm, which combine a reward term discounted by MT and an effort term estimated using inverse 

dynamics. Hierarchical Bayesian methods were used to estimate the steepness of the discounting 

function (k), the trade-off between reward and effort, the randomness of choice, and the 

handedness bias.Discounting depends on accurate internal estimation of MT. On day 2, we 

evaluated how the internal estimates MT* for each arm are updated and how it affects choice. To 

achieve this, the right arm was abruptly slowed by manipulating the visible cursor, altering the 

relationship between the target and MT. Determining the value of moving with the right arm 

requires re-estimation of MT* by learning the new relationship between movement and target. 

Predictions of MT* are based on internal simulations of the arm movement (Papaxanthis et al., 

2012). We assumed that the CNS estimates MT* with an internal (linear) model that expands 

Fitts’ Law. A Kalman filter updates the internal model coefficients using the error between 

predicted MT* and actual MT when the movement is selected and executed. Data from healthy, 

young participants show nearly equal selection of the right and left arms on day 1. Parameter 

estimation shows that MT affects decisions via a (positive) discounting parameter k, validated by 

parameter recovery in simulations. On day 2, right arm choice gradually decreased after the 

cursor manipulation slowed movements, indicating that the participants gradually re-estimated 

MT*. Our results suggest that the commonly observed “non-use” phenomenon post-stroke, where 

individuals can move the paretic arm but choose not to, may partly result from the slow 

movements made with the paretic arm. 
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Abstract: Hand selection behavior has been shown to be associated with interlimb asymmetries 

in sensorimotor performance. Understanding the neural mechanisms underlying this association 

is crucial for developing effective training and rehabilitation strategies for upper extremities. In 



this study, we investigate how various forms of augmented feedback affect hand selection 

behavior. Healthy young individuals aged 21-25 years, all right-handed, performed 70 point-to-

point hand selection reaching movements to 14 targets sampling frontal space in each of the five 

conditions. These conditions included baseline (veridical feedback), left arm promoted by 

distance (30% reduction in distance to target), right arm challenged by distance (30% increase in 

distance to target), left arm promoted by efficiency (50% reduction in trajectory deviation from a 

straight line to the target), and right arm challenged by efficiency (100% increase in trajectory 

deviation from a straight line to the target). Each experimental condition was preceded and 

followed by the baseline condition, ensuring consistency and comparability across all trials. 

Preliminary data analysis reveals systematic shifts in hand selection patterns towards greater 

utilization of the non-dominant arm across experimental conditions. These shifts are transient 

and washed out when participants returned to the baseline condition, indicating a highly dynamic 

process of hand selection. This observation aligns with our previous findings when occluding 

visual feedback to promote more use of the non-dominant arm. Interestingly, the magnitude of 

these shifts in hand selection patterns varied among conditions, suggesting an association with 

individual interlimb asymmetries in sensorimotor performance. These insights advance our 

understanding of the role of various forms of augmented visual feedback and interlimb 

asymmetries in hand selection behavior and provide a foundation for the development of 

innovative approaches to upper limb training and rehabilitation. 
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Abstract: In one's environment we frequently encounter moving targets and move our limbs to 

interact with them. To do this, we must accurately estimate the relative motion between the 



target and our body. Previous studies have shown that during movement planning, there is a 

decrease in beta band power in motor regions, a phenomenon known as movement-related beta 

desynchronization (MRBD). Studies have highlighted the significance of beta band activity in 

the frontal cortex for planning movements aimed at intercepting targets. Our study aimed to 

investigate how beta-band activity in the frontoparietal networks is affected by target speed 

during the planning and execution of interception movements. We concentrated on the activity 

recorded from parietal (P3) and frontal (Fc1 and C3) electrodes. Participants wore a 64-channel 

EEG cap (Bittium Inc) and intercepted a virtual moving target using a Kinarm robot. Interception 

trials rials were randomized with the target moving at three different speeds (25cm/s, 30cm/s, 

35cm/s) in a medial-lateral plane. In a control condition, they performed reaching movements to 

static targets. Participants were young, healthy adults recruited from the University (20.2 ± 0.5 

years). A paired t-test revealed significant differences in cortical beta band activity between 

interception and reaching actions at P3 around target onset (p <0.05, t=2.8152). We also found 

significant differences in event-related potentials (ERP) at Fc1 between the slowest and fastest 

target speeds (p<0.05). Preliminary results suggest potential differences in N170 and P300 

amplitudes in relation to target speed. We found strong stimulus related beta band 

desynchronization at Fc1 for both interception and reaching movements. Our study provides new 

insights into how beta band activity in frontoparietal networks encode target motion and speed to 

facilitate planning and execution of interception and reaching movements. 
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Abstract: Abstract: Brain-computer interfaces (BCIs) offer a revolutionary approach to assist 

individuals with disabilities from neuromuscular injuries or neurodegenerative diseases by 

directly translating brain signals into commands for external devices. BCIs commonly rely on 

non-invasive electroencephalography (EEG) to determine user intent. But the limited ability of 



EEG to differentiate between graded levels of effort beyond simple binary commands (e.g., hand 

movement vs. rest), poses a significant challenge. To address this limitation, we investigated 

EEG correlates of graded motor effort associated with a finger extension task, which is critical 

for individuals with hand impairment. With prior IRB approval and informed consent, 12 right-

hand dominant subjects without neurological or physical impairments were asked to extend their 

fingers to a certain target level (no-go/rest, low, medium, or high) when prompted by a visual 

cue. Each session comprised 12 runs of multiple trials, alternating between the two hands. Each 

target was presented 4 times in random order within each run to prevent subjects from 

anticipating the task. Data from 32 EEG electrodes and bipolar EMG from both extensor carpi 

radialis muscles were recorded at 256 Hz. Event-related desynchronization (ERD) of the mu-beta 

(8-30 Hz) EEG power during each movement trial relative to the median of all pre-trial periods 

was computed at each scalp location. Then, the norm of the resulting ERD vector was computed 

as a scalar measure of the strength of the ERD for each target level of extension. A test was 

performed to assess whether the ERD strength increased monotonically with the target extension 

level in each subject. The mu-beta ERD strength increased monotonically from no-go to high 

finger extension in 7/12 participants on the left hand, a proportion greater than chance 

(p=0.0143), and in 6/12 participants on the right hand (p=0.054). These trends underscore the 

potential for deriving graded volitional signals indicative of fine motor control, linked to a 

progressive increase in cortical recruitment correlated with extensor activity. However, they also 

emphasize the necessity for personalized BCI therapies to accommodate individual differences. 

Acknowledgments: The authors gratefully acknowledge Madison Bates for her diligent 

contributions to data collection. Additionally, special appreciation is extended to Chase Haddix 

for his proficient visual interface development and diligent involvement in EEG data collection 

for the initial four subjects. 
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Abstract: Similar actions can be taken in different contexts. For example, we may make similar 

reaching movements towards a glass of water either when water is the only target in front of us, 

or with a distractor next to it (e.g., a friend’s glass of water). Does the presence of a distractor in 

the workspace interfere with goal-directed action, even when the action is imitated? Experiment 

1 reported a robust repelling effect of distractors on spontaneous movements: When participants 

were asked to move their mouse to reach a goal in the workspace, their movement trajectories 

were repelled towards the goal when a distractor appeared at the opposite side of the target, 

echoing previous findings. Next, we asked whether such distractor-induced biases can be 

overcome by imitating visually-observed movement trajectories. To address this, we 

algorithmically generated 10 videos, each showing an agent’s hand following a unique trajectory 

to a target. In Experiment 2, participants were instructed to closely observe how the agent moved 

their mouse, and then replicate the trajectory they observed by moving their own mouse in the 

same way. Surprisingly, though participants were asked to only imitate an agent’s movements, 

their reproduced trajectories were still repelled by the simple presence of a distractor. 

Experiments 3-5 ruled out the possibilities that the persistent effects in imitated movements were 

driven by different types of memory biases and goal uncertainty, providing further evidence for a 

stubborn effect of distractors in goal-directed actions. Across all five experiments (N=500, pre-

registered), we also found that the repelling effects emerged at very early stages of movement 

(<100ms), suggesting that motor planning was significantly influenced by the distractors in the 

workspace. Follow-up studies explored intrinsic properties of distractors that may alter their 

repelling effects on goal-directed movements, including learned stimulus value and inferred 

stimulus mass. In sum, this work explored the effects of task-irrelevant distractors on both 

spontaneous and imitated movements, revealing an obligatory repelling effect of distractors in 

shaping movement plans. 
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Abstract: Despite physical therapy, about 50% of stroke survivors have impaired hand function 

which strongly impacts daily living. While research addressing stroke recovery has 

predominately focused on restoring damaged descending motor pathways, dexterous hand 

function is also reliant on ascending sensory input to somatosensory cortical areas. However, 

how somatosensory and motor areas interact on a systems level to facilitate dexterous 

coordination of hand function is not well understood. 

Using dual chronic 64-channel microwire electrode arrays (Tucker-Davis Technologies), we 

recorded extracellular electrophysiology data simultaneously from dorsal premotor cortex (PMd) 

and area 2 of somatosensory cortex of non-human primates (rhesus macaques) recovering from a 

primary motor cortex (M1) stroke lesion. We then monitored arm and finger kinematics 

(DeepLabCut1) while animals performed reach-to-grasp tasks that are likely dependent on touch 

and proprioception of the hand and arm. 

To analyze the coordination and shared signals between PMd and area 2, we approached the 

problem from a neural manifold perspective. Specifically, by using two-area dimensionality 

reduction methods (e.g. canonical correlational analysis, DLAG2), we are able to find a low-

dimensional representation of the neural space of shared signals between the two regions on a 

single-trial basis. By comparing these cross-area factors to the simultaneous kinematics, we show 

evidence that these cross-area factors correspond to different features of reach-to-grasp behavior, 

and we found that similar temporal-behavioral factors were identifiable across days and across 

subjects. Crucially, we show evidence that these cross-area factors were weak or missing early 

after M1 stroke, but they became increasingly detectable over the course of recovery of reach-to-

grasp behavior. Specifically, cross-area factors gradually emerged over days to weeks during 

recovery, but they became only fully present in later days when the animal had behaviorally 

recovered from stroke. 

Given these results, we hypothesize that the time-varying activation of these cross-area factors 

may aid the time-sensitive coordination of sensory and motor regions that must cooperate to 

dexterously complete sensorimotor tasks. 

(References: [1] Nath et al., “Using DeepLabCut for 3D Markerless Pose Estimation across 

Species and Behaviors.” [2] Gokcen et al., “Disentangling the Flow of Signals between 

Populations of Neurons.”) 
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Abstract: Accurate sensory-guided forelimb movements require ongoing motor commands to be 

closely coupled to sensory feedback. Interactions between the richly interconnected primary 

motor (M1) and somatosensory (S1) cortices may support this function, yet how these areas 

communicate during behavior is not well understood. To characterize M1-S1 communication, we 

developed a forelimb reach-to-grasp task where head-fixed mice made sound-cued reaches to 

grasp water rewards from 15 spout locations in 3D space. During this behavior, we recorded 

layer 2/3 excitatory cells of contralateral forelimb M1 and S1 simultaneously at 30 Hz using dual 

independent scan engine two-photon (Diesel2p) calcium imaging in GCaMP6f transgenic mice. 

To coarsely characterize differences between areas in our preliminary data, we trained linear 

classifiers to identify the area from which a cell was recorded using its PSTH. Each cell’s source 

area could be decoded at 60-70% accuracy (cross validated SVM), consistent with 

commonalities in movement tuning. We then assessed whether kinematic signals differed across 

areas by linearly decoding individual joint angles from size-matched populations of M1, S1, and 

M1+S1 cells. Combining data across areas did not improve performance over decoding from a 

single area (39.2% VAF for M1, 32.2% S1, 35.4% M1+S1). This further supports our previous 

observations of a broadly shared linear representation of kinematics across these areas. 

Leveraging our simultaneous recordings, we computed pairwise correlations within and across 

populations, finding that M1-M1 correlations are higher than S1-S1 or M1-S1 for total, noise and 

kinematic-residual correlations (using deconvolved spiking events, 0.045 M1, 0.039 S1, 0.035 

M1-S1 mean total Pearson correlation). Further, the autocorrelation of single cells computed 

from PSTHs was longer in M1 than in S1, indicating that M1 activity varied more smoothly than 

S1 activity (median 190.6 ms M1, 159.9 ms S1). Finally, we used reduced rank regression to 

characterize the communication between these regions. We found that M1 predicts S1 better than 

S1 predicts M1 (median 2.4% vs 1.8% VAF, mean matched populations) and that within-area 

prediction is higher in M1 than in S1 (2.2% vs 1.4%). Together these results confirm that 

movement signals are broadly distributed across the mouse sensorimotor cortex, and open a path 

forward for understanding communication between these areas. 
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Abstract: An important goal of neuroscience is to establish principles that can guide 

comparative studies across species. If we specifically compare rodents and macaques, there are 

fundamental differences in motor network anatomy. From a functional perspective, there are also 

a growing number of studies which indicate that in rodents, extensive skill training can lead to a 

‘disengagement’ of M1 from movement control; after a period of initial deficits, movements 

appeared to be identical and relied only on subcortical structures. However, classic studies 

indicate that cortical networks are essential for prehension and perhaps less important for 

proximal control. However, the exact amount of task training was not clear and detailed 

kinematics were not performed. Thus, it remains unclear precisely how gross and fine motor 

control might change with a M1 lesion in primates. Here we aimed to measure changes in skilled 

gross and fine motor control after a M1 lesion in both macaques and mice. In macaques, we 

ensured that animals were well trained; we also independently measured performance in a gross 

motor skill and a reach-to-grasp skill. In mice, we also performed long-term monitoring of layer 

5 M1 projection neurons, i.e., pathways we know are more likely to reflect movement control 

signals from M1. Across species, we performed detailed kinematic monitoring to quantify 

changes in performance, kinematic variability and transitions between sub-movements. Together, 

our results indicate that there is a common and preserved functional principle after the loss of 

M1. Even in primates, there is rapid restoration of gross movement control after a period of 

deficits; strikingly similar to what is reported for rodents. In contrast, for a task involving 

prehension, we noted prolonged deficits in prehension and changes in the transition reliability of 

reach to grasp. Lastly, we also do not find any evidence of neural disengagement when 

considering layer 5 projection neurons, pathways that are known to be critical for reach to grasp 

skills. Interestingly, the shared trajectory post-lesion across the two species underscores a 



commonality in the disruption of smooth transition probabilities that is replaced by a mosaic of 

fragmented movements during a task that is comprised of reaching and prehension. 
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Abstract: Paralysis from spinal cord injury leads to loss of upper-limb motor function, and 

brain-computer interfaces (BCIs) are a promising approach for restoring this functionality. The 

ability to modulate grasp force is a critical component of dexterity, requiring both static force 

production and the ability to dynamically adjust grasping force. Non-human primate studies have 

identified neural correlates of static and dynamic grasping forces at the single-neuron level 

(Cheney and Fetz 1980; Evarts et al., 1983; Maier et al., 1993). We quantified how well we can 

predict continuous force output from populations of neurons in human primary motor cortex 

(M1) as it can be used to restore hand function with a BCI. Two participants with tetraplegia had 

intracortical microelectrode arrays implanted in their M1 and somatosensory cortex as part of an 

ongoing clinical trial conducted under an FDA Investigational Device Exemption. Neural data 

was recorded while participants performed a force-matching task comprised of static 

(unchanging force over time) and dynamic (changing force over time) periods. The participants 

were unable to execute overt grasps, but were able to perform overt isometric wrist extension to 

match force targets while we recorded electromyography (EMG) activity from the forearm. 

Using M1 population activity as the input into a long short-term memory (LSTM) network, we 

attempt to continuously predict target force and EMG RMS amplitude offline. The model did 



well predicting target force (R2 = 0.7) and EMG (R2 = 0.8-0.9) during static force periods. During 

dynamic force periods, the ability to predict target force was reduced (R2 = 0.4-0.5), but the 

model still performed well when predicting EMG (R2 = 0.7) suggesting that target force may not 

reflect the participants’ actual force output during the dynamic periods. This has implications for 

BCIs that typically rely on attempted, rather than overt, movements for calibration. Complex and 

dynamic actions may be challenging to perform as instructed making the target force a less 

reliable proxy for their true intention. Ultimately, we hope to restore the ability to modulate 

grasp force using a BCI. We found that the decoding accuracy was greatest during static force 

production tasks or when there is a true behavioral correlate (i.e. EMG) of the participant’s 

intention. Simple calibration paradigms based on achieving static force targets may be sufficient 

for restoring simple, planned grasps but the ability to manipulate objects and generate dynamic 

forces will require new calibration strategies that provide for better alignment between the 

instructed action and neural correlates of the participant’s intention. 
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Abstract: It is hypothesized that forward models anticipate movements following a motor 

command by simulating the consequences of efferent output to the motor plant, which is thought 



to play a pivotal role in motor control. Several studies have indicated the involvement of the 

posterior parietal cortex (PPC) and prefrontal motor cortices in realizing this hypothesis in the 

brain. Researches suggest that the PPC is associated with the translation of predictive signals into 

awareness. Meanwhile, the supplementary motor area appears to be crucial in suppressing 

overshoot movements in the primary motor cortex (M1), resulting in inhibitory outputs on 

subsequent efferent commands. It has also been reported that these processes are likely to 

involve the encoding of prior motor intentions in the dorsolateral prefrontal cortex (DLPFC). 

However, the mechanism of information exchange between these areas is not yet fully 

understood. In this study, we examined neural responses of the DLPFC, PPC, and M1 under 

challenging motor prediction conditions. We recorded LFPs from two rhesus macaques 

performing a five-radial target center-out reaching task with abrupt target changes. Both DLPFC 

and M1 showed significant responses to abrupt target changes, with M1 responding later than 

DLPFC. In contrast, PPC represented movement direction without significant differences 

between conditions. Causality between these regions was significantly higher in the condition 

with abrupt target changes compared to no changes. Based on our results, it is proposed that 

frontoparietal networks might execute organized neural processes to correct unpredictable 

motion errors. 
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Abstract: The human hand’s impressive dexterity allows for interaction with the environment 

through complex sensorimotor interactions, such as the manipulation of objects through sensory 

feedback and elaborate coordination of finger forces. However, the coordination of digit forces 

to simultaneously prevent object slip and control object position and orientation (pose) remains 

unknown. 

We have applied manipulation and grasp force decomposition (MGFD), a force analysis tool 

developed for robotic applications, to identify sensorimotor mechanisms underlying the control 



of dexterous manipulation. MGFD decomposes digit forces into Grasp Force (FG), the force 

required to prevent object slip, and Manipulation Force (FM), the force required to control object 

pose. We have found that slip prevention and manipulation rely on feedforward and feedback 

mechanisms, respectively. Nevertheless, how object properties influence the modulation of FG, 

FM, and their coordination remains to be investigated. 

We recruited 20 participants to perform a dexterous task that requires simultaneous object slip 

prevention and pose control with two-digit precision grasping. We instructed participants to 

reach and grasp an inverted-T shape object using the thumb and index fingertip, lift the object 

vertically while preventing it from tilting, hold the object, and set the object back down. We 

systematically changed the object’s mass or moment of inertia to vary the requirements for 

object slip prevention and pose control, respectively. We also addressed the effect of 

predictability of object property by using either blocked experimental conditions, consisting of 

consecutive trials with the same object property, or employing a pseudorandomized design 

across trials. 

We found that FG increased in the heavier mass and decreased for higher moment of inertia 

conditions. However, FM was modulated selectively to object pose control requirements. 

Furthermore, FG was controlled in an anticipatory fashion at object lift onset, whereas FM was 

modulated following acquisition of somatosensory and visual feedback of object’s dynamics 

throughout object lift. These findings were found regardless of object property predictability. 

Together, the present results point to differential sensitivity of FG and FM to task requirements 

while providing novel insights into how the central nervous system controls digit forces to attain 

two functionally distinct goals of dexterous object manipulation. 

Disclosures: W.P. Noll: None. Y. Wu: None. M. Santello: None. 

Poster 

PSTR287: Dexterous Motor Control 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR287.20/H39 

Topic: E.04. Voluntary Movements 

Support: NIH R00 NS124748 

Title: A paradigm to study the role of tactile contact events in learning and execution of object 

manipulation behavior 

Authors: W. KIM1, S. CHAUDHARY2, T. OPPENHEIM3, *P. KHANNA4;  
1Helen Wills Neurosci. Inst., UC Berkeley, Berkeley, CA; 2EECS, UC Berkeley, Berkeley, CA; 
3Mechanical Engin., Cal State Maritime, Vallejo, CA; 4UC Berkeley, Berkeley, CA 



Abstract: In everyday life, using and handling objects requires learning sequences of 

coordinated grip, transport, and manipulation movements. These movements are punctuated by 

multi-modal sensory events termed “contact events”. Theoretical work proposes that contact 

events serve as intermediate sub-goals that indicate submovement completion and serve as a 

starting point for control of the subsequent submovement (Flanagan, 2006). Humans are 

incredibly deft at learning and executing different sequences of object manipulation movements, 

as long as their somatosensory system is intact. With disruptions to somatosensation, learning of 

new manipulation skills (Palvides, 1993, Sakamoto, 1989), statistics of exploratory manipulation 

movements (Binkofski, 2001), and rapid adaptation of movement to new environmental forces 

(Mathis, 2017) are disrupted. Together, this suggests that somatosensory feedback generally, and 

perhaps the somatosensory component of contact events specifically, are critical for learning and 

executing manipulation skills. In this study, we develop a paradigm to study how contact events 

contribute to shaping the learning and execution of object manipulation movements. Human 

participants are presented with a sensorized object to manipulate in a two-dimensional plane, 

through an unseen maze, to a final rewarded location. Participants must rely on contact events to 

navigate through the maze. We study the dynamics of first, how contact events become more 

predictable with practice, and second, how object movement aligned to predicted contact events 

is refined with extended practice of a single maze. Finally, after participants have learned the 

maze configuration, we study how object movement is adjusted when contact events are 

relocated by adjusting the maze boundaries. This test identifies whether and how contact events 

are still relied upon after task learning. Overall, our paradigm enables the study of how tactile 

contact events are used to influence control of movement during the learning and execution of 

object manipulation behaviors. Future work will leverage this paradigm to study the 

somatosensory-motor cortex neurophysiology underlying the updating of movement following 

contact events. 
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Abstract: Previous inquiry has shown that individuals move faster towards goals or targets 

associated with greater reward. A potential explanation for how this may come to be lies in the 

neurotransmitter dopamine (DA), which is implicated in both the representation of value as well 

as the control of movement vigor. If vigor is indeed a reflection of value, then vigor should track 

the learning of value as well. And if dopamine is indeed the bridge between value and movement 

vigor, then vigor should track phasic dopamine release coincident with learning and reward 

prediction error. In this study, we sought to investigate whether human kinematic response to 

probabilistic rewards would mirror the characteristic reward prediction error response by 

mesencephalic dopaminergic neurons (DAN) as well as tonic DA response correlated with 

reward history on a sub-second timescale. To test these hypotheses, we performed two 

experiments, each of which involved human subjects performing (n=42; n=22 respectively) out-

and-back reaching movements to a probabilistically rewarding target (p(Reward) = 0, 0.33, 0.66, 

or 1). These two experiments differed in that in one, reward frequencies were explicitly stated, 

and in the other, they were left unknown and to be learned by the participants. Furthermore, 

individuals in the second experiment were incentivized to learn the relative reward frequencies 

due to the inclusion of choice trials and potential monetary bonus contingent on performance. In 

the explicit environment, movement vigor (characterized by outgoing peak velocity and relative 

return peak velocity) increased with both reward expectation and the prediction error (R - E[R]). 

In the second experiment, where reward frequencies were initially unknown, vigor, in both the 

outgoing and return portions of the arm reach, was better characterized by a trial-to-trial learned 

utility estimate, modeled with a Bayesian hierarchical delta-rule, that integrated both rewards and 

biomechanical efforts. In both experiments, outgoing reach vigor increased with greater amounts 

of reward received in recent history, modeled as a leaky integration over several trials. In 

conclusion, we demonstrate that reach vigor tracks canonical variables of learning and 

motivation across time scales ranging from milliseconds to minutes. These results point to the 

potential neural mechanisms by which dopamine can explain and serve as the bridge between 

decision making and movement control. 
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Abstract: Adaptation and learning have been observed to contribute to the acquisition of new 

motor skills and are used as strategies to cope with changing environments. However, it is hard 

to determine the relative contribution of each when executing goal-directed motor tasks. This 

study explores the dynamics of neural activity during a center-out reaching task with continuous 

visual feedback under the influence of rotational perturbations. Results for a brain-computer 

interface (BCI) task performed by two non-human primate (NHP) subjects are compared to 

simulations from reinforcement learning agents performing an analogous task. We characterized 

baseline activity and compared it to the activity after rotational perturbations of different 

magnitudes were introduced. We employed principal component analysis (PCA) to analyze the 

spiking activity driving the cursor in the NHP BCI task as well as the activation of the neural 

network of the reinforcement learning agents. Our analyses reveal that both for the NHPs and the 

reinforcement learning agent, the task-relevant neural manifold is isomorphic with the task. 

However, for the NHPs the manifold is largely preserved for all rotational perturbations 

explored, and adaptation of neural activity occurs within this manifold as rotations are 

compensated by reassignment of regions of the neural space in an angular pattern that cancels 

said rotations. In contrast, retraining a reinforcement learning agent to reach the targets after 

rotation results in modifications of the underlying neural manifold. Our findings demonstrate that 

NHPs adapt their existing neural dynamic repertoire in a quantitatively precise manner to 

account for perturbations of different magnitudes. They do so in a way that obviates the need for 

extensive learning. 
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Abstract: Effects of anodal tDCS over the frontoparietal cortex on reaction timeand 

intramanual transfer Learning 
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Reaction time is one of the most important sensory-motor behavioral outcomes that canbe 

improved through practice. A significant reduction in reaction time after training isassociated 

with neuroplasticity in different areas of the brain. Given the benefits of non-invasive brain 

stimulation approaches to identify the role of different regions of the brainin sensorimotor 

behaviors such as reaction time, we stimulated three different areas ofthe frontoparietal cortex in 

healthy participants to elucidate the most effective stimulationsites for enhancing reaction times 

during a sequential visual isometric pinch task (SVIPT)and transfer of learning to the untrained 

hand. This study was a parallel randomizedsingle-blind sham-controlled study. A total of 48 

right-handed healthy individuals fromMonash University took part and were randomly assigned 

to one of the four a-tDCSgroups: 1) left primary motor cortex (M1), 2) left the dorsolateral 

prefrontal cortex(DLPFC), 3) left posterior parietal cortex (PPC), and 4) sham stimulation. 

Anodaltranscranial direct current stimulation (a-tDCS) (0.3 mA, 3 cm2, 20 min) was 

appliedconcurrently with SVIPT, in which the participants accurately controlled their forces 

toreach seven different target forces from 10 to 40% of maximum voluntary contraction(MVC) 

presenting on a computer monitor with the right dominant hand. The ratio ofreaction time was 

measured at baseline and 15 minutes after the intervention with eitherhand. Our results showed 

significant elongations between M1-Sham groups in the ratioof reaction time for the right trained 

hands for target forces of 15% and 30 % of MVC.This deleterious effect was also transferred 

into the left untrained hand. Our findingsrevealed that a-tDCS over M1 resulted in a significant 

increase in reaction time withinSVIPT at the first stage of learning, while DLPFC and PPC 

stimulation did not modifythis temporal variable. Our findings suggest that not only 

enhancement but also thereduction of behavioral outcomes with one hand can be transferred to 

the opposite hand.Further research is required to detect the optimum stimulation sites for tDCS 

stimulationto improve the temporal variables such as reaction time and intramanual transfer 

acrosshands within a force control task such as SVIPT. 
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Abstract: Single source transcranial direct current stimulation (tDCS) has been shown to 

increase the time to task failure (TTF) of fatiguing contractions when applied to the dorsolateral 

prefrontal cortex (DLPFC) and to the primary motor cortex (M1). The primary purpose was to 

determine whether dual source tDCS delivered bilaterally over the premotor cortices (pmc-

tDCS) could increase the TTF of a fatiguing contraction performed by hand muscles. A double-

blind, randomized, SHAM-controlled, crossover design was used for this study. Thirteen young 

adults (8 males, 5 females) performed two experimental sessions held on separate days a week 

apart. The only difference between the two sessions was the type of stimulation (pmc-tDCS or 

SHAM; counterbalanced) applied concurrent with the fatiguing contraction. In each experiment, 

the fatiguing contraction was performed by gripping a manipulandum with the index finger and 

thumb. This was accomplished by using a precision grip and matching an isometric target equal 

to 15% of the maximum voluntary contraction (MVC) for as long as possible until task failure. 

The main findings were: 1) both the TTF and the percentage decline in MVC force did not 

significantly differ between the pmc-tDCS and SHAM conditions (P = 0.104 and P = 0.985, 

respectively); 2) the rates of increase in electromyographic (EMG) activity (P = 0.253), force 

error (P = 0.532), and standard deviation (SD) of force (P = 0.792) were not significantly 

different between the pre-tDCS and SHAM conditions; and 3) transfer of motor skill under 

fatigue was similar between the two stimulation conditions (P = 0.622). Collectively, these 

results suggest that pmc-tDCS does not decrease the rate of muscle fatigue during a sustained 

isometric contraction of the muscles of the hand. 
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Abstract: Transcranial direct current stimulation (tDCS) applied unilaterally to the primary 

motor cortex (M1) can significantly prolong the time to task failure (TTF) of a fatiguing 

contraction. The primary purpose was to examine the influence of bilateral dual source tDCS 

(ds-tDCS) applied over the left and right M1s on the TTF of a precision grip task. This was 

accomplished through the utilization of a double-blind, randomized, SHAM-controlled, within-

subjects design. Fourteen young adults (6 males, 8 females) completed two experiments (ds-

tDCS and SHAM stimulation conditions) with a seven-day washout period between sessions. 

Each experiment involved the performance of a sustained isometric fatiguing contraction using a 

precision grip (index finger and thumb) of the right hand while either ds-tDCS or SHAM 

stimulation was applied to the left and right M1 by two separate stimulation devices. Participants 

were directed to match a target force equivalent to 15% of the maximum voluntary contraction 

(MVC) force for as long as possible (TTF). The main findings were that both the TTF (P = 

0.570) and the percentage decline in MVC force (P = 0.456) were not significantly different 

between the ds-tDCS and SHAM stimulation conditions. In addition, the force error (P = 0.413), 

standard deviation (SD) of force (P = 0.356), and EMG activity (P = 0.998) were all not 

significantly different between the ds-tDCS and SHAM stimulation conditions. These findings 

suggest that ds-tDCS does not reduce the rate of progression of muscle fatigue in a sustained 

submaximal isometric contraction of hand muscles. 
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Abstract: The cerebellum plays a crucial role in prehensile tasks, including object manipulation 

and bimanual coordination, making it a target for neuromodulatory interventions to improve 

motor function. While some studies show the potential positive behavioral results of cerebellar 

transcranial direct current stimulation (ctDCS), the inconsistent effects on motor performance 

have questioned its usefulness as a valuable neuromodulatory tool. The impact of ctDCS is 

frequently evaluated at the performance-level variables (i.e., performance error, reaction time) 

that do not capture possible alternative (compensatory) mechanisms at the level of motor 

elements (i.e., finger and hand forces.), neglecting valuable aspects of individualized traits of 

movement coordination. Thus, the possible source of inconclusive results of ctDCS may be the 

inadequate assessment and monitoring of motor effects. 

Here, we evaluated the effects of ctDCS on dynamic stability and bimanual coordination in a 

bimanual force production task. Four young adults matched the target total force by cyclically 

pressing on force sensors with the index and middle fingers of two hands. We used the 

uncontrolled manifold (UCM) method that separates inter-cycle variance of hand forces into 

variance that affects (VORT) and does not affect (VUCM) the performance (i.e., total force). We 

quantified the dynamic stability and bimanual coordination by calculating the index of stability 

(ΔV) as a difference between VUCM and VORT, normalized by the total variance.Then, we 

applied bootstrapping analysis within each subject to explore the individualized effects of 

ctDCS. A group analysis revealed that ctDCS increased ΔV more than sham stimulation 

(0.49±0.17 vs. 0.23±0.07, for cTDCS and sham, respectively), but these changes were non-

significant. The individual analysis, however, showed positive effects of ctDCS in 3 out of 4 

subjects, with significant ΔV changes for two subjects (0.7 [95% CI: 0.11, 1.28] and 0.91 [95% 

CI: 0.34, 1.26]) and borderline significant ΔV change for the third subject (0.52 [95% CI: -0.08, 

1.07]), suggesting individualized effects of ctDCS. This study paves the way for developing 

personalized assessments and targeted rehabilitation strategies to improve bimanual sensory-

motor impairments and potentially advance our understanding of cerebellar function in dexterous 

movements. 
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Abstract: Transcranial alternating current stimulation (tACS) delivered to the primary motor 

cortex (M1) has shown the ability to increase M1 excitability and improve motor performance in 

relatively simple tasks performed with the hand and arm system. However, the effects of tACS 

on the excitability of the M1 contralateral to which it is applied has not been determined. The 

purpose was to determine the effect of tACS application on contralateral M1 excitability. The 

study implemented a double-blind, randomized, sham-controlled, within-subjects, crossover 

experimental design. Eleven young adults performed two experimental sessions in 

counterbalanced order and separated by a one-week washout. Transcranial magnetic stimulation 

(TMS) was used to quantify cortical excitability of the contralateral M1 to which a single 20-

minute application of tACS (current strength: 1 mA; frequency 70 Hz) was delivered. TMS 

testing was conducted in 5 blocks (Pre, T5, T10, T15, and Post) with the Pre and Post TMS 

blocks being performed immediately before and after tACS application. In contrast, the TMS 

blocks performed during tACS or SHAM stimulation were conducted at the 5, 10, and 15-minute 

time points. The primary dependent variable was MEP amplitude, which served as an index of 

excitability of M1. MEP amplitude was analyzed with a 2 Condition (tACS, SHAM) x 5 Test 

(Pre, T5, T10, T15, Post) within-subjects ANOVA. The main effect for Condition (P = 0.613) 

and Condition x Test interaction (P = 0.085) were not statistically significant. There was a 

significant main effect for Test (P = 0.002), however, post hoc analysis with Bonferroni 

adjustments revealed that none of the pairwise comparisons reached statistical significance (Ps > 

0.072). These findings suggest that tACS does not significantly impact the excitability of the M1 

opposite to which it is applied. 
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Abstract: Recent studies revealed that neural activity lies on low-dimensional manifolds defined 

by co-variation patterns. This finding offered insights into motor behaviors, highlighting the 

orthogonal relationship between preparatory and executive motor neural activities, identifying 

stable neural spaces across movements, and exploring interactions among executed, imagined, or 

observed movements. However, these results have primarily relied on multi-unit firing rates, 

often recorded in non-human primates. If similar conclusions about the structure of neural 

dynamics apply to the mesoscale level of local field potentials (LFP) in humans remains 

uncertain. Also, exploring this methodology for LFP would offer considerable translational value 

due to the increased availability of these signals in clinical contexts. Here, we sought to elucidate 

the link between motor execution and imagination in a participant with incomplete tetraplegia 

due to spinal cord injury implanted with the electrocorticography WIMAGINE [1] device as part 

of the clinical trial NCT02550522. This implant featured 32 recording channels placed over the 

primary motor and sensory cortices. Due to some retained motor skills, the participant could 

engage in imagery and execution trials of reaching and wrist extension movements. To capture 

the whole information contained within LFP signals, we concatenated the envelope of 

established frequency bands along the channels dimension. Similar to [2], we identified the 

neural subspaces using dimensionality reduction techniques and computational optimization. We 

were able to decompose the overall neural activity into three distinct orthogonal subspaces: one 

exclusive for motor execution, another solely for motor imagery, and finally, a shared subspace 

comprising co-variations accounting for aspects of both conditions. Moreover, we confirmed that 

the variance captured by these neural spaces was task-relevant by successfully classifying the 

two movements after projecting the original data onto the low-dimensional manifolds. Our 

findings provide evidence that motor execution and imagination exhibit overlapping neural 

patterns while also maintaining distinct processes. Furthermore, the presence of a neural 

manifold exclusive to imagination suggests the potential for decoding imagined activity by 

isolating it from ongoing execution processes. This could have significant implications, 

particularly for patients with residual motor activity, enabling them to utilize imagination to 

control external interfaces concurrently with ongoing motor activities.[1] Mestais et al., IEEE 

TNSRE, 2015[2] Dekleva et al., Nat Hum Behav, 2024 
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Abstract: Motor augmentation (MA), achieved through the integration of extra limbs, presents 

promising avenues for expanding human capabilities. One of the challenges lies in controlling 

new interfaces without hindering existing motor functions. As outlined in Dominijanni, 2021, 

this can be accomplished by tapping into the body's physiological redundancies, which create 

what is known as muscular, kinematic, and neural task null spaces. This study focuses on the 

latter, particularly investigating participants' capacity for imagining motor actions involving a 

third arm. Distinguishing between the motor imagery (MI) of a third arm and that of biological 

limbs could reveal similarities and differences in the neural patterns, paving the way for neural-

driven control of external interfaces for MA in the future. Thirty participants underwent pre-

conditioning, conditioning, and post-conditioning phases while performing motor imagery tasks 

of reaching movements visualized in a virtual environment. The extra arm was positioned on the 

chest to avoid laterality bias. For a selected group, we introduced tactile feedback during the 

conditioning phase. Electroencephalographic (EEG) activity was continuously recorded 

throughout the tasks, using a system with 61 channels with 10-10 electrodes placement. We 

estimated the event-related spectral perturbance maps to study the desynchronization signatures 

during the task execution. Moreover, we employed a decoding approach to see if we could 

distinguish the neural activity for each involved arm employing a Riemannian decoder, using a 

5-fold cross-validation. This decoding strategy offers several advantages, including robustness to 

noise, minor preprocessing, and efficient utilization of high-dimensional data. EEG data analysis 



revealed significant differences in event-related desynchronization (ERD) in β and α rhythms 

depending on the imaged limb (biological vs. extra). The decoder trained to classify left, right, 

and extra arm MI achieved a balanced accuracy exceeding 0.6 on average across participants. No 

significant effect of tactile feedback on neural activity was observed, likely related to the 

simplicity of the task. The findings of this study showcase the brain's ability to produce different 

MI patterns between virtual extra limbs and biological counterparts, as evidenced by distinct 

neural signatures in ERD. This study also represents a step towards the exploitation of a neural 

null space, which is less investigated than its muscular and kinematic counterparts. 
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Abstract: Brain-computer interfaces (BCIs), as rehabilitative devices, help restore 

communication for individuals with severe speech and motor impairments such as those with 

locked-in syndrome from neurological disorders and neurodegenerative diseases such as 

amyotrophic lateral syndrome (ALS). To be successful, motor-based BCIs must accurately 

decode motor imagery content (e.g., which limb was imagined) and motor initiation (e.g., when 

was the limb imagined). In our previous study, we evaluated a speech output BCI controlled 

using motor imagery, i.e., the motor imagery content. In this current study, we focus on motor 

initiation by examining additional time frequency components of EEG signals collected in our 

prior limb-motor imagery brain-computer interface (BCI) paradigm to identify new features 

useful for predicting and decoding onset and termination of imagined movement. The results of 

our current study found increases in theta-band amplitude (3-7 Hz) across all participants (N=18) 

at the beginning and ending of motor imagery periods (approximately 500 ms after the onset cue 

and 500 ms after the termination cue). We then tested the utility of these features in BCI 

decoding paradigm by designing a Kalman Filter to predict movement initiation and termination. 

The Kalman filter decoder was trained on theta-band power in a calibration data dataset without 

any feedback to the participant, then tested on novel experimental EEG data recorded from each 

participant while they received feedback of the speech decoder. Initial results show the Kalman 



filter was able to predict onset and termination from unseen data that correlates with increases in 

theta-band amplitude. Our findings, when combined with our prior formant frequency decoding, 

will lead to improvements in overall BCI performance by focusing the decoder only on time 

intervals during which participants are actively engaged in the BCI task. 
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Abstract: Many complex motor behaviors require extensive interplay between the brain’s 

sensory and motor control systems. For instance, visuomotor behaviors such as driving a car or 

catching a ball require the performance of precise hand movements in simultaneity with rapid 

gaze shifts necessary for sensory feedback. Quadriplegic humans, with intact visual sensory 

systems, can have their visuomotor pathway restored with neuro-prosthetics that can actuate their 

attempted movements. However, the complicated neural encoding of simultaneous hand and eye 

movements potentially limits the effectiveness of neural decoders and thus the efficacy of neuro-

prosthetics during complex visuomotor behaviors. Here we report new insight into the neural 

encoding of hand-eye coordinated movements in two human participants as part of a brain-

machine interface (BMI) clinical trial seeking to use intracranially implanted Neuroport arrays to 

restore motor control to patients with quadriplegia. Participant 1 has two implanted arrays in the 

hand knob of the Primary Motor Cortex (M1), one implanted array in superior parietal lobule 

(SPL) of the Posterior Parietal Cortex (PPC), and one in the supramarginal gyrus (SMG) of the 



inferior parietal lobule of PPC. When participant 1 performs congruent simultaneous hand and 

eye movements, we find that approximately 70% of individual neurons recorded in M1 and PPC, 

exhibit a tuning curve that is a linear combination of the tuning curves for the hand and eye 

movements performed separately. This result is verified in participant 2 who has two implanted 

Neuroport arrays, one in the hand knob of the (M1) and another in SPL of PPC. In participant 2 

single neuron activity has degraded but local population activity features also demonstrate 

compositional tuning curves during congruent movements. However, in both participants, during 

simultaneous but incongruent hand and eye movements we find that significantly more single 

neurons and local neuron population signals exhibit nonlinear compositionality. This increase in 

nonlinear compositionality in both single neurons and local neuron population signals during 

incongruent movements provides evidence that more sophisticated algorithms will be required to 

decode complex visuomotor behaviors. However, for neurons that are linearly composable we 

propose a mathematical framework for how future decoders can disentangle component hand and 

eye movements during coordinated behaviors. 
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Abstract: Impairment of motor functions due to neurological diseases such as spinal cord injury 

(SCI) can significantly affect a person's quality of life and make even basic daily activities 

challenging. Body-machine interface (BoMI) technology offers a promising solution for 

individuals with motor impairments to control assistive or rehabilitation devices [Muceli et al., 

Handbook of Neuroengineering, 2021]. One promising BoMI technique that has demonstrated to 

be effective is myoelectric pattern recognition based on residual electromyographic (EMG) 

activity. This approach can be used both in cases of incomplete SCIs [Lu et al., Journal of Neural 

Engineering, 2019], as well as in the so-called discomplete SCIs, where despite the absence of 



observable movement, low-level EMG signals are present and can be used for decoding [Ting et 

al., Journal of Neurophysiology, 2021]. To enable the practical use of devices with myoelectric 

pattern recognition control in SCI patients, there is a need to validate the efficacy of this 

approach in real-time. To address this challenge, we conducted a study involving five 

participants with incomplete tetraplegia due to SCIs at levels C4-C6. During the study, 

participants engaged in a virtual grasping task based on decoding from the surface EMG signals 

of their partially paralyzed forearm muscles. Specifically, we designed a virtual reality protocol 

in which users controlled a virtual hand in real-time with the goal of executing five distinct types 

of grasping movements while interacting with various virtual objects. We included movement 

types that are commonly used in daily life to emulate the actions that are most relevant to restore 

in paralyzed patients. Before starting the online task, each participant performed several 

repetitions of attempted movements, which we used to train a deep-learning model for grasp 

classification. Following this calibration phase, participants executed the online decoding task: 

based on a displayed instruction, they attempted the movement; if the indicated grasp pattern was 

successfully decoded, the virtual hand performed the movement accordingly. We achieved 

decoding accuracy above 70% for all types of grasps in all study participants despite different 

impairment levels. Our results demonstrate successful online decoding of different grasp patterns 

in individuals with incomplete SCI using a non-invasive EMG interface. These findings 

highlight the potential utility of non-invasive BoMI interfaces for controlling assistive or 

rehabilitation devices, facilitating potential daily use by SCI patients. 
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Abstract: The act of grasping requires creating a goal, planning hand geometry, and executing 

the movement. To accomplish these tasks, we rely on the sensorimotor processing capabilities of 

the brain. The posterior parietal cortex (PPC) is involved in early stages of movement planning, 

with specific sub-regions playing crucial roles in grasp and object processing. The cortical 

grasping network (CGN) includes the supramarginal gyrus (SMG) of the PPC and the primary 

motor cortex (M1). Here, we use human electrophysiology to reveal how grasps and objects are 

encoded in SMG and M1. A tetraplegic participant was implanted with microelectrode arrays in 

M1 and SMG. Single-unit neural activity was recorded during a motor imagery task, where the 

participant was shown one of three sets of images: hand shape for four different grasps (Hand 

only, H), a hand grasping one of four objects (Hand+Object, HO), or each object alone (Object 

only, O). For each set, the participant is asked to imagine performing the displayed 

grasp/interacting with that object. We observed SMG neurons encoding grasp and object 

information, separately and in combination throughout the trial. We see consistent, high 

classification accuracy of the grasp/object type in SMG, with the HO condition yielding the 

highest classification accuracy (84%, chance level = 25%), followed by H (70%), then O (54%). 

This pattern persists when investigating the percentage of total units tuned to each condition, 

with the highest tuning for HO (49%), then H (36%), then O (22%). We also see overlap among 

the tuned units, such that ~20% of units are tuned for all 3 conditions. Taken together, these 

analyses suggest that SMG encodes information about grasp/objects and exhibits partial mixed 

selectivity encoding. Unexpectedly, neurons in M1 behaved similarly to those observed in SMG. 

Neurons encoded grasp and object information prior to execution of the imagined motor action, 

and during execution. We see high percentages of tuning for each condition (HO: 70%; H: 62%; 

O: 44%), along with high classification accuracies (HO: 89%; H: 84%; O: 55%; chance = 25%), 

similar to SMG. Prior work in our lab found that when M1 is not engaged in an ongoing action 

that preparatory activity related to other inputs (such as planned next actions) are present. These 

results suggest that M1 activity may be context dependent. In conclusion, this work shows that 

both M1 and SMG contain activity for grasp/objects. Further research will be required to 

determine if the grasp/object M1 activity is context dependent. 
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Abstract: Decoding neural activity into behaviorally-relevant variables such as speech or 

movement is an essential step in the development of brain-machine interfaces (BMIs) and can be 

used to clarify the role of distinct brain areas in relation to behavior. Two-photon (2p) calcium 

imaging provides access to thousands of neurons with single-cell resolution in genetically-

defined populations and therefore is a promising tool for next-generation optical BMIs. 

However, decoding 2p calcium imaging recordings into behavioral variables for use in real-time 

applications has traditionally been challenging due to the low sampling rate of the signal as well 

as the indirect and non-linear relationship between the underlying neural activity and the slow 

fluorescent signal. Here, we show an approach using deep learning to decode the naturalistic 

multi-limb trajectories of running mice from neural recordings made with 2p calcium imaging 

over the sensorimotor cortex in a single hemisphere. The work demonstrates the feasibility of 

using deep learning methods to identify and characterize populations of neurons that encode 

behaviorally-relevant variables. This approach will be critical in the future implementation of 

neural decoding for next-generation optical BMIs that will improve the lives of patients suffering 

from neurological injury and disease. 
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Abstract: Decoding brain signals associated with motor intention and action planning is a key 

challenge for prosthetics, assistive and rehabilitative technologies. Subjects with motor 

impairments due to neurological conditions, wherein neural motor control at cortical level is 

preserved (e.g., in spinal cord injury), benefit from such technologies. However, decoding from 

neural activity unconstrained and spontaneous movements remains an important challenge to be 

addressed. Moreover, a decoder endowed with predictive capabilities is essential for enabling 

efficient prosthetic control. This work aims to design a decoding algorithm that uses preparatory 

neural activity for the prediction of a variety of movements involving the mouth, the forelimbs 

and axial body parts in unconstrained and close-to-natural settings. The proposed decoding 

algorithm was tested on two monkeys (Macaca mulatta), whose neuronal activity was wirelessly 

recorded from the motor and premotor cortical areas using floating multielectrode arrays. During 

the recordings, the monkeys were freely behaving in a 2x2x1.8m3 plexiglass room filled with 

enrichment items. Single- and multi-units’ spikes, occurring immediately prior to the events, 

were extracted with an automatic sorting algorithm and binned to obtain a spike count array for 

each unit. Principal component analysis was performed for dimensionality reduction, and the 

resulting predictors were used to train and validate a support vector machine classifier. Finally, 

the spike count algorithm was temporally moved backward with respect to the events. The 

classification accuracy for imminent events ranges from 50% to 80%, with a number of classes 

per session that varies from 6 to 10 (respectively ~16.67% and 10% theoretical chance level). In 

all sessions, the prediction accuracies are significantly higher than chance level. Nonetheless, 

depending on the desired application, higher accuracies can be easily reached by grouping 

together, for the same type of behavior, the different laterality of execution (right/left). 

Additionally, by moving the decoding algorithm further back in time, we observe the steepest 

slope in the accuracy profile including neuronal activity around 200-600ms before the event of 

alignment, suggesting that this time interval holds great potential for predicting upcoming 

behavioral events. This study serves as a first step toward the definition of a simple yet effective 

decoding algorithm for predicting spontaneous movements from the premotor cortex. Future 

steps include testing of a similar classifier for real-time trials, and direct comparisons with 

unnatural and controlled clinical settings. 
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Abstract: Naturalistic behaviors involve many movement components, from precise targeted 

reaches to innate motor sequences such as grooming. One challenge the nervous system faces is 

the need to accurately carry out each of these movements while also being able to flexibly switch 

between them. Motor cortex and striatum have previously been implicated in the execution and 

selection of motor actions, but how their activity dynamics are organized across naturalistic 

movement is still poorly understood. Previous studies have focused on interrogating the function 

of these regions using either highly constrained, individual movements, or sampling a narrowly 

circumscribed set of movements in a simplistic open field paradigm. Whether these regions 

engage specific subpopulations or specific modes of coordinated activity across a wide range of 

behaviors, and how these activity patterns are related to muscle activity throughout the full 

behavioral space is unknown. To address this, we developed a novel paradigm that allows for the 

investigation of neural dynamics across behaviors that require agility and dexterity, such as 

climbing and walking across an irregular grid, and innate behaviors such as eating and grooming. 

We used UMAP projections of muscle activity to parcellate the behavioral space into distinct 

states. In order to interrogate the organization of neural dynamics across these behavioral states, 

we chronically implanted neuropixels probes to simultaneously record hundreds of neurons in 

the caudal forelimb area of the motor cortex and the striatum. We identified striatal and cortical 

neurons whose activity ranged from highly selective for individual behaviors to uniform across 

all behaviors, and found greater behavioral specificity within striatum compared to cortex on an 

individual neuron level. Conversely, using canonical correlation analysis, neural decoding, and 

EMG triggered averaging, we found greater encoding of muscle activity within cortex compared 

to striatum across all behaviors. On a population level, we discovered both distinct neural 

subspaces corresponding to separate sets of behaviors as well as highly overlapping subspaces 

among more similar behaviors in both regions. We propose a model whereby striatal neurons 

encoding action state inform separate pattern generating circuits, including the motor cortex, to 

transition between different dynamical regimes throughout naturalistic behavior. 
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Abstract: Intracortical brain-computer interfaces (iBCIs) are increasingly being used to restore 

voluntary movement to paralyzed persons. The brain-to-behavior mapping (i.e., the decoder) is 

typically trained while the user observes and attempts to imitate a kinematic trajectory. However, 

these decoders require repeated calibrations over time due to neural recording instabilities. 

Furthermore, this “observation-based” decoding is not feasible for iBCIs meant to directly 

control force or muscle activity. Our recent work has centered on creating a stable iBCI decoder 

that can be calibrated using data from a user (e.g., a monkey), collected on a given day, and then 

used effectively over extended periods of time and even applied to data from another user. Key 

to our approach is the observation that the neural activity during movement can be reduced to a 

small number of “latent” signals, lying in a low-dimensional manifold within the neural state 

space. We have previously used Canonical Correlation Analysis (CCA) to align these latent 

signals over time. However, CCA requires the behaviors themselves to be first time-aligned, 

thereby limiting its applicability to stereotypic behaviors. To address this challenge, we have 

recently employed Generative Adversarial Networks (GANs) to align just the static point clouds 

of neural recordings without any knowledge of the latent signals. We have successfully applied 

one such GAN, (cycle-GAN) to typical stereotyped tasks, and achieved better alignment than 

with CCA. However, cycle-GAN did not perform well when aligning data from more natural 

movements: food retrieval, grooming, and locomotion in the monkey’s home cage. Even worse, 

cycle-GAN failed to align data across different subjects, something CCA did accurately. We 

hypothesized that these failures occurred because cycle-GAN, by design, neglects the temporal 

dynamics of the neural firing rates, a feature fundamental to CCA. Here, we attempted to 

improve cycle-GAN performance by adding limited information about neural dynamics (e.g., a 

derivative) without imposing the need for complete time alignment. We also replaced the 

original feedforward architecture with recurrent neural networks. Unfortunately, none of the 

modifications significantly improved performance for alignment across time in laboratory 

settings, and only modestly improved the performance for unconstrained behaviors and across 

subjects. Our findings suggest that we may have reached a performance ceiling for alignment of 

neural data with GANs. We are now investigating alternative methods, including diffusion 

models, which have been shown to outperform GANs in computer vision applications. 
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Abstract: We recently showed that macaque monkeys can use a brain-computer interface (BCI) 

based on spiking activity to navigate in a virtual reality (VR) 3D environment, moving a sphere 

in three dimensions towards a target while avoiding obstacles. However, it is known that the 

yield of chronically implanted multi-electrode arrays decreases over time which reduces the 

ability to control a BCI based on spiking activity. To address this, we investigated the potential 

of local field potential (LFP) activity to control of a BCI for navigation in VR in two macaques. 

Both monkeys were implanted with three 96-channel Utah arrays in primary motor cortex, dorsal 

premotor area F2, and ventral premotor area F5c. Liquid crystal shutter glasses and a 3D screen 

on which pairs of left- and right eye images alternated allowed the simulation of a virtual 3D 

environment with binocular disparity. In the game development platform Unity, we designed two 

navigation tasks in which a sphere moved towards one of five equidistant targets. In the Center-

out task, the sphere moved on a plane from a predefined starting point, while in the Continuous 

navigation task the camera view rotated and moved along with the sphere. In each experiment, 

the monkey first had to passively observe the task in which the sphere movements were driven 

by Unity. Secondly, the log power of the 100-200Hz component of the LFP (high-gamma) 

activity combined with the velocities of the sphere during the task were used to train a decoder 

based on the Preferential Subspace Identification (PSID) model. Third, every 50ms the model 

made online predictions about the velocities of the sphere based on the high-gamma LFP activity 

of the monkey controlling the movement of the sphere. In the third phase of the Continuous 

navigation task, we replaced the sphere by a monkey avatar and the plane by a forest 

environment to simulate a more realistic environment. Offline analysis of the latent variables 

trajectories indicated that accurate decoding with the LFP activity could be possible in both 

tasks. The latent trajectory for each direction of movement is composed of the values of the three 

latent variables that explain the most variance in the data. At each time point in the trial, this 

value was averaged over all trials of the training phase. In five online pilot sessions using the 

Continuous navigation task, a decoder trained with LFP activity was able to perform above the 

estimated chance level (equal to 28%) with an average success rate of 63%. Thus, a decoder 

trained with high-gamma LFP activity from motor and premotor cortex allows accurate online 

control of a sphere in VR, which has important implications for the clinical application of BMIs 

for a long period of time. 

Disclosures: S. De Schrijver: None. O. Saussus: None. P. Janssen: None. 



Poster 

PSTR288: Motor Control of Free, Imagined, and Augmented Actions 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR288.12/I17 

Topic: E.05. Brain-Machine Interface 

Support: NIH NEI UG1EY032039 

T&C Chen BMI Center 

Boswell Foundation 

Title: Reference frame transformations in human PPC during navigation 

Authors: *J. GAMEZ1,2, D. DENG1, T. ZHANG1, A. A. BETANCOURT-VERA1,2, K. 

PEJSA1,2, E. R. ROSARIO3, C. LIU3,4, A. BARI5, R. A. ANDERSEN1,2;  
1Biol. and Biol. Engin., 2T&C Chen Brain-machine Interface Ctr., Caltech, Pasadena, CA; 3Res. 

Inst., Casa Colina Hosp. and Centers for Healthcare, Pomona, CA; 4Dept. of Neurolog. Surgery, 

Keck Sch. of Med. of USC, Los Angeles, CA; 5Dept. of Neurosurg., David Geffen Sch. of Med. 

at UCLA, Los Angeles, CA 

Abstract: Navigation is a complex behavior that requires the transformation of spatial 

information from an allocentric map to an egocentric motor plan and execution. The 

hippocampus and surrounding areas have been associated with the formation of allocentric maps. 

However, it is still unclear how allocentric and egocentric information interact in the brain 

during navigation. The posterior parietal cortex (PPC) is in a unique position to integrate signals 

of complex behaviors because it is considered part of the dorsal visual pathway and has been 

implicated in spatial information processing, control of movements, and decision-making. 

Furthermore, lesions in PPC have been associated with alterations in the transformation of spatial 

information from allocentric to egocentric reference frames. To study the role of PPC and motor 

cortex (MC) during a goal-directed navigation task, we recorded single-neuron activity from four 

NeuroPort Arrays implanted in the cortex of one human tetraplegic participant involved in a 

brain-machine interface clinical trial. Two of the arrays were in motor cortex, close to the hand 

knob, and two were in the PPC, in the superior parietal lobule (SPL) and supramarginal gyrus 

(SMG). The participant performed a navigation task that started with a bird’s-eye view of a map 

of a maze showing an initial location and orientation, and a destination. The participant had five 

seconds to plan his trajectory. This phase was followed by a navigation phase, in which the 

participant had to use attempted finger movements to navigate a virtual environment in a first-

person view to go from the initial position to the target location previously indicated. Using 

linear discriminant analysis (LDA) based classifiers on the firing rates of the neural populations 

of each array, we found that SPL neurons encoded the transformation of spatial information from 

an allocentric reference frame into an egocentric plan during the map phase. Specifically, SPL 

neurons encoded both the initial and final positions early during the map phase and the actual 



turns required to navigate between them later in this phase. In contrast, SMG and MC neurons 

showed cross-validated accuracies close to the chance level of the initial and final positions and 

the planned trajectory across the map phase. Furthermore, all recorded brain areas were involved 

in egocentric motor execution during the first-person navigation phase. These results suggest that 

SPL neural populations have access to allocentric information and a role in the transformation of 

spatial information from allocentric to egocentric motor plans during navigation planning. 
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Abstract: Brain-machine interfaces (BMIs) can radically improve the quality of life of people 

living with chronic paralysis by restoring their motor function. BMIs have typically used 

invasive electrical recordings of brain activity. Recently, we have begun investigating a new 

technology for BMIs based on functional ultrasound imaging (fUS). fUS indirectly images 

neural activity by capturing hemodynamic signals at a high spatiotemporal resolution (100µm; 

100ms). It is minimally invasive because the probe sits on the dura outside of the brain, which 

may confer greater long-term stability and higher safety for chronic use. Additionally, in contrast 

to electrode recordings that only offer a local signal around each contact point, fUS imaging 

offers a wide and deep field of view and is a promising method for studying the distribution of 

neural activity across networks at the mesoscopic scale.In a recent study, our group demonstrated 

online decoding of direction in a center-out task through fUS imaging of posterior parietal cortex 

(PPC) in a macaque model. This work established the feasibility of a fUS-based motor BMI. In 

this study, we work towards increasingly unconstrained motor control by investigating additional 

aspects of motor plans in a saccade-to-target task. We found that movement direction, amplitude, 



and origin could be decoded from the same fUS imaging plane. Additionally, we could decode 

updated target locations when planned saccades changed. This suggests that the fUS signal in 

PPC can serve as the basis for continuous control of a motor BMI. While most BMI research 

focuses on motor restoration, there is mounting interest in developing BMIs to aid patients 

afflicted with neuropsychiatric disorders (for instance anhedonia, the inability to experience 

pleasure). Unlike motor applications, these BMIs would monitor neural activity for information 

related to mood and cognitive state. Numerous electrophysiological experiments have shown that 

PPC activity contains value- and motivation-related activity. As a model of the cognitive state of 

motivation, we modified our task to include variable target desirability. Some targets would yield 

higher juice rewards than others, increasing the target value and the motivation of the animal on 

a trial-by-trial basis. We were able to decode this value variable and the aforementioned spatial 

variables simultaneously, and could even use decoded value to determine in real-time which of 

two targets an animal would select. This demonstration of cognitive information decoding with 

fUS imaging suggests that the range of fUS-BMI applications may be broadened to include the 

treatment of debilitating neuropsychiatric disorders. 
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Abstract: A proposed improvement to deep brain stimulation (DBS) therapy to treat advanced 

gait disorders in Parkinson’s disease (PD) is to modify stimulation from conventional to ‘gait-

optimized’ lower frequency settings when patients walk. However, implementation of this 

adaptive DBS (aDBS) architecture is hindered by the lack of neural biomarkers of movement 

states in naturalistic environments. This project aims to classify walking vs. non-walking states 

using chronic at-home recordings from implanted electrodes in the pallidum and motor cortical 



areas in human PD subjects. Local field potentials (LFPs) from the globus pallidus (GP) and 

electrocorticography (ECoG) from the premotor (PM) and primary motor (M1) cortices were 

recorded from two human subjects with PD (subject 1: 61M, subject 2: 66F) implanted 

unilaterally with a novel bi-directional neurostimulator (Summit RC+S, Medtronic). Wearable 

ankle accelerometers (Rover Health) were used to track at-home movement; accelerometry from 

Rover and RC+S devices was used to synchronize neural and kinematic signals. Spectral analysis 

of 10-second epochs of continuous walking and non-walking was performed. Linear discriminant 

analysis (LDA) models were trained to classify movement states using average power within all 

possible frequency bands from 1 to 50 Hz during each epoch. The most important frequency 

bands determined by random forests (RF) were used to create ‘system-constrained’ LDA models 

meeting the specifications of the RC+S on-board classifier. Over 18 hours of data were analyzed 

(subject 1: 10.75 hours, subject 2: 7.7 hours). Spectral profiles of movement state differed 

between the two subjects. While one exhibited broadband increases in GP and PM power across 

multiple frequency ranges during walking periods, the second subject displayed more focused 

decreases in M1 beta band (13-30 Hz) power during walking. LDA models achieved areas under 

the curve (AUC) greater than 0.80 in both subjects when trained with all frequency bands from 1 

to 50 Hz. ‘System-constrained’ classifiers performed with AUC greater than 0.70 for both 

individuals. These results support the hypothesis that oscillations from the motor cortex and 

basal ganglia are modulated by movement state. Our discoveries offer a pipeline for identifying 

patient-specific movement state biomarkers using long-term naturalistic recordings of neural and 

kinematic activity. These neural signatures will enable aDBS algorithms to switch from 

conventional clinical stimulation during non-walking to ‘gait-optimized’ parameters during 

walking to address both appendicular and gait-related symptoms of PD. 
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Abstract: A fundamental element of language is semantic processing, which involves the 

perceptual representation of sensory stimuli as words, combinations of words, and sentences. 

Functional imaging studies have suggested that several brain areas across the human cortex are 

involved in the processing of semantic representations. Moreover, using different paradigms, 

some authors have found activation of regions in the posterior parietal cortex related to the 

semantic categories of actions and objects. However, it is still largely unknown how different 

semantic categories are encoded by populations of single neurons in the human brain. To study 

this, we recorded single-unit activity from the posterior parietal cortex (PPC) and motor cortex 

(MC) of one tetraplegic participant implanted with four NeuroPort Arrays as part of a brain-

machine interface clinical trial. The participant had two arrays implanted in PPC, in the 

supramarginal gyrus (SMG) and the superior parietal lobule (SPL), and two arrays implanted in 

MC, located close to the hand knob. In this study, the participant was asked to look at a picture 

or listen to a brief description of a stimulus then after a go signal say out loud a word or sentence 

describing the stimulus. Some of the stimuli were representations of single subjects, actions, or 

objects, while others included complex representations of a subject performing an action on an 

object. Using linear discriminant analysis on the neural population activity of each area, we 

found a differential representation between subjects, objects, and action categories in SMG and 

SPL, while MC did not show any activity related to semantic processing. Additionally, both PPC 

areas exhibited a common neural substrate for visual and auditory sensory modalities of semantic 

representations. Finally, complete sentences formed by a subject followed by a verb and direct 

object had a compositional neural code comprised of the linear summation of the individual 

sentence elements. Our results suggest that SMG and SPL form part of a semantic processing 

hub, that represents compositional semantic information of sentences formed by actions, objects, 

and subjects in a shared neural substrate independent of the original stimulus modality. 
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Abstract: There is growing interest in using electroencephalogram (EEG) for emotion 

recognition. A critical step in this process is feature reduction, which aims to identify relevant 

features while discarding unneeded information. However, if feature selection is applied before 

cross validation, as is common in the literature, the result is overestimated accuracy. We 

conducted experiments using two datasets: the DEAP [1] and a dataset collected in our own 

laboratory. For our data, we used 3 types of stimuli (pictures, facial images, and music) collected 

from published sources (references on poster). Thirty participants rated 240 stimuli on a 5-point 

Likert scale on three emotional axes (valence, arousal, and dominance). We used magnitude 

squared coherence estimation for feature extraction, followed by t-tests for feature selection, and 

an artificial neural network for classification. Binary classification was performed for each 

emotional axis, thresholded at 3. We used 5-fold cross-validation in two methods: feature 

selection on the entire dataset prior to cross-validation (method 1) and feature selection only on 

the training set within cross validation (method 2). We compared the results using balanced 

accuracy, applying Bonferroni correction to set the significance level at α/6 (2 datasets and 3 

axes), where α=0.05. In Table 1, method 1 shows higher mean balanced accuracies across all 

participants compared to method 2 for all axes in both datasets (p < 0.008), except for the 

valence axis of the DEAP dataset. The findings indicate that improper application of feature 

selection methods can result in substantially overestimated performance. References:1. Koelstra, 

S., et al. “DEAP: A Database for Emotion Analysis; Using Physiological Signals.” IEEE 

Transactions on Affective Computing, vol. 3, no. 1, Jan. 2012, pp. 18-31. 
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Abstract: Transfemoral amputees require coordinated control of the knee and ankle to walk with 

ease and stability; however, the control of powered knee-ankle prostheses has not been 

developed. Since a common pain management intervention, targeted muscle reinnervation 

(TMR), offers also signal amplification, the transplanted nerves can be the interface targets for 

volitional multi-joint control. In lower limb TMR, common peroneal (CPN) and tibial (TN) 

nerves are redirected to denervated parts of the biceps femoris and semitendinosus muscles, 

which are mechanically disconnected but still present in the residual limb. Since CPN generates 

activity related to ankle flexion, and TN is its agonist controlling ankle extension and toe 

movements, we tested the spatiotemporal representation of these actions in transfemoral 

amputees following TMR. The representative muscles of intact and residual limbs were 

instrumented with surface electromyography (EMG). The activity from the innervation sites was 

recorded with a high-density EMG device (4x4 electrodes) placed over four target locations 

spanning medio-laterally across the posterior thigh. Participants repeated bilateral movements in 

a seated position focused on i) temporal separation of antagonistic ankle actions—ankle flexion 

and extension, which were expected to correlate with both CPN and TN activity; and ii) toe 

flexion and ankle inversion movements, which correspond to the most distal branch of TN. The 

spatiotemporal activity was clearly separated for all movements. We did not observe the spatial 

separation of TN activity due to proximal and distal nerve branches participating differently in 

ankle extension and toe flexion. However, all actions were decoded from the temporal separation 

around general expected reinnervation sites. A non-time series offline decoder was developed 

based on quadratic discriminant analysis. The decoder could classify between ankle flexion, 



ankle extension and toe flexion with an 83% accuracy. Notably, the decoder achieved a 

classification accuracy of 100% for about 70% of movement period following the initial 

ambiguous period with low activations. Further improvements are expected with the time-series 

classification. These findings support the idea that the spatiotemporal activity of CPN and TN 

after reinnervation provides a reliable source for volitional control of multi-joint distal leg 

segment actions. 
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Abstract: Intracortical microstimulation (ICMS) of the human somatosensory cortex evokes 

vivid and reliable tactile sensations that can last for many years. These artificial percepts can 

inform behavior to improve the control of brain-controlled bionic limbs and manipulating 

stimulation parameters can affect the perceptual features of the stimulation. These features, 

ranging from simple detection thresholds through to more complex ones, such as percept quality, 

are typically assessed using standard psychophysical measurement techniques that require the 

direct participation and interaction of the individual. This knowledge is required to design and 

calibrate stimulation encoding algorithms for each person. However, as both the number of 

people implanted with devices and the number of electrodes per person increases, it will become 

progressively more challenging, and likely even impossible, to calibrate and recalibrate these 

features using time consuming psychophysics. 

Here, we sought to investigate whether neural activity, collected during an ICMS detection task 

in which amplitude was varied, was related in any way to the psychometrically determined 



detection threshold. The participant was enrolled in a clinical trial of a sensorimotor brain 

computer interface (BCI) in which two Utah arrays were implanted into both the somatosensory 

and motor cortices. ICMS was delivered during a standard two-alternative forced choice 

detection threshold paradigm and the participant was asked which of two intervals contained the 

stimulus. During the task we stimulated and recorded neural data simultaneously. We used a 

deep neural network model to reduce or eliminate the stimulation artifacts that were generated by 

stimulation. First, we found that this artifact rejection scheme allowed us to measure spiking 

activity about 1 ms after the end of a stimulus pulse. Electrodes in both the motor and 

somatosensory cortex exhibited marked changes in neural activity around the psychometrically 

determined detection threshold, indicating specific changes in population activity that were 

related to perception. Second, low-dimensional latent factors extracted from the population 

neural activity across trials on many electrodes were informative about whether a sensation was 

evoked by stimulation. This suggests that detection thresholds can be determined directly from 

measures of neural activity, simplifying the calibration of ICMS encoding algorithms, and 

improving our ability to monitor detection thresholds automatically. 
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Abstract: Individuals with tetraplegia consistently report restoration of hand and arm function as 

a top rehabilitative priority. To address this need, researchers are developing brain-computer 

interfaces (BCIs) that can bypass the injured spinal cord to enable arm and hand control. 

However, motor control alone is not sufficient to fully restore the ability to interact with our 

surroundings. Somatosensory feedback is an essential feature of how we use our bodies. Tactile 

feedback enables manipulation and exploration of objects and provides affective qualities that 

are unavailable in a purely motor BCI. Therefore, we aim to restore intuitive, tactile sensory 

feedback through intracortical microstimulation (ICMS) of somatosensory cortex. 

Somatosensory cortex is an ideal candidate for surgical targeting as it has a somatotopic spatial 

arrangement, which for the hand involves the little finger to the thumb, represented 

mediolaterally. This somatotopic arrangement can be characterized using non-invasive 

neuroimaging techniques: functional magnetic resonance imaging (fMRI) and 

magnetoencephalography (MEG). Several studies have demonstrated highly preserved finger 

representations in people who were deafferented through amputation or spinal-cord injury; the 

two groups of people most likely to benefit from BCIs to restore upper limb function. As part of 

a multisite clinical trial, we implanted intracortical microelectrode arrays in the post-central 

gyrus of five study participants (2 arrays in each) with chronic spinal cord injuries to provide 

ICMS-based tactile sensory feedback. Here, we present a roadmap, from planning to 

implantation to stimulation, describing how to successfully target and evoke sensations localized 

to specific digits. We used fMRI and MEG to identify the regions of somatosensory cortex that 

represent touch sensations for digits. Presurgical imaging analysis and planning of array 

locations were performed by a broad study team. Using this plan and a structured surgical 

workflow, we successfully identified implant locations such that ICMS evoked sensations in the 

digits in all five participants. We expect that this workflow can define a pathway to broader use 

of BCIs that provide intuitive, somatotopically-matched sensory feedback. 
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Abstract: The primate cortex can be viewed as a closed-loop dynamical system with very high 

dimensionality. Extracting a sub-sample of this activity and using it for the decoding of any 

encoded intention is a challenging task by virtue of the size of the sample relative to the full 

population. The problem is amplified by the brain’s plasticity, which renders any effort towards 

decoding ephemeral. 

Here we employed a modified Kalman filter to decode the grip of a robotic hand from population 

spiking activity recorded from two 64 channel Utah arrays implanted in the hand area of primary 

motor cortex (area M1) of a macaque monkey. After initial training in a reach and grasp task and 

array implantation, the head-fixated monkey was trained in the closing and opening of a 

prosthetic hand, visible on a screen, to grasp an object that he was previously trained to grasp 

with his own hand. The task paradigm specified a start cue and fixed maximal times for closing, 

holding, and releasing of the object. 

The monkey was initially observing the robot hand performing the required movement under the 

control of a control computer for 20 trials. After this, the decoder was trained on the neural 

population activity recorded from the electrode arrays during action observation. Then the 

monkey and the control computer shared control of the hand, such that its commanded position 

was a weighted average of the two estimates: brain control and computer control. With the 

progression of time, control was gradually transferred from the computer to the animal, 

eventually giving full control to the monkey. 

Our results confirm that a modified Kalman Filter (see: Agudelo-Toro et al., bioRxiv 2023) is 

suitable to successfully translate cortical activity to motor commands of a robot hand in real 

time. We also demonstrate the gradual learning by observation and internalization of the task by 

the monkey using two metrics - the reduction in the transitory nature of the decoder and the 

speed of the transfer of control of the prosthesis to the monkey. In early experimental sessions, 

the monkey was slow to take over control and the decoder required retraining within the 

experiment session, whereas in later sessions decoder training was required only at the beginning 

of the session and transfer of control was rapid. Furthermore, decoder training involved not only 

the training of the decoder on the neural activity, but it also adapted brain activity on the 

decoder, and an equilibrium had to be maintained between the learning processes. This 

equilibrium was achieved faster and maintained more robustly as the monkey became more 



proficient in the task, hence demonstrating the viability of this learning-by-observation 

paradigm. 
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Abstract: The long-term goal of this research is to develop a smartwatch that uses 

electromyography (EMG) from the wrist alongside other sensors to function as a human-

computer interface. Myoelectric control has traditionally been used to control prostheses. As 

machine learning algorithms have improved, myoelectric control has been able to regress 

numerous degrees of freedom and classify dozens of gestures. Here, we highlight various 

innovations and applications around a wrist-worn EMG interface for human-computer 

interaction. First, we show that EMG measured from the wrist results in similar performance as 

EMG measured from the forearm. Regression RMSE of a Kalman filter during proportional hand 

and wrist gestures was 0.29 ± 0.05 for wrist EMG and 0.27 ± 0.02 for forearm EMG (p = 0.50, 

paired t-test). Classification accuracy of a k-NN algorithm across 17 different hand and wrist 

gestures was 89.5 ± 1.6% for wrist EMG compared to 88.6 ± 0.8% for forearm EMG (p = 0.21, 

paired t-test). Second, we show that, somewhat surprisingly, high-performance EMG regression 

and classification are possible in hemiparetic stroke patients with immobile hands (modified 

Ashworth scale > 3). EMG signal-to-noise ratio was significantly worse on the paretic wrist 



relative to the paretic forearm, but EMG classification accuracy was significantly better for the 

paretic wrist than the paretic forearm (91 ± 12% at the wrist vs 56 ± 65% at the forearm; p < 

0.001, paired t-test). Next, having demonstrated the viability of wrist EMG, we showcase a novel 

EMG smartwatch, with 16 EMG electrodes embedded within the wriststrap. The EMG 

smartwatch contains an integrated battery, EMG amplification and recording circuitry, Wi-Fi and 

Bluetooth communication, an inertial measurement unit, and an ambient light sensor, all within a 

2-in2 footprint. To ensure the electrodes maintain good contact, we also developed a novel 

spring-loaded electrode that uses magnetic encoding to monitor contact with the skin and serve 

as a secondary control signal. Finally, we show various consumer and healthcare applications of 

the EMG smartwatch, including monitoring activities of daily living, and controlling 

virtual/augmented reality, prostheses, exoskeletons, and smart-home devices. Altogether, this 

work constitutes an important step towards the realization of EMG as a ubiquitous human-

computer interface. 
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Abstract: Brain-computer interfaces (BCIs) have the potential to enable individuals with 

paralysis to perform activities of daily life using an assistive robotic arm. Our recent work 

demonstrated that electrocorticography (ECoG) signals produce stable neural representations of 

imagined whole-body actions. This provided robust inputs for “plug and play” robotic control of 

reaching and grasping with demonstrated stable performance across a period 7 months (Natraj 



2023). While long-term stable decoding is possible, daily tasks require high-dimensional control 

and dexterous manipulation, which is both challenging and cognitively demanding for BCI users. 

In this work, we propose a flexible framework to augment BCI control with supervised 

autonomous assistance. A right-handed tetraplegic participant was implanted with a 128-channel 

ECoG grid over left sensorimotor areas. The participant utilizes imagined actions, decoded from 

neural features (delta (0.5-4 Hz), beta (12-30 Hz), and high-gamma (70-150 Hz) power), to 

control the endpoint kinematics of a 6-Dof Kinova Gen2 robotic arm and gripper during a 

reaching task with multiple objects. A computer vision system with an RGB-depth camera 

identifies potential goals in the environment, estimating the user’s intended goal with Bayesian 

inference. We considered two assistance paradigms: 1) blended control, in which the user input 

and assistance are continuously combined, and 2) supervised autonomy, in which the assistance 

completes automated sub-routines while the user provides feedback to the assistance when 

necessary. This latter approach uses the same BCI commands for brief discrete feedback, 

reducing the time in which the user must provide active input to the system, while remaining 

flexible to changes in user intention. Both methods allow for seamless transitions between 

unassisted and assisted control, demonstrated in the task which required multiple hand-offs. Our 

results found that the supervised autonomy framework resulted in increased task success rate 

(94% vs 43%) and reduced time to complete (18.4 s ± 14.8 vs 29.9 s ± 21.0) when compared to 

blended assistance. We further demonstrate the potential of this framework in a complex task 

which requires opening cabinet doors and drawers. This work highlights the potential for shared 

autonomy to enhance the performance and capabilities of robust BCI commands for high-

dimensional control, enabling translation to complex real-world tasks. 
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Abstract: The long-term goal of this research is to develop dexterous, intuitive, and inclusive 

myoelectric control interfaces for extended reality (XR) to improve productivity and quality of 

life for all. Existing XR interfaces rely on recording motion through cameras or instrumented 

gloves. Yet, due to neuromuscular and musculoskeletal disabilities, millions of users with limited 

hand mobility cannot use these systems. Myoelectric interfaces rely on muscle electrical activity 

to generate commands from motor intent, even when a person’s hand cannot move due to 

weakness or paresis. 

Here, we explore a co-adaptive learning method that leverages a person’s ability to adapt to a 

control interface and an algorithm’s ability to adapt to personalized muscle activity. We recruited 

five stroke participants and five healthy participants to perform a simultaneous, proportional 

control task (i.e., target-touching task) of a two-degree-of-freedom virtual hand. Using a 

modified Kalman filter, we map surface EMG signals from the forearm to two gestures: 1) a 

power grasp requiring muscle coactivation and 2) a tripod pinch requiring selective, differential 

muscle activation. The participants completed the task under three conditions to evaluate: 1) the 

decoder performance due to increasing dataset size (i.e., machine learning), 2) the human 

performance over time using a static decoder (i.e., human learning), and 3) the performance of 

the human-machine system over time using an adaptive decoder (i.e., co-adaptive learning). 

First, we show that human learning alone is insufficient for this task; all participants were unable 

to improve their performance over time using a static decoder trained with minimal training data. 

In contrast, machine performance significantly improved with additional training data for all 

participants. Notably, this machine learning was still possible even in the case of weak and 

spastic EMG. Consistent with prior work, co-adaptive learning outperformed machine learning 

and human learning in terms of the learning rate and final performance. Importantly, under co-

adaptive learning, stroke patients had a similar learning rate and final performance to healthy 

controls. 

These results show that stroke survivors can learn to selectively modulate their muscle activity 

despite limited or no mobility, highlighting the potential of EMG as an inclusive human-

computer interface. Co-adaptive learning can enhance control and minimize patient data. 
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Abstract: Brain-Computer Interfaces (BCIs) present a promising solution to restore reach-to-

grasp functionality in human patients with severe motor disabilities by translating movement-

related neural signals into control signals for external assistive devices. These devices, 

particularly robotic arms with a high degree of freedom (DoF), can significantly enhance the 

autonomy of users and improve their quality of life. Our recent work (Natraj et al., 2023) has 

demonstrated prospects for reliable, real-world control over a high DoF robotic arm. However, 

several challenges continue to hinder the practical application of high DoF assistive devices. 

Notably, user fatigue resulting from prolonged engagement and control can significantly degrade 

performance. Additionally, the cumbersome decoding framework underlying current robotic 

control systems results in slow operation, which does not yet meet the daily living needs of users. 

To address those challenges, we propose to track the user’s internal state of active engagement 

and high-level intention decoding using neural signals to control the robot to go and stop. We 

found rhythmic fluctuations in the amplitude of beta (13-30 Hz) power during continuous robotic 

control, which not only relate to the task cues and movement onset, but also present during BCI 

task control. Our study involved two participants, both of whom suffered from a brainstem stroke 

and are currently tetraplegic. The first participant, a 39-year-old right-handed male, has a 128-

channel ECoG grid implanted over the left sensorimotor cortex. The second participant, a 48-

year-old female, has a 256-channel ECoG array implanted over her sensory and motor cortices. 

We conducted a spatial-temporal analysis of beta bursts. We then found that temporal beta bursts 

exhibit a mixed pattern. Specifically, global beta bursts maintained a condition-independent 

consistent pattern, whereas local bursts exhibited diverse condition-dependent patterns across 

different targets. In a robot stop task with known ground truth on participant engagement and 

disengagement, we found a significant phasic relationship involving beta signal phases with 

significant high phase-locking values (PLV) compared to null states. Our results thus highlight 

the potential of using beta burst as a biomarker for tracking users’ internal states and implement 

fast precise robot control by identifying whether participant is engaged in control or not. 
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Abstract: Title: Neuromuscular Fusion-based Hand 3D Trajectory Estimation Model Authors: 

*Amit Bhongade2, Rohit Gupta1, T. K. Gandhi2; 1SRMIST, Tamil Nadu, India; 2IIT Delhi, New 

Delhi, India. Disclosures: *Amit Bhongade: None, Rohit Gupta: None, T. K. Gandhi: 

None.Support: This work is supported by the National Post-Doctoral Fellowship, 

PDF/2020/002514, DST-SERB Government of India (GoI).Abstract: The integration of Brain-

Computer Interface (BCI) technology into cyber-physical systems has led to significant 

advancements in control methodologies. However, the transition from discrete or model-based 

control methods to continuous control approaches remains crucial for achieving optimal and 

smooth control. This research focuses on the estimation of human hand trajectories in 3D space, 

leveraging multichannel Neuromuscular signals (EEG and EMG). In the current research, two 

models, NARX and CNN-LSTM, representing machine learning (ML) and deep learning (DL) 

paradigms, respectively, were developed and evaluated. The performance of these models was 

assessed using EEG and EMG signals separately and in combination (EEG+EMG). A genetic 

algorithm (GA)-based channel selection algorithm was employed for EEG channel selection. A 

total of 10 EEG channels were selected using the GA optimization algorithm, with a clear 

dominance of the motor cortex and visual cortex regions. Performance parameters, namely root 

mean square error (RMSE) and correlation coefficient (CC), were utilized to compare the 

efficacy of ML and DL models across different signal configurations. The results indicate that 

both ML and DL models demonstrated promising performance in estimating hand trajectories. 

When considering EEG, EMG, and their fusion, the models exhibited varying levels of accuracy, 

with the fusion of EEG+EMG signals generally outperforming individual modalities. Moreover, 

the GA-based channel selection algorithm contributed to enhancing model performance, 

particularly evident in the reduction of RMSE values. For the ML model, the average RMSE 

values ranged from 0.304 to 0.754, while the DL model exhibited RMSE values ranging from 

0.219 to 0.724. Similarly, the average CC values ranged from 0.232 to 0.660 for the ML model 

and from 0.386 to 0.814 for the DL model across different signal configurations. These findings 

highlight the potential of integrating multichannel EEG and EMG signals with advanced learning 

models for real-time hand trajectory estimation. The utilization of GA-based channel selection 

further enhances the accuracy and robustness of the predictive models, thereby contributing to 

the advancement of BCI technology in control applications. 
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Abstract: Approximately 18,000 individuals sustain a spinal cord injury (SCI) in the United 

States annually with a significant fraction involving upper limb impairment disrupting important 

activities of daily living. Brain-computer interface (BCI) technology allows for direct neural 

decoding and stimulation via implanted microelectrode arrays. BCIs can form a neural bypass, 

allowing intention-driven motion activation and functional movement in tetraplegia. However, 

research into restoring movement and sensation simultaneously in the human hand by 

establishing a bidirectional neural bypass (BNB) between the brain and the body has been largely 

unexplored. Assistive devices like active orthoses and exoskeletons have been used to assist in 

motor function for individuals with physical impairments; despite this, the use of a BNB to 

control an active orthosis with tactile sensation feedback has yet to be established. To restore 

grasp functionality, a custom 3D-printed low-profile orthosis with an embedded servo-driven 

tendon-like system was tested with a participant with a complete C4/C5 SCI. The development 

of the active orthosis was motivated by the participant's lower motor neuron dysfunction which 

has left their hand flexors nonresponsive to muscle stimulation. The orthosis holds the thumb in 

an open grasp position, provides wrist stability, and extends to the middle of the forearm where 

the servo-tendon system is located. This system facilitated controlled multi-joint finger flexion 



with a stabilized thumb. The BNB employed a LSTM-based regression machine to decode motor 

intentions and a closed-loop algorithm, inspired by the interneuronal architecture of the human 

spinal cord, to modulate the intensity of the participant's grasp. Using this system, the correlation 

between the participant's intended grasp force level and the decoded output exceeded 80% in real 

time. Additionally, a tactile force sensor was embedded into the orthosis, recording the applied 

grasping force. The participant received primary somatosensory cortex (S1) stimulation as 

feedback, correlating the stimulation profile with the tactile force exerted. The participant 

successfully managed to grasp, lift, and release objects solely using the BNB system. The BNB 

system enabled the participant to accurately adjust their grasp strength, indicating that the 

integration of S1 stimulation with motor decoding using an active orthosis, can expand 

participant functional abilities, thereby increasing independence and quality of life. 
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Abstract: Here we introduce a cutting-edge bidirectional neural interfacing system that 

integrates both neural signal recording and stimulation functionalities, promising significant 

advancements in the field of brain-machine interfaces (BMIs). To address the challenges of 

power efficiency and miniaturization, which are crucial for long-term implant viability, our 

system is fabricated using standard 180-nm CMOS technology. It includes neural interface 

microsystems (NIMs) that accurately measure neural signals across the entire ECoG frequency 

range of 0.1-300.0 Hz, while maintaining minimal power consumption of less than 0.4 mW. The 

design features a compact and implantable unit comprising recording and stimulation modules, 



and a 16-MHz radiofrequency link for data and power telemetry. This enables robust interaction 

with an external unit through an inductively coupled coil, ensuring reliable communication and 

power transfer. The system's ability to detect sine waves with an amplitude of 4.8 uV and a 

bandwidth of 5-200 Hz from electrocorticographic BMIs demonstrates its sensitivity and 

precision. Furthermore, the stimulation component of the system can evoke neural signals 

effectively, operating at a low supply voltage of below 1.2 V and a power dissipation of only 1 

uW per channel. The feedback system for stimulation, supplied at 3.3 V, consumes 234 uW and 

employs a square current pulse, which is modulated based on varying parameters set by the 1-

MHz operational clock, with a maximum output of 310 uA to the tissue-electrode interface. The 

integrated system supports 128 signal recording channels and 32 stimulation channels, all within 

a compact chip area of 4.9 × 3.9 mm2. This scalability and integration capacity make it an ideal 

candidate for advanced BMI applications requiring high functionality and reliability in small, 

energy-efficient packages. Our system not only pushes the boundaries of what is technically 

feasible in neural interfacing but also sets new standards for the practical deployment of BMIs in 

medical and technological applications. 
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Abstract: Enabling high performance neuroprosthetic control for reaching and grasping is a high 

priority for individuals with paralyses. Of particular importance is the dexterous control of the 

hand. Achieving reliable hand control has numerous translational benefits, from grasping and 

object manipulation to precise control of keyboard interfaces. While recent studies have shown 

the successful control of groups of fingers (Willsey et. al 2022, 2024), the feasibility of 

controlling all individual fingers, wrist and prehension postures remains unclear. A major issue is 

the fact that although the hand is high-dimensional, biomechanical and neuronal coupling of 

joints result in hand control being intrinsically lower-dimensional (Natraj et. al, 2022). This may 



result in moment to moment decoding errors in a real time brain computer interface (BCI), e.g., 

due to synergistic coupling between the middle and index fingers during individuation and 

grasping. The goal of our study was to address this issue and enable high performance BCI hand 

control. The participant in the study was a tetraplegic and anarthric patient (B3) implanted with a 

253 channel electrocorticographic (ECoG) grid over contralateral sensorimotor cortex. We 

evaluated BCI control of a virtual hand across a repertoire of 12 actions: flexion and extension of 

all individual fingers, three complex grasps (pinch, precision and power), and four wrist 

movements (flexion and extension, adduction and abduction). Neural features in three 

sensorimotor frequencies (delta 0.5-4Hz, beta, 13-30Hz and high gamma 70-150Hz) were 

extracted and a real-time decoder discerned movement-type based on activity across the grid in 

the three features. We leveraged the representational stability of ECoG that allowed the user to 

learn to flexibly regulate movements’ statistics (e.g., neural variance) without somatotopic 

changes, during feedback driven real-time closed loop control (Natraj et. al., 2023). Thus, 

although daily open-loop representations exhibited neuronal coupling between synergistic 

movements, practice with the BCI using feedback (over 7 sessions) selectively altered 

representations to be significantly more discernible. This was especially prominent with batch-

updates to the decoder, and suggestive of a BCI-specific shift in representations that overcame 

open-loop neuronal coupling. This process culminated in a real-time decoding accuracy of 

93.75%, exceeding similar spike-based BCI studies of individual hand movements (Guan et. al, 

2023). Our results here provide evidence for a framework using ECoG that allows for high 

performance BCI control of the human hand. 
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Abstract: Approximately 1% of the US population experiences limb paralysis which could be 

treated via the restoration of hand function to improve quality of life (Armour, 2016). Functional 

electrical stimulation (FES) uses embedded electrodes to stimulate muscles to evoke hand 

movements. Brain machine interface (BMI) control is one paradigm that has used FES to restore 

continuous non-human primate (NHP) controlled movements during temporary paralysis (Nason, 

2023). However, naturalistic movement requires fine dexterous control of 27 degrees of freedom 

(DoFs), which current BMI-FES systems have not yet reached. To accurately map FES 

stimulation patterns to precise movements, robust quantification of hand movement is essential. 

However, current hand tracking methods are coarse or limited to a small number of DoFs and 

often involve physical constraints through the use of e.g. motion-capture gloves, bend sensors, or 

other manipulanda. To address this, we constructed a custom multi-camera rig within our 

existing setup for conducting FES experiments with NHPs. We placed three cameras to capture 

multiple angles of FES-evoked movements to better observe individuated finger and wrist 

movements. Estimated joint positions were extracted using a trained DeepLabCut (DLC) model, 

a markerless tracking software. We developed a processing pipeline that leveraged uncertainty 

estimates to interpolate and refine these measurements. Our preliminary analysis of finger 

movement during a muscle fatigue FES experiment showed a decreased range of motion as a 

function of time. Finally, we benchmarked our pipeline and demonstrated greater than real-time 

processing speeds of the captured video. With real-time feedback from these measurements in 

the future, we aim to iteratively refine FES patterns throughout an experiment to improve 

accuracy and control of dexterous finger movements. 
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Abstract: Brain-machine interfaces (BMIs) have shown promise in restoring motor function and 

communication to people with sensorimotor impairments. Recently, the use of artificial neural 

network decoding algorithms and more recording channels has led to higher BMI performance 

but also higher power consumption. With the goal of fully implantable, untethered BMI, power 

consumption must be limited to prevent thermal tissue damage and enable long use without 

frequent battery charging. BMI power usage can be reduced by minimizing the number of 

computations performed by the decoder and turning off recording channels that are not needed 

for decoding, if performance can be maintained. 

Here, we show how neural network “pruning” can significantly compress decoders and reduce 

the number of active channels for improved BMI power consumption. During neural network 

decoder training, pruning removes the lowest-magnitude weights of the decoder, resulting in a 

sparse set of network weights or selected channels. To test sparse decoders, one rhesus macaque 

monkey was implanted with Utah microelectrode arrays in motor cortex and chronic 

electromyography (EMG) electrodes in finger-related muscles. The monkey was trained to 

control a virtual hand using a manipulandum (offline trials) or using a decoder with either type of 

neural signal (online trials). 

In offline analyses, recurrent neural network decoders of brain and EMG to finger movement 

could be compressed by 180x and 9x to require only 6800 or 8500 parameters respectively, while 

maintaining less than 5% increase in MSE compared to the optimal non-sparse decoder 

(averaged across 10 brain datasets and 5 EMG datasets). With significant compression, these 

sparse networks have the same order of magnitude number of parameters as a linear decoder and 

may be able to run on low-cost embedded microcontrollers. In online trials, sparse neural 

network decoders showed no significant loss of performance, completing trials 8% faster on 

average using a sparse decoder compared to a non-sparse decoder (5 comparison sessions). 

Then, using pruning with a channel mask to select the most important subset of neural channels, 

we found that only 10 / 96 (Utah arrays, 10 datasets) or 100 / 1000 (simulated channels, 5 

datasets) channels were needed to maintain near-optimal decoding accuracy. Using channel 

selection with simulated datasets of varied channel counts, we find that BMIs using a subset of a 

larger number of channels may use fewer active channels and less power than BMIs with few 

channels, for a given performance level. 

These results suggest a path toward power efficient, implantable BMIs with flexibility in running 

the decoder on or off the implant. 
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Abstract: Recent advancements in brain-machine interfaces (BMIs) have made them a valuable 

control system to restore independence to people with spinal cord injuries. Functional electrical 

stimulation (FES) has shown promise to restore hand function, which is a well-known priority 

for people with paralysis. In BMI-FES, commands decoded from brain signals modulate 

stimulation to create desired movements by reanimating the muscles. Despite these 

advancements, limitations in electrode number and placement also limit performance. Current 

systems cannot achieve finely graded, individuated finger control that mimics natural hand 

movement. To achieve additional movements that are consistent and selective, there must be 

improvements in the placement of FES leads. 

To this end, we implanted 16 bipolar leads in the forearm of a rhesus macaque, targeting the 

points where the distal branches of the nerves enter the muscle belly (motor points) that control 

hand movement. This unique implantation strategy seeks to target more specifically and recruit 

muscle fibers in their natural order. To test FES efficacy in an able-bodied animal, an ultrasound-

guided nerve block of the radial, median, and ulnar nerves in the forearm was performed with 1-

2% lidocaine with epinephrine, temporarily paralyzing the hand. 

At 8 months post-implantation, a range of stimulation (5 mA and 5-100 us PW) was used to 

characterize muscle response of these leads, which spanned 7 muscles. All 16 leads were able to 



evoke the expected hand movements based on intraoperative stimulation and implant location, 

though selectivity varied. 

Stimulation on 5 out of 16 leads (all wrist flexors and extensors) was selective to only the 

expected joint throughout the entire range. A total of 5 other leads were able to selectively 

activate only the expected finger movement but would recruit movements on other fingers and/or 

the wrist by the end of the range. This is anatomically intuitive because the finger muscle 

tendons cross the wrist to enter the hand, which will tend to cause a movement in the wrist when 

activated. These movements were selective for an average of 7 degrees and maximally moved an 

average of 19 degrees for less selective movements. Another 3/16 evoked movements similar to 

what was expected (plus or minus 1-2 joints) while the last 3/16 exhibited non-specific behavior. 

Selective movements were two or three fingers rather than single fingers, including index-

middle, ring-small, and middle-ring-small movements. 

Overall, motor point targeting allowed us to quickly implant a large number of leads in the 

forearm and created a degree of specificity that may enable more precise movements by 

stimulating multiple electrodes. 
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Abstract: Brain-machine interfaces (BMI) aim to restore behavioral function to people living 

with disabilities by decoding neural signals into behavioral commands. Recently, studies have 

demonstrated high-performance BMI able to decode speech and multi degree-of-freedom (DOF) 

movements in real-time scenarios (Willett et al. 2023, Costello et al. 2023). However, the need 

for frequent decoder retraining due to instability of neural signals over time continues to limit 

translation to real-world use (Downey et al. 2018). While many studies have proposed promising 

stabilization methods (ex. Ma et al. 2023), they are often tested on different tasks, hindering 

comparisons. To help resolve this, we present a dataset containing neural and behavioral data 

spanning almost 4 years, to be used as a benchmark to compare various stabilization methods 

over time. One rhesus macaque (Monkey N) was implanted with Utah arrays in the right 

precentral gyrus and trained to perform a trial-based two-DOF finger movement task with the left 

hand. Our initial dataset contains multiple extracted neural features and kinematics from 400+ 

sessions of Monkey N performing center-out and random target versions of the task, spanning 

3.78 years. Each day contains at minimum 400 trials. As a preliminary analysis into decoder 

instability over time, on each day, the first 300 trials were used as training data for linear (ridge 

regression) and artificial neural network (ANN, tcFNN by Willsey et al. 2022) decoders, using 

spiking-band power (Nason et al. 2020) as the neural feature. Each decoder was then used to 

predict movements on holdout trials from all sessions within 100 days of the training session. 

Decoder performance declined most on the first day before and after decoder training, with 

average (across all sessions) Pearson correlation of decoder predictions to ground truth dropping 

0.10 (linear) and 0.14 (ANN) across all training sessions. After 100 days, average correlations 

drop a total of 0.25 (linear) and 0.27 (ANN). The drop in correlation appears to follow a single 

order exponential decay, but further investigation is needed. We also observed that decoders 

performed worse when tested forward in time than backwards, suggesting a potential loss in 

signal quality over time. We intend to refine this dataset and release it to the public for open use 

as a valuable resource to the BMI field. as well as to use the dataset to compare existing and 

novel methods for decoder stabilization over time. 
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Abstract: Motor imagery brain-machine interfaces are fronting a hurdle: many subjects struggle 

to control devices effectively. Performance hinges on the features used, typically power spectral 

density (PSD) in alpha or beta bands, modulated by different mental tasks such as motor imagery 

(MI) and rest. Variations in features stem from Event-Related Desynchronization in the 

sensorimotor cortex. Monitoring feature evolution within a session is crucial for maintaining 

consistent performance that follows users ‘intent. 

In this work, we had 15 subjects (8 F, 25 ± 1.5 yo) coming for 3 sessions where they controlled a 

robotic arm using MI for the gripper closing and an eye tracker for the position to reach[1]. 

During a session, they went through 8 runs of 10 MI and Rest trials. 3 runs were of calibration 

(no feedback) then 3 runs of control based on a LDA trained on features of the calibration and 

then 2 runs of control with the LDA trained on the previous control runs. We investigated MI 

and resting state beta band PSD in the left sensorimotor cortex (postcentral and precentral area) 

using source reconstruction at the group level with all sessions confounded to see if patterns rose 

between blocks. We explored the beneficial impact of feedback in BCI experiments and 

examined how specific features contributed to this effect. We also investigated whether 

calibration features are linked to online performance. We discovered that patterns of motor 

imagery (MI) and rest differed over runs. We then examined how the variability of MI-Rest PSD 

during calibration correlated with overall performance. We found a significant correlation (p = 

0.006, r = 0.402), suggesting that initial differences in the ERD between conditions during 

calibration leads to better performance. However, despite MI being consistent across control 

blocks, rest showed block-specific behavior, indicating its intrinsic variability in the 

experimental design. 

Here, we explored features’ evolution used in a BCI experimentation, we could correlate their 

early profile to performances. From this, we can draw different conclusions, i) features ‘variation 

forces to adapt the algorithm either by retraining it or by using adaptive classifier, ii) As MI 

features were stable through the control period, they could be selected from the start as they 

seem robust, oppositely, rest features could gain in being retrained. To go further, it might be 

necessary to investigate other features more robust throughout experimentation such as 

connectivity[2]. 

[1] T. Venot et al., « Intentional binding enhances hybrid BCI control » (2023) [2] J. Gonzalez-

Astudillo et al., « Network-Based Brain-Computer Interfaces: Principles and Applications » 

(2021) 
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Abstract: Cervical transcutaneous spinal cord stimulation (SCS) has emerged as a promising 

neuromodulation approach for upper limb function by activating sensorimotor networks. Recent 

advancements in brain-computer interface (BCI) technology enable more natural control of 

neuromodulation during activity-based training. We aimed to investigate the neuromodulation 

effectiveness of a single 30-min session BCI-SCS intervention compared to an equivalent 

Random-SCS (control) condition in a crossover study with twelve participants. During the BCI-

SCS intervention, the BCI system was used to detect pinch motor imagery in real-time from a 

single scalp surface electrode. If the BCI system detected the motor imagery within 15 s, SCS 

was triggered for 5 s. Otherwise, SCS was not triggered, and the subsequent trial was initiated. 

The overall success rate was 84.6±4.1%. During the Random-SCS intervention, SCS was 

triggered for 5 s in a random interval. The SCS in both interventions was applied using a cathode 

over the C7-T1 vertebrae level and an anode over the iliac crests. The intensity of the stimulation 

was set to elicit post-activation depression of evoked responses in multiple upper limb muscles 

during 30 Hz stimulation using 1 ms biphasic pulses (range: 50-80 mA), indicating the 

recruitment of dorsal root sensory fibers. Neuromodulation assessments in the first dorsal 

interosseous muscle involved evaluating corticospinal excitability via motor-evoked potentials 

induced by single-pulse transcranial magnetic stimulation over the primary motor cortex before 

(Pre), immediately (Post 0), and 30 min (Post 30) after the intervention. Our results showed that 

corticospinal excitability was significantly facilitated after (Post 0 min) the BCI-SCS 

intervention only (p=.045), and post hoc testing indicates that the facilitation only persisted at the 

Post 0 min time point (p=.021). On the other hand, the Random-SCS intervention did not elicit 

any significant modulation (p=.121). These findings suggest that pre-synaptic activation via the 

cortical and corticospinal activity and the post-synaptic activation of sensory nerves using SCS 

may strengthen the connections within the corticospinal tract through Hebbian plasticity. 

Overall, we demonstrated the feasibility of BCI-SCS technology and its potential for 

neuromodulation to facilitate upper-limb corticospinal tract excitability. 
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Abstract: Transcutaneous spinal cord stimulation (TSCS) has been utilized to recover upper- 

and lower-limb motor function after spinal cord injury (SCI). Brain-computer interface (BCI) 

systems can integrate movement intention with spinal circuit activation through TSCS to 

enhance neuromodulatory effectiveness. The study aimed to investigate the efficacy of a BCI-

TSCS intervention on lower-limb motor function and neural activity in individuals with chronic 

incomplete SCI. Participants with SCI underwent two different interventions on separate days: 

(1) BCI-TSCS: TSCS was delivered for 5 sec to the lumbothoracic spinal cord upon detection of 

cortical activity during motor imagery using our BCI system; and (2) Random TSCS: 5 sec 

TSCS bursts were delivered at random intervals while participants remained at rest without 

performing any movement imagination. Each intervention lasted 30 min. TSCS was delivered at 

30 Hz to activate dorsal root sensory fibers as confirmed through evoked response post-

activation depression. In the BCI-TSCS condition, electroencephalography signals were 

processed in real-time to detect event-related desynchronization of cortical oscillatory activity 

during ankle dorsiflexion motor imagery. Before each intervention, TSCS location and 

intensities were adjusted by monitoring TSCS-evoked spinal reflexes. Stimulation was delivered 

between T12-L3 vertebral, where the most prominent responses were elicited in the tibialis 

anterior (TA) muscle. The intensity was adjusted at the motor threshold, defined as the minimum 

intensity required to induce a visible spinal reflex. Assessments were conducted before and after 

the interventions. Motor evoked potentials in the TA muscle, elicited through primary motor 

cortex transcranial magnetic stimulation were assessed to evaluate corticospinal excitability. A 

lower-extremity motor coordination test and the foot tapping test were evaluated as a measure of 

lower-limb motor function. Results showed that corticospinal excitability was facilitated 

immediately after the BCI-TSCS intervention, but not after the Random TSCS intervention. 

Kinematic profiles during lower-limb motor function tests were also affected immediately after 

the BCI-TSCS intervention. Thus, the BCI-TSCS intervention transiently enhanced corticospinal 



excitability and motor function in individuals with chronic incomplete SCI. We propose that 

incorporating the descending drive using a BCI system could enhance the efficacy of TSCS in 

neuromotor recovery applications. 
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Abstract: Implanted brain-computer interfaces (iBCI), systems that translate brain activity 

recorded intracranially into commands for virtual or physical machines to restore or rehabilitate 

motor or speech functions, are rapidly advancing. With 25 years of research into long-term 

electrode implantation to drive computer apps or mechanical devices, as of April 2024 there are 

no iBCI systems fully approved by the U.S. Food and Drug Administration, nor have these 

systems been demonstrated as a lifelong viable solution. However, there has been a rapid 

expansion in the field with at least 25% of participant implantations happening in the past two 

years, SynchronTM entering its third round of clinical trials, the entry of NeuralinkTM into human 

clinical trials, along with a number of other electrodes poised to enter human clinical trials in the 

coming two years. This abstract updates our global report for implanted BCI systems 

(PSTR280.14, SfN2023) in terms of participant demographics, electrodes used, and iBCI 

research groups. Based on the new entries into the clinical trials and the need for ensuring equal 

access for all prospective demographic groups and to advance the implementation science for 

iBCI systems, it is imperative to standardize clinical trial reporting, performance metrics, and 

develop a registry for tracking the ongoing implantation. As this technology enters translation, a 

registry will consolidate knowledge of iBCI trials, enhance rigor and transparency, improve 

public perception, and facilitates the dissemination of accurate information across stakeholders. 
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Abstract: With improvements in recording, communication, and stimulation technologies, in 

addition to evolving research needs, there are continuous efforts to develop devices to help 

progress novel, therapeutic neuromodulation research. As new devices are introduced, there is a 

need to verify these systems’ functionalities to increase confidence in their abilities to assist 

researchers in future investigations. However, the tools to fully characterize these systems’ 

abilities are limited. This is particularly true for the case of capturing evoked potentials, a 

biomarker well-used to characterize cortical connectivity. There are numerous factors that may 

contribute to why we may not fully realize an evoked potential response in vivo, and this 

ambiguity becomes a barrier when debugging investigational systems. Here, we demonstrate a 

benchtop evaluation platform to evaluate the CorTec Brain Interchange’s ability to capture 

evoked potential activity. With this characterization, we can assess how the Brain Interchange 

can support future efforts in better understanding neuroplasticity mechanisms and develop the 

accompanying signal processing needed to extract signals of interest. We utilize the NeuroTest 

board and assemble a testing rig to deliver simulated evoked potential activity in response to 

stimulation delivered by the Brain Interchange. In this benchtop environment, we go through 

various stimulation parameter permutations to identify the ideal configurations, system 

limitations, and appropriate data processing prior to in vivo applications. Insight gained from 

saline benchtop testing guides our signal processing approach to extract meaningful 

neurophysiological evoked responses collected with the Brain Interchange in vivo. Our findings 



demonstrate the utility of this evaluation platform and the Brain Interchange’s abilities to collect 

evoked potentials. Additionally, we present a more comprehensive understanding of this 

investigational device’s functionalities that could be utilized for future research efforts towards 

modulating plasticity and improving the efficacy of potential therapeutic interventions. 
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Abstract: The Stentrode is a novel endovascular brain-computer interface (BCI) that is 

implanted within the superior sagittal sinus to record bilaterally from the motor cortices. The 

device has enabled people with severe paralysis to gain computer control and digital 



communication. The Stentrode is currently undergoing an early feasibility clinical trial in the 

United States and to date, six participants with severe paralysis have been implanted.In order for 

any BCI to be viable long-term, the signals need to be high quality and remain stable over time 

to enable high-accuracy decoding of user intent. Multiple factors contribute to the signal-to-noise 

ratio (SNR) including distance to neural source, attention, electrical contact and spacing, 

referencing scheme, physiological noise (such as ocular, muscular, cardiac, etc), feedback, and 

environmental noise. While the Stentrode sits closer to the cortex, in the absence of interceding 

bone, than scalp electroencephalography (EEG) electrodes and would presumably have higher 

signal quality, there has been no reported comparison of signal quality in humans. Here, we 

explore the quality of vascular ECoG and scalp EEG signals during volitional motor attempts in 

one participant with paralysis due to ALS. Before the implant, the participant underwent a scalp 

EEG with a standard, commercially available 64-channel cap. During the session, they were 

visually cued to attempt various motor tasks, such as repeated flexion and extension of the wrists 

and ankles. After the Stentrode implant, the participant completed the same tasks. Signal quality 

was assessed by analyzing motor event related synchronization/desynchronization during cued 

movement tasks. SNR was defined as 10*log((Attempted movement band power)/(Resting band 

power)). During attempted flexion of both ankles, the most modulated channel on the EEG cap, 

Cz, had a mean SNR in the beta band (13-30 Hz) of -2.1 (a 37% decrease in RMS amplitude 

during attempted movement), while the most modulated channel on the Stentrode had an SNR of 

-2.4. Of particular interest is the high-gamma band (70-200 Hz), which offers rich, focal 

information with high utility in BCIs. In this band, the scalp EEG and Stentrode had SNRs of 

0.58 and 2.2, respectively. The high SNR in the high-gamma band for the Stentrode, which 

doesn’t face the attenuating effects of the skull, is promising for successful, reliable decoding of 

user intention.A variety of gestures across channels, frequency bands, and referencing schemes 

will be presented for both the scalp EEG and Stentrode. The ongoing study will continue to 

evaluate the signal quality and stability in multiple participants across modalities. 
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Abstract: Brain-computer interfaces (BCIs) are at the cusp of a paradigm shift in rehabilitative 

medicine, with clinical trials now being conducted in the home with the goal of restoring 

computer access and communication to people with significant motor impairments. One such 

technology is a endovascular BCI device known as the Stentrode (Synchron, Inc.) that aims to 

capture neural motor signals by positioning the device within the superior sagittal sinus (SSS) 

above motor cortex. Over the last 5 years, 10 people with severe motor impairments have been 

implanted with the Stentrode. Considering the progressive nature of ALS and previous evidence 

demonstrating ALS-induced cortical atrophy of motor cortex, it remains unclear whether the 

Stentrode’s proximity to the M1 cortical surface impacts the neural motor signal. Separately, it is 

unclear whether pre-implant fMRI activity is predictive of movement-related signal quality. 

Moving towards clinical translation, a critical evaluation of the neural and clinical factors 

impacting the strength of the motor signal recorded by the Stentrode is warranted. Specifically, 

we investigated whether Stentrode signal quality is impacted by the following factors: (1) 

neuroanatomy, (2) functional activity, (3) neurovasculature and (4) motor impairment. To test 

this, all participants underwent pre-implant functional and structural MRI scans and post-implant 

CT scans. Post-implantation, Stentrode signal quality was assessed while subjects attempted 

cued movements using either their preferred movement (ankle or hand) or the ankle only. During 

the pre-implant fMRI scans, all participants showed the ability to significantly activate 

sensorimotor cortices during attempted ankle movements. Following implantation, participants 



varied in the distance of their Stentrode relative to the cortical surface, as well as device overlap 

with pre-implant functional activity and anatomically defined cortical motor regions, in 

particular primary motor cortex. Additional analyses evaluate the cortical thickness of M1 and 

S1 relative to healthy controls and the width of the SSS. Finally, we used linear mixed-effects 

models to estimate the statistical relationship between clinical and neural measures with 

Stentrode signal quality. Future work will also evaluate whether signal quality has an impact on 

the degree of BCI performance that can be achieved. Overall, this work provides a critical 

framework to guide future Stentrode implantations suggesting that targeting motor 

neuroanatomical landmarks is sufficient to enable recording of movement-related signals, despite 

variability in other potential predictors of success. 
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Abstract: The Stentrode is a minimally invasive brain-computer interface (BCI) that can enable 

computer access for people with paralysis. Implanted endovascularly in the superior sagittal 



sinus, the Stentrode is able to record field potentials bilaterally from the motor and 

somatosensory cortices, as well as the supplementary motor area. Other, more invasive BCIs that 

require neurosurgery, such as a linear depth electrode or an electrocorticographic grid, typically 

have an electrode layout that spans 1 or 2 dimensions, respectively. The Stentrode, on the other 

hand, has a unique spatial geometry - the electrodes form a cylindrical pattern about a vector in 

the sagittal axis of the human brain. Such a distribution of contact placement may be leveraged 

to better identify, separate and localize signal and noise sources in endovascular 

electrocorticographic (eECoG) recordings. 

The Stentrode is currently undergoing an Early Feasibility clinical trial in the United States on 6 

participants with severe paralysis. Here, we present data from one participant with Amyotrophic 

Lateral Sclerosis, where we apply and compare several spatial filtering techniques to enhance the 

Stentrode’s signal quality and spatial pattern discrimination. The participant was instructed to 

perform a motor training task without feedback, consisting of approximately 5±1s rest periods 

followed by performance of 5 attempted movements over a period of 5s. Attempted movements 

involved: left ankle, right ankle, both ankles, left hand, right hand, and both hands. We then 

applied several spatial filtering techniques, including Laplacian re-referencing, principal 

component analysis, independent component analysis (ICA), and spatio-spectral decomposition, 

to the resulting eECoG recordings. Signal quality of the spatially filtered time-series was 

evaluated over the attempted movement (signal) and rest (noise) intervals, within the standard 

human cortical frequency bands: Alpha (8-13 Hz), Beta (13-30 Hz), Low Gamma (30-60 Hz) 

and High Gamma (60-200 Hz), to determine the band power and signal to noise ratio. The spatial 

patterns that align with the strongest signals from each technique are then evaluated to estimate 

the location of neural signal sources. We find that band-limited ICA results in the strongest 

separability of electrocardiographic artifacts from the recorded signals, and that choice of 

referencing scheme alters the signal quality. 
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Abstract: Over the past several decades, the number of electrodes allowed for simultaneous 

recording has doubled approximately every seven years. Large data from high-density electrode 

arrays stress every part of the recording system, including data transfer, storage, processing, and 

demand high power. An energy-efficient, online data compression method is urgently needed for 

large-scale electrophysiology recording. 

Spikes are the sparse information carrier in the neural network. The proposed method, which 

compressed filtered data around the frequency band of action potentials by >100X with 

minimum distortion, consists of three parts: 

1) A compressive signal sampler compares the extracellular signal between different timestamps, 

i.e., temporal delta, and outputs the difference as 2-bit ternary pulse trains. The delta-modulation 

signal potentially relieves the computational load for the following steps. 



2) A spiking neural network compresses the delta-modulated events by ~10X. The training 

method used knowledge distillation from an autoencoder to reduce the network size on the 

implant while maintaining the quality of the reconstructed signal. 

3) An event-based serializer packs pulse trains into packets tailored for energy-efficient wireless 

transmission. Leveraging the sparsity of spikes and spatial redundancy of high-density 

electrodes, the patented method achieves a compression ratio of >11X while consuming <1% of 

energy compared to state-of-the-art appliances. 

Energy efficiency is crucial for avoiding heat dispersion to surrounding tissue. Together with the 

tissue-coupled transdural data telemetry and ultrasound powering method developed in the 

group, our intracranial Brain-computer interface can be free-floating and easily scalable to record 

multiple brain areas. 
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Abstract: Long-term preclinical testing of neural interfacing technology in biological test 

systems is a cornerstone to evaluate investigational medical devices prior to first-time human 

applications. Two key factors are feasibility and ease of surgical approach suitable to ensure 

stability of device placement and the impact of chronic electrode implantation on brain and 

surrounding tissues. The present good laboratory practice study was designed to address, 

amongst others, these two factors. Nine (9) female adult sheep were implanted with functional 

Brain Interchange (BIC) Systems (CorTec GmbH, Freiburg, Germany) fitted with two 

electrocorticographic (ECoG) electrode arrays (2x6 contacts, 2.4 mm contact diameter, 5 mm 

vertical and 10 mm horizontal pitch), implanted subdurally and bilaterally on fronto-parietal 

cortex. The BIC body was implanted in the dorsum and cables were routed along the neck using 

a surgical tube tool. Craniotomies were performed with a triagonal burr hole approach and 

subsequent opening of the dura mater for electrode placement. Animals were followed-up for 

182 days with direct cortical electrical stimulation regularly applied to the left hemisphere only. 

In four animals the feasibility of electrode removal was assessed prior to brain extraction and 

fixation. In five animals electrode were left in situ. Brains were trimmed and sections were 



embedded in either in resin or paraffin that were processed with various staining and 

immunohistochemistry methods. The ease of implantation was rated very good with electrode 

placement procedure durations of a few minutes. Post-implant X-ray imaging showed flat and 

parallel positioning of electrode arrays and the stability of positioning was confirmed in pre-

explant imaging in 8 out of 9 animals. In one animal, electrode arrays were folder along the 

longitudinal axis. Despite, no adverse events or severe adverse histopathological findings were 

reported for any study animal. Histopathological examination revealed fibrotic capsules around 

the electrodes in all animals and overall minimal to moderate tissue reactivity, with slightly 

different findings in the electrode removal group. Severity scores were similar across all animals 

and between stimulated and non-stimulated tissue sections. The results demonstrate that the 

ECoG-based BIC system can be safely and effectively be implanted with routine surgical 

procedures on the sheep cortex with long-term array position stability and without considerable 

impact on the tissular integrity. These findings pave the way for future preclinical neuroscientific 

studies and support the BIC’s suitability for chronic human medical application. 
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Abstract: Preclinical functional testing of implantable neural interfaces in both benchtop and 

biological test systems is one principal requirement in preparation for first human and potentially 

medical therapeutical application. Today’s future-oriented neural interface applications demand 

basic bi-directional functionality: neural sensing with a sufficient spatial sampling and number of 

channels and flexible configuration of electrical brain stimulation paradigms. The fully 

implantable Brain Interchange (BIC) System (CorTec GmbH, Freiburg, Germany) provides these 

functional requirements: 32-channel recording and adaptable stimulation configurations. To 

assess the capabilities in a long-term setting, the system was implanted for 182 days in nine (9) 



adult female sheep. Animals were implanted subdurally and bilaterally on the fronto-parietal 

cortex with two electrocorticographic (ECoG) electrode arrays (2x6 contacts, 2.4 mm contact 

diameter, 5 mm vertical and 10 mm horizontal pitch) attached to the BIC. Neural signals were 

obtained (1 kS/s sampling) under general anesthesia, post-mortem and in awake behaving 

animals. In the latter, recording and stimulation sessions were conducted within a regular 

predefined session schedule. Each session included impedance measurements, several minutes of 

resting/idle state recordings and different stimulation paradigms (1 Hz and 50 Hz, bi-phasic 

asymmetric charge-balanced pulses, first phase 250 µs pulse width, stim. Amplitudes up to 5.4 

mA). Signals were analyzed regarding general properties in the states they have been recorded 

in. In addition, long-term resting/idle state signal behavior was investigated by signal, noise and 

signal-to-noise ratio (SNR). The ECoG-based stimulation data were analyzed regarding long-

term functionality and stimulation-induced brain activity changes. The results show different 

signal characteristics for awake, anesthetized, and post-mortem state. In the awake state, signals 

show consistent characteristics over time with a moderate decline in neural signal strength and 

noise but stable SNR pointing to a stable and low system noise. Stimulation data analysis 

revealed changing maximum applicable amplitudes, presumably due to increases in impedance, 

but without loss of stimulation functionality. The findings indicate biological origin of long-term 

signal property and impedance behavior possibly caused by fibrotic capsule build-up around the 

arrays. In summary, the results demonstrate both the importance of preclinical device testing and 

the readiness of the BIC system to provide the two key functionalities necessary for future-

human medical applications. 
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Abstract: The spinal cord mediates the sensorimotor transformations underlying many voluntary 

behaviors. Perhaps the best-studied example of these is locomotion, where spinal circuits 

coordinate appropriately lifting and placing the foot at each step. Despite the rich history of 

studying the spinal cord, little is known about how networks of diverse spinal neural populations 

collectively coordinate their activity to generate motor output. A significant challenge is the 

technical difficulty of recording spinal activity in a freely moving animal; thus, previous studies 

have often resorted to studying isolated spinal cord preparations or spinalized animals. Here, we 

analyzed rare population recordings in the lumbar spinal cord of an awake, vertebrae-fixed 

mouse walking on a wheel at its own volition. A Neuropixels probe was inserted along the 

dorsal-ventral axis of the right spinal hemicord, such that recorded neural activity spanned both 

sensory-related and motor-related laminae. We applied AutoLFADS, an unsupervised deep 

learning method to infer latent dynamics, to provide de-noised firing rate estimates for sorted 

single-unit activity. To validate whether AutoLFADS provided superior de-noising over standard 

firing rate estimation methods (e.g., Gaussian smoothing), we evaluated how well firing rate 

estimates from each approach could predict simultaneously recorded behavior using linear 

decoding. Ipsilateral hindlimb kinematics were extracted from videos via DeepLabCut. Decoding 

toe marker velocity from the AutoLFADS-inferred firing rates substantially improved 

performance over decoding from smoothed spikes (quantified via R2: 0.81 vs 0.63). We next 

used the kinematics to identify bouts of stable locomotion and annotated individual step cycles 

into their respective stance and swing phases. Visualizing the corresponding spinal population 

trajectories during locomotion revealed a low-dimensional periodic orbit with one period per step 

cycle. Identifying segments of each cycle’s trajectories associated with the stance and swing 

phases revealed a clear organization of the state space: transitions between locomotor phases 

occurred at consistent state space locations – despite natural variations in the stance duration 

across individual cycles – suggesting that regions of spinal population state space hold a tight 

correspondence with the produced behavior. This work demonstrates the utility of applying a 

state space approach to interpret spinal network function and may serve as a framework for 

interrogating other spinal cord-mediated behaviors in the future. 
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Abstract: In vertebrates, the circuits underlying the promotion of locomotion span the central 

nervous system. The direct connection between supraspinal and spinal locomotor-related neurons 

is comprised of reticulospinal neurons which are thought to contact and provide tonic drive to the 

rhythm-generating layer of the spinal locomotor central pattern generator. Previous studies in the 

rodent and cat have identified the locations of reticulospinal input to locomotor-related circuitry. 

In addition to directly targeting motor neurons and commissural interneurons, neurons in the 

medial intermediate zone have been shown to receive dense reticulospinal input. This is 

consistent with the location of Shox2 INs, a putative rhythm-generating population. To date, the 

connection between reticular neurons and a genetically-identified population of locomotor-

related lumbar spinal interneurons (INs) has not been examined in adult mice. Here, we 

hypothesize that lumbar spinal Shox2 INs receive monosynaptic input from excitatory 

reticulospinal neurons originating in the lateral paragigantocellular nucleus (LPGi). In adult 

Shox2cre; R26-lsl-tdTomato mice, we delivered bilateral injections of AAV9-CamKII-eGFP into 

the ventral caudal medulla, targeting the LPGi. Labeling of LPGi glutamatergic neurons was 

confirmed with RNAscope for vGlut2 RNA. We then performed immunohistochemistry on 

lumbar spinal slices to examine eGFP+/vGlut2+ synaptic puncta in close proximity to Shox2 

interneurons. We found that excitatory synaptic puncta from projections originating in the LPGi 

are in close apposition to lumbar spinal Shox2 INs. In order to confirm functional connections 

electrophysiologically, we injected AAV9-CamKIIa-ChR2-eYFP into LPGi bilaterally and 

performed whole-cell patch clamp recordings 6 weeks later in lumbar spinal slices targeting 

Shox2 interneurons during light stimulation. We show that Shox2 INs receive light-evoked 

excitatory postsynaptic currents which persist after bath application of TTX+4AP. Taken 

together, this suggests that lumbar spinal Shox2 INs receive monosynaptic excitatory input from 

the LPGi in the medulla. Further experiments assessing this direct connection could reveal the 

precise role it plays in the context of locomotion and inform our ability to restore it after injury 

or disease. 
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Abstract: Mammalian locomotion is a complex behavior arising from interaction between 

neural and biomechanical systems, driven by rhythmic activity originating in the spinal cord. 

Although it has been extensively studied, the structure of the circuits that produce this behavior 

remains unknown. One approach to modeling the rhythmic activity is with half-center models, in 

which there are alternating periods of flexion and extension to coordinate muscle activity. While 

this approach is sufficient for simple antagonistic muscle pairs, it can be difficult to expand the 

controller for more complex models with muscle synergies. This work introduces a method of 

modeling the activity in the spinal cord with a population of neurons exhibiting a continuous 

cycle of activity, rather than the push-pull of half-centers. Our study integrates computational 

modeling techniques with biomechanical simulations to control the muscle activity in a pair of 

rat hindlimbs. The neural controller is based on a rank two connection matrix that exhibits 

oscillatory behavior akin to a limit cycle. This sequence generator network (SGN) is then 

connected to a motor circuit comprised of Ia inhibitory neurons, motor neurons, Renshaw cells, 

and interneurons to incorporate muscle feedback. Through iterative tuning and optimization, we 

demonstrate the effectiveness of our SGN-based neural model in controlling the hindlimbs, 

resulting in joint trajectories comparable to those observed during rat locomotion. 
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Abstract: It was suggested that during locomotion, the nervous system controls multiple 

muscles by combining them in a smaller number of groups (muscle synergies) and activating 

each of them by a specific time-dependent activation pattern. For example, we found that during 

treadmill forward and backward walking in spinal-transected cats (Harnie et al., 2021) and 

during overground level and slope working in intact cats (Klishko et al., 2021), most of the 

variance of EMG activities from 12-15 muscles was accounted for by 5 synergies and their 

activation patterns. Analysis of muscle synergies during locomotion can help reveal the 

organization of spinal locomotor networks and if/how it changes in different locomotor 

conditions before and after spinal cord injury. The goal of this study was to investigate the 

effects of locomotor speed and spinal transection on the number and composition of muscle 

synergies and their time-dependent activity patterns in adult cats. We hypothesized that muscle 

synergies and their composition are mainly controlled at a spinal level. EMG activities of 15 

hindlimb muscles were recorded bilaterally in 9 adult cats of either sex during tied-belt treadmill 

locomotion at speeds of 0.4, 0.7, and 1.0 m/s before and after spinal transection at low thoracic 

level. Muscle synergies were extracted from recorded EMGs by non-negative matrix 

factorization. Five extracted synergies for each of six experimental conditions (3 speeds x 2 

spinal cord states) accounted for at least 90% of variance in muscle EMG activities. There were 

two flexor synergies (groups of mostly flexor muscles) activated during the swing phase, and 

three extensor synergies composed of mostly extensor muscles activated during the stance phase. 

In the intact state, the composition of muscle synergies and their activation patterns generally did 

not depend on locomotion speed except for a few muscles and a slight delay in the activation 

onset of synergies with increasing speeds. Although the general muscle compositions of the five 

(two flexor and three extensor) synergies after spinal transection were similar to intact 

locomotion at different speeds, there were significant discrepancies in muscle contributions to 

synergies. In the spinal state, activation patterns were generally less correlated between the 

speeds within synergies, and synergy activations started earlier. We conclude that after spinal 

transection, muscle contributions to the synergies and their time-dependent activation patterns 

become less regular, although the general organization of the synergies during locomotion is 

maintained. 
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Abstract: The involvement of sensory feedback during complex motor tasks like stair climbing 

is not yet known. We have developed an experimental staircase where one of the stair steps can 

be moved slightly up, down, further away, or rotated when the participant is about to step on it. 

In this way we may compare the behavioral and neural consequences of correct and incorrect 

prediction of changed shape and time of ground contact during an unconstrained natural stair 

walking task. In the present study, we present the experimental staircase and investigated the 

involvement of afferent feedback contributions to motoneuronal drive during stair climbing. 

Participants climbed a seven-step perturbation stair apparatus unrestrained. Either no 

perturbation took place (Study 1) or on random trials the fourth step was moved 2,5 cm 

downward at foot contact (Study 2), producing a “drop” of the step and causing an “unload” of 

the ankle joint. All data were recorded from the left leg. Participants were instrumented with 

bipolar surface electromyography (EMG) electrodes over the soleus (SOL) and tibialis anterior 

(TA) muscles of the left leg. Foot-strike was recorded using a force sensitive resistor placed 

under the sole of the left shoe. Left ankle angle was recorded using a surface mounted 

electrogoniometer. The changes in the SOL EMG at spinal and supraspinal latencies as a 

function of changed ankle joint velocity were analyzed. The spinal SOL EMG response at short 

latencies increased with the velocity of the ankle joint angle in Study 1. During “drop” 

perturbations of the stair step in Study 2, a distinct unload response was measured. We speculate 

that the changes in SOL EMG at spinal latencies reflects how sensory feedback on a moment-to-

moment basis contributes to motoneuronal drive during complex motor tasks like stair climbing. 
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Abstract: Rhythmic orofacial behaviors involve overlapping muscles and must be coordinated. 

For example, we speak only on exhalations. Networks of premotor neurons in the brainstem 

(central pattern generators) autonomously coordinate rhythmic movements, including breathing, 

chewing, drinking, and swallowing. Understanding this neural coordination is fundamentally 

important for a host of survival behaviors. 

We used Neuropixel probes to map rhythmic activity related to breathing and licking in the 

mouse brainstem as mice licked for water. Orofacial movements were tracked with high-speed 

videography, while breathing was recorded with an airflow meter. Across 340 penetrations in 31 

animals, 19,000 units were recorded across the pons and medulla. Recordings were aligned to the 

Allen Mouse Brain Common Coordinate Framework. 

Distinct spatial clusters of medulla neurons exhibited rhythmic activity phase locked to breathing 

and licking. Breath synchronized units were localized to the ventral intermediate reticular 

nucleus (IRN), the preBotzinger complex, and the nucleus ambiguus. Units synchronized to 

licking were broadly distributed across the IRN, the trigeminal nucleus, and the hypoglossal 

nucleus, which coincided with the regions containing the jaw and tongue pre-motor and motor 

neurons. Within the regions showing licking-related activity, we further mapped the putative 

licking oscillator using optogenetic activation of Phox2b-expressing neurons (Dempsey et al., 

2021). Rhythmic licking and associated jaw movements were selectively evoked by a cluster of 

neurons located in the posterior IRN. 

Breathing and licking were tightly coordinated at the level of behavior, where licking was phase-



locked to breathing and did not coincide with inspiration. This coordination was bidirectional: 

inspiration rate influenced the lick timing and vice versa. At the level of neural activity, 

breathing and licking units showed functional coupling with anticorrelated activity. This phase 

relationship between licking and breathing was faithfully preserved even when licking was 

artificially induced by activating orofacial motor cortex. When mice volitionally initiated licking, 

the breathing phase was pre-emptively adjusted 120ms prior to licking onset to accommodate 

this licking-breathing coordination, suggesting an additional role of descending volitional 

control. 

These results reveal multiple logics that govern two orofacial rhythms and outline a roadmap for 

their neural circuit substrate. 
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Abstract: The swallow motor pattern generator consists of the dorsal swallow group (DSG) in 

the nucleus tractus solitarius. DSG is proposed to generate the swallow motor command and 

control the temporal aspects of the behavior. The ventral swallow group (VSG), located in the 

nucleus ambiguus/ventral respiratory column and surrounding reticular formation, is proposed to 

distribute the swallow command sequentially to the cranial and spinal motoneuron pools. The 

PreBÖtzinger complex (PreBOT) has a critical role in generating the breathing rhythm and may 

participate in the control of orofacial behaviors, including swallowing. We have previously 



shown that microinjection of the nonspecific glutamate receptor antagonist, kynurenic acid, into 

the PreBOT had no effect on the number of swallows elicited by water injection into the 

pharynx; but did increase swallow duration and suppress the magnitudes of laryngeal elevator 

muscle electromyograms (EMGs). We hypothesized that microinjection of gabazine (GBZ), a 

GABA-B receptor antagonist, into the PreBot would suppress swallowing in response to water 

injected into the oropharynx. Upper airway muscle EMGs were recorded in anesthetized, 

spontaneously breathing cats (n=3). Swallowing was induced by injection of 3 cc of water into 

the oropharynx. Multi-barrel micropipettes were employed to inject artificial cerebrospinal fluid 

or GBZ (100 µM, 50 nL per injection) bilaterally into the PreBOT region. Microinjection sites 

were confirmed histologically by detection of fluorescent beads that were suspended in the 

microinjectate. Microinection of GBZ into the PreBOT significantly reduced swallow number by 

up approximately 50% within 20 minutes and 75% by 80 minutes post injection. By 140 minutes 

post injection, swallow number had recovered to within 32% of control. In one animal, 

swallowing was eliminated for 100 minutes. We conclude that GABA-B receptors in the 

PreBOT are important in the production of swallowing in the anesthetized cat. Further, these data 

support the concept that neurons in this area are involved in functionally important pathways 

with the DSG. 
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Abstract: Swallowing is a behavior that requires the well-formed coordination of a series of 

muscles to convey a bolus of food/liquid down the esophagus. These muscles are controlled by 

motoneurons in different areas of the hindbrain and spinal cord and are also the target of other 

brainstem circuits such as respiratory networks. We conducted experiments in anesthetized, 

spontaneously breathing cats to determine the effects of drugs microinjected into the nucleus 

tractus solitarius (NTS) on swallow, while recording electromyograms from pharyngeal, 

laryngeal, and respiratory-related muscles. 

Kynurenic acid (KYNA) is an endogenously produced metabolite of the essential amino acid 

tryptophan, and is a non-specific ionotropic glutamate receptor antagonist that may also have 

effects through other receptor pathways that are not fully understood. We found that when 

KYNA was injected into the NTS bilaterally it inhibited the coherent production of swallow 

from pharyngeal water stimuli. After microinjection of KYNA, swallows from water stimuli 

were impeded for up to an hour or more but gradually recovered. These data suggest a relatively 

long-term action by KYNA beyond simple acute antagonism of ionotropic glutamate receptors 

that creates an “open circuit” between the afferent sensory feedback from pharyngeal water 

stimulation to elements of the swallow pattern generator. 
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Abstract: The pendulum test is a quantitative method used to assess knee extensor spasticity in 

humans with spinal cord injury (SCI). Yet, the clinical implementation of this method remains 

limited. The goal of our study was to develop an objective and portable system to assess knee 

extensor spasticity during the pendulum test using inertial measurement units (IMU). Spasticity 



was quantified by measuring the first swing angle (FSA) using a 3-dimensional optical tracking 

system (with external markers over the iliotibial band, lateral knee epicondyle, and lateral 

malleolus) and two wireless IMUs (positioned over the iliotibial band and mid-part of the lower 

leg) as well as a clinical exam (Modified Ashworth Scale, MAS). Measurements were taken on 

separate days to assess test-retest reliability and device agreement in humans with and without 

SCI. We found no differences between FSA values obtained with the optical tracking system and 

the IMU-based system in control subjects and individuals with SCI. FSA values from the IMU-

based system showed excellent agreement with the optical tracking system in individuals with 

SCI (ICC > 0.98) and good agreement in controls (ICC > 0.82), excellent test-retest reliability 

across days in SCI (ICC = 0.93) and good in controls (ICC = 0.87). Notably, FSA values 

measured by both systems showed a strong association with MAS scores (pho ~ 0.80) being 

decreased in individuals with SCI with higher MAS scores, reflecting the presence of spasticity. 

These findings suggest that our new portable IMU-based system provides a robust and flexible 

alternative to a camera-based optical tracking system to quantify knee extensor spasticity 

following SCI. 
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Abstract: Ankle clonus is an involuntary motor behavior involving rhythmic muscle 

contractions commonly observed in humans with spinal cord injury (SCI). Although clonus is 

associated with symptoms of spasticity its neural mechanisms remain poorly understood. 

Impaired inhibitory control in combination with altered regulation of motoneuronal persistent 

inward currents have been shown to serve as the basis for prolonged involuntary motor output. 

Therefore, the purpose of this study was to examine the relationship between the cutaneous 

reflex (early component, LPR; late component, LLR) and the presence of clonus in individuals 

with SCI. We tested individuals with chronic SCI (> 1 year a post-injury) with short/no clonus 

(n=7) and long-clonus (n=9). The cutaneous reflex was elicited by electrical stimulation of 

medial plantar nerve and electromyographic activity was measured in the tibialis anterior muscle. 

Ankle clonus was elicited in individuals with SCI by applying the drop test and manual stretch to 



the ankle joint (short/no clonus=6.2±2.4 seconds duration; long-clonus=134.4±126.7 seconds 

duration). We found that the duration of the long-lasting part of the cutaneous reflex (referred to 

as the ‘LLR’) was prolonged (1.3±0.6 seconds) compared to individuals with no clonus or short 

duration of clonus (0.2±0.09 ms) in participants with chronic SCI. In contrast, we found that the 

duration of the early component of the cutaneous reflex (referred to as the ‘LPR’) was similar 

between individuals with short/no clonus (0.4± 0.01 seconds) and long-clonus (0.4± 0.02). Our 

results suggested that adaptations in neuromodulatory receptors on motoneurons contribute, at 

least to some extent, to the generation of prolonged ankle clonus in humans with SCI. 
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Abstract: Transcutaneous spinal cord stimulation (tSCS) is a neurostimulation approach that has 

been reported to improve motor outcomes in individuals with spinal cord injury (SCI). Yet, the 

neural mechanisms contributing to the reported clinical improvements remain not well 

understood. The purpose of this study was to examine the effect of a single session of lumbar 

tSCS applied between the L1-L2 vertebral interspace (30Hz pulses with a 10kHz carrier 

frequency) on the soleus H-reflex amplitude in participants with chronic SCI. tSCS was 

delivered at 50% of the intensity needed to elicit a 50μV peak-to-peak posterior root reflex in the 

soleus muscle. Soleus H-reflexes were tested using ~50% (half H-reflex) of maximal H-reflex 

amplitude (H-max) in participants with complete or incomplete chronic SCI before and after 20 

minutes of tSCS stimulation. H-reflex amplitude was normalized to the size of each participant’s 

maximum motor response (M-max). Average peak-to-peak amplitudes for the soleus M-max and 

H-max were 6.46mV ± 3.24mV and 3.26mV ± 2.50mV respectively. The average H-max 

amplitude was 49% ± 22% of M-max. At baseline, average half H-reflex amplitude was 24.46% 

± 10.82% of the M-max. We found that soon after tSCS, the half H-reflex amplitude was 



suppressed (Average amplitude = 11.11% ± 11.1% of the M-max) and remained suppressed up 

to 30 minutes after tSCS (Average amplitude = 15.17% ± 13.11% of the M-max). These results 

suggest tSCS delivered at 30Hz with a 10kHz carrier frequency suppresses Ia afferent input to 

motoneurons in participants with chronic SCI. The neural mechanisms contributing to this effect 

are under investigation. 
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Abstract: Objective: Hoffmann reflex (H-reflex) operant conditioning is a successful treatment 

intervention of growing interest and importance in the rehabilitation of individuals with 

neurological injury (doi:10.3389/fnint.2014.00025). During conditioning sessions, H-reflexes are 

typically elicited at low frequency (~0.2 Hz) to avoid the rate-dependent depression that occurs 

at faster rates in the absence of background electromyographic activity (EMG). The resulting 

long session duration may be demanding for participants. This study examined the impact on H-



reflex size when stimulating at faster rates. We used the protocol described in Thompson et al. 

(doi:10.1523/JNEUROSCI.3968-12.2013), in which a stable low level of background EMG 

activity is present during H-reflex elicitation. 

Methods: Fifteen healthy participants (7 females, 8 males, aged 51±19SD years) maintained a 

low level of background soleus EMG activity (5-18mV, ~1-3% of the maximum direct muscle 

response (M-wave)) while standing. Soleus H-reflex and M-wave recruitment curves were 

obtained at frequencies of 0.2, 1, and 2 Hz. Maximum M-wave size (Mmax), maximum H wave 

size (Hmax), and M and H stimulation thresholds (Mthresh and Hthresh) were calculated from 

the curves. Then, 75 H-reflex control trials were collected for each stimulation frequency at the 

stimulation level that produced a target M-wave size (~10-20% of Mmax). This sequence was 

completed twice for each interval in random order for each participant. 

Results: Linear mixed effects models were used to compare the effects of protocol 

(i.e.frequency) and session (i.e. run) per participant. Recruitment curves elicited at the three 

stimulation frequencies were similar, with no significant differences in Mmax, Hmax, Mthresh, 

or Hthresh (p>0.3). In the control trials, Hmax (% of Mmax) was slightly but significantly lower 

at 1 Hz and 2Hz than at 0.2 Hz (-12±4SE (p=0.02) and -10±6SE (p=0.04), respectively, as % 

change). 

Discussion: Rate-dependent H-reflex depression is known to be reduced by background 

activation of the muscle. The present results show that H-reflex conditioning protocols like those 

used in our lab can stimulate at frequencies as fast as 2 Hz with only minimal reduction in H-

reflex size compared to our standard 0.2 Hz. The ability to present the H-reflex stimuli more 

quickly may facilitate faster and possibly more effective H-reflex conditioning that is also less 

demanding for the participant. 
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Abstract: Spasticity is an extremely debilitating condition caused by increased excitability in 

stretch reflex pathways, and commonly occurs in neurological disorders such as stroke, cerebral 

palsy, spinal cord injury, and multiple sclerosis. Current treatments, such as Botox injections and 

baclofen, only offer temporary relief, have serious side effects, and aim to manage the symptoms 

rather than treating the underlying cause. To help address this significant unmet clinical need, 

our group has developed a method to reduce the size of the H-reflex (the electrical analogue of 

the stretch reflex) by operant conditioning (HROC), which has been demonstrated to induce 

wider beneficial plasticity and reduce hyperreflexia in patients with spasticity. Our previous 

work has shown that these effects are mediated largely through the corticospinal tract (CST). 

Techniques to examine corticospinal signaling in real-time during HROC may offer new insights 

into the effectiveness of the treatment and provide an avenue for optimizing HROC. High-

density electromyography (HD-EMG) has recently emerged as a technique to examine activity 

within a muscle with high spatial resolution, and, when combined with blind source separation 

(BSS), can detect single motor unit activity, which reflects the activity of spinal cord 

motoneurons. Analysis of motor unit data has demonstrated causal relationships with beta 

oscillations in motor cortex, thus providing indirect measures of CST signaling. In this study, we 

collected data using a HD-EMG grid (BioCircuit) over the soleus muscle of the leg while 

eliciting the H-reflex in 8 healthy volunteers. HD-EMG signals were decomposed into motor unit 

activity using a convolutive blind source separation model (Formento, 2021). We demonstrate 

that motor unit firings synchronize with the activation of the direct muscle (M wave) and H-

reflex responses, with consistent activation patterns across all participants. These results provide 

an early feasibility demonstration of reliably extracting motor unit firings during the M wave and 

the H-reflex, despite the expected high degree of synchronization of motor unit firing. Future 

work will examine the utility of motor units in the context of H-reflex conditioning, including 

using motor units as a tool to measure M wave and H-reflex responses, investigate the 

mechanisms of HROC, and serve as a potential biomarker for predicting responsiveness to 

conditioning. 
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Abstract: A growing number of studies have demonstrated that most people with motor 

complete spinal cord injuries (SCIs) retain the ability to activate motor units below the level of 

injury, offering the potential to use myoelectric controllers for computer-based tasks. Building 

upon this knowledge, we present a novel wearable neuromotor interface driven by surface 

electromyography (sEMG). This innovative wristband device, designed for seamless plug-and-

play functionality, adeptly captures myoelectric activity from the forearm. By translating 

intentional neuromotor commands into computer inputs, this interface introduces a new medium 

for human-computer interaction (HCI), particularly benefiting individuals with SCIs. Our study 

demonstrates real-time detection and decoding of motor units (MUs) in three individuals with 

tetraplegia (AIS A or B), enabling closed-loop control of computer-based tasks via a non-

invasive neuromotor interface worn on the forearm. Our methodology involved detecting 

individual MUs as participants attempted gestures with their dominant hand while recording 

sEMG activity. Despite the absence of visible movement, distinct patterns of MU activity 

corresponding to attempted digit and wrist movements were identified. Through rest and tonic 

activation cycles, participants calibrated a spike sorting model, which recorded and sorted MU 

spiking data. These MU activities were then mapped to different degrees of freedom (DOF), 

enabling control over cursors/characters in training tasks and multi-DOF games. We then 

analyzed participants' control strategies and performance across sessions, ensuring a minimum of 

two MUs controlled per session, each associated with a different movement. Performance 

metrics included speed, task completion time, achievement of objectives (e.g., reward collection, 

obstacle avoidance), and task completion consistency within designated time frames. 

Furthermore, we assessed participants’ ability to control a generalized model — a neural network 

classifier trained on data from 300 nonclinical participants, optimized for minimal movement — 

to predict five movement classes from sEMG signals. Remarkably, participants could accurately 

control one output of the generalized model despite their injury. In summary, these findings 

highlight the potential of MU firing as control inputs for computer tasks, enabling individuals 

with tetraplegia to participate in gaming and social interactions. This device's wearability and 



ease of use offer an innovative HCI solution. By leveraging residual MU and sEMG activity, this 

innovation promises to enhance the quality of life for those with SCI. 
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Abstract: Many individuals with tetraplegia due to spinal cord injury (SCI) retain the ability to 

modulate motor unit action potentials (MUAPs) in the upper extremity, presenting a promising 

avenue for new or augmented assistive interfaces. This study utilized high-density surface 

electromyography (HDsEMG) to map the location and density of upper extremity MUAPs in 

persons with mid-cervical SCI. We covered the right proximal and distal forearm extensors and 

flexors using four 8x8 arrays of HDsEMG electrodes having 8.75mm pitch (TMSi SAGA64+). 

Participants performed an array of unimanual attempted gestures, which were demonstrated and 

subsequently cued by a 3D hand animation. An optical motion capture camera system (Vicon) 

was used to track the movement of the right digits and wrist, which was negligible for most 

joints. During intended gestures, EMG signals were clearly modulated without visible overt hand 

movements. EMG signals for each selected gesture were amplitude normalized using the average 

EMG root-mean-square (RMS) power computed over an epoch during which the participants 

were instructed to exert maximum effort in producing the gesture without moving. The EMG 



RMS envelope on the same electrodes was subsequently used to control a unidimensional ramp-

to-step target task with online visual feedback of the intended gesture strength for 10%, 30%, 

and 50% of the calibrated RMS level. 

Motor unit decomposition using the convolutional kernel compensation (CKC) technique yielded 

up to 13 distinct MUAPs (pulse-to-noise range: 20.3 - 31.3 dB) across the distal and proximal 

extensor and flexor grids. MUAPs were primarily localized to the proximal arrays, and were 

most-prevalent during the 50% ramp conditions. During ramp trials, MUAPs predominantly 

followed the expected recruitment profile from low-to-high threshold units, but there were often 

units that deviated from the expected recruitment-decruitment profile. These atypical MUAPs 

were likely the result of patient-reported spasms, which were not evident in the kinematics of the 

digit and hand markers. In the 50% ramp and maximum effort calibration trials, a subgroup of 

MUAPs that continued firing with a phase lag relative to the cessation of gesture intent may have 

been related to the activation of persistent inward currents (PICs), as could be expected 

following sustained motor recruitment over a period of several seconds. These findings indicate 

that despite limited or non-existent ability to move the distal extremities, myoelectric wearable 

sensors placed appropriately on the forearm of persons with cervical spinal injury can still detect 

the subtle signals related to motor recruitment. 
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Abstract: Multiple sclerosis (MS) is a demyelinating, neurodegenerative disease within the 

central nervous system. Damage can occur throughout the central nervous system and can 

therefore affect voluntary motor commands at any stage of processing. Voluntary motor 

commands originate cortically and are shaped at all levels of the neuraxis, culminating as three 

types of inputs to spinal motoneurons: excitatory, inhibitory, and neuromodulatory. These 

components must be appropriately balanced for skilled motor output. MS is heterogeneous in 

terms of lesion locations, clinical symptoms, and disease course, which impedes systematic 

research of neurophysiological correlates of motor dysfunction. Our ongoing study is 

characterizing excitatory, inhibitory, and neuromodulatory components of the voluntary motor 

command to gain insight into the heterogeneous neural mechanisms of motor deficits in MS. To 

do so, we use high-density surface EMG decomposition and a novel paradigm for reverse 

engineering of motor unit population discharge that provides information on the distribution of 

excitatory input across the motoneuron pool, the pattern of inhibitory input relative to excitatory 

input, and the level of neuromodulatory input. We have tested 30 ambulatory patients with MS 

with a range of disability levels, from none to severe. For some of the reverse engineering 

parameters, such as delta-F and maximal firing rate, there were group mean decreases within the 

MS group compared with age- and sex-matched controls that were generally consistent among 

participants. For other parameters, such as acceleration slope and self-sustained firing duration, 

there were no group mean differences but values in the MS group were more variable than the 

control group, with a range extending higher and lower than control values. Given that the 

reverse engineering parameters are sensitive to more than one type of motor command 

component, we also employed principal component analysis as an unsupervised machine 

learning method to explore how the groups differed in terms of linear combinations of the 

variables. The principal component that best separated the groups was consistent with the pattern 

of inhibitory input, ranging from proportional to excitatory input to reciprocal to excitatory input. 

Additionally, the MS group was more variable than the control group for all principal 

components. Examination of individual participant principal component values may yield insight 

into the specific type of pathophysiology in their motor commands, informing the development 

and selection of personalized, mechanistically-targeted neuroplasticity-inducing rehabilitation 

interventions. 
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Abstract: Studies on the neural control of movement have historically excluded females, leading 

to a reasonable understanding in males but significant gaps in our understanding of female motor 

physiology. Studies that include females are often underpowered or do not examine across the 

menstrual cycle. Given the sex-related differences in neurological disease and human 

performance, there is a great need to study females. Emerging evidence has revealed sex-related 

differences in motor unit (MU) discharge patterns and neuromuscular fatigue across the 

menstrual cycle, but the mechanism behind these differences is unknown. One possibility is 

altered motoneuronal persistent inward currents (PICs) across the menstrual cycle, which are 

higher in females. PICs are facilitated by serotonin and norepinephrine from the brainstem nuclei 

and are responsible for amplification and prolongation of MU discharge. Estradiol and 

progesterone, two hormones that fluctuate across the menstrual cycle, have known effects on 

monoamines, and consequently may affect PIC magnitude and MU discharge in females. The 

purpose of our multi-site research study is to quantify discharge properties in females across the 

menstrual cycle. At four universities, we analyzed MU discharge properties and hormone levels 

at the early follicular, late follicular, and late luteal phases. At each session blood samples were 

taken, and high-density surface electromyographic arrays recorded muscle activity from the 

tibialis anterior during isometric contractions. Plasma levels of estradiol and progesterone were 

quantified, and blind source separation algorithms were used to identify MU spike times. PIC 

magnitudes were estimated by quantifying MU discharge rate hysteresis (ΔF) and the 

nonlinearity of firing with respect to torque (brace height). Preliminary data indicate that in the 

luteal phase, when estradiol and progesterone levels are elevated, ΔF is higher (5.84 ± 0.35 pps) 

compared to the early (5.45 ± 0.34 pps) and late (5.37 ± 0.35 pps; χ2 = 8.14, p = 0.017) follicular 

phases. Brace height was higher in the early follicular (0.422 ± 0.015) and luteal (0.45 ± 0.016) 

phases compared to late follicular phase (0.38 ± 0.016; χ2 = 22.95, p < 0.001), when only 

estradiol is elevated. These findings suggest that increased levels of sex hormones across the 



cycle impact estimates of PICs and may increase descending monoaminergic drive to MUs, alter 

patterns of inhibition, and/or have direct effects on intrinsic motoneuron properties. These novel 

findings underscore the necessity of studies on female participants both to ensure a 

comprehensive understanding of motor physiology and to strive towards scientific equity. 

Disclosures: S.T. Jenz: None. P. Spillane: None. M. O'Hanlon: None. J.A. Beauchamp: 

None. A. Benedetto: None. M. Fajardo: None. C.K. Franz: None. C. Heckman: None. M. 

Piasecki: None. P. Ansdell: None. J. Piasecki: None. G.E. Pearcey: None. 

Poster 

PSTR291: Human Motor Units and Physiologic Recordings 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR291.07/J25 

Topic: E.09. Motor Neurons and Muscle 

Support: R01HD039343 

R01NS098509 

Title: Monoaminergic contributions to post hemiparetic stroke motor impairments 

Authors: *J. A. BEAUCHAMP1,2,3, A. HASSAN4, L. M. MCPHERSON5, T. A. PLAISIER6, 

G. E. PEARCEY7, F. NEGRO8, S. URDAY9, C. HECKMAN10, J. P. DEWALD11;  
1Mechanical Engin., Carnegie Mellon Univ., Pittsburgh, PA; 2Physical Therapy and Human 

Movement Sciences, Northwestern University, Chicago, IL; 3Biomedical Engineering, 

Northwestern University, Chicago, IL; 4Northwestern Univ., CHICAGO, IL; 5Physical Therapy, 

Washington Univ. Sch. of Med., Saint Louis, MO; 6PTHMS, Northwestern Univ., Oak Park, IL; 
7HKR, Mem. Univ. of Newfoundland, St. John's, NL, Canada; 8Univ. degli Studi di Brescia, 

Univ. of Brescia, Brescia, Italy; 9Northwestern, Chicago, IL; 10Dept. of Neurosci., Northwestern 

Univ., Oak Park, IL; 11Physical Therapy and Human Movement Sci., Northwestern Univ., 

Chicago, IL 

Abstract: A stroke-induced loss of corticospinal tracts forces a greater reliance on weak and 

indirect motor pathways from the contralesional hemisphere. Furthermore, damage to cortico-

reticular tracts from the lesioned hemisphere perturbs the balanced control of reticulospinal 

projections, potentially leading to a dysregulation of monoaminergic output to the spinal cord. 

Monoamines (e.g., norepinephrine) are potent drivers of motoneuron excitability, and modulate 

dendritic persistent inwards currents (PICs) in spinal motoneurons to amplify excitatory synaptic 

inputs. Consequently, in chronic stroke, monoaminergic dysregulation may yield a pathological 

deviation to motoneuron excitability that exacerbates motor impairments. Specifically, greater 

monoamines increase spinal motoneuron excitability and, therefore, could yield hyperexcitable 

motoneurons that contribute to hypertonicity/spasticity while also amplifying weak and indirect 



motor pathways that generate flexion synergy expression. 

To support this framework, we carried out two studies on individuals with chronic hemiparetic 

stroke. In the first study, we used high-density surface EMG and convolutive blind source 

separation to decompose biceps brachii motor units during both a volitional elbow flexion 

contraction and a non-volitional contraction generated during flexion synergy expression. We 

then used outcome metrics developed from realistic models of spinal motoneurons to reverse 

engineer the motor commands employed during these two distinct contractions. Across eleven 

individuals, we found significant changes in outcome metrics during the flexion synergy task, 

indicative of greater monoaminergic drive (increase in brace height by 7.92 %rTri, 95% CI: 

[3.74 12.1], d = 0.46) and an increase in inhibitory inputs to motoneurons (decrease in 

attenuation slope by 0.370 pps/%MVT, 95% CI: [0.191 0.549], d = 0.50). Together these 

changes indicate a shift in the descending motor commands employed in chronic stroke, 

suggesting greater monoaminergic output and use of indirect motor pathways that drive both 

excitatory and inhibitory inputs to motoneurons (e.g., reticulospinal). In a second pilot study, we 

modulated monoaminergic output with Tizanidine (alpha-2 agonist) to confirm its role in the 

changes in motor unit characteristics observed in the first study. As expected, preliminary 

analysis indicates a reversal in the motor unit outcome metrics quantified in the first study. 

Collectively, these data suggest that a shift in descending motor strategy (i.e., greater 

monoaminergic output and reliance on indirect motor pathways) may drive motor impairments in 

chronic stroke. 
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Abstract: The motor unit, consisting of a single ⍺-motoneuron and the muscle fibers it 

innervates, is a neuromechanical transducer that transforms neural inputs from afferent, spinal, 

and descending sources into motoneuron discharge patterns and resulting muscle forces. The 

neural inputs that converge on the motoneuron constitute the motor command and are classified 

into three types: excitatory, inhibitory, and neuromodulatory. Motoneurons have complex and 

malleable input/output functions that depend on the mixture of excitatory, inhibitory, and 

neuromodulatory input. Recently, a reverse engineering paradigm was developed to identify 

temporal features of motoneuron discharge that can estimate aspects of excitatory, inhibitory, 

and neuromodulatory input. However, the common parameters used are sensitive to more than 

one type of input, which limits the ability to draw unique physiological interpretations from 

findings. The first purpose of the study was to determine whether there are linear combinations 

of the motor unit discharge parameters that reflect latent factors common to some or all of the 

parameters (exploratory factor analysis on motor unit level data). The rationale is that any 

identified latent factors may better reflect excitatory, inhibitory, and neuromodulatory inputs 

than individual variables alone. Previous work has shown that muscles with different structures 

and function have different parameter values on the individual parameters. Thus, the second 

purpose of the study was to determine whether linear combinations of the motor unit discharge 

parameters could distinguish between motor units of different muscles better than individual 

parameters (principal component analysis on participant means). We present our findings from 

the above analyses conducted on motor unit discharge parameters calculated from populations of 

motor units measured from the tibialis anterior, soleus, deltoid, biceps, triceps, finger flexors, 

finger extensors, and first dorsal interosseus using high-density surface EMG decomposition. 
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Abstract: Motor commands are comprised of excitatory, inhibitory, and neuromodulatory 

components, and disruptions in descending tracts caused by spinal cord injury (SCI) affects all 

three of these components. The aim of this study was to determine if these disruptions alter 

motor unit discharge patterns in the ankle musculature of individuals with an incomplete spinal 

cord injury. Experiments were performed on seven people (1 female), aged 21-50 years old (35.7 

± 10 yrs.) with chronic, motor incomplete SCI at the cervical or thoracic level. Participants were 

seated with their foot secured to a force transducer and high-density surface electromyographic 

arrays were placed over the tibialis anterior (TA) and triceps surae muscles. Dorsiflexion and 

plantar flexion maximal voluntary isometric contractions (MViC) were used to normalize 

subsequent contractions, after which participants performed submaximal isometric triangular and 

trapezoidal ramps between 20 - 70% of MViC. Blind source separation was used to identify 

motor unit spike times and persistent inward currents (PICs) were estimated using the paired-MU 

analysis technique, which quantifies discharge rate hysteresis (delta frequency; ΔF). Data from 

seven non-injured (NI) subjects (mean age 28.9 ± 6 yrs., 1 female) from a previous study was 

used as control data for comparison. Preliminary analysis of TA motor units (SCI n = 274; NI n 

= 452) decomposed during 30% MViC triangular ramps revealed that peak firing rate was 23.6% 

lower in the SCI group (12.3 ± 0.85 pps) compared to the NI group (16.1 ± 0.69 pps). Firing rate 

modulation across the contraction was 24.8% lower in the SCI group (8.26 ± 0.61 pps) compared 

to the NI group (10.9 ± 0.57 pps). Discharge rate hysteresis (ΔF) was normalized to account for 

this difference in rate modulation and was found to be 10.4% higher in the SCI group (0.76 ± 

0.04 pps, n = 142) compared to the NI group (0.69 ± 0.04 pps, n = 337). These results suggest a 

potential role for increased PICs to compensate for the loss of firing rate modulation and help 

restore the ability to produce functional movements after SCI. Participant recruitment and 

analysis is ongoing and will be presented in person. 
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Abstract: Multiple sclerosis (MS) results in demyelination and axonal degeneration within the 

central nervous system (CNS) that can degrade neural control of nearly all major physiological 

systems. MS is often characterized by episodic relapses of new or worsening neurological 

symptoms driven by focal inflammatory demyelination. However, 72% of patients with MS 

experience a gradual, progressive advancement of clinical symptoms associated with 

“smoldering” neurodegenerative processes that occur diffusely throughout the brain and spinal 

cord. Both relapse-associated and progressive symptoms lead to accumulating disability over 

time, often due to motor symptoms such as weakness and impaired gait and balance. Detection 

and prevention of relapses has been a major focus of MS research for several decades. However, 

the progressive component of MS is less well understood. Both relapse-associated and 

progressive symptoms contribute to the accumulation of disability over time, often due to motor 

symptoms such as weakness and impaired gait and balance. In a recent cross-sectional study with 

patients with MS, we characterized pathologic changes in voluntary motor commands at the level 

of spinal motoneurons. Using motor unit population discharge decomposed from high-density 

surface EMG from the tibialis anterior and soleus muscles, we implemented a reverse 

engineering paradigm to characterize excitatory, inhibitory, and neuromodulatory components of 

the voluntary motor command. Here, we present data from 1 year follow up visits from the same 

participants. We assessed how our measures changed in MS participants after a year compared 

with age- and sex-matched control participants without MS. 
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Abstract: Human muscles are diverse in terms of both their structure and function, ranging from 

large, proximal muscles for stabilization to small, distal muscles for dextrous movements. Each 

muscle is controlled by recruitment and rate modulation of its population of motor units, whose 

firing patterns are generated by processing of excitatory, inhibitory, and neuromodulatory inputs 

(i.e., motor commands) by the input-output properties of motoneurons. Therefore, if either motor 

commands or motoneurons are specialized for control of muscles with different structures and 

functions, these specializations should manifest as firing pattern differences across muscles. 

Neuromodulatory inputs facilitate persistent inward currents (PICs) that induce a high degree of 

excitability in motoneurons. While strong PICs seem appropriate for proximal muscles, they may 

impede fine control in distal muscles. Therefore, we hypothesized the existence of a heretofore 

unknown motor command gradient along the arm, with neuromodulatory effects on PICs being 

strongest proximally and weakest distally, and tested this hypothesis by comparing motor unit 

firing patterns from 6 different muscles along the arm (deltoids, triceps brachii, biceps brachii, 

finger extensors, finger flexors, first dorsal interosseous [FDI]) in 15 neurologically intact 

participants. High-density surface electromyographic signals were decomposed via blind source 

separation to identify firing patterns of several motor units during 10 second linear increases to 

20% of maximum, followed by a 10 second linear relaxation to rest for each muscle group. Our 

results generally support our hypothesis. Delta F, which quantifies firing rate hysteresis induced 

by PICs, was greatest in the deltoids (6.44 [5.94; 6.94] pps) and smallest in the first dorsal 

interosseous (4.06 [3.65; 4.46] pps). Brace height, which quantifies non-linearity in the 

ascending discharge rate modulation and is proportional to neuromodulatory input, was also 

greatest in the deltoids (44.5 [42.7; 46.3] %) and smallest in the FDI (40.7 [39.2; 42.1] %). Post-

acceleration firing rate modulation, which is inversely related to depolarization induced by PICs, 

was greatest in the FDI (-0.01 [-0.06; 0.05] pps/% effort) and smallest in the deltoids (-0.18 [-

0.241; -0.123] pps/% effort). These findings suggest the existence of a divergent structural 

arrangement in the descending commands to motoneuron pools with diverse functional roles. 



This gradient aligns with the classical studies showing strong brainstem (e.g., reticulospinal) 

input proximally versus strong projection of the corticospinal input distally. 
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Abstract: Repetitive transcranial magnetic stimulation (rTMS) has been extensively used to 

modulate cortical excitability in psychiatric and neurological disorders. However, the extent to 

which different rTMS frequencies are effectively transmitted to spinal motor neurons remains 

unexplored. Here, we investigated the corticospinal transmission of different rTMS-induced 

oscillations in the primary motor cortex (M1) to the neural drive to muscles. Eight participants 

performed 10% MVC isometric thumb flexions, while high-density surface electromyography 

(HDsEMG) was recorded from the thenar muscles. During the contractions, rTMS pulses were 

delivered on M1 contralaterally to the tested hand at 70% of the resting motor threshold. 

Stimulation frequencies of 5, 10, 20, 30, 50 Hz were randomly applied. HDsEMG signals were 

decomposed into motor unit (MU) spike trains using a convolutive blind source separation 

algorithm. Z-coherence between the stimulation trigger (i.e., input) and the cumulative spike 

trains (CSTs) of decomposed MUs (i.e., output) was calculated and normalized by the number of 

MUs for each participant. Moreover, in a subgroup analysis (n = 4), we matched MUs between 

pre and during rTMS to calculate within muscle z-coherence. For both analyses, we quantified 

the area under the curve at each stimulus frequency and subsequent harmonics up to 100 Hz 

(windows of 2 Hz around each frequency). We applied statistical parametric mapping (t-test) to 

assess statistical significance and verify whether the areas under the z-coherence values differed 

from 0. On average, the number of MUs on each frequency were 11 (5Hz), 10 (10Hz), 8 (20Hz), 



9 (30Hz) and 8 (50Hz). Main results showed that at low-frequency rTMS (5 and 10 Hz), 

significant coupling between the input and output occurred only at harmonic frequencies >= 20 

and 30 Hz, respectively (P<0.001 for both). Conversely, for rTMS at 20, 30, and 50 Hz, 

significant coupling was observed at the stimulus frequency and subsequent harmonics (P < 

0.009). The results were confirmed in the subgroup analysis. These preliminary findings suggest 

that the transfer function of the corticospinal pathway to the alpha motoneuron output induced by 

rTMS has a marked bandpass behavior. In other words, high-frequency (> 20 Hz) cortical rTMS-

induced oscillations appear to be more efficiently transmitted into the neural drive to the muscle. 

Therefore, this study provides insights into the corticospinal transmission of rTMS during 

isometric contractions and the effects of neuromodulation in pathological conditions. 

Additionally, it opens new perspectives on identifying robust neural biomarkers of corticospinal 

connectivity in humans. 
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Abstract: Spinal motoneurons can generate long-lasting depolarising persistent inward currents 

(PICs). PICs can accelerate, amplify, and prolong motoneuron firing output according to the 

level of serotonergic input onto the motoneuron. Remote muscle contractions can diffusely 

increase serotonergic input onto the spinal cord, facilitating persistent inward currents (PICs) in 

motoneurons innervating muscles unrelated to the task. In humans, a handgrip remote 

contraction at 40% of maximal force, held for 30 s, can increase estimates of PICs in the tibialis 

anterior. However, it is not yet known whether the remote contraction intensity level, the 

duration, or the relationship between intensity and duration (i.e., impulse) would theoretically 



result in different levels of serotonergic release at the spinal cord, thus differently influencing 

tibialis anterior PIC responses. We investigated whether handgrip intensity, duration, and/or 

impulse would determine tibialis anterior estimates of PICs response. Electromyograms were 

recorded, from the tibialis anterior of 21 young adults (18-40 years, 6 women), using a 64-

channel electrode matrix during dorsiflexion contractions before and after four handgrip 

conditions: i) 80%15s, high-intensity (80% of their maximal handgrip strength), short-duration 

(15 s) handgrip contraction; ii) 40%15s, low-intensity (40%) short-duration (15s); iii) 40%30s, 

low-intensity (40%) and long-duration (30 s); and iv) Control. Conditions 80%15s and 40%30s 

matched impulse. Electromyograms were then decomposed into individual motor unit spike 

trains and the PIC contribution to motoneuron firing was estimated as the delta frequency (ΔF) 

using the paired motor unit analysis. We also used a quasi-geometric approach to calculate the 

‘brace height’ of the ascending phase of the motor unit firing rates (normalized as a % of 

maximal), to quantify the non-linearity caused by the effect of monoaminergic drive on 

motoneuron firing patterns. As a result, we found that ΔF increased similarly by 0.30 pps 

(95%CI 0.11-0.49) after 40%30s and by 0.20 pps (0.04-0.36) after 80%15s but remained 

unchanged after 40%15s and Control conditions. A similar behavior was observed on brace 

height, which increased by 2.39 (0.55-4.23) % after 40%30s and by 2.74 (1.14-4.34) % after 

80%15s; and remained unchanged after 40%15s and Control conditions. Thus, the theoretical 

increases in serotonergic input onto the spinal cord following a remote handgrip contraction, and 

consequent increases in tibialis anterior neuromodulatory drive and estimates of PIC, are 

dependent on a certain level of impulse rather than muscle contraction intensity or duration 

alone. 
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Abstract: The study investigated the acute effect of Nimodipine on the transmission in human 

spinal reflex pathways (the H/M-ratio and the stretch reflex) that are involved in the development 

of spasticity. This served to locate the action site of Nimodipine in the human spinal cord, and to 

explore the prospect of Nimodipine’s use in future antispasmodic treatment. 

In a double-blinded cross-over study, we tested the transmission in spinal neural pathways in 

nineteen healthy subjects before and after Nimodipine (tablet 60mg) and Baclofen (tablet 50mg) 

by computer-controlled muscle stretches, and electrical stimulation of mixed and cutaneous 

nerves combined with EMG measurements. The size of the stretch reflex and H/M-ratio were 

statistically analysed using one-way RM ANOVA. 

Nimodipine significantly reduced the H/M-ratio at 30, 60, and 90 minutes (p < 0,0001) and the 

stretch reflex (p = 0,04) after oral delivery. A comparable, but less pronounced effect, was seen 

by control Baclofen (H/M-ratio: p=0.0242; stretch reflex: p=0.017). Interestingly, both the M-

wave and stretch reflex, when evoked during voluntary activation of the Soleus muscle, were 

unchanged by both drugs. No severe adverse effects were reported by any of the participants 

when treated with Nimodipine. 

This suggests that Nimodipine acutely reduces electrophysiological measures of spasticity in 

healthy individuals. The effect seems to be located at the spinal level, and voluntary activation 

compensates for the inhibition caused by the drug on the stretch reflex, highlighting its potential 

in future antispastic treatment. 

Disclosures: E. Rudjord Therkildsen: None. J.B. Nielsen: None. J. Lorentzen: None. 

Poster 

PSTR291: Human Motor Units and Physiologic Recordings 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR291.15/J33 

Topic: E.09. Motor Neurons and Muscle 

Support: European Research Council - Consolidator Grant, Agreement Number 

101045605 

Marie Skłodowaska-Curie Actions, Agreement Number 101151712 

Title: Motor unit discharge and recruitment behaviour in human muscles: a systematic-review 

and meta-analysis 

Authors: *J. INGLIS, H. V. CABRAL, C. COSENTINO, A. BONARDI, F. NEGRO;  

Clin. and Exptl. Sci., Univ. Degli Studi di Brescia, Brescia, Italy 

Abstract: Since the seminal work of Sherrington, the motoneuron has drawn much interest as 

the final common pathway of the neuromuscular system. The study of motoneurons in humans 

has focused on the activity of the motor unit (MU) during various tasks. Increased interest and 



technological advancements have led researchers to attempted to characterize MU behaviour 

throughout force gradation. However, because of the wide range of methods used across studies 

in relatively small sample sizes, it has been challenging to draw broad conclusions based on data 

from single studies. The primary aim of this systematic-review was to identify and summarize 

the findings of studies investigating MU discharge behaviour in various human muscles during 

isometric voluntary contractions. The secondary aim was to determine the influence of force 

output on MU discharge behaviour. Studies were searched from 1950 to 2024 in PubMed, 

Medline, and Web of Science databases. Included studies were primary surface or intramuscular 

electromyography (EMG) MU behaviour investigations using voluntary isometric contractions 

on baseline or control human subjects ≥18 years and who were free of neuromuscular 

impairment. Searches resulted in 14,759 papers identified, 8,931 remained after removing 

duplicates. 561 screened papers were identified for full text retrieval (33 not retrieved). Of the 

528 remaining papers, after screening, 250 were included for data extraction. In addition, 11 

were included through hand-searching. A data table was constructed from retrieved data and 

analysed to address the above research questions. Meta-means of MU discharge rate (MUDR) 

were calculated using multi-level models with random intercepts for study-level and were 

weighted using inverse-variance method. Subgroup analyses splitting the force outputs into 

HIGH (> 60%MVC) and LOW (≤ 20%MVC) were performed for the tibialis anterior (TA), 

vastus lateralis (VL), vastus medialis (VM), biceps brachii (BB), and first dorsal interosseous 

(FDI). There were significant increases in MUDR from the LOW to HIGH force output for all 

muscles (All p < 0.001; TA: 10.15 [9.66 10.64] pps; VL: 3.82 [3.37 4.27] pps; VM: 3.36 [2.74 

3.99] pps; BB: 11 [9.81 12.18] pps; FDI: 8.92 [7.93 10.04] pps). Although all muscles MUDR 

increased from LOW to HIGH force output, the greatest differences were seen in the TA, BB and 

FDI compared to the VL and VM which may be related to differences in central and/or 

peripheral mechanisms. Overall, in the preliminary data, there is a significant increase in MUDR 

from LOW to HIGH force output suggesting the reliance on rate coding in the modulation of 

force. However, the magnitude of increase may be muscle dependant. 
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Abstract: Muscles have a variety of characteristic structures, such as biceps, fusiform, and 

bipennate muscles. Each muscle plays a different role depending on its attachment position, such 

as muscle force, speed, and endurance. However, the relationship between these structural 

differences and motor unit (MU) activity in static and dynamic tasks has not been clarified. This 

study aimed to describe the differences in neuronal control in muscles with different structures 

based on motor unit activity and myofiber dynamics.Three healthy adult male subjects were used 

as subjects, and the target muscle was the medial head of the gastrocnemius muscle and tibialis 

anterior muscle (MGAS and TA). BIODEX, Ultrasounds, and HDEMG were used. The target 

torque was set at 10 and 25% MVC. The task was isokinetic contraction at each target torque. 

The joint motion was controlled using BIODEX so that the joint angular velocity was 5 and 10 

degrees per second. MUs with a PNR of 28 dB or higher were included. In the analysis, the 

maximum pennation angle (PA), delta muscle fiber length (delta-L), Mean discharge rate 

(MDR), and discharge rate increase/decrease rate (Slope) during the task were calculated.In 

isometric contraction, TA delta-L tended to be longer in dorsiflexion than in plantar flexion, but 

MDR showed no similar trend, although there were significant differences in some joint angles. 

On the other hand, MGAS PA tended to be significantly smaller in dorsiflexion than in plantar 

flexion, and the MDR tended to be significantly smaller as well. In isokinetic contractions, the 

slope of TA tended to increase significantly with increasing velocity, but this was not the MGAS 

case.The MGAS is a bipinnate muscle and is continuously attached to the Achilles tendon. So, 

shortening of the muscle length increases the PA, but the muscle and the tendon also slackness, 

requiring more neuromuscular activity. However, as the muscle lengthens and speed increases, it 

is suggested that the tendon is used for passive and efficient neuromodulation. In isokinetic 

contractions, slope decreased significantly with increasing velocity, suggesting that changes in 

velocity do not affect neuromuscular activity regulation. On the other hand, TA is a fusiform 

muscle with no large tendon tissue, suggesting that the amount of neuromuscular activity 

required is constant regardless of the muscle length change. In isokinetic contractions, the 

neuromuscular activity is regulated in response to changes in velocity. Thus, neuromuscular 

control differs depending on muscle structure, and the presence or absence of tendon tissue may 

also alter the regulation of neuromuscular activity. 
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Abstract: Our current understanding of the neural control of movement is largely based on 

isometric or highly constrained dynamic contractions. To better understand the neural strategies 

underlying “real world” movement, we sought to record motor unit (MU) firing behavior during 

unconstrained movement (squat jumps) using decomposition EMG. Twenty participants 

(24.2±4.5 years, 9 females) performed 3 blocks of maximal squat jumps. Each block included 3 

sets of 5 jumps. Sets were completed at 30%, 60%, or 90% of maximal velocity of an unloaded 

squat jump (V30, V60, V90 respectively) in a randomized order. Surface EMG was recorded 

from vastus medialis (VM) and vastus lateralis (VL) to permit EMG decomposition and analysis 

of motor unit discharge rate (MUDR). Bicep femoris (BF) and gluteus medius (GM) muscle 

activation was also recorded. Muscle activation was expressed as % maximal EMG amplitude 

(%maxEMG). Kinematic variables of the squat jump were recorded using a linear position 

transducer. Repeated-measures ANOVA was used to assess peak, average and initial MUDR, 

and muscle activity. During the concentric phase, peak VL MUDR increased as velocity 

decreased (V30: 24.09 ± 6.31Hz, V90: 21.51 ± 4.37Hz, p<0.01, ηp
2=0.29). However, peak VL 

MUDR was correlated to peak force (r = 0.35, p<0.01). Additionally, initial MUDR (first 4 

spikes), increased as velocity increased (V30: 13.38 ± 4.68Hz, V90: 15.73 ± 3.63Hz, p < 0.01, 

ηp
2 = 0.65) and the recruitment interval decreased (V30: 0.38 ± 0.22s, V90: 0.15 ± 0.07s p < 

0.01, ηp
2 = 0.69). Furthermore, there was an effect of velocity on overall muscle activation of 

both antagonist (BF) and synergist (GM) muscles, where BF (V30: 72 ± 28%maxEMG, V90: 56 

± 40%, p < 0.01, ηp
2 = 0.27) and GM (V30: 83 ± 40%maxEMG, V90: 72 ± 28%maxEMG, p < 

0.01, ηp
2 = 0.23) activity decreased as movement velocity increased. This effect was also seen 

with direct coactivation (BF:VL, and GM:VL) of the BF (V30: 1.33 ± 0.78, V90: 1.02 ± 0.94% p 

< 0.01, ηp
2 = 0.3) and GM (V30: 1.43 ± 0.68, V90: 1.19 ± 0.45, p < 0.01, ηp

2 = 0.32) at peak VL 

activation. Nevertheless, since MUDR is correlated with force production, changes in velocity of 

a squat jump does not affect MUDR of vastii knee extensors when ANCOVA was performed to 

account for force (p <0.05, ηp
2 = 0.09). However, increasing velocity did cause increased initial 

MUDR and shortened the recruitment interval implying that velocity may play a role on early 

recruitment strategies. Furthermore, both overall activation and coactivation of an antagonist and 

synergist muscle decreased with increasing movement velocity which effects the velocity-

dependent neural control of the unconstrained dynamic movement. 
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Abstract: Surface electromyography (sEMG) is used to identify muscle fatigue, leading to 

increased muscle activity and a shift to its lower-frequency components. These feature changes 

provide insights into muscle recruitment patterns and putative pathways that control, helping 

investigate muscle fatiguability and underlying neural processes. Currently, most fatigue 

research uses isometric tasks, and pathways are examined using transcranial magnetic 

stimulation and electrical stimulation, providing insight on certain parts of fatigue processes. 

However, knowledge of the processes leading to fatigue demands research of dynamic tasks. In 

our study median frequency (MDF) and root mean square (RMS) characteristics of sEMG signal, 

during fatigue-inducing (FI) exercise, was analysed. Participants completed four sets of dynamic 

(15 curls in 30 seconds) and static (30-second hold at a 90º elbow angle) tasks with decreasing 

rest periods (90-30 seconds) between sets with a 4kg dumbbell. Eight upper limb muscles, in 15 

healthy volunteers (19-39yrs, 5 females). All participants self-reported measure of exhaustion, 

using Borg RPE (Rating of Perceived Exertion), and 6 also conducted a Maximum Voluntary 

Contraction (MVC) before and after the FI exercise. All participants reported a significant 

increase in Borg RPE (P < 0.0001, one-sided t-test) at the end of set 4 (8±1.7). MVC output 

significantly decreased post-FI exercises (P < 0.0001, two-sided permutation t-test). Across both 

static and dynamic segments of the task, an overall decrease in MDF and an increase in RMS 

was observed across all muscles in all subjects. The difference, in mean of MDF and RMS, 

between the first and last set of the task was significant (P < 0.0001, two-sided permutation t-

test). However, variability and the gradient of change in MDF and RMS between sets differed 

for individual muscles in both tasks, and these parameters changed differentially for each muscle 

as the FI exercise progressed. Our findings suggest this protocol induces muscle fatigue, as 

indicated by the change in RPE and MVC; along with change in MDF and RMS in both the 

dynamic and static segments of the task. Fatiguability of the muscle was also observed in both 

segments. We propose that fatiguability can be better defined using the combination changing 

gradient measures of RMS and MDF, providing details about muscle activity and fibres 

recruitment affected by fatigue induction. These measures might also provide mechanistic 

information about the compensatory mechanisms employed by the nervous system to cope with 

generation of the required force even when a muscle is fatigued. 
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Abstract: Although triceps surae (TS) muscles share a common insertion and act together to 

plantarflex the ankle, prior research has shown minimal shared common inputs within these 

muscles. Each TS muscle exhibits distinct changes in motor unit (MU) firing and 

electromyography (EMG) amplitude in response to altered ankle position. However, how the 

voluntary neural drive of TS muscles, which is directly linked to muscle force generation, 

changes with ankle position remains unknown. Intramuscular coherence (IntraCoh) in the delta 

band (0-5 Hz) was computed for TS muscles to assess voluntary drive during isometric 

plantarflexions (PFs) at various ankle positions. Thirteen healthy young adults participated in the 

study. High density EMG was used to extract MU activity from the medial (SOLM) and lateral 

soleus (SOLL), and medial (GM) and lateral gastrocnemii (GL). Participants performed maximal 

voluntary contractions (MVC) followed by submaximal trapezoidal isometric PFs at 20% MVC 

at three ankle positions: 20°PF, 0°PF (neutral), and 20° dorsiflexion (DF). Z-transformed pooled 

MU coherence over the plateau was compared using a two-way ANOVA. MVC torque at 0°PF 

(716±355 Nm) and 20°DF (790±448 Nm) were greater than that at 20°PF (383±225 Nm) (both p 

< 0.01). We observed a contrasting pattern in Delta IntraCoh of GM and GL as ankle position 

changes, and Delta IntraCoh increased linearly as muscle length increased for SOLM and SOLL. 

At 20°PF, Delta IntraCoh of GM was greater than that of GL, and both were greater than SOLL 

and SOLM (all p = 0.00). Thus, there was greater voluntary drive to gastrocnemii (GAS) 

compared to soleus (SOL) at a shortened position. At 0°PF, Delta IntraCoh was greatest in GM 

and lowest in GL, and SOLM exhibited greater Delta IntraCoh than SOLL (all p = 0.00). This 

suggests greater voluntary drive to the medial heads compared to lateral heads of TS at a neutral 

position. At 20°DF, Delta IntraCoh was greatest in SOLL but lowest in GM, and SOLM 

exhibited greater Delta IntraCoh than GL (all p = 0.00). This indicates greater voluntary drive to 

SOL compared to GAS when muscles are lengthened. In contrast to findings at a neutral 

position, greater voluntary drive was observed in the lateral heads compared to the medial heads 



of the TS at a lengthened position. The altered distribution of voluntary drive within TS muscles 

in response to changes in ankle position can be attributed to modulations of the two motoneuron 

synergies that innervate TS muscles. The higher muscle spindle density and the uniarticular 

nature of SOL may also contribute to a greater sensitivity to changes in ankle position compared 

to the biarticular GAS, as the latter is affected by both knee and ankle positions. 
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Abstract: BACKGROUND AND AIM: Task-dependent activation in biarticular muscles have 

consistently been reported for the rectus femoris and gastrocnemius. However, evidence 

regarding the biceps femoris long head (BFlh) is controversial, showing both similar and non-

uniform activation patterns when comparing knee flexion and hip extension movements. These 

discrepancies may be attributed to methodological issues in surface electromyography (EMG), 

especially amplitude cancellation. To overcome these issues, in this study we decomposed high-

density surface EMGs from the BFlh muscle to investigate whether the discharge rate of motor 

units and common synaptic oscillations to spinal motor neurons are modulated differently during 

knee flexion and hip extension tasks. METHODS: Seventeen healthy men performed isometric 

knee flexions and hip extensions with trapezoidal ramp feedback set at 20% of maximal 

voluntary isometric contraction (MVC). Tasks were performed with the knee and hip in a neutral 

position. High-density surface EMGs (2 grids of 32 channels) were acquired from BFlh. EMGs 

were decomposed into motor unit spike trains using a convolutive blind-source separation 

algorithm, and the mean discharge rate (MDR) was calculated during the plateau (30s), 

separately for each task. Additionally, the motor units’ z-coherence was calculated to estimate 

common synaptic inputs within delta (1-5 Hz), alpha (5-15 Hz) and beta (15-35 Hz) bands. For 

this analysis, only participants with a minimum of four identified motor units per task were 

included (n= 9). Linear mixed models (LMM) were applied to compare the effect of the knee 

flexion and hip extension on MDR, and Wilcoxon signed-rank tests were used to compare the z-

coherence area under the curve between tasks, separately for delta, alpha and beta bands. 

RESULTS: No differences were observed in the MDR between knee flexion and hip extension 



tasks (LMM; F = 0.008; P = 0.927). Wilcoxon signed-rank tests also did not show significant 

differences when comparing the z-coherence area under the curve between tasks for the delta (P 

= 0.203), alpha (P = 0.425), and beta (P = 0.734) bands. CONCLUSIONS: Our results reveal 

that the motor units of the BFlh are similarly modulated during isolated knee flexion and hip 

extension isometric tasks at low force levels. Understanding this can offer valuable insights for 

sports and rehabilitation, particularly in choosing resistance exercises. Additionally, for robotic 

prosthetics design, the uniformity in BFlh activation across tasks suggests that assistive devices 

could be developed to accommodate a variety of movements without requiring specific 

adjustments for each task. 
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Abstract: Transcutaneous nerve stimulation (TNS) was used to target the median and ulnar 

nerves to evoke muscle responses. Previous research has indicated that TNS can delay fatigue 

onset by activating both superficial and deep muscle fibres, which offers advantages over 

traditional functional electrical stimulation techniques. This study builds on earlier work to 

assess whether TNS can induce naturalistic muscle activation patterns through reflex pathways. 

We explored the effects of varying stimulation intensity and location on the efferent and afferent 

pathways. Using a 2 × 8 electrode grid on the upper arm, we could selectively stimulate neural 

pathways to trigger M-waves and H-reflexes in the hand muscles, assessing individual finger 

forces and muscle responses via high-density EMG and force transducers. Our analysis focused 

on the spatial/temporal distribution of these responses, especially the H-reflex, to identify the 

optimal stimulation parameters for clinical TNS applications. For each of the 15 study 

participants, we identified and used to 4-7 pairs of stimulation electrodes that successfully 

evoked a motor response. We successfully elicited an H-reflex in 12 participants, with maximum 

amplitudes ranging from 6-50% of the maximum M-wave. In most participants, the primary 

muscle activation regions recorded on the EMG grid for the M-wave and H-reflexes were highly 



correlated, whereas distinct regions were observed in a few regions. For some participants, both 

the maximum amplitude and the required stimulation intensity varied, whereas for others, the 

recruitment curves were remarkably consistent. This suggests that altering the stimulation 

location and intensity may differentially recruit Ia afferent fibres, thereby influencing the H-

reflex magnitude and distribution across muscle groups in some participants. The variability in 

the H-reflex response highlights the potential of personalized stimulation protocols aligned with 

physiological motor unit recruitment for sustained activation and functional recovery. These 

insights underscore the importance of precise nerve-targeted stimulation strategies in 

rehabilitation. Further research on the nuanced effects of TNS parameters on neuromuscular 

recruitment and recovery in neuromuscular impairments is required. 
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Abstract: Humans use their hands to perform a variety of intricate tasks for activities of daily 

living (ADLs), and they are the primary means of interaction with the environment. The loss of 

hand function greatly diminishes a person’s ability to independently perform ADLs. The 

restoration of hand function through prosthesis that can perform basic functions like grasping, 

pointing, and picking, would assist people with ADLs and assume some functional 

independence. Such dexterous prosthetic hands require intuitive, multichannel control interfaces, 

which can be achieved using high-density electromyography (HDEMG). The research in 

myoelectric controllers has been greatly assisted by the availability of multiple open source 

datasets of EMG activity for various hand gestures. This has enabled the training of AI based 

myoelectric controllers which perform well when evaluated for limited function. A common 

limitation of these datasets and consequently the AI models is the constrained environment of 

data collection. Typically, participants perform hand gestures while maintaining a fixed arm pose 

to simplify data collection and ensure consistency across participants. However, naturalistic 

movements of the hands during ADLs are not performed in such a constrained manner. Before 

developing a myoelectric classifier that can decode unconstrained hand gestures, we need a 

dataset that captures EMG signals corresponding to hand gestures performed in an unconstrained 



manner. To address this limitation in current research, we have developed a rich dataset of 

naturalistic hand gestures performed in an unconstrained manner. This will be a valuable asset 

for further development of myoelectric classifiers by other researchers.Our dataset consists of 

HDEMG data (128 channels covering the dorsal and ventral sides of the forearm), and optical 

motion capture. 20 participants performed various movements of wrist (flexion, extension, ulnar 

and radial deviation) and fingers (hand opening, closing and pinching). These gestures were 

performed again in different forearm orientations (supinated, middle and pronated). At the 

beginning and end of each session, we also collected HDEMG data corresponding to the 

maximum voluntary forces (MVF) a participant could exert with isometric wrist flexion and 

extension. The MVF data assists with normalizing and comparing HDEMG data across different 

sessions and participants. Each participant completed three sessions, on different days, to record 

HDEMG data over time. This allowed me to create a robust evaluation dataset to assess the 

generalizability of AI models across multiple days for the same participant and across different 

participants. 
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Abstract: Split hand is a special clinical feature in amyotrophic lateral sclerosis (ALS), which is 

described as preferential wasting of the abductor pollicis brevis (APB) and first dorsal 

interosseous muscles with relative preservation of the abductor digiti minimi (ADM) muscle. 

The pathophysiology of the phenomenon remains unclear. Researchers have reported different F 

wave characteristics in terms of persistence, index of F repeaters and index of total F repeaters, 

between the APB and ADM muscles in ALS that suggests subclinical alterations in the anterior 

horn cells. Nevertheless, there are limited normative data on the differences of F waves between 

the two muscles. In this study, we examined F characteristics in APB and ADM muscles using a 

new technique based on the compound muscle action potential (CMAP) scan recording. 

Twenty-four healthy subjects participated in the study. The CMAP scan was applied to record 

progressive muscle responses to electrical stimuli, ranging from the supramaximal strength to the 

intensity below the threshold of the lowest motor unit. F waves were obtained from the late 

responses of the CMAP recording and conditioned by removing the baseline drift from the 

afterpotential of the CMAP waveform. The amplitude, latency, and stimulating intensity were 

measured for each F wave. Repeater F waves were detected using the unsupervised machine 

learning technique in each muscle. The persistence of F waves, F wave activating threshold, 

index of F repeaters and index of total F repeaters were calculated. 

An average of 200 F waves per muscle were extracted from the CMAP scan recording. We 

observed longer F-M latency and lower activating F-threshold in the ADM muscles (F-M 

latency: APB: 25.43±2.39 ms, ADM: 26.15±2.32 ms, p<0.05; F-threshold: APB: 7.68±8.96 % of 

CMAP, ADM: 2.35±2.42 % of CMAP, p<0.05). Comparison of the indices of F repeaters and 

total F repeaters between the two muscle groups indicated significant difference in index of F 

repeaters (APB: 0.18 ± 0.049, ADM: 0.13 ± 0.047, p<0.005) and index of total F repeaters 

(APB: 0.35 ± 0.078, ADM: 0.27 ± 0.086, p<0.005). Such changes may reflect the differences of 

the nerves innervating the muscles. 

This study provided normative data on F wave characteristics in the APB and ADM muscles 

based on the CMAP scan recording. The new F wave analysis can be potentially combined with 

the CMAP scan based motor unit number estimation technique to assess and track motoneuron 

function and degeneration to improve understanding of the split hand syndrome and ALS 

prognosis. 
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Abstract: Rotator cuff disease (RCD) is a common reason for anterolateral shoulder pain. 

Intermuscular electromyographic (EMG) coherence quantifies the shared oscillatory inputs to 

motoneuron pools of a pair of muscles in the frequency domain. Neuromuscular electrical 

stimulation (NMES) increases the motor-evoked potential and facilitates the activation of the 

motor cortex. Eight symptomatic adults (49.4 ± 7.9 yrs) performed three sessions of shoulder 

contractions. In each session, they performed 30s isometric contractions at 30° scaption at 25% 

(low load), 50% (mid load), and 75% (high load) of maximal voluntary contraction. The order of 

loads was randomized for each trial to minimize learning effects. Intramuscular EMG was 

recorded from the supraspinatus (SS), and surface EMG was recorded from the infraspinatus (IS) 

and middle deltoid (MD) muscles. Between the first and second sessions, participants received a 

10-min sham treatment followed by a 10-min rest; between the second and third sessions, they 

received a 10-min NMES treatment followed by a 10-min rest. For both treatments, electrodes 

were placed on the SS and IS, with intensity set to 0 mA for the sham and adjusted to the 

maximum comfort level for NMES. The electrical impulse was delivered at 30 Hz (pulse width = 

0.2 ms) in an intermittent cycle of 4s on and 6s off. Z-transformed pooled coherence of each 

muscle pair (SS-IS, SS-MD, and IS-MD) in the delta (2-5 Hz) and beta (15-35 Hz) bands at 

baseline, after sham treatment, and after NMES treatment were compared with a two-way 

repeated-measures ANOVA (Time x Force) with Bonferroni post-hoc analysis. No significant 

differences in intermuscular coherence were observed in both bands between baseline and after 

sham treatment across force levels. After NMES, there was a main effect of Time for both delta- 

(p=0.02) and beta-band (p<0.01) coherences across muscle pairs. There was also an interaction 

effect between Time and Force (p=0.04). Post-hoc analysis revealed that SS-IS delta- (p=0.04) 

and beta-band (p=0.03) coherences increased at mid-load and high-load force levels. The SS-MD 

beta-band coherence (p=0.03) increased at low-load force levels. For IS-MD, beta-band 

coherence was also found to increase at the mid-load force level. Our findings highlight the 

therapeutic potential of NMES in managing RCD through modulating neuromuscular control 

patterns. Particularly, the increase in beta-band coherence across three muscle pairs indicates the 

excitability effect of NMES on the corticospinal tract. Increased coherence between stabilizer 

muscle pairs (SS-IS and IS-MD) may help prevent humeral head migration, solving a potential 

mechanism under RCD. 
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Abstract: We have developed an intramuscular Braided Multi-Electrode Probe (BMEP) for 

advanced clinical electrodiagnostic with support from Coulter-Drexel translational research 

awards. There are three main types of commercially available clinical EMG needle electrodes: 

monopolar, concentric, and single fiber. These are widely used in various clinical fields, such as 

Neurology, Physical Medicine & Rehabilitation (PM&R), etc. for intramuscular 

electrodiagnosis. All three types of electrodes have just a single channel for EMG recording. In 

the standard-of-care procedure, the EMG needle must be inserted into target muscles multiple 

times to obtain standard-of-care numbers of single motor unit (SMU) recordings for diagnostic 

decisions. This repetition increases discomfort and sensitives pain levels. To significantly reduce 

the number of penetrations and increase reliability and objectivity of test results, our strategy is 

to add multichannel capability to the EMG needle. We braid microwires onto the current clinical 

EMG needle form. The multichannel probe increases numbers of recorded SMUs across the 

distributed channels. The in-parallel acquisitions also provide an opportunity to use statistical 

measures among channels. We chose the Natus 28G monopolar needle as the base for braiding 

microwire designs. At SfN in 2022 and 2023, we demonstrated intramuscular BMEPs (12 Ch 

braid + 1 Ch needle) were able to record 9 ~ 11 different SMUs while the needle tip could pick 

up only 2 SMUs in for the same 30s timeframe. We confirmed that this capability is consistent in 

muscles of frogs and rats, though the shapes of SMU waveforms and the lengths of SMU time 

windows were different from each other. We are now embarking on first-in-human tests. At SfN 

2024, We will demonstrate needle robustness tests in results of BMEPs subject to multiple 

mechanical insertion tests in rat skin, needed preceding the human tests. We also plan to show 

SMUs recorded with BMEPs and Natus monopolar needles in upper extremity and lower 

extremity of healthy human subjects, SMU comparisons between multichannel on braid and the 

clinical needle tip, and insertion discomfort level comparisons between BMEPs and Natus 

monopolar needles. PM&R doctors’ feedback will also be described. 
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Abstract: In recent years, it has become possible to acquire musculo-neurophysiology data 

based on electrophysiological methods using surface electromyography (sEMG). Among these, 

analyzing motor unit (MU) activity by the decomposition technique using multi-channel sEMG 

is the most attractive topic in that field. The aim of this study was to clarify the differences in 

MU data acquired by different multi-channel sEMG electrodes.The subjects were five healthy 

adults on the dominant side and two hemiplegic stroke patients on the paralyzed side. A four-

channel sEMG sensor (Galileo; 2,222Hz) and a 64-channel high-density sEMG sensor 

(HDsEMG; 2,000Hz) were used. The target muscle was the biceps brachii. The tasks consisted 

of a maximal voluntary isometric contraction with elbow flexion (MVC) followed by a target 

tracking task at 25%MVC and 50%MVC normalized by MVC. The muscle activity during the 

target tracking task was decomposed to detect the motor unit action potentials (MUAP). For the 

motor unit data, we analyzed the identified MU number and discharge rate.The number of 

identified MU was not significantly different between the two electrodes in the 25%MVC (p = 

0.93). However, the HDsEMG showed a significantly lower number of identified MU at 

50%MVC (p = 0.04). The discharge rate was not significantly different between the two 

electrodes in 25%MVC and 50%MVC (p=0.07, p=0.27). In stroke patients, the number of 

identified MU in HDsEMG was higher than Galileo for both 25%MVC and 50%MVC. Few 

MUs were identified with the Galileo in the 25%MVC.In the HDsEMG of healthy subjects, as in 

previous studies, the high intensity of muscle activity was decomposed into only a low number 

of identified MU. This was due to the different decomposition algorithms used for each 

electrode.HDsEMG could not be identified due to superimposed on the strong muscle 

contraction by healthy subjects because it identifies based on the firing timing of MUAP. In 

contrast, Galileo identified a MU if the individual MUAP from the recorded compound action 

potentials matched the template waveform. Therefore, a variety of motor units were identified by 



the strong muscle activity. On the other hand, the MUs of stroke patients on the paralyzed side of 

Galileo could not discriminate enough number of MU, but HDsEMG could discriminate. In 

subjects with small MVC like stroke patients, HDsEMG is more suitable because the amplitude 

of the compound action potentials is small. Thus, the accuracy of MU analysis using sEMG 

depends on the maximum voluntary contraction strength of the subject and the level of muscle 

contraction task we set. We propose that equipment should be selected based on these 

considerations. 
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Abstract: All voluntary movements are ultimately achieved by activating spinal motoneurons 

via descending commands. It is often assumed that the descending commands are relatively 

uniformly distributed across a given motoneuron pool, and that this ‘common drive’ simplifies 

voluntary control by dictating a rigid pattern of motoneuron recruitment and discharge across the 

pool. Several previous studies have demonstrated occasional violations of such a rigid control 

scheme, bringing into questions its universality (Nardone et al. 1989, Wakeling et al. 2006). A 

recent report suggests that such violations routinely occur in proximal arm muscles of a non-

human primate when producing rapidly changing target forces and that primary motor cortex 

may be in direct control of this more flexible recruitment strategy (Marshall et al. 2022). Here we 

tested whether violations of rigid control are routine for human arm muscles controlling the 

finger, wrist and elbow joints. Similar to the non-human primate study, we instructed participants 

to generate isometric contractions tracking either ramp-and-hold (rise time: 2s; steady state time: 

3s) or chirp (0-3 Hz in 6s) force profiles. Force levels were set at 10-25% MVC at the joint of 

interest. Single motor units were recorded via high-density multi-contact intramuscular probes 

(bipolar 16ch - Myomatrix: Chung et al. 2023) placed in the first dorsal interosseus, extensor 

digitorum communis, and triceps brachii muscles. We successfully recorded and isolated 

approximately 10 motor unit action potentials per electrode. To examine whether motor units 



respond as a function of a common underlying input, we correlated the discharge rate of motor 

unit pairs for the two tasks. Consistent with deviations from rigid control, we found that the 

firing rate relationship for most motor unit pairs was not well explained by one-dimensional 

manifold (i.e. a line). This dispersion was observed in all muscles that we examined. These 

results further the idea that violations of rigid control of motor units are common. Such a scheme 

would permit efficient deployment of motor units to achieve required force output by taking 

advantage of mechanical properties of the innervated muscle fibres. 
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Title: FlyTrack, simultaneously measuring 3D poses and muscle activity in freely behaving 

Drosophila 
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Abstract: Animal behavior arises from coordinated neural signals. However, these behaviors are 

first filtered by nonlinearities arising from passive viscoelastic properties of the musculoskeletal 

system and physical interactions with the environment. Thus, a direct mapping from neural 

activity to observed behaviors requires an understanding of the intermediate transformation 

imparted by the body’s muscles and skeleton. Although tethering has facilitated the discovery of 

neural and muscle activity underlying behavior, it is even more crucial (and difficult) to unravel 

this transformation in an unrestrained setting in which the full capacity of postural and kinematic 

muscles are engaged. To address this challenge, we have built an optical setup capable of 

recording accurate 3D poses and underlying muscle activity in untethered flies at high 

framerates. To achieve this, we are leveraging the genetic toolkit available for studying the fly, 

_Drosophila melanogaster_. Specifically, we are using muscle driver lines to express genetically 

encoded calcium sensors. In our setup, flies walk freely in a linear corridor with prism mirrors as 

walls. This enables the capture of three views (two side and one ventral) using a single infrared-



sensitive high-speed camera. This camera is mounted on a translating stage to follow the animal 

as it locomotes. These three camera views are then used to obtain triangulated 3D poses. 

Simultaneously we leverage an epifluorescence module to record muscles activity readout as 

changes in GCaMP-related fluorescence. We use a muscle map derived from an X-ray based 

reconstruction of the fly to align muscle signals with the animal’s 3D pose, allowing us to 

measure the activity of individual muscles. Ultimately, we plan to combine these data with 

existing fly morphology datasets to model muscle-based actuation in our detailed 

neuromechanical model of the adult fly, NeuroMechFly. In summary, FlyTrack opens up the 

possibility of uncovering the contribution of muscle activity in fly behavior toward the ultimate 

goal of obtaining a complete understanding of how neural signals give rise to actions in a 

physically complex world. 
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Title: A unique sleep phenotype and reduced orexin-expressing neuron number in the Tg-SwDI 

mouse model of Alzheimer's disease 
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Abstract: The bi-directional interactions between sleep disturbance and Alzheimer's disease 

(AD) and AD-related dementias (ADRD) are not fully understood. We performed a sleep study 

on Tg-SwDI mice, a model of cerebral amyloid angiopathy (CAA), and age-matched wild-type 

(WT) control mice and identified that Tg-SwDI mice spent significantly more time in non-rapid 

eye movement sleep (NREM sleep or NREMS) (44.6±2.4% in Tg-SwDI versus 35.9±2.5% in 

WT), and had a much shorter average length of wake bout during the dark (active) phase than 

WT controls (148.5±8.7 s in the Tg-SwDI versus 203.6±13.0 s in WT). Histological analysis 

revealed stark decreases (~34%) of orexin immunoreactive (orexin-IR) cell number and soma 

size in the brain of these Tg-SwDI mice (Cell number: 2187±97.6 in Tg-SwDI versus 

3318±138.0 in WT. Soma size: 109.1±8.1 µm2 in Tg-SwDI versus 160.4±6.6 µm2 in WT), while 



the number and soma size of melanin-concentrating hormone (MCH) immunoreactive (MCH-IR) 

cells remain unchanged (Cell number: 4257±273.7 in Tg-SwDI versus 4494±326.8 in WT. Soma 

size: 220.1±13.6 µm2 in Tg-SwDI versus 202.0±7.8 µm2 in WT). The apoptotic cell death 

marker cleaved caspase-3 immunoreactive (Caspase-3-IR) percentage in orexin-IR cells was 

significantly higher in Tg-SwDI mice (15.6±3.4% in Tg-SwDI versus 2.47±0.8% in WT), while 

the Caspase-3-IR percentage in MCH-IR cells was insignificant between Tg-SwDI and WT 

groups (2.67±0.24% in Tg-SwDI versus 2.08±.5 in WT). This selective loss of orexin-IR cells 

could be responsible for the abnormal sleep phenotype in Tg-SwDI mice. Further studies are 

needed to determine the cause of the selective death of orexin-IR cells and its potential effects on 

cognition impairments in this mouse model. 
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Abstract: A common thalamic hub for general arousal and defensive 

arousalIntroduction:Specific motivated behaviors are dependent on both general arousal and 

specific arousal. General arousal has a general purpose and is the basis of motivated behaviors. 

On top of general arousal, specific arousal can be induced by internal needs or external cues, 

which are associated with specific motivational states. Likewise, the expression of defensive 

responses to alerting sensory cues also requires both general arousal and a specific arousal state 

associated with defensive emotion. However, it remains unclear whether these two forms of 

arousal can be regulated by common brain regions.We discovered that the non-primary auditory 

thalamus in mice is a thalamic hub controlling both general and defensive arousal. The 

spontaneous activity of non-primary auditory thalamus was correlated with and causally 

contributed to wakefulness. In sleeping mice, its sustained population responses were predictive 

of sensory-induced arousal, the likelihood of which was markedly decreased by the inhibition of 

non-primary auditory thalamic neurons or multiple downstream pathways. In awake mice, the 



neuronal activation further heightened arousal that accompanied by excessive anxiety and 

avoidance behavior. Notably, blocking its neurotransmission abolished alerting stimuli-induced 

defensive behaviors. These findings may shed light on the comorbidity of sleep disturbances and 

abnormal sensory sensitivity in specific brain disorders.Highlights: 1. Non-primary but not 

primary auditory thalamus is a wake-promoting nuclei.2. Non-primary but not primary auditory 

thalamus can induced sensory-evoked arousal.3. Non-primary thalamus can induce defensive 

emotion and required for defensive behavior expression . 

URL: https://doi.org/10.1016/j.neuron.2023.07.007 
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Title: Extended amygdala neuropeptide circuits linking sex-specific psychostimulant effects on 

body temperature and sleep/circadian rhythms 
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Psychiatry and Behavioral Sci., Stanford Univ., Palo Alto, CA 

Abstract: Sleep is key for socioemotional function, and substance use disorders are associated 

with dysregulated sleep and circadian rhythms. The neuronal mechanisms underlying these 

associations remain understudied, especially in women. Intriguingly, body temperature 

fluctuations are a key feature of sleep/circadian changes as well as acute drug exposure. Several 

brain structures are implicated in interactions between psychostimulant effects, stress, and 

sleep/wake regulation, including the bed nucleus of the stria terminalis (BNST), a core 

component of the extended amygdala network. The BNST regulates emotional responses to 

stress and consists of many distinct cellular populations, including neurons expressing 

tachykinin2 (Tac2 ), the gene encoding the neuropeptide Neurokinin B (NKB). Tac2/NKB 

signaling drives the hypothalamic-pituitary-gonadal reproductive axis and is implicated in social 

stress as well as hot flashes. Thus, we hypothesize that drug effects on sleep and circadian 

rhythms may be mediated by Tac2-BNST neurons regulating emotional arousal and sex 

differences in body temperature. We used wireless telemetry systems for chronic locomotor 

activity and body temperature monitoring in male and female mice, finding that females 

displayed enhanced acute cocaine-induced locomotor stimulation and hypothermia. Ongoing 

studies seek to assess sex differences in Tac2-BNST circuit organization and neuronal activity 

responses to cocaine, using anterograde viral tracing and cFos immunohistochemistry in Tac2-

Cre/tomato mice. Furthermore, chemogenetic modulation of Tac2-BNST neurons with estrous 

cycle monitoring in female mice will delineate hormonal-dependent roles of Tac2-BNST 

neurons in cocaine effects on thermoregulation and sleep/wake balance. Overall, these studies 

will add to our understanding of sex differences in psychostimulant interactions and improve the 

development of therapeutic strategies for treating disorders of stress and sleep. 
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Title: Claustrum, as a key brain structure mediating general anesthesia 
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Abstract: Despite the widespread utility of general anesthetic drugs in clinical medicine and 

scientific research, the mechanism underlying general anesthesia, characterized as loss of 

consciousness, remains a long-standing mystery. Here, we show that the Bdnf-e6-expressing 

neurons in the claustrum, described as a ‘seat of consciousness’, is critical general anesthesia. 

Mice with selective disruption of BDNF production from promoter VI (Bdnf-e6-/- mice) 

exhibited the significant anesthetic deficits. In wild-type mice, either chemogenetic inhibition of 

claustral neurons or deletion of Bdnf gene decreased depth and duration of drug induced 

anesthesia. In Bdnf-e6-/- mice, chemogenetic activation of claustral Bdnf-e6 expression neurons 

could reverse the deficits in propofol-induced anesthesia. Single-nucleus sequencing identified a 

specific population of Bdnf-e6-expressing glutamatergic neurons whose functions are required 

for general anesthesia. Our results demonstrate that claustrum is a key brain area critical for 

general anesthesia. 
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Title: Unraveling the intimate relationship between brain temperature dynamics and infraslow 

oscillations during natural sleep and state transitions 

Authors: *A. TSOPANIDOU1, P. C. PETERSEN2, C. KJAERBY3;  
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Abstract: Brain temperature is highly dynamic and intricately linked to brain state transitions as 

it is the effect of active warming through local neuronal activity and passive cooling due to blood 

flow dynamics. Infraslow oscillations of sigma power (8-15 Hz) occur during Non-Rapid Eye 

Movement (NREM) sleep (~1-2 cycles/min) and create sleep microstructures associated with 

neuronal synchronization and arousal levels. So far, the relationship between infraslow sigma 

rhythm and brain temperature remains unexplored. In this project we aim to elucidate how brain 

temperature correlates with the window of neuronal synchronization and arousal created by the 

infraslow sigma power rhythm during natural sleep and state transitions. To investigate this, we 

employed simultaneous recordings of brain temperature and Electroencephalography (EEG) 

acquired sigma power oscillations from the S1 primary somatosensory cortex in C57Bl6 mice 

(N= 4-6 per group, mixed gender). Our findings indicate a close correlation between infraslow 

sigma power oscillatory dynamics and brain temperature during sleep. Specifically, during 

NREM sleep, brain temperature oscillates in synchrony with the sigma power rhythm. Brain 

temperature reliably increases at Rapid Eye Movement (REM) sleep onset following the 

transient sigma power increase that precedes REM onset. Sleep-to-wake transitions are marked 

by brain temperature increases, closely tied to sigma power descents. In conclusion, our findings 

highlight the intimate relationship between brain temperature dynamics and infraslow 

oscillations, which present a compelling basis for further exploration and potential clinical 

implications. Understanding the interplay between brain temperature dynamics and infraslow 

oscillations could pave the way for novel therapeutic interventions in various neurological 

conditions, which are marked by dysregulation of infraslow rhythms, such as Alzheimer’s 

disease. 
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Title: Transcriptional, anatomical, and functional divergence in lateral hypothalamic inhibitory 

neurons underlying innate and motivated behaviors 

Authors: *S. K. PINTWALA1,2, E. ARRIGONI3, P. FULLER4;  
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Abstract: Single cell transcriptomics has advanced our understanding of the transcriptional 

heterogeneity of individual cell types in discrete nuclei, but cannot provide spatial context, 

including efferent organization, an essential component for many biological questions. Here, we 

merged single nuclei RNA sequencing (snRNA-seq) of vesicular GABA transporter neurons 

(VGAT; slc32a1) in the lateral hypothalamus (LHVGAT) with a retrograde tracer to test if 

transcriptional heterogeneity correlates with neuroanatomy. LHVGAT neurons projecting to the 

ventral tegmental area (VTA; LHVGAT-VTA) were identified by delivering the retrograde tracer 

(rgAAV2-CAG-FLEX-rc [Jaws-KGC-GFP-ER2]) to the VTA of VGAT-IRES-cre mice (n=4). 

Fluorescent microscopy revealed that GFP-expressing retrogradely-labelled VGAT neurons were 

distributed throughout the LH between AP -1.0 and -2.0mm (from bregma). Hypothalamic tissue 

was extracted and isolated nuclei were fluorescently sorted for GFP prior to sequencing. snRNA-

seq was performed with 10X Chromium using a custom reference library appended with the gfp 

transgene (produced in-house). Unsupervised clustering of 214 slc32a1+ nuclei yielded two 

distinct clusters (VGAT-1, VGAT-2), one expressing gfp (VGAT-2, n=130 nuclei) hence 

representing the LHVGAT-VTA subpopulation. Cluster VGAT-2 was enriched in, and exclusively 

expressed several genes including: atp1a2 (p=4.93E-54, Negative Binomial Exact Test with the 

Benjamini-Hochberg procedure), slc6a11 (p=1.07E-51), slc7a10 (p=1.09E-42), ntsr2 (p=4.44E-

37) and gpr371l (p=9.21E-31). This research aims to reconcile transcriptional divergence 

observed in LHVGAT neurons with neuroanatomy. Next, we will leverage this knowledge using 

intersectional techniques to understand how genetic diversity and neuroanatomy influence a 

range of animal behaviors known to be regulated by the LH, in particular LHVGAT neurons. 
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Title: Light on the hypothalamus 
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Abstract: Environmental signals govern all life on Earth, but the light has the most influence on 

our physiology and behavior. There are different processes that light can influence, like body 

temperature or mood, but the activity rhythm is the most obvious. But how does the light switch 

on or off our activity and influence our physiology? Hereto, retinal projections reach several 

structures in the brain, especially one structure that has a central place in transmitting light 

information, the suprachiasmatic nucleus (SCN). In addition, several other areas, from the 

hypothalamic preoptic area to the superior collicus, can receive light input from the retina and 

influence biological responses. Considering retinal input, the SCN has special features: 1) It 

receives a dense retina input that allows SCN synchronization with the dark-light cycle to impose 

its rhythm to other structures. 2) The SCN does not need this retinal input to transmit its “light” 

signal to the brain. However, after the SCN lesion also, light cannot change the activity of 

physiology anymore. This raises the question of whether the retina input to the hypothalamus is 

mainly to synchronize the SCN or whether it also directly influences hypothalamic functions. 

Our hypothesis is that retinal projections reach, through the SCN, structures that regulate activity 

(like the ventrolateral preoptic nucleus), while the SCN also has the capacity to inhibit activity 

without light. When retinal fibers pass through the SCN, an SCN lesion would remove the retinal 

projections to other hypothalamic targets. To answer this, we used a male and female adult 

Wistar rats receiving an intravitreal injection of cholera toxin (CTb). In the second group, in 

addition to the retinal tracer, the animals received a unilateral or bilateral electrolytic lesion in 

the SCN. After seven days, animals were sacrificed to observe the retina projections with CTb. 

We observed that there are structures innervated by the retina that have not been reported before. 

We also observed differences in the retinal projections of animals with SCN lesions compared to 

the control group. These results indicate that anatomically, retinal fibers can reach other 

structures and exert its function passing through the SCN . Therefore, the function of these 

retinal fibers passing through the SCN needs to be established. This work was carried out under 

the master's program in Biological Sciences at UNAM. 
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Abstract: Significance: In rodents, diets with long-term low vitamin K intake are associated 

with behavioral deficits in learning and memory, and a marked hypoactivity resulting in a lack of 

exploratory behavior. Additionally, evidence suggests a link between diets lower in vitamin K 

and neurodegenerative disorders. In the brain, vitamin K plays an important structural role in cell 

membranes, through its actions in sphingomyelin and protein synthesis. However, little is 

understood about vitamin K intake and sleep architecture, which greatly impacts the resulting 

cognitive deficits and hypoactivity associated with disruptions in vitamin K intake. Aim: 

Determine sleep architecture during periods of deficient and fortified vitamin K intake. 

Approach: Sleep architecture after disruptions in vitamin K intake was scored by continuously 

monitoring electroencephalogram (EEG) and electromyography (EMG) signals. Male and 

Female C57Bl6 mice were implanted with wireless physiological telemetry devices and 

underwent two-week periods of baseline, vitamin K deficient, recovery, and vitamin K fortified 

changes in diet. Results: Preliminary analysis suggests that during periods of vitamin K 

deficiency, male and female mice spent less time awake and more time in deep (slow wave) 

sleep during the dark phase when they should normally be awake and active. During the light 

phase, there is a possible increase in time spent in paradoxical sleep (e.g., rapid-eye-movement 

sleep). Conclusions: Diets low in vitamin K intake seem to influence sleep architecture in male 

and female mice. Sleep architecture was rescued after mice spent two weeks back on the control 

diet. A vitamin K-fortified diet does not seem to influence sleep architecture. These findings will 

be understood further through the quantification of brain sphingolipids and cognitive behavioral 

assays in automated home cage systems during periods of low vitamin K intake. 
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Title: A pilot feasibility and efficacy study of transdermal auricular vagus nerve stimulation for 

treating insomnia and stress in breast cancer patients receiving palliative care 
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Abstract: While the purpose of sleep is heavily debated, it is widely accepted that quality sleep 

is essential to the well-being of every individual. It has been shown to decrease stress, improve 

depressive moods, enhance memory consolidation, reduce inflammation, and improve one’s 

overall health. Insomnia is a common problem experienced by patients with breast cancer, 

affecting about 40% of cancer survivors. This is a critical concern with cancer clinicians as it can 

affect the overall health of those with breast cancer or those recovering from breast cancer. 

Benzodiazepines are commonly prescribed to treat insomnia in breast cancer patients, but these 

drugs come with negative side effects and a high risk of abuse. Transauricular Vagus Nerve 

Stimulation (taVNS) is a non-invasive and non-pharmacologic intervention that could potentially 

be used as an alternative to treat insomnia. taVNS is safe and well-studied neuromodulation 

device that delivers low-intensity pulsed electrical currents to the vagus nerve through the 

external ear. This neuromodulation device has demonstrated efficacy in treating insomnia, stress, 

anxiety, pain, depression, inflammation reduction, and other diseases. Therefore, this 

intervention could serve as a safe, critical intervention to aid in breast cancer recovery and issues 

associated with breast cancer diagnosis. In this study, we aim to investigate the influence of 

taVNS to address insomnia in breast cancer patients receiving palliative and supportive care 

services. Specifically, we aim to evaluate the feasibility of using taVNS to treat insomnia in 

patients with breast cancer. We also aim to evaluate the efficacy of repeated, nightly taVNS on 

sleep quality, anxiety, and cancer-related fatigue. Additionally, we aim to evaluate the changes 

on inflammation markers, IL-6, IL-10, C-reactive protein (CRP), and fibrinogen, and changes on 

cortisol levels. We expect that 30 patients with breast cancer and insomnia will be enrolled and 

undergo taVNS to address insomnia, quantified by various sleep related outcome measures, with 

an estimated recruitment rate of 70%, eligibility rate of 70%, completion rate of 80%, and follow 

up rate of 80%. We hypothesize that patients will report significantly improved sleep (minimally 

clinically significant change of 6 points on the Insomnia Severity Index (ISI)), with possible 

improvements in anxiety, depression, and cancer related fatigue after two weeks of taVNS. We 

also expect to see decreases in inflammation markers and cortisol levels. 
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Abstract: Background: Sleep dysfunction and circadian misalignment are prevalent health 

concerns associated with adverse health outcomes such as obesity, cardiovascular disease, and 

cognitive and/or psychological deficits. Despite their widespread impact, the assessment of 

circadian rhythm remains a challenge in both clinical and non-clinical settings. Recent 

advancements in wearable technology present a promising avenue for addressing this gap by 

offering a promising approach to estimating circadian phase and amplitude. Although core body 

temperature is one of the most reliable circadian phase biomarkers, tracking core body 

temperature over several days is intrusive and challenging and therefore impractical for 

widespread use. Wearables that track movement and skin temperature have emerged as viable 

alternatives as they allow for less intrusive assessment of diurnal rhythms over extended periods 

of time. This study aims to explore the utility of wearable devices in assessing circadian 

rhythms.Methods: Participants wore temperature and actigraphy trackers for a minimum of 2 

weeks. We collected minute-to-minute data on skin temperature and sleep estimates, from which 

we derived the sleep midpoint and circadian phase by fitting a cosine curve to the data with a 

cosinor analysis.Results: In the initial analysis involving N=17 participants (aged 27-45, with 

35% female representation) in our ongoing study, the average sleep midpoint was determined to 

be 3:02:54 AM (SD=58 min) falling within the healthy range (defined as the midpoint of sleep 

between 2:00 AM and 4:00 AM). Cosinor analysis further indicated a mean mesor of 32.33 oC 

(SD= 0.89) and amplitude of 2.86 (SD=1.14). The mean acrophase occurred at 2:15:02 AM 

(SD=34.5 min) with a peak temperature 34.5 oC (SD=0.83) . The midpoint of sleep shows a 

positive correlation with the acrophase, whereas the amplitude exhibits a strong relationship with 

the mesor (inversely) and the temperature at zenith (positively). These relationships suggest the 

potential of utilizing indices derived from wearable devices to inform circadian 

rhythms.Conclusions: Wearable devices can conveniently measure circadian rhythm disruption 

in the real world and can offer valuable insights that could aid in identifying and addressing the 

extent of circadian disruption to facilitate clinical management. We propose that the metrics 

derived from wearable technology hold promise for informing circadian rhythms, in a non-

obtrusive and continuous way, pending further validation, as suggested by our initial analysis. 



Our presentation will include ongoing analysis with optimized techniques for data preprocessing 

for the Oura ring device. 
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Abstract: Introduction: Emerging evidence suggests that the intestinal microbiota is a source of 

sleep-promoting signals. Bacterial metabolites and components of the bacterial cell wall are 

likely mediators between the intestinal commensal flora and sleep-generating mechanisms in the 

brain. Microbial molecules translocate from the gut lumen to the host circulation, impacting host 

physiology. We previously demonstrated that mimicking the translocation of the bacterial cell 

wall component lipopolysaccharide (LPS) by injecting it directly into the portal vein induces 

sleep and fever in rats. Liver macrophages (Kupffer cells) are the primary targets for translocated 

LPS in the host. Therefore, we examined the role of liver macrophages in LPS-induced sleep and 

fever by using Kupffer cell-depleted rats. 

Methods: Male Sprague-Dawley rats were implanted with chronic intravenous catheter in their 

portal vein and instrumented to monitor sleep-wake activity, body temperature and locomotion. 

Kupffer cell depletion was achieved by the intraportal administration of 1 ml clodronate-

containing liposomes (CCL). Control rats received intraportal saline injection. Four days after 

the induction of macrophage depletion, we tested the effects of 1 µg/kg intraportally 

administered LPS. All treatments were performed 20-30 min before dark onset. Sleep, body 

temperature and motor activity were recorded for 23.5 h after each treatment. Data were 

analyzed by using ANOVA followed by Tukey’s Honestly Significant Difference test. 

Results: CCL treatment eliminated Kupffer-cells from the liver confirmed by the absence of 

Clec4F mRNA expression, a specific Kupffer cell marker. Macrophage populations in other 

organs were not affected, as indicated by unchanged CD68 and F4/80 expression in the spleen 



and white adipose tissue. Intraportal injection of LPS induced 50% increase in non-rapid-eye 

movement sleep in the first six hours after the treatment in the control group (baseline: 95.5 ± 7.6 

vs. LPS: 143.7 ± 5.7 min), while the increase was only 16% in the Kupffer-cell depleted group 

(baseline: 104.4 ± 5.1 vs. LPS: 121.5 ± 8.4 min). LPS suppressed rapid-eye movement sleep in 

both groups of rats. LPS-induced fever was attenuated by ~0.2 °C in the macrophage-depleted 

animals. 

Conclusions: The results suggest that liver macrophages play a major role in sleep responses 

induced by LPS translocated into the portal circulation, and they also contribute to LPS-induced 

febrile responses. 
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Abstract: Introduction: Signals from peripheral tissues play a critical role in coordinating sleep-

wake activity with the metabolic, nutritional and immune status of the organism. Recent findings 

highlight the intestinal microbiota as a key source of sleep-promoting signals. Previously, our 

work demonstrated that intraportal lipopolysaccharide (LPS) administration induces sleep and 

fever in rats by stimulating Kupffer-cell prostaglandin production, an effect blocked by COX 

inhibition. As hepatic vagus afferents express PGE2 receptors, we investigated whether 

intraportal PGE2 and arachidonic acid (AA) administration could mimic LPS effects.Methods: 

Male rats were surgically implanted with intraportal catheter and instrumented with EEG and 

EMG electrodes and an intraabdominal transmitter to monitor sleep-wake activity, body 

temperature and locomotion. On the control day, the animals received intraportal injections of 

0.3 ml saline. On the treatment day, rats were treated with intraportal injections of 300 μg PGE2. 

After a recovery period of 5 days, the same animals received vehicle on the control day, and 600 

μg arachidonic acid on the following day. All treatments were performed 5-20 min before dark 

onset. Sleep, body temperature and motor activity were recorded for 23.5 h after each treatment. 



Data were analyzed by using ANOVA followed by Tukey’s Honestly Significant Difference 

testResults: PGE2 and AA significantly increased non-rapid eye movement sleep (NREMS) and 

reduced body temperature during the 12-hour post-injection period. PGE2 and AA induced 

approximately a 22% and 36% rise in NREMS, respectively (PGE2 baseline: 236.2 ± 31.0 min, 

treatment: 287.1 ± 29.5 min, p < 0.01; AA baseline: 264.6 ± 30.5 min, treatment: 358.6 ± 34.0 

min, p < 0.05). Additionally, there was a trend toward increased REMS in response to AA 

(baseline: 34.7 ± 7.9 min, treatment: 47.1 ± 4.1 min, p = 0.057). PGE2 suppressed EEG SWA, 

and during the light phase, an increase in body temperature was observed. While there were 

tendencies toward decreased motor activity, neither PGE2 nor AA administration led to 

statistically significant changes.Conclusions: The results suggest that the sleep-inducing effects 

of PGE2 are mediated by a sensory mechanism located in the liver and/or in the portal vein wall. 

Hepatoportal prostaglandin-sensitive pathways likely contribute to sleep modulation by the 

intestinal microbiota. 
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Abstract: Melanin concentrating hormone (MCH) is a 19- amino acid neuropeptide produced 

predominantly in the lateral hypothalamus (LH) and zona incerta (ZI) that has been implicated in 

elevated intake of both food and drugs of abuse. Alcohol is both a source of kilocalories as well 

as a drug of abuse, which relates it to both the hedonic and homeostatic aspects of feeding. Prior 

research shows that pharmacological injection of MCH increases both chow and ethanol 

consumption in males, however whether these findings are generalizable to females remains 

unknown. Furthermore, whether the MCH neuronal signaling, similar to MCH pharmacological 

injection, modulates alcohol intake remains to be determined. Therefore, we investigated the 

impact of chemogenetic activation of MCH neurons using an MCH promoter driven excitatory 

Designer Receptor Exclusively Activated by Designer Drugs (DREADDS) approach on ethanol 

intake in females. Female Wistar rats (n=12) were virogenetically injected with MCH-

DREADDs in the LH and ZI and tested for chow, ethanol, or chow and ethanol together intake at 



the onset of the dark cycle in a within- subject’s design. In a separate cohort (n=16), 

pharmacological injection of 0, 5, or 10 micrograms intracerebroventricular (ICV) MCH was 

administered and chow and ethanol intake measured. Results show that activation of MCH 

DREADDs receptors in females increases ethanol intake but not chow when animals were 

offered both together. When either were offered alone, however, chemogenetic activation of 

MCH neurons increased both chow and ethanol intake. In contrast, when given the option to 

consume chow or ethanol, ICV MCH administration preferentially increased chow intake but not 

ethanol. Taken together, our findings show differential impacts of MCH neuronal activation and 

pharmacological injection in female rodents, where MCH neurons preferentially increase ethanol 

ingestion and MCH ICV pharmacology preferentially increases chow intake. 

Disclosures: G.C.E. Madu: None. E.E. Noble: None. 

Poster 

PSTR293: Lateral Hypothalamus and Forebrain Circuits 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR293.02/K23 

Topic: F.08. Food and Water Intake and Energy Balance 

Support: NIH T32 #5T32NS076401-19 

NIH T32 #5T32DA007281-25 

NIH F31 #1F31DK135233-01 

NIH R01 NIH #1RO1DK129366-01 

Title: Melanin-concentrating hormone neuron efferents in the NAc mediate the reward value of 
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Authors: *K. FURMAN1,2,3, H. C. LYONS4, L. BARON3,1, J. R. EVANS1,3, T. CHA1, J. 

MANNA1, L. ZHU4, J. MATTIS4,2, C. R. BURGESS1,2,3;  
1Michigan Neurosci. Inst., 2Neurosci. Grad. Program, 3Mol. & Integrative Physiol., 4Dept. of 

Neurol., Univ. of Michigan, Ann Arbor, MI 

Abstract: Animals must make informed decisions about what and how much to eat in order to 

maintain energy balance. Yet homeostatic need is not the sole factor in the decision to eat. Non-

homeostatic motivators to eat are common, such as craving of sugary or fatty foods even when 

sated. Dysregulation of such non-homeostatic motivators can contribute to the development of 

eating disorders. Melanin-concentrating hormone (MCH) neurons of the lateral hypothalamus 

(LH) and zona incerta are a relevant neural target for both homeostatic and non-homeostatic 

motivators to eat. MCH neurons project to many brain areas including the arcuate nucleus, 

nucleus accumbens (NAc), and cerebral cortex, and have a role in numerous behaviors including 

feeding, sleep, learning, and reward. Injection of MCH peptide into the NAc increases feeding, 



and chemogenetic activation of MCH neurons that project to the NAc slightly increase food 

intake in male but not female mice.We hypothesize that MCH projections to the NAc promote 

hedonic motivations to consume food but do not have a role in sleep-wake regulation. To address 

this hypothesis, we instrumented MCH-ChR2 mice with EEG/EMG headcaps and optic fibers 

placed either over the MCH neurons in the LH or their terminals in NAc, and investigated how 

optogenetic stimulation affected feeding and sleep behavior in different behavioral contexts. 

When optogenetic stimulation was delivered continuously (473nm, 20Hz, 1s ON 4s OFF for 

3hr), we observed that mice with stimulation of MCH neurons in the LH (n = 11) spent more 

time in REM sleep as well as transitioned into REM sleep bouts more frequently (p <0.05), while 

mice with terminal stimulation in the NAc (n= 13) did not show a sleep effect. This continuous 

stimulation did not significantly increase feeding, regardless of optic fiber location. However, 

when given the opportunity to choose between a port which delivers both food and acute 

optogenetic stimulation or a port which delivers stimulation alone, mice with terminal 

stimulation in the NAc had a significant preference for food paired with stimulation (p<0.0001), 

while mice with cell body stimulation of all MCH neurons in the LH did not. The preference for 

NAc terminal stimulation developed within the first day but strengthened with increasing days of 

stimulation. Additionally, we observe a sex difference in both groups, with male mice seeming to 

develop a stronger preference for stimulation-paired food regardless of whether they received 

stimulation of MCH terminals in NAc or MCH cell bodies in LH. These findings begin to 

elucidate a mechanism by which MCH neurons differentially regulate feeding and arousal as a 

function of downstream projection area. 
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Abstract: Chronic consumption of Western diet (WD), high in fat and sugar, can result in diet-

induced obesity as well as anxiety and memory impairment. However, the mechanisms behind 

this memory impairment remain unclear. Melanin-concentrating hormone (MCH) neurons in the 

hypothalamus are known to promote obesity by increasing food intake and decreasing energy 

expenditure. Previously, our lab has demonstrated that WD induces an inflammatory mediator 

prostaglandin E2 (PGE2) in the brain, which activates MCH neurons via the EP2 receptor 

(EP2R), resulting in a vicious cycle of WD intake and weight gain in a sex-dependent manner. 

As MCH can also modulate memory and mood, we hypothesized that EP2R signaling in MCH 

neurons mediates WD-induced anxiety and memory impairment. To test this, male and female 

mice with EP2R deletion in MCH neurons (KO) and EP2R f/f littermates were fed chow or WD 

for 3 months. The open field test (OFT) showed that WD decreased locomotor activity, while 

increasing anxiety in both male and female mice. The novel object recognition test is currently 

ongoing to assess hippocampal-dependent memory. To evaluate synaptic function, fEPSPs were 

recorded at CA3-CA1 synapses in brain slices. Basal fEPSP was inhibited by WD but not 

affected by EP2R KO or sex. Paired-pulse facilitation (PPF) was lower in female KO mice 

compared to other groups, suggesting a higher release probability, which was abolished by WD. 

To assess activity-dependent synaptic plasticity, 100Hz, 100 pulse afferent stimulation was 

applied to induce post-tetanic potentiation (PTP) and long-term potentiation (LTP). In females, 

PTP was lower in KO than f/f regardless of diet, while in males, both KO and WD increased 

PTP. On the other hand, LTP was not significantly affected by genotype, sex, or WD. Our results 

suggest that MCH EP2Rs could have a modulatory effect on hippocampal synaptic transmission 

in a sex-specific manner. This research provides novel insight into the potential role of PGE2 

signaling in MCH neurons in diet-induced memory impairment. 
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Abstract: Melanin concentrating hormone (MCH) neurons in the lateral hypothalamus 

coordinate energy balance by increasing food intake and decreasing energy expenditure. These 

cells are activated by high-fat diet (HFD) and promote further weight gain, leading to diet-

induced obesity. Glutamate plays a key role in shaping MCH activity, which may undergo 

plasticity upon consumption of HFD. Here, we examined the role of ionotropic glutamate 

receptors and transporters in mediating and modulating excitatory signaling to MCH neurons and 

the effect of HFD in this mechanism by using in-vitro patch-clamp electrophysiology in acute rat 

brain slices. Upon presynaptic train stimulation (50Hz, 20 pulses), we identified biphasic EPSCs 

consisting of fast and slow components, which were mediated by distinct receptor types: Fast 

EPSC is primarily mediated by AMPA receptors (AMPAR) and kainate receptors (KAR), 

whereas slow EPSC by NMDAR, AMPAR and KAR. To test the effect of HFD on biphasic 

EPSCs, male SD rats (7-10 weeks old) were fed with high fat, high sugar western diet (WD) for 

1 week. WD had no effect on short-term plasticity of fast EPSC, suggesting that release 

probability is unaltered. On the other hand, slow EPSCs progressively increased during train 

stimulation, which could be due to reduced glutamate uptake in WD condition, resulting in 

increased spillover of synaptic glutamate. Hence, we tested the effect of DHK, a blocker of 

astrocytic glutamate transporter GLT-1, which had no effect on EPSCs in both chow and WD 

groups. As KAR was found to underlie both fast and slow EPSCs, the KAR antagonist UBP310 

was tested in different dietary conditions. UBP310 inhibited both fast and slow EPSCs in chow-

fed group, whereas it decreased slow EPSC but had no effect on fast EPSC in WD-fed group. 

These results suggest a lack of change in glutamate uptake via GLT-1 while the contribution of 

synaptic KAR is selectively reduced by WD without a significant change in peri/extrasynaptic 

KAR. This would favor high frequency synaptic inputs and alter synaptic integration. Thus, 

chronic dietary fat intake may modulate the glutamatergic excitatory signaling in MCH neurons, 

and such alteration may be relevant in diet-induced obesity. 
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Abstract: The neuronal circuitry involved in food-motivated behavior following caloric 

restriction is poorly understood. Previously we found that caloric restriction increases activation 

of lateral hypothalamic (LH) orexin glucose-inhibited (GI) neurons in low glucose. This was 

associated with an orexin-dependent increase in glutamatergic signaling onto the dopamine 

neurons in the ventral tegmental area (VTA) and the motivation to seek food. Using brain slice 

electrophysiology, we showed that pertussis toxin and Rp-cAMP (a protein kinase A [PKA] 

inhibitor) blocked activation of LH-GI neurons in low glucose, suggesting that the Gαi/o-

adenylyl cyclase-cAMP-PKA pathway mediates glucose sensing in these neurons. Therefore, we 

hypothesized that preventing PKA activation during fasting would blunt fasting-induced 

activation of LH-GI neurons in low glucose and subsequently glutamate plasticity and 

motivation to seek food. To begin to test this hypothesis, we determined whether 1) fasting 

increased phosphorylation (p) of LH CREB, the downstream target of PKA; and 2) 

overexpression of the endogenous PKA inhibitor, PKI, in orexin neurons would prevent fasting-

induced pCREB. Mice expressing cre-recombinase in orexin neurons were stereotaxically 

injected into the LH with cre-dependent adeno-associated PKI overexpression virus (AAV-PKI) 

or control AAV. Orexin immunohistochemistry was used to validate AAV expression only in 

orexin neurons. After 2 weeks post-injection, the AAV-PKI and -control mice were fasted 

overnight and the LH was dissected for Western blot analysis. There was a 2.8-fold (p<0.005) 

increase in LH pCREB in the fasted compared to fed mice injected with control AAV. (n=4). 

This effect was completely absent in fasted vs fed mice injected with AAV-PKI (n=3). These 

data suggest that fasting increases pCREB in orexin neurons; an effect that is blocked by the 

endogenous PKA inhibitor, PKI. This supports our hypothesis that fasting targets the glucose 

sensitive signaling pathway in LH orexin-GI neurons. Moreover, since the PKA pathway is 

common to many neurotransmitters and hormonal signals of energy balance, this pathway may 

be a site of convergence for metabolic signaling. Supported in part by R01 DK103676. 
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Title: Context modifies the effect of orexin/dynorphin neurons and orexin peptides on palatable 
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Abstract: The orexin (OX) and dynorphin peptides are co-released from OX/DYN neurons 

located in the lateral hypothalamus (LH) to several brain sites, where they regulate food intake 

and motivated behaviors. In the paraventricular nucleus of the hypothalamus (PVN), the 

Dynorphin-A1-13 (DYN) and orexin-A (OXA) peptides increase the intake of non-palatable food, 

but only DYN increases palatable food intake and OXA blocks this effect. However, we still do 

not fully understand how OX/DYN neurons, OXA and DYN peptides in PVN regulate palatable 

food intake and if their actions extend to motivated behaviors for palatable food. This study 

aimed to determine whether OX/DYN neurons and OXA in PVN regulate palatable food intake 

and demand for sucrose. Experiments were conducted in adult male C57BL6J mice with free 

access to standard rodent food and water. Intake of palatable foods was modelled using a 

cafeteria (CAF) diet which gave mice unlimited access to human palatable foods. Demand for 

sucrose was measured using a behavioral economic test that measured demand intensity (hedonic 

value of sucrose) and flexibility (decrease in sucrose intake over increasing price). First, we 

show that access to sucrose reduced by 27.3% the number of active OX/DYN neurons in the LH 

that project to the PVN (p<0.05, n=4). Second, PVN administration of the dual OX receptor 

antagonist TCS1102 (TCS) increased CAF intake by 39.9% (p<0.05, n=8), without further 

increasing the orexigenic effect of DYN administration in PVN. Third, we show that 

chemogenetic inhibition of OX/DYN neurons reduced demand intensity by 134.3% (p<0.05, 

n=8) without altering demand flexibility. Finally, the administration of OXA or TCS into the 

PVN did not impact sucrose demand. Together, these data suggest that while OX/DYN neurons 

in PVN contribute to the regulation of palatable food intake, OXA and DYN in PVN do not 

interact to regulate intake of free-access palatable food and that OXA in PVN does not impact 

sucrose demand. These data suggest that the regulation of eating behavior by OXA and DYN 

peptides in PVN might be dependent on the context of food access (free vs. operant). Ongoing 

experiments are determining whether the expression of splicing isoforms of OXA and DYN 

receptors in the hypothalamus correlates with the preference for a CAF diet or sucrose demand 

flexibility and intensity. 
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Abstract: Primary taste cortex (gustatory cortex, GC) taste-response activity evolves in a well-

characterized set of 3 states, the third of which reflects the hedonic value of a taste (palatability) 

and drives the taste decision. Our prior work has demonstrated that GC works with the lateral 

hypothalamus (LH) to produce the dynamic taste response. To further dissect the involvement of 

LH, we dissect the role of orexin+ cells, which are specific to LH and uniquely situated to 

influence cortical palatability activity. In the current work we first test the hypothesis that the LH 

orexin→GC connection is influencing palatability-dependent consumption behavior. We use 

transgenic Orexin-cre rats to optogenetically silence the orexin signal to GC in a brief access 

task. We found that the rats with their LH orexin afferents silenced consumed more aversive 

quinine and less palatable sucrose compared to those without silencing. We then go on to directly 

test whether orexin signal affects palatability-related neuronal activity in GC by recording single-

unit activity in GC during passive taste delivery. To strictly test how orexin affects palatability 

processing in GC, we compare the inhibition of orexin(+) cells to that of orexin(-) cells and a 

nonspecific neuronal inhibition. Orexin-cre rats received bilateral LH virus injections of either 

AAV-CAG-FLEX-ArchT, AAV-FLEXoff-CAG-ArchT, or AAV-CAG-ArchT. Following the 

surgery recovery (virus infusions, GC opto-trodes implantation and IOCs), rats received 3 

sessions of 30 trials each of water, 0.3M sucrose, 0.1M NaCl, 0.1M citric acid, and 5mM 

quinine; orexin-projections were inhibited on half of the trials. After controlling for the density 

of the connection for each of these groups of neurons in GC and the related proportion of 

neurons affected by the laser, we found inhibiting any connection to GC reduces the magnitude 

of palatability correlations and alters the onset of palatability-related firing states. Therefore, 

while inhibiting orexin does alter palatability behavior in active licking, our stringent comparison 

of different LH→GC connections suggests disruption of any substantial LH connection to GC 

will affect palatability processing and related behavior. 
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Abstract: Heterogeneous groups of neurons within the lateral hypothalamic area (LHA) regulate 

appetitive behavior, yet the precise mechanism by which LHA neurons perceive peripheral 

metabolic cues and translate them into food-motivated behavior remains incompletely 

understood. In this study, we sought to elucidate the role of LHA neurons expressing leptin 

receptors (LepRs)—a subset of LHA GABAergic neurons—in appetitive behaviors using male 

mice under ad libitum fed or calorically restricted conditions. We first deleted LepRs from the 

LHA by targeted microinjection of either AAV-Cre-GFP or AAV-GFP (control) into the LHA of 

LepR flox/flox male mice (n=6-7/gp). Notably, we observed that the specific deletion of LepRs 

from the LHA heightened motivation toward a palatable diet under a progressive ratio (PR) 

paradigm within an operant chamber. Furthermore, chemogenetic activation of LHA LepR-

expressing neurons reduced homeostatic intake of either regular chow or a palatable diet while 

increasing exploratory behaviors (5-7/gp). Using viral-mediated anterograde tract-tracing (n=3), 

we found that LHA LepR-expressing neurons innervate brain regions implicated in motivated 

behavior, such as the ventral tegmental area (VTA), further underscoring their significance in 

regulating motivated feeding behaviors. Additionally, in vivo fiber photometry unveiled a 

marked increase in calcium signaling in LHA LepR-expressing neurons upon exposure to 

palatable high-fat food pellets and subsequent consummatory behavior in ad libitum fed mice 

(n=4). Conversely, a similar response was observed with chow diet only under calorie-restricted 

condition. These findings pinpoint the LHA as a critical site where the adipocyte-derived 

metabolic hormone leptin exerts its influence on coordinated control of appetitive and 

consummatory behaviors to meet bodily energy demands. 
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Abstract: Dysregulation of appetitive control often results in disordered eating that can lead to 

serious clinical conditions such as obesity and anorexia nervosa, which disproportionately affect 

women over men. While homeostatic eating is primarily governed by the hypothalamic and 

brainstem circuits capable of sensing the body’s energy status, appetitive motivation toward food 

is also influenced by the higher brain regions involved in cognitive control, reward evaluation, 

and decision-making processes that evidently differ between men and women. However, the 

neural circuits responsible sex-specific control of appetite remains largely unknown. In this 

study, we assessed the impact of neuronal projections from the medial prefrontal cortex (mPFC) 

to the lateral hypothalamic area (LHA)—two brain regions known to be involved in emotional 

and cognitive controls and reward function—on homeostatic feeding and appetitive motivation 

in both sexes of mice. We found that selective chemogenetic activation of LHA-projecting 

mPFC neurons resulted in decreased and increased hedonic motivation toward a palatable high-

fat diet (HFD) in males and females, respectively, without affecting homeostatic feeding during 

the dark cycle, indicating a sex-specifically opposing role of LHA-projecting mPFC neurons in 

the regulation of hedonic drive for palatable food. In vivo fiber photometry revealed an increase 

in calcium signaling in LHA-projecting mPFC neurons upon feeding and stressful stimuli. These 

findings underscore the importance of the mPFC-LHA circuit in hedonic feeding and appetitive 

control, which may underlie the context-dependent sex-specific regulation of appetitive 

behaviors. 
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Abstract: It is important to understand the neural circuits that control eating behaviors, 

especially since more than 40% of adults in the U.S. are either overweight or obese. Previous 

research has shown that the Lateral Septum (LS) and the Lateral Hypothalamus (LH) are 

connected both anatomically and functionally. This study aimed to determine whether the 

connection between the LS and the LH associated with eating is ipsilateral, contralateral, or both 

via activating and inactivating GABAA receptors. We bilaterally implanted cannulas in adult 

male rats' LS and LH. The rats received either a GABAA agonist (muscimol; 0.3μg/0.3μl) or an 

antagonist (picrotoxin 0.1μg/0.3μl) in both brain regions to elicit contrasting responses, such as 

inducing feeding in one brain region while inhibiting it in the other. The injections were 

administered either ipsilaterally, contralaterally, or bilaterally in a counterbalanced design to 

investigate which pathway could suppress the induced feeding. The data was assessed by a 2-

way repeated measures ANOVA. Results showed that feeding initiated by a unilateral muscimol 

injection in the LS (n=13) could be significantly suppressed by a contralateral (2nd hr: p=0.03, 3rd 

hr: p=0.02) and a bilateral (1st hr: p<0.01, 2nd hr: p=0.03, 3rd hr: p<0.01) administration of 

muscimol into the LH (Main effect: F(3,11)=3.67, p=0.02, ηp
2=0.23). Post hoc analysis revealed 

that the mean difference between food intake induced by unilateral muscimol injection in the LS 

and contralateral muscimol injection in the LH was 7.4±3 g (p=0.03) during the second hour, and 

8±2.9 g (p=0.02) during the third hour. However, the ipsilateral administration did not 

significantly suppress food intake. A unilaterally injected picrotoxin dose into the LH (n=11) was 

not significantly suppressed by either an ipsilateral, contralateral, or bilateral injection of 

picrotoxin in the LS. These results indicate that LH signals can override LS signals, placing the 

LH downstream from the LS and that this connection is contralateral, not ipsilateral. This study 

contributes to future research about overweight and obesity trends by providing new knowledge 

on the specific connections between LS and LH. 
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Abstract: As a constituent of the extended amygdala, the bed nucleus of the stria terminalis 

(BNST) comprises multiple subregions and serves as a central hub that broadly integrates and 

sends signals to other brain regions, thereby playing a paramount role in a wide array of 

behaviors and functions, such as anxiety, mating, and feeding behavior. On the other hand, 

BNST also possesses a rich profile of neuropeptides and neural modulator receptors, including 

those for endogenous opioids. Nonetheless, the functional significance of opioid receptor 

activation in the BNST remains largely unclear. In this study, we found substantial expression of 

μ-opioid receptor (MOR) in BNST neurons. By intracranial administration of its agonist 

DAMGO, we observed that the activation of MOR in BNST induced a voracious food intake in 

rats. Furthermore, we explored the cellular effects of DAMGO on BNST neurons by conducting 

whole-cell patch-clamp recording in brain slice. The drug was delivered via micro-perfusion 

through a separate glass pipette to achieve focal activation on the patched neurons. We found 

that DAMGO mainly exerted a profound inhibitory effect on BNST neurons, even at nanomolar 

level. However, this postsynaptic inhibition was not uniform across all BNST neurons but 

differentially influenced its subregions, with the greatest impact observed in the anteromedial 

and anterolateral parts of BNST, while only minimally affecting the oval part of BNST. In 

summary, our results suggest that the activation of MOR in the BNST regulates food intake by 

selectively modulating the subregions within the BNST. 
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Abstract: Leptin receptors (LepRs) in the central nervous system enable the control of 

physiological functions related to hunger and satiety, particularly through their functional 

regulation of the hypothalamus. Interestingly though, LepRs are also expressed ubiquitously 

throughout the body and brain, including the cerebral cortex and hippocampus. These forebrain 

regions can be profoundly affected by satiety, particularly those involved in higher-order 

sensory, motor, cognitive, and memory functions. However, a cell-type specific characterization 

of LepR expression in these forebrain regions is necessary to begin assessing their potential 

functional impact. Consequently, we examined LepR expression on neurons and glia in the 

forebrain using a LepR-Cre transgenic mouse model. LepR-positive cells were identified using a 

‘floxed’ viral cell-filling approach and immunohistochemical co-labeling for cell-type specific 

markers, i.e. NeuN, VGlut2, GAD67, Parvalbumin, Somatostatin, 5-HT3R, WFA, S100β, and 

GFAP. We found that LepR-positive cells were localized to the lower layers (primarily layer 6) 

in the sensory cortical areas and hippocampus. The lower layer cells exhibited non-pyramidal 

morphologies, with further analysis suggesting that the majority were neurons, while the 

remainder were identified as astrocytes (GFAP) or other glial cells. Many of LepR-positive cells 

co-expressed parvalbumin, while none expressed somatostatin or 5-HT3R. In contrast, all 

hippocampal LepR expressing cells were neurons, while none co-expressed GFAP. Therefore, 

our data suggest that leptin can potentially influence neural processing in higher forebrain 

regions associated with sensation and limbic-related functions. 

Disclosures: C.R. Canepa: None. J.A. Kara: None. C.C. Lee: None. 

Poster 

PSTR294: Aversive Memory: Acquisition, Modification, and Expression II 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR294.01/K34 

Topic: G.01. Fear and Aversive Learning and Memory 

Support: NIH Grant R21 MH121772 

Title: Novel Context Induced Activation of the Claustrum in Rats 



Authors: *K. W. HE, R. G. PARSONS;  

Stony Brook Univ., Stony Brook, NY 

Abstract: The claustrum (CLA) is a subcortical structure between the insular cortex and 

striatum. It has been found to participate in a variety of fundamental brain functions including 

processing sensory information, attention, sleep, and memory. Prior work from our lab showed 

that the claustrum was activated during the expression of auditory fear in rats. However, this 

study was not able to discern whether the activation was related to the expression of auditory fear 

or exposure to the novel context in which testing occurred. Here, we examined freezing behavior 

and cFos expression of claustrum in male and female rats using Pavlovian fear conditioning. In 

Experiment 1, male rats were conditioned in Context A and received 2 tone-shock pairings. On 

testing day, both groups were exposed to Context B (novel context), while one group of animals 

received 4 presentations of the tone, and the other were only exposed to the context. We found 

that the tone-exposed group froze more than the novel group during testing, yet there was no 

significant difference between groups in cFos expression; and both groups showed elevated cFos 

expression in CLA relative to naïve rats. In Experiment 2, male and female rats were conditioned 

in Context A using the same parameters as Experiment 1. One group of rats (familiar) was 

exposed to Context B at 24 hours and again at 48 hours, while the other group (novelty) received 

a single context exposure at 48 hours. We found that rats in the novelty group showed 

significantly higher cFos expression in CLA than rats in the familiar group and that this effect 

did not differ between sexes. Our data indicate that the claustrum is activated by exposure to a 

novel environment, but not by the expression of fear. Ongoing experiments will determine if 

prior conditioning drives the activation of CLA and the role of claustrum in the attentional and 

mnemonic processes that support fear learning. 
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Abstract: Contextual fear conditioning occurs when a relationship forms between a novel 

environment and an aversive stimulus, so that when the individual is re-exposed to the 

environment, there is a conditioned fear response. This form of learning has been used 

extensively in the laboratory, as it holds special relevance to fear and anxiety-based disorders, 

which often involve the expression of fear in contexts where the aversive stimulus was not 

encountered. Females show a higher incidence of anxiety disorders, making the study of how sex 

influences contextual fear in rodent models of high importance. Prior research comparing males 

and females is mixed, with some studies showing that males exhibit higher levels of contextual 

fear than females, others reporting the opposite pattern, and others reporting no difference. These 

discordant findings are often suggested to be the result of parametric differences between studies, 

but the determinative factors are not well understood. Here, we tested whether varying the 

number of trials and pre-exposure to context would mitigate sex differences in contextual fear. In 

the experiment, male and female rats were divided into two groups: one group was pre-exposed 

to the context, while the other was not. Each group was further subdivided, with animals either 

receiving a single shock or 6 shocks during training. A day later, rats were tested in the context 

in which shock occurred, followed the next day by testing in a novel context to measure the 

generalization of context fear. Our findings indicate that the observation of higher levels of 

freezing in an aversive context in males was maintained across groups trained with different 

numbers of shocks and that males also showed higher levels of freezing behavior in a novel 

context. Pre-exposure to the training context before conditioning showed no significant effect on 

contextual fear behavior expressed between the sexes. 
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Abstract: There are projections originating from multiple regions of the medial prefrontal 

frontal cortex (mPFC) that terminate across the different columns of the periaqueductal gray 

(PAG). Even though both mPFC and PAG have been implicated in regulating fear expression, 

knowledge about the function of the connections between the mPFC and PAG is scant. In 



addition, there have been several studies examining the effect of sex on contextual fear 

conditioning, but how and whether the neural mechanisms of contextual fear differ is unclear. To 

begin to understand these questions, we infused a viral retrograde tracer into the ventrolateral 

PAG in male and female rats and trained half of them in a contextual fear conditioning task, 

while the other half was exposed to the same context without receiving shock. The following 

day, all rats underwent a 10-minute context test in the conditioning chamber. 1 hour after testing, 

rats were perfused and the brains were harvested. Immunohistochemistry was performed and 

data were analyzed by counting the number of cells that were labeled by the viral tracer and cells 

that were positive for EGR1 in the anterior cingulate cortex (ACC), prelimbic cortex (PL), and 

infralimbic cortex (IL). Male rats that underwent training and testing showed a significant 

increase in the proportion of viral infected cells that express EGR1 in the PL compared to rats 

that had only received context exposure. There was no significant difference between trained and 

control in female rats on the same measure. There were no differences between groups in the 

proportion of tracer labeled cells that were EGR1 positive in the ACC or IL. Our findings 

suggest that PL projections to the vPAG are involved in the expression of fear and that 

differences in the activation of this pathway may underlie sex differences in the expression of 

contextual fear. 
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Abstract: Our ability to form, store, and recall memories is critical for our survival. Memories of 

traumatic experiences or fearful events can promote defensive behaviors that allow organisms to 

better cope with similar situations in the future or avoid them all together. The retrieval of these 

memories at inappropriate times can be maladaptive, however. Indeed, anxiety disorders and 

PTSD are characterized in part by the inability of patients to suppress the recall of traumatic 



memories, even under safe conditions. Although serotonin is most known for its role in affective 

disorders, expanding evidence suggests that serotonin and its receptors contribute directly and 

indirectly to learning and memory. The 5-HT1A receptor is of particular interest, as prior work 

has shown that modulation of this receptor affects contextual fear learning. Thus, the goal of this 

study was to examine the effects of a 5-HT1A receptor agonist on the formation and recall of a 

contextual fear memory. To test this, male and female C57BL/6J mice were used in two separate 

experiments. In experiment 1, mice were treated with the 5-HT1A receptor agonist 8-OH-DPAT 

(1mg/kg, I.P.) immediately prior to contextual fear conditioning, and then tested 24hrs or 15 days 

after training. In contrast, in experiment 2, mice were given 8-OH-DPAT (1mg/kg, I.P.) prior to 

the contextual fear conditioning test. As with experiment 1, mice were tested 24hrs or 15 days 

after fear conditioning. In experiment 1, we found that activation of 5-HT1A receptors inhibited 

the formation of a contextual fear memory, as demonstrated by a significant decrease in freezing 

24hrs and 15 days after training. In experiment 2, we found that activation of these same 

receptors prior to the recall test inhibited memory recall, again as measured by decreased 

freezing. Importantly, memory recall was inhibited significantly more during the 15-day test, 

indicating that this receptor subtype might be more important for the recall of a remote fear 

memory compared to a more recent one. Our results provide further evidence for the 

involvement of the serotonergic system in the formation and recall of fearful memories and may 

provide future therapeutic targets for disorders such as PTSD. 
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Abstract: Traumatic brain injury (TBI) is the most common neurological disorder. Exposure to 

the shockwave from an explosion can cause a blast TBI (bTBI). bTBI was the defining injury of 

the Iraq and Afghanistan conflicts; 1 in 5 veterans suffered a bTBI during deployment. 

Concerningly, the burden of bTBI extends beyond neurological symptoms; rates of PTSD are 3x 



higher among veterans with bTBI. We theorize that bTBI-induced neural damage leads to the 

dysregulation of fear memory and fear behavior circuits. We employed a preclinical model of 

bTBI and a context-based fear conditioning paradigm to characterize post-blast fear behavioral 

phenotypes and corresponding neural activity biomarkers. We hypothesize that bTBI disrupts 

frontal-striatal-limbic systems and neural biomarkers of blast injury will correspond to individual 

differences in context-based fear memory expression and extinction, which may be ameliorated 

by deep brain stimulation (DBS) intervention. Thus, we evaluated the potential of infralimbic 

cortex (IL) DBS to reduce context-based fear behavior. N=53 male Sprague-Dawley rats 

received a blast injury; N=30 got a sham blast. N=24 blasted rats were surgically implanted with 

an electrode to record local field potential (LFP) data before and after conditioning and 

intervention. All rats underwent context-based fear conditioning, receiving 3 foot shocks over 8 

minutes. For one cohort (N=18 blast, N=10 control) a 20 second auditory tone was paired with 

each shock. After conditioning, N=6 blast rats received a five-day IL DBS intervention. Finally, 

all rats underwent 20 minutes of context re-exposure to assess freezing behavior. During context 

re-exposure, blast-injured rats in one cohort froze for a significantly greater percentage of time 

overall compared to controls (p=0.0427). Another cohort had no between-group differences in 

freezing. The N=6 IL-stimulated bTBI rats spent a lower percent of time frozen than controls 

with a trend towards significance (p=0.0557). Our findings align with previous literature that 

reports mixed findings for a bTBI phenotype for context fear memory and expression and hint at 

the potential of IL DBS to reduce fear expression. Analysis of the tone/shock-paired cohort is 

ongoing; behavioral and neural data will be presented. We anticipate increased freezing upon 

context re-exposure and will compare this to freezing during subsequent tone re-exposure. 

Lastly, LFP data from DBS and pharmacological interventions may reveal circuit-level changes 

that reflect fear behavior changes, allowing for the development of novel therapies that address 

the neural mechanisms underlying the fear-related consequences of bTBI. 
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Abstract: Though fear can be adaptive, maladaptive fear processing can result in detrimental 

and debilitating outcomes. Unfortunately, there are currently limited pharmacological 

interventions for fear-related disorders, making it imperative to explore options. Recent studies 

have investigated the anxiolytic properties of the neuropeptide oxytocin (OXT) to confront stress 

and fear-related behaviors. The present study examines the ability for OXT to attenuate 

contextual fear expression in male rats and identify the role of amygdala subnuclei (central 

amygdala, CeA, and basolateral amygdala, BLA) in mediating this effect. Male Sprague-Dawley 

rats (N = 57) underwent a contextual fear conditioning paradigm in which they received short, 

intermittent foot shocks (1.0 mA, duration of 1s) during the first two days of conditioning. On 

test day, freezing behavior was recorded as a measure of fear expression upon exposure to the 

fear-conditioned context. In Experiment 1, animals (n = 22) received peripheral injections of 

either OXT (1 mg/kg or 3 mg/kg) or saline (0.9% NaCl) 30 minutes prior to testing. In 

Experiment 2a, animals (n = 19) received one of two treatments, an intra-CeA infusion of OXT 

(0.5 μg at a volume of 0.5 μL/side) or saline, followed by Experiment 2b in which animals (n = 

16) received either intra-BLA infusion of OXT (0.5 μg at a volume of 0.5 μL/side) or saline, 

both administered five minutes before testing. A two-way ANOVA revealed that peripheral 

injection of OXT in Experiment 1 did not have an effect on contextual fear expression while 

intra-CeA infusion of OXT in Experiment 2a confirmed the attenuation of the fear response. The 

effect of intra-BLA infusion of OXT in Experiment 2b was also explored, contrasting with the 

results of intra-CeA infusion. Overall, our results first demonstrate that OXT may attenuate 

contextual fear expression depending on the route of administration. Furthermore, intra-

amygdala infusion of OXT suggests that this effect may be modulated within the CeA. These 

findings suggest that OXT may reduce retrieval of contextual fear memories within the CeA, 

though route of administration must continue to be considered. This proposes OXT as a potential 

therapeutic remedy for reducing fear expression in contexts where fear memories have been 

established. 
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Abstract: Although deep brain stimulation (DBS) of the subthalamic nucleus (STN) is an 

established therapy for treatment-refractory obsessive-compulsive disorder (OCD), its 

therapeutic mechanisms remain unclear. Unilateral STN stimulation may be as effective as 

bilateral stimulation. To evaluate this hypothesis, we induced lesions to the left side of the 

context-conditioned rats at the behavioral level. We evaluated rats for obsessive-compulsive 

ideation under high-frequency left-STN stimulation (frequency: 130 Hz, pulse width 60 

microseconds, stimulus current 1mA for 60 seconds). Freezing during acclimation (first 5 min of 

the test) and startle measurements were compared among the sham, lesioning (only inserted 

electrode), and stimulation groups. Both behavioral measurements were expressed as the 

difference in post-test and pre-test scores. We used the Kruskal-Wallis test to evaluate 

differences between the groups. Fourteen rats underwent stereotaxic brain surgery and were 

divided into the STN-DBS (n = 5), sham ( n = 5), and lesioning ( n = 4) groups. No significant 

differences were found in the fear response measurements (freezing time: H(3) = 0.32, p = 0.87; 

startle response: H(3) = 0.66, p = 0.84). Fear-conditioned rats did not show significant 

improvements in compulsive behavior following STN-DBS compared with the sham or lesioning 

groups. While previous studies have suggested improvements with stimulation in other brain 

regions, this study did not find the same effect with left STN stimulation. It is unclear how DBS 

affects the OCD loop and which target stimulation is the most effective. The efficacy of STN-

DBS for OCD may vary based on hemisphere stimulation and may be less effective than 

stimulation in other regions, such as the bed nucleus of the stria terminalis. 
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Abstract: Contextual fear learning is a memory process, during which an originally neutral 

context becomes associated with a threat. Cortical areas, including the hippocampus play a key 

role in controlling contextual fear memory formation, yet the function of one of the main output 

station of fear circuits, the central amygdala (CeA) is less clear in this cognitive operation. 

Recently we have shown that CeA-projecting vasoactive intestinal polypeptide (VIP)-expressing 

neurons in the ventral periaqueductal gray (vPAG) regulate contextual fear memory acquisition, 

but not the recall. As the primary source of contextual information is the hippocampus, we aimed 

to uncover the synaptic mechanisms underlying vPAG VIP neuron-driven changes at ventral 

hippocampal (vHC) fibers in the CeA. We hypothesized that VIP axon terminals from the vPAG 

would potentiate vHC inputs on CeA neurons thus inducing LTP. In line with this prediction, we 

found that in 60% of slices, LTP was successfully induced by pairing the excitation of vHC 

afferents and vPAG VIP axons. Furthermore, we compared the AMPA/NMDA receptor-

mediated current ratio at vHC afferent in CeA neurons between fear conditioned and control 

animals and found a significant increase after fear learning. The fear learning induced increase in 

the AMPA/NMDA ratio could be prevented, however, by suppressing the activity of vPAG VIP 

neurons using chemogenetics. The freezing during contextual fear memory recall positively 

correlated with the AMPA/NMDA ratio at vHC afferents in the CeA. Our data thus show that i) 

CeA networks receive enhanced synaptic inputs from the vHC upon contextual fear memory 

formation and ii) the vPAG VIP inputs on CeA neurons is necessary for contextual fear learning 

by potentiating the vHC synapses. 
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Abstract: Thalamo-hippocampal circuit mechanisms for contextualfear 

generalizationAuthorsQingge Wu1,2,#, Yumian Li1,2,#, Shishuo Chen12, Jing Liu1, Chun Xu*; 

1Institute ofNeuroscience, Key Laboratoty of Brain Cognition and Brain-inspried Intelligence 

Technology,CAS Center for Excellence in Brain Science and Intelligence Technology, Chinese 

Academyof Sciences, Shanghai, China; 2College of Life Sciences, University of Chinese 

Academy ofSciences, Beijing, China.DisclosuresQingge Wu: None. Yumian Li: None. 

Shishuo Chen: None. Jing Liu: None. Chun Xu: NoneAbstractProper expression of defensive 

behaviors is critical for animal survival in a volatile world (i.e.,context). Context fear 

generalization is a fundamental cognitive function and involves brainareas such as medial 

prefrontal cortex, thalamus and hippocampus. The nucleus reuniens (NRe),as a thalamic relay of 

projections from mPFC to hippocampus, plays a key role in the feargeneralization. However, it 

remains largely unclear how NRe participates in fear generalizationvia regulating the activity of 

the hippocampus. Using viral tracing, chemogenetic manipulation,and in vivo calcium imaging, 

we characterized two largely separate subpopulations of NReneurons targeting the dorsal and 

ventral part of the ventral hippocampus (vCA1dorsal andvCA1ventral), respectively. Chemogenetic 

manipulation showed that the vCA1dorsal -projectingneurons regulated the accuracy and 

generalization of contextual fear memory, whereas thevCA1ventral -projecting neurons modulated 

the overall strength of contextual fear memory.Furthermore, miniscope calcium imaging data 

showed that the context discrimination ofvCA1dorsal neurons at both single-cell and population 

levels decreased after fear conditioning,in a NRe dependent manner. Taken together, these 

results reveled a thalamo-hippocampalcircuit that is specifically promoting fear generalization. 
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Abstract: Some sounds play an adaptive function since their detection allows animals to avoid 

threatening situations by converting this sensory input into adaptive actions. In the auditory 

cortex (AC), neurons display learned responses that distinguish the importance of sounds at a 

population level: Responses to familiar sounds decrease (sensory-specific adaptation or SSA), 

while responses to novel sounds increase. Therefore, when a sound is associated with a negative 

outcome, AC neurons continue to respond strongly to the sound, akin to a novel stimulus, 

suggesting a learning mechanism that blocks SSA. This indicates that brain circuits might 

enhance the signal-to-noise ratio in favor of more relevant sounds. According to the systems 

consolidation theory, memories initially require communication between subcortical and 

neocortical regions. As memories consolidate in the neocortex, they can be retrieved with less 

involvement of subcortical inputs. Although this theory has garnered support for episodic 

memories, it remains particularly controversial for emotional memories reliant on the amygdala, 

a subcortical area crucial for fear learning and memory. Additionally, the role of the primary AC 

in retrieval of fearful sound associations is contentious, with its contribution to remote memories 

being unclear. To address these gaps in knowledge, we manipulated the complexity of two 

behavioral tasks to explore the AC's role in fear learning using simple and complex sounds. Our 

findings indicate that principal cells in the AC are vital for flexible retrieval of remote fear 

representations, regardless of task complexity. Notably, AC involvement is apparent only when 

animals are exposed to sequential learning of associations with different valences. Furthermore, 

we examined the evolution of sound-responsive AC cells during recent and remote retrieval 

using calcium imaging in freely moving mice. Our results reveal the importance of distinct cell 

types in retrieving a fearful complex sound. We are currently exploring how long-range 

projections between the AC and lateral amygdala affect different cell types in the AC over time. 

Understanding the neural representations and dynamics in the AC during retrieval of learned fear 

will be pivotal in clarifying the circuits involved in fear memory and their impact in anxiety 

disorders. 
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Abstract: During fear learning, neurons in specific brain areas form associations between an 

aversive stimulus (US), and a sensory cue (CS). Plasticity of the CS representation has been 

observed in the amygdala; however, other brain regions likely contribute with CS-plasticity to 

fear learning. The posterior insular cortex (pInsCx) processes multiple types of sensory 

information including interoceptive signals, and has been implicated in valence coding; 

furthermore, a pInsCx region that processes auditory information has been identified (Insular 

auditory field; IAF). Here, we study a possible function of this cortical area in fear learning. 

Single-unit recordings during auditory-cued fear learning (habituation - training - recall sessions 

on subsequent days) showed that partially overlapping sub-populations of pInsCx neurons code 

for the US, and develop responses to the CS ("CS-learner units"). Many CS-learner units were 

inhibited by freezing, and transiently increased their AP-firing when movement is re-initiated. 

Thus, during CS-driven fear recall, when mice respond with freezing, CS-learner units responded 

transiently to tone beeps, embedded in a tonically decreased firing rate caused by freezing. CS 

learner units were preferentially localized in an ~ 500 µm stripe at the pInsCx - S2 border. 

Circuit tracing revealed that the auditory thalamus (MGm) and primary auditory cortex (A1) 

send axons precisely to this area where they make robust glutamatergic synapses, identifying this 

area as the IAF. To investigate whether local synaptic plasticity at these auditory afferents 

underlies CS-plasticity, we first measured the AMPA/NMDA ratio (A/N), which revealed an 

increase of A/N following fear learning selectively at synapses from the A1. Second, we 

recorded single units in the pInsCx and inhibited A1 axons optogenetically. This revealed that 

CS-responses in the pInsCx were affected significantly more during fear recall than before fear 

learning, which shows that excitatory synapses from A1 are the substrate for CS-plasticity in the 

pInsCx. Finally, bilateral inhibition of A1 afferents to the pInsCx during CS-presentation upon 

fear memory recall caused a moderate, but significant decrease in CS-induced freezing. On the 

other hand, suppressing the CS-driven activity of excitatory pInsCx neurons non-selectively did 

not affect fear memory recall. Our study shows that a learned representation of aversively - 

motivated tones (CS) in the pInsCx contributes to fear memory recall. Moreover, we identify two 

auditory inputs to the IAF, and show that CS-engaged pInsCx neurons additionally code for the 

break of aversively-motivated freezing behavior. 
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Abstract: Stress-related disorders such as post-traumatic stress disorder (PTSD) are more 

prevalent in women than men and are characterized by fear generalization. Similarly, in auditory 

fear conditioning (FC), pairing an auditory conditioned stimulus (CS) with an aversive 

unconditioned stimulus (US) leads to generalization of fear to non-conditioned tones, increases 

representation of the aversive tone at the auditory cortex (Weinberger, 2007), and increases the 

perceptual threshold for tone discrimination (Dunsmoor & Paz, 2015). Safety conditioning (SC), 

which establishes an association between a cue and safety, is one promising approach to mitigate 

excessive fear expression and improve discrimination of threat from non-threat (Nahmoud et al., 

2021). However, it is not known whether SC improves perceptual tone discrimination relative to 

FC. To address this, we first tested the efficacy of fear vs safety learning in female mice 

(BL6JC57 PV-Cre Ai9) using paired tone CS-US for FC (n=6), an explicitly unpaired CS and 

US for SC (n=7), and US only for contextual FC (CFC, n=5). Mice were habituated to the 

context, followed by 2 days of training (5 trials/day), when a CS (4kHz, 30s) was either 

explicitly paired (FC) or explicitly unpaired (SC) with the US (0.6mA, 1sec). The CFC group 

received only the shocks US. The next day, all groups underwent a retrieval phase, and defensive 

freezing to context and tone were assessed. The SC group suppressed freezing during the safety 

CS relative to context alone (p<0.01), indicating that female mice learned about the safety cue. 

Notably, mice in the FC group froze similarly to context and cue (p>0.05). Next, we questioned 

whether SC vs FC leads to similar levels of behavioral generalization to non-conditioned 

auditory cues. Two new groups of mice first underwent 3 days of FC or SC training as described 

above, at the end of which the SC group (n=5) showed significantly less freezing during the 

safety CS than context alone (p=0.01). The next day we tested auditory discrimination, when 

mice were presented with the trained CS (4kHz) and two novel tones (1.6kHz, 17kHz). The SC 

group showed less overall freezing to tones than the FC group. Further, the SC group showed 

less freezing to the trained CS than to novel tones whereas the FC group showed similar levels of 

freezing across all tones. Thus, we propose that SC enhances auditory discrimination of novel 

stimuli in female mice, suggesting that SC may be a useful therapeutic approach to battle 

maladaptive fear generalization in women. Note that experiments with male mice are ongoing. 
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Abstract: Major depressive disorder (MDD) is frequently accompanied by changes in memory 

function, including bias in favor of negative events and associations, as well as structural 

changes in the hippocampus. Human brain imaging has linked depression to elevated levels of 

acetylcholine (ACh), and pharmacological elevation of ACh can induce depression or 

depression-relevant behaviors in humans and animal models, respectively. We hypothesize that 

changes in ACh signaling in the hippocampus may contribute to a negative bias in memory 

function. Using fiber photometry with a genetically-encoded fluorescent sensor (GRAB-ACh) in 

C57BL6 mice, we measured ACh levels in dorsal and ventral hippocampus during exposure to 

acute aversive stimuli and found transient elevation proportional to aversive stimulus intensity in 

both regions. Using a retro-AAV-packaged Cre-dependent calcium sensor in the hippocampus of 

ChAT-IRES-Cre mice, we found that activity of cholinergic terminals in dorsal hippocampus 

follows a similar pattern. To determine whether ACh signaling differs during learning or 

expression of negative versus positive associations, we adapted a bidirectional social olfactory 

conditioning paradigm to compare positive and negative learning within individual animals. In 

this task, male mice are repeatedly exposed to negative social experience (social defeat) or 

positive social experience (interaction with female conspecifics) in the presence of one of two 

equally-preferred odor cues. Olfactory preference is measured before and after conditioning 

using a T-maze with the conditioned odorants presented at the ends of the goal arms. We found 

that pairing with positive and negative social stimuli produces changes in odor preference in 

favor of the positively-paired odorant. Ongoing work will evaluate hippocampal ACh levels 

across phases of the bidirectional olfactory learning task and future studies will determine 

whether changes in ACh signaling are sufficient to produce valence-specific changes in the 

strength of conditioned olfactory preference. 
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Abstract: Recent studies reveal that distinct subsets of basal forebrain cholinergic neurons 

(BFCN) are inscribed into a threat memory engram. BFCNs are distributed along the rostro-

caudal axis of the adult forebrain including the medial septum (MS), diagonal band (DB, vertical 

and horizontal limbs), the substantia innominate (SI), ventral pallidum (VP), and nucleus basalis 

(NBM). Neurons of the NBM/SI and MS/DB provide the major cholinergic input to the 

basolateral amygdala and the hippocampus respectively. As both the hippocampus and the BLA 

are essential network components of threat processing, we asked if MS/DB neurons would show 

similar changes in intrinsic excitability to those of the NBM/SI following threat learning. We 

expressed an activity dependent and cre dependent (ADCD) viral construct in the MS/DB and 

NBM/SI of Chat-Cre x Fos-tTA/GFP mice. This allowed us to tag cholinergic neurons that were 

transcriptionally activated by training (ADCD -red tagged) as well as those that were 

transcriptionally activated by training AND reactivated by recall (both Red-ADCD & Fos GFP 

tagged). We compared physiological properties of MS/DB neurons with those of the NBM/SI in 

2 sets of mice. The control set did not undergo behavioral training. The second set underwent 

tone-shock paired training and then, 72 hrs later were tested for their recall to tone. Within 3 hrs 

of recall we analyzed physiological properties of MS/DB and the NBM/SI cholinergic neurons, 

blinded to behavioral condition. We analyzed mice that “learned” to associate the tone with 

threat and freeze in response to the tone (freezing increase of >10% of pre tone levels) and mice 

that did not separately. The electrophysiological profile of reactivated cholinergic neurons in 

strong performing differed from those in behaviorally naive mice, although different subsets of 

properties were altered in MS/DB vs. NBM/SI. Perhaps most interesting, when we compared 

MS/DB and NBM neurons activated by training, but not reactivated by recall, we found that 

NBM neurons in this group had properties more similar to the control NBM neurons whereas the 

comparable MS/DB neurons more closely resembled their reactivated counterparts then the 

control group. Both the activated and reactivated neurons of MS/DB and NBM/SI in poor 

performing mice resembled the neurons in mice not subject to behavioral training. Overall these 

studies suggest that while both MS/DB and NBM/SI cholinergic neurons are engaged by threat 

learning, the encoding of this process- both in training and post recall -- may involve different 



subsets of physiological features that subserve a net increase in excitability, compared with 

behaviorally naive neurons. 
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Abstract: Learning to associate cues, both directly and indirectly, with biologically significant 

events is essential for survival. Second-order conditioning (SOC) involves forming an 

association between a previously reinforced conditioned stimulus (CS1) and a new conditioned 

stimulus (CS2) without the presence of an unconditioned stimulus (US). The neural substrates 

mediating SOC, however, remain unclear. In the parabrachial nucleus, Calca gene-expressing 

neurons, which react to the noxious US, also respond to a CS after its pairing with a US. This 

observation led us to hypothesize their involvement in SOC. To explore this possibility, we 

established an aversive SOC behavioral paradigm in mice and monitored Calca neuron activity 

via single-cell calcium imaging during SOC and subsequent recall phases. These neurons were 

activated not only by CS1 following its association with the US but also by CS2 after SOC. 

Chemogenetically inhibiting these neurons during second-order associations attenuated SOC. 

These findings suggest that activating the US pathway in response to a learned CS plays an 

important role in forming the association between the old and a new CS, promoting the 

formation of second-order memories. 
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Abstract: Rats quickly learn to fear a stimulus (e.g., a light) that signals a brief but painful foot-

shock. The acquisition of this first-order conditioned fear requires activation of NMDA receptors 

in the basolateral amygdala complex (BLA) and its consolidation requires the synthesis of new 

proteins. Rats also learn to fear the associates of first-order conditioned stimuli, such as a sound 

paired with the already-conditioned light. The acquisition of this second-order conditioned fear 

also requires NMDA receptor activation in the BLA; but its consolidation does not require new 

protein synthesis. Given the importance of protein synthesis for stabilizing information in 

memory, here we investigated whether consolidation of second-order conditioned fear requires 

protein synthesis in a component of the circuitry involved in retrieving and expressing first-order 

conditioned fear, the prelimbic cortex (PL). Specifically, we examined whether the acquisition of 

second-order fear requires neuronal activity in the PL; and, if so, whether the consolidation of 

this fear requires de novo protein synthesis in the PL. In each experiment, female Long-Evans 

rats were exposed to light-shock pairings in stage 1 to establish first-order fear of the light 

(measured in freezing); and to tone-light pairings in stage 2 to establish second-order fear of the 

tone. To assess the role of the PL in the acquisition of second-order fear, we used micro-

infusions of the GABA agonist, muscimol, to temporarily inhibit neuronal activity in the PL; or 

the NMDA receptor antagonist, D-APV, to block NMDA receptors in the PL. We found that 

both approaches disrupted the acquisition of second-order fear: relative to vehicle-infused 

controls, rats that received either infusion immediately prior to stage 2 froze significantly less to 

the tone in the final drug-free test. Next, we examined whether the consolidation of second-order 

fear requires protein synthesis in the PL using micro-infusions of the protein synthesis inhibitor, 

cycloheximide. Importantly, rats that received this infusion immediately after the stage 2 training 

session froze significantly less to the tone at test (compared to vehicle-infused controls). 

Together with previous findings, these results show that the acquisition of second-order fear 

requires activation of NMDA receptors in both the BLA and PL; but that the consolidation of 

second-order fear requires de novo protein synthesis in the PL only. Our future work will 

examine how the BLA and PL communicate to establish second-order conditioned fear, and 

whether the protein synthesis requirement for consolidation of second-order fear in the PL 

depends on this communication. 
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Abstract: The ability to integrate information acquired at different times enables animals and 

humans to respond appropriately in novel situations. This type of integration can be studied 

using sensory preconditioning protocols in rats. In a standard protocol, rats are exposed to 

pairings of two neutral stimuli (S1 and S2) in stage 1 and, 24 hours later, to pairings of S1 and an 

aversive unconditioned stimulus (US, e.g., foot shock) in stage 2. Finally, during stage 3, rats 

exhibit fear responses when tested with S2 even though it was never directly paired with the US, 

showing that they had integrated the S2-S1 and S1-US information acquired in stages 1 and 2. 

Several studies have implicated the hippocampus in aspects of this protocol (Busquets-Garcia, 

2018; Iordanova et al., 2011; Wimmer & Shohamy, 2012) . However, as these studies have used 

a range of designs and parameters, the precise role of the hippocampus in sensory 

preconditioning remains to be determined. To address this gap in knowledge, the current study 

systematically examined the involvement of the hippocampus in encoding, integrating and 

retrieving the different types of associations that form across the three stages of an audio-visual 

sensory preconditioning protocol. Using micro-infusions of the GABAA receptor agonist, 

muscimol, we inhibited the dorsal hippocampus (dH) of male Long-Evans rats during stage 1 or 

stage 2, or at the time of testing with the S1 or S2. We found that inhibiting the dH during stage 

1 had no effect on test levels of fear (measured in freezing) to S2 or S1. By contrast, inhibiting 

the dH during stages 2 or 3 disrupted preconditioned fear to S2 without affecting directly 

conditioned fear to S1. Subsequent experiments showed that the role of the dH in establishing 

sensory preconditioned fear: 1) involves activation of NMDA receptors in stage 2 (confirmed 

using micro-infusion of the NMDA receptor antagonist, DAP5); 2) is distinct from that of the 

perirhinal cortex (PRh) which is also involved in stage 1; and 3) likely relates to information 



exchange between the PRh and basolateral amygdala complex (BLA - examined by combining 

inhibition of the dH with an assessment of neuronal activity in the PRh and BLA). Together, our 

results confirm that the hippocampus plays a critical role in sensory preconditioning and identify 

this role with regulation of activity in regions that encode the S2-S1 (PRh) and S1-US (BLA) 

memories. Thus, they shed light on how sensory and emotional memories are integrated such 

that events never paired with danger become frightening. 
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Abstract: Fear learning and extinction are crucial for survival and lead to disease, if impaired. 

Recently, it has been demonstrated that the cerebellum is bidirectionally controlling fear learning 

via the fastigial nucleus (FN) to ventrolateral periaqueductal grey (vlPAG) pathway in rodents 

(Frontera et al., 2020, Lawrenson et al., 2022). The mechanisms of the cerebellar influence on 

fear learning still need to be elucidated.Using a combined anterograde/retrograde viral tracing 

strategy, we characterized a dorsal raphe nuclei (DRN)/vlPAG pathway that projects on the FN. 

In extracellular recordings during a modified pavlovian fear conditioning paradigm, we found 

that this pathway is facilitating danger responses in the FN during fear learning. We also 

identified cross-correlated pairs between FN and DRN/vlPAG neurons, which form a functional 

loop between DRN/vlPAG and FN. We are now further characterizing this midbrain-cerebellar 

loop in fear learning and extinction. 
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Abstract: Learning the distinction between environmental cues representing threat or safety is 

critical for survival. Understanding how appropriate judgements of the conflicting environmental 

cues are learned to maintain correct cue-behavioral outcome relationships is defined as 

contingency judgement learning (CJL). We are investigating the neural mechanisms within the 

prefrontal cortex that are implicated in CJL using a fear discrimination learning paradigm. We 

hypothesized there to be unique populations of neurons within the prelimibic region (PL) of the 

medial prefrontal cortex (mPFC) that are necessary for CJL. Understanding the underlying 

neuronal dynamics during CJL of threat and safety is of importance due to its implications in 

maladaptive fear responses, such as overgeneralized fear.We employ contextual fear 

conditioning followed by fear discrimination learning. The current CJL behavioral paradigm 

consists of 1 day of fear conditioning and a subsequent 8 days of contextual fear discrimination 

learning where mice are exposed to two similar, yet distinct contexts that have unique cues 

signaling danger and safety. To investigate prefrontal cortex network dynamics associated with 

CJL, we used calcium imaging in freely behaving mice and recorded calcium signals across CJL. 

Then we used tensor decomposition as an unsupervised technique that decomposes 

multidimensional arrays into latent factors. Tensor decomposition is a valuable method to 

represent large datasets with multiple factors into concise components that model specific 

aspects of the data. Here, we represented our data as a 3-mode tensor with neurons’ spiking 

activity, time within a trial, and the total number of trials as the 3 factors. Tensor decomposition 

uncovered several unique neuronal populations predicting different phases of learning. 

Specifically, there is a population of neurons in PL that are highly engaged during different 

phases of CJL, another population of neurons coactive before fear conditioning, and a third 

population maintaining responses to a neutral context. Overall, these results are informative of 



the prefrontal neuronal dynamics associated with CJL and provide valuable insight into the 

different populations of neurons that are selectively activated during different phases of CJL. 
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Abstract: The ability to learn predictive contingencies is critical in many real-world scenarios 

and is relevant to individual survival. However, more ambiguous situations can make it difficult 

to determine accurate cue-outcome relationships. In certain stressor-related mental disorders 

such as posttraumatic stress disorder, some of the hallmark symptoms may be caused by 

disruptions in learning proper contingencies in the presence of conflicting environmental cues. 

To be able to provide more focused therapeutics, it is key to identify the neural processes and 

specific brain regions involved in this learning process, contingency judgment learning (CJL). In 

previous rodent research, the medial prefrontal cortex (mPFC) has been identified as an 

important brain region for modulatory control over fear expression through its direct connections 

to the amygdala, which is especially relevant in CJL involving threat/safety predictions. The 

prelimbic (PL) region of the mPFC has furthermore been implicated in guiding behavior in 

ambiguous situations as well as discriminating between safe and threatening stimuli. Thus, we 

expected PL to be particularly important for CJL of threatening and safe cues. Using calcium 

imaging in freely behaving mice, we observed the neural activity within PL during a CJL 

paradigm to test this hypothesis. Mice were exposed to three stimuli that predicted different 

outcomes: a neutral stimulus (no outcome), an aversive CS+ context (threat outcome, paired with 

foot shock), and a CS- context that is similar to CS+ but distinct (safety outcome). The CS- 



context is initially ambiguous due to contextual similarities to CS+ and mice generalize fear to 

CS- even though a foot shock is never received in this context. Throughout multiple days of 

exposure to all contexts, mice gradually learn that the CS- context does not predict danger but is 

predictive of safety. We analyzed the calcium data using a novel application of graph-based 

community analysis. A graph representation of our data was created based on the functional 

relationships between individual neurons’ activity. Community analysis was then used to identify 

communities, or subpopulations of neurons, in the graph that were frequently coactive across the 

CJL paradigm. We detected communities in PL that were active during different phases of CJL 

predicting stimulus-outcome relationships. Notably, one PL community activity pattern was 

engaged across early and late phases of CJL that corresponded to learning to disambiguate CS- 

from CS+ and that CS- predicts safety while CS+ predicts danger. This finding supports that the 

neural network in PL facilitates successful CJL involving threatening and safe cues. 
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Abstract: Maladaptive fear can emerge from incorrectly attributing danger to an otherwise 

nonthreatening stimulus. To date most of this work has focused on mechanisms involving fear 

extinction, in which the repeated presentation of a previously threat-associated cue no longer 

serves as a reliable predictor of danger. However, animals can learn to associate a cue with the 

absence of danger in other ways. Past work has shown that environmental stimuli encountered 

immediately following the cessation of an aversive event can provide a signal of relief. Both 

human functional neuroimaging and animal studies have shown that offsetting an acute noxious 

and threat-evoking stimulus can activate brain regions that regulate appetitive and aversive 

defensive responses, such as the medial prefrontal cortex (mPFC). However, the specific role of 

the mPFC in relief learning remains unclear. In the present study, rats underwent presentation of 

either 6 explicit forward pairings (threat conditioning) of a tone and foot shock (5000 Hz, 12 s) 



or 6 explicit backward pairings (relief conditioning) of a shock and tone. Twenty-four hours 

later, a recall test was conducted by presenting the tones (CS) in the original training 

environment. We found that the relief-conditioned group showed significantly lower freezing 

during the presentation of the test CS tones compared to the threat-conditioned group. 

Immunohistochemical labelling observed higher numbers of Fos+ cells in the mPFC of relief-

conditioned rats than in threat-conditioned rats or those that underwent fear extinction. 

Moreover, we also observed greater expression of GluA1 phosphorylation at Ser831 in mPFC 

homogenates. In future experiments, we will examine activity in projections to the mPFC in 

relief-conditioned rats following infusion of a viral GFP-conjugated retrograde tracer. This work 

will help improve our understanding of the neural circuitry involving relief learning and can 

provide insight into how the mPFC can regulate and control behavior in response to threatening 

stimuli. 
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Abstract: The basolateral amygdala, a key structure in the brain's limbic system, plays a crucial 

role in fear learning and memory formation. Located in the temporal lobe, it receives sensory 

information from various cortical and subcortical regions. Through its intricate network of 

connections, particularly with the thalamus and prefrontal cortex, the basolateral amygdala 

integrates sensory information to promote fear responses. Studies have shown that interfering the 

function of this region impairs the acquisition and expression of fear-related behaviors, 

highlighting its significance in adaptive responses to threatening stimuli. Understanding the 

mechanisms underlying fear learning in the basolateral amygdala holds implications for treating 



anxiety disorders and post-traumatic stress disorder. In our experiment, we employed 64-channel 

silicon probe electrophysiological recordings in head-fixed mice to monitor single-neuron 

activity from distinct nuclei within the amygdala during repeated presentations of two neutral 

stimuli (tone), one of which was co-terminated with an aversive input (tail shock).We observed 

significant alterations in neuronal responses during and following tone-shock pairings and when 

the two distinct tones were presented alone during the recall phase. Specifically, we noted 

increased firing rates and enhanced responsiveness to the tone associated with shock in neurons 

within the basolateral amygdala. These results provide insights into the neural dynamics during 

tone-shock association and recall and emphasize the dynamic nature of amygdala activity in 

promoting emotional behaviors. Such knowledge is instrumental in elucidating the 

pathophysiology of anxiety disorders and devising targeted therapeutic interventions aimed at 

modulating amygdala function. 

Disclosures: D. Magyar: None. Z. Reéb: None. N. Hajos: None. 

Poster 

PSTR294: Aversive Memory: Acquisition, Modification, and Expression II 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR294.23/L21 

Topic: G.01. Fear and Aversive Learning and Memory 

Support: JSPTPN Grant T32 NS115704 

Title: Unveiling the role of Inusla-BNST circuit in salience processing and fear discrimination 

Authors: *A. SHIPMAN, J. LITTLE, S. CENTANNI;  

Translational Neurosci., Wake Forest Univ. Sch. of Med., Winston-Salem, NC 

Abstract: Post-Traumatic Stress Disorder (PTSD) prompts the misattribution of neutral stimuli 

as threatening, blurring the discrimination between reality and traumatic memories. A novel 

pathway implicated in this salience misattribution is the Insula-BNST circuit. The Insula, part of 

the salience network, governs interoceptive sensations toward stimuli, while the bed nucleus of 

the stria terminalis (BNST) processes emotionality involving threat monitoring. This study aims 

to elucidate the role of the Insula-BNST circuit in discerning the saliency and discrimination 

between fearful and safe stimuli, providing distinct stress-circuit biomarkers for novel 

therapeutic interventions for stress-related disorders. Utilizing discriminatory fear conditioning 

in rodents, a routine paradigm for fear learning, we trained mice to associate auditory cues with 

respective stimuli. A conditional auditory tone (80 dB, 10s) is paired with a shock (0.8 mA, 1s) 

and referenced as a fearful cue (CS+). A secondary tone (60 dB, 10s) is not paired with a shock 

(“safety cue”, CS-). 24 hours after the training session, mice were presented with the same 

auditory tones for CS+/CS- in the absence of foot shock to test for conditioning. Using in vivo 



fiber-photometry, we measured real time neuronal activity in the Insula-BNST circuit during the 

training and testing sessions of fear conditioning. To do this, we unilaterally injected a retrograde 

GCaMP virus into the BNST, and a fiber optic implant was ipsilaterally inserted into the Insula. 

During the training session, GCaMP activity of Insula-BNST neurons was highest during the 

fearful experience, the shock. This heightened activity was maintained during CS+ phase of the 

testing period despite lacking a shock. Interestingly, this heightened activity for CS+ during the 

testing session sustained even after the tone ended which could indicate a measure of 

anticipatory anxiety in waiting for the shock to occur. The CS- phase had similar inactivity 

during both sessions. All together, these results suggest that the Insula-BNST circuit may play a 

role in processing the saliency and discrimination between fearful and safe stimuli. This could 

indicate that BNST projecting Insula neurons associate cues to fearful experiences and then 

recall that experience to the cue even in non-stressful environments. Future experiments will 

further establish this pathway in the larger stress circuitry which will improve diagnoses and 

early intervention therapeutics for stress-related disorders. 
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Abstract: Animal models of autism spectrum disorder (ASD) exhibit a wide range of sensory 

processing and learning deficits. However, the extent to which the cortical plasticity that 

modifies learned behavior based on updated sensory experiences is impacted in these animals 

remains incompletely understood. Here, we address this question using conditioned taste 

aversion (CTA), a paradigm of associative learning wherein animals learn to avoid a taste 

following its association with gastric malaise. A notable feature of CTA is that the learned 

aversion will subside if the conditioned taste is later uncoupled from the negative outcome. This 

malleable process makes CTA and its “extinction“ a well-suited model for probing the 

(in)flexibility of associative memory. We employed in vivo two-photon calcium imaging in a 

head-fixed CTA paradigm to examine learning-induced changes in taste-evoked neuronal 



activities in the mouse anterior insular cortex, a brain region critical for CTA. We found that in 

wild-type mice, the number of insular neurons evoked by different tastants and the magnitude of 

their responses to these tastants remain stable and comparable throughout the learning process. 

However, the taste-related tuning properties of these neurons underwent a dynamic 

transformation during memory extinction. At the early stage of memory retrieval, most neurons 

displayed unimodal and selective responses to either the conditioned or the control tastant, but 

this discriminability rapidly degraded during the extinction of the taste aversion. Our findings 

thus support the mounting evidence that neuronal representations of taste in the anterior insular 

cortex are heavily modulated by experience-dependent changes in taste valence. We then went 

on to investigate whether such neural adaptability is impaired in a mouse model genetically 

depleted of Shank3, an important ASD-associated postsynaptic scaffold protein. Our preliminary 

results indicated that Shank3 deletion leads to stronger but less reliable taste-evoked neuronal 

activities in the insular cortex during memory retrieval. These functional changes may 

compromise the selectivity of taste-evoked responses in these neurons, behaviorally resulting in 

defective learned taste aversion that is more susceptible to extinction. Our ongoing research aims 

to further elucidate the cell-type specific alterations in synaptic and intrinsic properties that could 

explain the abnormal taste responsivity in these mutant animals. Ultimately, our work will 

provide novel insight into the cellular and systems mechanisms underlying maladaptive sensory 

learning in ASD. 
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Abstract: Animals readily learn to avoid a taste if its consumption leads to aversive post-

ingestive consequences (e.g., malaise), a type of associative learning termed conditioned taste 

aversion (CTA). The acquisition of CTAs can occur at different rates. For instance, if animals are 

exposed to benign taste stimuli before aversion learning, their CTAs are acquired at a faster rate 



than those without prior taste exposures (latent enhancement [LE] of CTA). Subsequently, we 

found, through in-vivo electrophysiology, that benign experience likely enhances CTA learning 

by improving taste coding in the gustatory cortex (GC) – taste responses become more reliable 

but also more discriminable between tastes. Given the close interaction between GC and the 

basolateral amygdala (BLA) in both taste coding and CTA learning, we tested the hypothesis that 

the occurrence of LE requires a functional BLA to assist GC taste processing. Specifically, we 

examined the impact of BLA inactivation during prior taste exposure on subsequent CTA 

learning to a novel taste. Female Long Evans rats (N = 18) were first infected with pAAV-

CaMKIIa-hM4D(Gi)-mCherry or control virus bilaterally into BLA, and three weeks later 

received an implantation of intra-oral cannula for taste delivery. After recovery, the rats were 

water-restricted and exposed to a taste battery (water, 0.1M NaCl, and 0.02M citric acid) for 3 

days before receiving CTA training to 0.3 M sucrose. During taste exposure, BLA was inhibited 

by activating the inhibitory designer receptors exclusively activated by designer drugs through 

CNO (2%) injections. Surprisingly, rather than attenuating LE, BLA inactivation resulted in even 

stronger CTA acquisition (i.e., higher LE) compared to rats with intact BLA function during 

taste exposure. This pattern of results suggests a complex BLA involvement in GC taste 

processing, likely to be context-dependent. Future research will explore how BLA inhibition 

during taste exposure impacts GC responses toward novel taste stimuli, shedding light on the 

nature of the involvement of BLA in the integration of taste experience with subsequent 

associative learning. 
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Abstract: Stress leads to the enhancement of memory in both humans and animals. This stress-

enhanced memory has relevance to psychiatric disorders such as posttraumatic stress disorder 

(PTSD), which is marked by perseverant memories of trauma. Our group previously developed a 

stress-enhanced fear memory (SEFM) protocol that produces PTSD-like characteristics in inbred 

male and female mice, including recent and remote memory that is both enhanced and resistant 

to extinction. Consistent with the human PTSD literature, SEFM mice also show heightened 

activity in the basolateral amygdala (BLA), a crucial node for regulation of affective memory. In 

this study, we sought to determine how acute stress impacts cellular ensembles in the BLA to 

influence the persistence of fear memories. To address this in male and female mice, we 

combined our SEFM paradigm with activity-dependent labeling of stress ensembles via intra-

BLA injections of an AAV expressing the synthetic activity-dependent promoter eSARE, in 

which cells that are active during a 30-minute window at the time of trimethoprim lactate (TMP) 

administration are permanently labeled through expression of GcAMP6s fluoresence. Remote 

fear memory ensembles were labeled in these same mice by immunofluorescent identification of 

cells expressing the immediate early gene Arc during recall of the remote (30-day) SEFM. 

Control mice were exposed to the home cage in lieu of restraint stress. Both groups underwent 

the same auditory fear conditioning procedure. As expected, greater eSARE labeling was 

observed in the BLA when tagging occurred at the time of restraint stress, as compared to non-

stressed controls exploring the homecage. SEFM mice also exhibited elevated Arc 

immunolabeling associated with remote SEFM recall, as compared to fear conditioning only 

controls. Further, SEFM mice displayed remote fear memory patterns of activity across the 

anterior-posterior axis of the BLA that differed from controls. Current analysis is focused on the 

overlap of these ensembles and correlations with behavior. Collectively, our findings are 

expected to provide insight into the neurobiology underlying differential vulnerability to stress. 
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Abstract: Posttraumatic stress disorder (PTSD) is a severe psychiatric disorder with limited 

effective treatment options. While the amygdala and its subdivisions have been the primary focus 

of studies in fear memory mechanisms due to their role in fear acquisition and extinction, the 

need for alternative targets is critical as interventions in these areas can impair essential functions 

such as threat detection and reward processing. Recent research has highlighted the potential role 

of thalamic and subthalamic nuclei in fear generalization, but their exact mechanisms remain 

unclear. The anterior pretectal nucleus (APtN), a midbrain structure with significant connections 

to these regions, shows promise in understanding these mechanisms due to its role in visual 

processing and its interaction with the zona incerta (ZI), which when attenuated, enhances fear 

generalization without affecting adaptive fear responses. Preliminary studies suggest a link 

between heightened APtN activity and generalized fear responses, leading to the hypothesis that 

targeting APtN activity might mitigate excessive fear generalization. This hypothesis is 

supported by the safety established in direct APtN stimulation in rodent models for other neural 

functions.Our research aims to establish a stable behavioral model for visual information-based 

fear generalization and investigate the neuronal activities within the APtN in relation to fear 

recall and generalization. We have developed a behavioral model by manipulating variables such 

as the interval between training and testing and environmental cues, which successfully induced 

comparable fear responses in altered contexts. Further, our experiments employing chemogenetic 

tools to modulate APtN activity have shown that its inhibition leads to reduced fear 

generalization, suggesting a direct role in fear modulation. Currently, we are exploring the role 

of AMPA receptor expression in the APtN, particularly the GluA2 subunit, in fear 

generalization, with preliminary data indicating that modulation of this receptor could influence 

fear responses. This ongoing work could open new therapeutic avenues for managing PTSD and 

related anxiety disorders by targeting less explored brain regions like the APtN. 
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Abstract: Memory, a fundamental trait facilitating learning and knowledge accumulation, is 

orchestrated by ensembles of engram cells in the brain. While previous research confirmed the 

existence of these cells, the correlation between cellular and synaptic activities remains elusive. 

In our study, we aimed to explore the visualisations and molecular mechanisms of synaptic 

transmission and plasticity. Utilising the dual eGRASP technique in C57BL/6 mice, we 

investigated connections between pre-synapses in the ventral CA1 (vCA1) and dendrites in the 

basal amygdala (BA) during memory formation. Contextual cues activated vCA1, resulting in an 

increase in synaptic density in a neutral context (N=5 mice), whereas electric foot shocks 

specifically engaged BA, leading to observed synaptic strengthening predominantly in the 

contextual fear conditioning group (N=4 mice). Furthermore, the foot shock group exhibited not 

only increased synaptic density but also alterations in spine morphology, including an increase in 

spine length and volume. This underscores the significance of engram-to-engram synapses in 

associative memory. Subsequently, we achieved significant disruption of memory consolidation 

with four injections of anisomycin, resulting in freezing levels and engram cell activity nearing 

baseline. Our study aims to deepen our understanding of the physiological implications of 

synaptic transmission and plasticity through an exploration of synaptic engram. Additionally, we 

investigated the role of protein synthesis in memory formation by administering protein synthesis 

inhibitors (PSIs) to induce retrograde amnesia. The control group, injected with saline (N=9 

mice, freezing level 13.61 ± 1.92%), and the single injection of anisomycin group (N=9 mice, 

freezing level 12.32 ± 2.42%), both exhibited fear responses upon optogenetic reactivation of 

engram cells. However, mice receiving multiple injections of anisomycin (N=6 mice, freezing 

level 1.44 ± 0.33%) or a single cocktail injection (anisomycin combined with cycloheximide; 

N=7 mice, freezing level 1.179 ± 0.25%) displayed impaired optogenetic memory recall, 

highlighting the essential role of synapses in memory storage. Collectively, engram cells, 

recognised as pivotal contributors to memory formation and retrieval, predominantly function at 

synaptic levels. 
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Abstract: The parafascicular nucleus (Pf) is a component of the intralaminar thalamic system, 

implicated in variety of brain functions, including arousal, attention, motor initiation, and 

nociceptive processing. Previous research has demonstrated that optogenetic activation of 

Vglut2-expressing Pf neurons elicits robust head turning behavior followed by subsequent 

whole-body rotation. In the present study we employed closed-loop optogenetic stimulation, 

initiating upon the entry of mice into a designated area within an open field. We observed clear 

avoidance behavior: mice consistently avoided the area where they received stimulation. We 

analyzed physiological parameters commonly associated with states of arousal and fear, 

including pupil diameter, heart rate, and facial expressions. Kinematic analysis of facial 

expressions revealed a distinct facial grimace characterized by orbital tightening, bulging of the 

nose, and vibrissae pads. Additionally, we detected pronounced pupil constriction following 

optogenetic activation of Pf neurons. Collectively these results that prolonged Pf stimulation is 

associated with a painful sensation. Given that one of the primary inputs to the Pf originates from 

the superior colliculi (SC), a structure responsible for detecting potentially threatening stimuli 

and orchestrating defensive responses, we hypothesize that the pain-processing properties of the 

Pf may play a role within the SC avoidance circuitry. Indeed, upon stimulating projections from 

the SC to the Pf, we observed similar place avoidance behavior as with direct Pf stimulation. 

Collectively, our data suggest that the parafascicular nucleus (PF) is a critical node in the neural 

circuit for nociception and avoidance behavior. 
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Abstract: Positive and negative reinforcement are fundamental drivers of behavior. While the 

involvement of cortical and striatal regions in positive reinforcement is well-documented, these 

systems’ role in negative reinforcement remains less understood. In the rodent laboratory 

footshock avoidance tasks are commonly used to study negative reinforcement. Previous 

research using a lever-press avoidance task demonstrated that midbrain endocannabinoid 

signaling and striatal dopamine are integral for learning to avoid, but once the behavior is well-



learned these systems are no longer required to maintain avoidance. In the current study, we 

utilize pharmacological and DREADD manipulations to investigate the role of endocannabinoids 

and cortical (prelimbic cortex (PrL) and infralimbic cortex (IL)) and striatal (dorsomedial 

striatum (DMS) and dorsolateral striatum (DLS)) regions in well-learned avoidance in two tasks 

- a simple lever-press avoidance task in which rats press a lever to avoid a footshock and a 

platform-mediated avoidance task in which rats must choose between lever pressing for a food 

reward and shuttling to a platform to avoid shock. We found that, similar to ventral striatal 

dopamine antagonism, DREADD inhibition of the DMS or intra-DMS dopamine antagonism 

attenuated lever-press avoidance early in training, but not once the behavior was well-learned. 

Manipulations of PrL, IL, or DLS had no impact on lever-press avoidance. Similarly, systemic 

endocannabinoid antagonism attenuated avoidance learning, but not maintenance of well-learned 

avoidance. Interestingly, endocannabinoid antagonism in male but not female rats or PrL 

DREADD inhibition in male and female rats both decreased latency to the platform in the 

platform-mediated avoidance task, suggesting that endocannabinoid signaling and PrL activity 

are required for optimal avoidance behavior when rats must choose between food and avoidance. 

Together these data identify unique roles for endocannabinoid signaling and cortical and striatal 

regions in two distinct avoidance tasks. 
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Abstract: Active avoidance responses (ARs) are instrumental behaviors that prevent harm. 

Adaptive ARs may contribute to active coping, whereas maladaptive avoidance habits are 

implicated in anxiety and obsessive-compulsive disorders. The AR learning mechanism has 

remained elusive, as successful avoidance trials produce no obvious reinforcer. We used a novel 

outcome-devaluation procedure in rats to show that ARs are positively reinforced by response-

produced feedback (FB) cues that develop into safety signals during training. Males were 

sensitive to FB-devaluation after moderate training, but not overtraining, consistent with a 

transition from goal-directed to habitual avoidance. Using chemogenetics and FB-devaluation, 

we also show that goal-directed vs. habitual ARs depend on dorsomedial vs. dorsolateral 

striatum, suggesting a significant overlap between the mechanisms of avoidance and rewarded 

instrumental behavior. Females were insensitive to FB-devaluation due to a remarkable context-

dependence of counterconditioning. However, degrading the AR-FB contingency suggests that 

both sexes rely on safety signals to perform goal-directed ARs. 
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Abstract: Dissecting the neuromodulatory systems orchestrating adaptive coping behaviors is 

critical to understanding human anxiety. The orexinergic system, originating in the perifornical 

(PFH) and lateral hypothalamus (LH), modulates cognitive and emotional functions critical to 

survival through projections throughout the brain. One crucial target is the dopaminergic ventral 

tegmental area (VTA), which is essential for reinforcing behaviors that result in desired 



outcomes. However, it is unclear if this circuit is important for reinforcing aversive instrumental 

behaviors such as active avoidance (AA) of threats. Evidence from other studies in the lab using 

the signaled AA (SigAA) shuttling task, suggests that AA is positively reinforced by achieving 

safety. Thus, we hypothesized that the LH-orexin to VTA projection would be required for 

safety-seeking, with safety being the ‘rewarding’ outcome. To test this hypothesis, adult Sprague 

Dawley rats received infusions of an orexin-specific viral vector containing an inhibitory opsin 

(AAV1-Ple112-Arch3.0-eYFP) into the PFH/LH, and optic fibers were implanted in orexin axon 

fields in the VTA. Following a 6-8-week incubation, rats were trained in SigAA. Animals were 

trained to avoid a foot-shock (1.0/0.7 mA males/females; 0.5 s) preceded by (and co-terminating 

with) a white noise warning signal (WS; 60 s). Rats were first trained with a single inescapable 

foot-shock delivered at the end of the 60 s WS presentation (Pavlovian trial). For all remaining 

trials, only failures to shuttle during the WS resulted in shock, which could be escaped by 

shuttling. If rats shuttled during the WS (an avoidance response), before the shock, a feedback 

(FB) cue was delivered (5 s, 80 dB). Thus, the FB cue becomes associated with safety—a safety 

signal. Rats received 15 trials per day until reaching a pre-defined criterion (80% successful 

avoidance); after, they were subjected to daily shock-free avoidance tests. Orexin to VTA axon 

terminals were inhibited (green laser 532 nm, 10 mW) during FB cue presentations only. On the 

first day, latency to avoid and avoidance responses were unaffected. However, inhibition on 

subsequent days increased latencies and impaired avoidance time- and session-dependent. These 

results suggest that 1) the FB cue is a reinforcer, perhaps through its association with safety, and 

2) orexin communication with VTA is essential for safety-reinforced avoidance. Future studies 

will uncover the orexin system’s role in adaptive coping behaviors and provide support for novel 

treatments of maladaptive coping, including active coping therapy combined with drugs to target 

the orexin system. 
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Abstract: Excessive avoidance in the absence of threatening stimuli is a hallmark feature of 

psychiatric disorders such as generalized anxiety disorder and post-traumatic stress disorder. 

Understanding the factors influencing this behavior is crucial for the development of future 

therapies. In preclinical trials, the platform-mediated avoidance, or PMA, task serves as a 

relevant model for studying avoidance. While prior research have identified various factors 

influencing animal behavior, the causes of variability in avoidance during behavioral tasks 

requires further investigation. One such factor is the time taken to achieve stable task 

performance. Initially, behavior tends to be variable as animals learn and adapt strategies. Once 

mastery is attained, behavioral variability should decrease, indicating stable performance. 

Accurately determining the time required to reach stable behavior informs experimental designs, 

ensuring that interventions and analyses are conducted at optimal time points. Furthermore, 

hormonal levels driven by the estrous phase are known to impact learning in female rats. 

Previous literature suggests that estrogen and progesterone levels influence task strategies. Thus, 

we hypothesized that the rat estrous cycle phase would affect PMA task performance and 

behavioral variability, affecting the time to achieve stability. In this pilot study, male and female 

Long Evans rats underwent continuous training on the PMA task, with daily collection of estrous 

cycle phase samples using vaginal lavage. Preliminary findings indicate differences in task 

performance variability between males and females. Additionally, it appears that achieving 

stable behavior requires over 25 days of consistent task performance. These findings suggest that 

both duration and sex influence variability in avoidance behavior, crucial considerations for 

developing interventions for psychiatric disorders involving avoidance. 
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Abstract: Women exhibit heightened susceptibility to anxiety and stress-related disorders such 

as PTSD or GAD. A key behavioral manifestation of these conditions is maladaptive avoidance, 

wherein individuals excessively engage in or withdraw from specific situations, activities, or 

stimuli, detrimentally impacting their well-being. Animal models are commonly employed to 

investigate the development of maladaptive avoidance and the formation of fear responses and 

memories associated with these disorders. Understanding the neurobiological underpinnings of 

these disorders is critical for identifying risk factors and developing appropriate sex-specific 

interventions. Despite the clear clinical relevance of examining sex differences in fear responses, 

the vast majority of pre-clinical research on fear learning and memory formation in the past has 

exclusively used male animals. The remaining studies that included both sexes primarily focused 

on differences in passive avoidance (ex. fear conditioning). However, in real-life scenarios, 

individuals must employ both passive and active avoidance strategies to effectively respond to 

environmental threats and stimuli. Thus, a large gap in the literature lies in the study of sex 

differences in active avoidance behaviors. Building on consistently demonstrated findings from 

previous studies, which show that females exhibit higher rates of freezing behavior than males, 

we hypothesized that females and males will develop and demonstrate active avoidance 

strategies that are different from one another. In this study, we utilized both sexes of Long Evans 

rats performing the platform-mediated avoidance (PMA) task, a clinically relevant behavioral 

paradigm designed to study active avoidance. Preliminary results demonstrate clear differences 



in both learning and the expression of avoidance behaviors within the task. This research 

emphasizes the need for a more comprehensive understanding of sex-specific responses in 

anxiety-related disorders, providing valuable insights for developing targeted interventions and 

enhancing the translatability of findings to human contexts. 
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Abstract: Females face a higher lifetime risk of developing anxiety- or fear-related disorders 

compared to males, yet the underlying mechanisms of this sex difference remain unclear. 

Approach-avoidance (A/A) strategies are essential for adaptive behavior, relying on emotional 

regulation and cognitive processing of associative threat learning to generate appropriate threat 

responses. Converging evidence implicates serotoninergic (5HTergic) neurotransmission in the 

medial prefrontal cortex (mPFC) in processing such reward vs threat scenarios, and 5HT2A 

receptors, integral to associative learning mechanisms, demonstrate sex differences in binding 

affinity. Fittingly, psychedelics are being studied to manage neuropsychiatric disorders 

characterized by inflexible associative learning via their 5HT2AR agonism, representing a 

promising and timely tool to understand mechanisms of learning and memory that demonstrate 

sexual divergence. In this study, we combine the platform-mediated avoidance (PMA) paradigm 

with adjunct exposure to LSD in female and male mice to explore the sex-specific effects of 

psychedelics under extinction conditions as a behavioral intervention. Further, we investigate the 

contribution of mPFC 5HT in signaling sex-specific approach or avoidance in the PMA test, as 

well as how such physiological activity is affected by psychedelics. Our initial findings highlight 



sex as a primary factor underlying differential A/A strategies and their interaction with 

psychedelic treatment. To address whether the mPFC 5HT system signals stimulus-specific 

information or is generally recruited with salient experiences, we monitored 5HT release in the 

mPFC during reward and threat learning and retrieval following psychedelic-paired extinction 

learning using in vivo fiber photometry. We identified sex differences in baseline mPFC 5HT 

release driving reward-approach strategies during A/A conflict, a phenomenon enhanced after 

LSD treatment. Further, reduced avoidance behavior triggered by repeated LSD administration 

reflects changes in mPFC reward-related 5HTergic neurotransmission in females, but not males - 

possibly by sustaining mPFC 5HT release in response to salient shock-paired cues or rewards. 

These findings provide fundamental insight into sex-specific alterations in mPFC 5HT function 

that may influence the therapeutic outcomes of psychedelics in clinical applications. 
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Abstract: Understanding the cellular and molecular mechanisms behind social behaviours such 

as empathy can lead to a better understanding of emerging diseases such as autism spectrum 

disorder, anxiety, or depression. We found that Drosophila melanogaster exhibits social 

behaviour that shares features with emotional contagion in mammals, suggesting that the brain 

function of emotion is conserved in animals in general. 

We conducted experiments to measure heat avoidance in flies by presenting them with a heat 

barrier to cross. The flies avoided the barrier in a temperature-dependent manner. Moreover, 

when the flies are in a group, this avoidance is significantly increased compared to the avoidance 

of the flies when they are alone. This increase in heat avoidance requires visual input, disappears 

under stress conditions and requires social interaction in early adulthood, as it was absent in flies 

reared in isolation. These results strongly suggest that the collective effects on heat avoidance in 

Drosophila melanogaster are a form of emotional contagion. 



Using transmission blockers, we found that inhibiting serotoninergic transmission suppressed 

this avoidance contagion, demonstrating a key role of serotonin in this behaviour. Furthermore, 

using activation markers, we found a cluster of serotoninergic neurons in the brain that showed 

traces of activation not only by experiencing heat shock itself, but also by observing the heat 

responses of others. Finally, using genetic tools, we found that either inhibiting these 

serotonergic neurons or knocking out serotonergic receptors in their projection areas disrupted 

the avoidance contagion. 

In conclusion, our study in Drosophila melanogaster reveals the conserved neurobiological basis 

of social behaviour and emotional contagion. Social interactions significantly enhance heat 

avoidance, suggesting an emotional transfer similar to emotional contagion. Serotoninergic 

neurotransmission plays a central role, as its inhibition disrupts the avoidance contagion. We 

have identified a specific serotoninergic circuit that regulates this avoidance contagion. These 

findings advance our understanding of the evolutionary neural mechanisms underlying social 

behaviour, with implications for psychiatric disorders such as autism, anxiety and depression. 
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Abstract: The subthalamic nucleus (STN), as part of the basal ganglia, plays a critical role in 

movement. However, the STN is also associated with affective and associative functions. 



Recently, optogenetic excitation of the STN in mice has been found to mediate aversion and 

aversive learning (our previous study: Serra et al., Cell Rep, 2023). This correlation between 

STN activation and aversion might be clinically relevant in context of deep brain stimulation 

(DBS) as the STN (STN-DBS) is an important DBS target in e.g. Parkinson´s disease and 

obsessive-compulsive disorder (OCD). Some patients receiving STN-DBS have reported 

negative side effects such as low mood state and depression. We reason that anatomical and 

functional dissection of the STN would help uncover neurobiological underpinnings of both 

positive and negative effects upon STN-DBS, potentially improving treatment outcomes. In 

primates, the STN structure has been divided into three anatomical-functional regions (motor, 

limbic, cognitive) giving rise to the so-called tripartite model. Specifically, limbic and affective 

functions have been associated with the ventromedial aspect of the STN, also called the “limbic 

tip”. In the mouse, snRNASeq analysis has revealed a heterogeneous transcriptomic landscape 

within the STN with mRNA distribution giving rise to several discrete molecular profiles within 

the STN (e.g. our study: Wallén-Mackenzie et al., Comms Bio, 2020). In particular, the 

expression of Collagen Type XXIV Alpha 1 Chain (Col24a1) mRNA is distributed mainly in the 

ventromedial aspect of the mouse STN. To address the hypothesis that Col24a1-positive cells 

represent a limbic tip in the mouse STN, and that these Col24a1-positive neurons drive aversion, 

we created a new transgenic mouse line in which Cre recombinase is under control of the 

Col24a1 promoter. We are currently analyzing Col24a1-Cre mice in histological and behavioral 

paradigms, assessing if Col24a1-positive STN neurons drive behavioral aversion and/or other 

functions ascribed to the STN. Molecular, anatomical and behavioral data will be presented. 
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Abstract: Animals rely on innate defensive responses to survive in natural habitats. Upon 

exposure to threat, animals engage in risk assessment behaviours during which they evaluate 



their environment and subsequently undergo a decision-making process between freezing and 

fight or flight responses. While recent studies have highlighted the neural mechanisms 

underlying defensive attack and escape behaviours individually, it remains unclear how the 

overall sequence of innate defensive behaviours is achieved in the brain. Here, we demonstrate 

that the anterior hypothalamic nucleus (AHN) mediates innate defensive behaviours through 

cell-type-specific control of risk assessment and escape responses. In this study, we performed 

immunohistochemistry in addition to calcium-imaging and optogenetic manipulation paired with 

a wide range of behavioural assays to anatomically and functionally characterize the roles of 

GABAergic, CaMKIIa+, and glutamatergic AHN neurons in mediating innate defensive 

behaviours. First, our immunohistochemistry studies identified CaMKIIa+ AHN neurons as a 

heterogenous population of GABAergic and glutamatergic neurons. Through fiber photometry 

during a predator-evoked avoidance task, we showed that GABAergic and glutamatergic AHN 

neurons have distinct activity patterns during innate defensive behaviours. Furthermore, 

optogenetic stimulation of GABAergic AHN neurons evoked anxiety-related exploratory 

behaviours, whereas selective stimulation of either CaMKIIa+ or glutamatergic AHN neurons 

evoked escape responses. Lastly, we found that stimulation of each cell type carried negative 

valence and induced mild conditioned place aversion. Together, these results demonstrate a cell-

type-specific control of innate defensive responses within the AHN, where GABAergic neurons 

mediate risk-assessment responses, and glutamatergic neurons mediate escape responses. 

Furthermore, our data provides preliminary insights into the role of CaMKIIa+ AHN neurons in 

mediating innate defensive responses. 
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Abstract: Animals faced with predatorial threats innately react by escaping to safety. Although 

escape is instinctive, it is also flexible enough to adapt to dynamic changes in the environment. 

For example, animals adapt to the risk of predation by increasing escape probability when there 

is a higher incidence of predator attacks. This flexibility is critical for maximizing the 

adaptiveness of behavioural choices, but the underlying mechanisms are unknown. It has 

recently been shown that activation of neurons in the dorsal periaqueductal gray (dPAG) is the 

main step for commanding escape initiation. Here we hypothesized that changing the excitability 

of dPAG neurons is a mechanism for implementing experience-dependent adaptations of escape 

behavior. To investigate this hypothesis, we developed a new paradigm for performing whole-

cell recordings from dPAG neurons of mice escaping from threatening stimuli. Head-restrained 

mice navigate between a shelter and a threat zone and are exposed to threatening stimuli that 

cause escape-to-shelter responses. To modulate escape behavior we presented repeated stimuli, 

which caused an increase in the probability and vigor of escape, indicating a decrease in the 

escape threshold. Using this sensitization paradigm and whole-cell recordings we studied the 

cellular mechanisms of escape threshold modulation. We found that repeated presentation of 

escape-eliciting stimuli causes a subthreshold sustained depolarization that lasts for several 

minutes. This depolarization is large enough to reduce the amount of synaptic input needed to 

reach the action potential threshold. Consequently, subsequent threatening stimuli are more 

likely to elicit action potentials and therefore escape initiation. We further propose that the 

sustained depolarization arises from a local disinhibitory mechanism. Our findings present a 

cellular mechanism for rapid experience-dependent modulation of instinctive escape behavior. 

We suggest that this biophysical process at the level of single midbrain neurons may be a general 

mechanism for modulating behavior initiation in dynamic environments. 
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Abstract: When on agar to which certain amounts of alternating current is applied, C. elegans 

increases its movement speed and generally moves off of bacterial lawns (Tee, 2023). This is 

likely to represent an escape behavior, and the stimululs may elicit a brain state representing, or 

related to, the emotion of fear. When 30V alternating current is applied to the plate, the worms 

run while experiencing the voltage, whereas when 75V of alternating current is applied to the 

plate, the worms are immobilized during voltage application, but run after the voltage is turned 

off. 30V is the voltage that provides the most robust and consistent running response in the "N2" 

wild type strain (Tee, 2023). By recording electricity responses of an array of mutant strains, and 

with worms of different ages, we have found that there is a positive correlation between the size 

of worms and their running response to 30V of alternating current. Longer, skinnier worms have 

a stronger response than shorter, fatter worms. This relationship is seen both when measuring the 

increase in speed elicited by the voltage, and the degree to which voltage application triggers the 

worms to exit food lawns, which are normally their preferred location. We are also investigating 

the responses of worms of varying sizes to alternating current applied at voltages higher and 

lower than 30V to see, for example, whether higher voltages can elicit stronger responses in 

smaller worms than 30V can. Furthermore, some of the voltages tested are around 75V so that 

we can see if worm size has an effect on the somewhat different behavior triggered at that 

voltage range. This work aims to deepen our understanding of the mechanisms underlying this 

electricity response in C. elegans, providing greater insight into how electricity is interacting 

with worm bodies to elicit behavioral responses. 

Disclosures: J. Young: None. 

Poster 

PSTR295: Avoidance and Other Defensive Behaviors 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR295.13/M2 

Topic: F.02. Neuroendrocrine Processes and Behavior 

Support: MOST 107-2320-B-002-040-MY3 

MOST 108-2638-B-010-0020-MY2 

MOST 110-2321-B-010-006 

MOST 110-2320-B-002-013-MY3 

Title: Input-specific disengagement of zona incerta in modulating defensive behavior 

Authors: *F.-Y. HSIAO1, P.-C. HO1, S.-H. CHIU2, S.-R. LEE1, Y.-J. PENG1, J.-T. WANG1, 

H.-J. YAU1;  
1Grad. Inst. of Brain and Mind Sci., Natl. Taiwan Univ., Taipei, Taiwan; 2Sch. of Med., Natl. 

Taiwan Univ., Taipei, Taiwan 



Abstract: Recent wave of studies has demonstrated that the zona incerta (ZI) is activated 

byrespective afferent inputs to regulates defensive behaviors as well as pain. Byemploying a 

biased retrograde AAV toward non-DA neurons in the ventral midbrain,we have recently 

discovered that restraint stress or a predatory odor engages asubpopulation of ZI-projecting 

substantia nigra (SN) non-DA neurons, which weremostly GABAergic neurons confirmed by 

RNAscope in situ hybridization. This findingsuggests that a subpopulation of ZI neurons is 

required to be inactive to cope withthreatening conditions. We further showed that GABAergic 

neurons accounted for~60% of the SN-innervated ZI cells. Moreover, by employing an 

intersectionalanterograde tracing approach to target SN-innervated ZI cells, we mapped the 

EYFP-expressing axonal projections of SN-innervated ZI cells and detected 

prominentinnervations in several regions, including lateral habenula (LHb) and 

lateralperiaqueductal gray (lPAG), which are well known for their roles in regulatingdefensive 

behaviors. These results suggest that SN-to-ZI input may be likely through adisinhibiting 

mechanism to engage neural substrates of defense for coping withthreatening situations.Previous 

study has shown that chronic pain impairs defensive responses. Through theZI afferent mapping 

analysis described above, we have also detected many ZI-projecting cells in the anterior part of 

anterior cingulate cortex (aACC), which is wellknown for its critical role in pain chronification. 

Whether aACC-to-ZI input is involvedin the regulation of defensive behavior is poorly 

understood. Therefore, as the first step,we will employ a mouse model of neuropathic pain to 

investigate whether aACC-to-ZIinput is involved during pain chronification. 
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Abstract: The lateral habenula (LHb) is a diencephalic brain region associated with value-based 

decision making and stress evasion through its modulation of monoaminergic systems. 

Specifically, increased activity of the LHb is associated with drug addiction, and stress-related 

disorders such as depression, anxiety and PTSD. Previously, we have shown that the LHb is 

highly responsive to the neuromodulatory actions of corticotropin-releasing factor (CRF) but it is 

yet to be known which brain regions provide CRF inputs to the LHb. In order to identify CRF 

projections to LHb, we performed retrograde and anterograde tracing in CRF-Cre male and 

female mice and identified several brain regions including a subpopulation of LHb expressing 

CRF (LHbCRF neurons) that could play a role in LHb-related motivated behaviors. We then 

used Gq-DREADD chemogenetic activation of LHbCRF neurons and tested the behavioral 

effects of LHbCRF neurons on a battery of behavioral tests of motivation. We found that while 

chemogenetic activation of these neurons did not affect mouse behavior in the open field test, 

light-dark box test, elevated zero maze and Y-maze, it increased the percentage of active escape 

behavior in the visual looming shadow task in both male and female mice (although with 

different effects on the latency to escape behavior). Overall, we have identified a new 

subpopulation of LHb neurons that promote active defensive behaviors in response to threat in 

both male and female mice. Our future studies will further explore the physiological and 

behavioral effects of LHbCRF projections in motivated behavior. 

Disclosures: W.J. Flerlage: None. E. Thomas: None. S. Gouty: None. S.C. Simmons: 

None. B.M. Cox: None. T.J. Wu: None. M.C. Tsuda: None. F.S. Nugent: None. 

Poster 

PSTR295: Avoidance and Other Defensive Behaviors 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR295.15/M4 

Topic: G.04. Emotion 

Support: NIH Grant 5R01MH119384-04 

NIH Grant 5R01MH123634-04 

NIH Grant 1R21MH109722-01A1 

NIH Grant 1R21HM113103-01A1 

Title: Machine Learning Based Neural Decoding Model for Predicting Defensive Behaviors to 

Improve Targeted Closed Loop Deep Brain Stimulation 

Authors: *S. M. HU1, J. MORROW1, S. NAGRALE1, R. L. YOUNK1, M. SHOARAN2, A. S. 

WIDGE1;  



1Psychiatry, Univ. of Minnesota, Twin Cities, Minneapolis, MN; 2École Polytechnique Fédérale 

de Lausanne, Geneva, Switzerland 

Abstract: Defensive behaviors are essential evolutionary mechanisms for survival in response to 

threatening stimuli across different species. However, excessive expression of these behaviors 

manifest themselves as symptoms in psychiatric disorders. Recent studies have implicated 

frontal-amygdala circuits, particularly communication between the prelimbic cortex (PL) and 

basolateral amygdala (BLA), in defensive behaviors in both humans and rodents. Previous 

studies have shown that features like power, coherence, and phase amplitude coupling can 

quantify communication between regions of the brain. These features that arise from the local 

field potential (LFP) are particularly important because they can also be chronically measured 

and tracked in humans to build closed-loop deep brain stimulation treatments for psychiatric 

disorders. However, the inherent variability within and between individuals with psychiatric 

disorders poses a challenge in constructing closed-loop systems that can effectively target 

symptoms on an individualized basis. Decoding plays a vital role in developing individualized 

stimulation therapies by using neural activity to predict behavior. Because decoding relies on 

predictive modeling, machine learning has emerged as a powerful tool for deciphering the link 

between complex neural activity and specific behaviors or symptoms. 

15 male adult Long-Evans rats were subjected to a traditional fear conditioning paradigm, during 

which LFP was recorded using microwire bundles implanted in the PL and BLA regions of the 

brain. Features from the neural data in the time, spectral, and connectivity domains were 

analyzed and used to predict defensive behavior. Defensive behaviors (freezing, darting, and bar 

press suppression), were captured using headstage accelerometry, video recording, and bar press 

rate. Our findings show that these methods are able to sufficiently capture and quantify the 

behaviors we seek to decode. This analysis is an exploratory study that provides a machine 

learning based decoding model that uses neural features to predict moment-to-moment behavior. 

Additionally, this study shows the exact features that are heavily leveraged when predicting 

those behaviors. This predictive modeling will aid in the understanding of the neural circuitry 

associated with psychiatric disorders and can be used to identify and improve targets for 

stimulation. 
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Abstract: RXFP3 is a ligand-activated G-protein coupled receptor and the cognate receptor for 

the conserved neuropeptide relaxin-3. We recently showed that activating an RXFP3-expressing 

(RXFP3+) population in the lateral hypothalamus (LH) and zona incerta (ZI) induced striking 

escape-like jumping behaviour that was only apparent in a subset of experimental mice. Given 

the known anatomical and functional diversity of these nuclei, we posited that activating 

RXFP3+ LH/ZI cells with varying neurochemistry and hodology between mice may have 

generated these bimodal phenotypes. Therefore, this study aimed to characterise the 

neurochemical phenotype and downstream connectivity of these cells. All experiments used 

RXFP3-Cre transgenic mice. The neurochemical phenotype of RXFP3+ LH/ZI cells was 

characterised with RNAscope in situ hybridisation (n = 4 mice). We used probes that allowed us 

to detect the co-localisation of Rxfp3 mRNA with GAD1, vGlut2, Sst, Pvalb, and TH transcripts. 

Most Rxfp3+ ZI cells were GABAergic (GAD1+; M = 77.1%, SEM = 2.4%), though 11.5% (± 

1.1%) were glutamatergic (vGlut2+). Furthermore, large proportions of neurochemically distinct 

GABAergic Rxfp3+ clusters populated topographically distinct areas of the ZI, with 77.0% (± 

2.9%) of A13 Rxfp3+ cells expressing TH, 58.6% (± 2.2%) of rostral ZI Rxfp3+ cells expressing 

Sst, and 67.8% (± 3.9%) of dorsal/ventral ZI Rxfp3+ cells expressing Pvalb+. In contrast, the LH 

primarily comprised a heterogeneous Rxfp3+ population of intermingled GABAergic and 

glutamatergic cells, with 33.4% (± 2.4%) and 39.3% (± 2.7%) of Rxfp3+ LH cells expressing 

GAD1 and vGlut2, respectively. To identify downstream targets of these neurons, unilateral 

injections (25 nl) of a Cre-dependent anterograde viral tracer were made at systematically 

varying areas across the rostrocaudal extent of the ZI and LH (n = 4 mice per area, 4 areas). 

Emerging data revealed marked differences in efferent projections to nuclei involved in 

mediating defensive behaviours. Notably, the ventrolateral periaqueductal gray received the most 

input from dorsal/ventral ZI RXFP3+ cells, while the lateral habenula and dorsal premammillary 

nucleus received most input from rostral LH RXFP3+ cells. Collectively, these results indicate 

that RXFP3+ LH/ZI cells are a heterogeneous population where topographical location dictates 

neurochemical composition and efferent output. These findings inform future functional 

interrogation studies to address the involvement of identified RXFP3+ LH/ZI subpopulations and 

their downstream targets in threat-related behaviours. 
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Abstract: Control of defensive behavior by the nucleus of Darkschewitsch GABAergic 

neurons 

Shao Yujin, Huiying Zhao, Jinrong Liu, Hongbin Yang, Shumin Duan, and Yan-qin Yu* 

The Sch. of Brain Sci. and Brain Med., Hangzhou Zhejiang, China 

The nucleus of Darkschewitsch (ND), mainly composed of GABAergic neurons, is widely 

recognized as a component of the eye-movement controlling system. However, the functional 

contribution of ND GABAergic neurons (NDGABA) in animal behavior is largely unknown. Using 

activity-dependent labeling, we found have identified NDGABA neurons were selectively activated 

by different types of fear stimuli, such as predator odor and foot shock. Optogenetic activation of 

NDGABA strongly promoted freezing behavior, accompanied by reduced heart rates and dilated 

pupils. Conversely, inactivation of these neurons largely blocked freezing behavior induced by 

fear stimuli. Moreover, using neuroanatomical tracing methods, we identified an excitatory 

pathway from the lateral periaqueductal gray (lPAG) to the ND that induces freezing by exciting 

ND inhibitory outputs to the motor-related gigantocellular reticular nucleus, ventral part 

(GiV).we discovered that these GABAergic neurons integrated wide-range inputs and innervated 

multiple motor-related brain regions. Collectively, these findings suggest the NDGABA population 

serves as a novel hub for controlling defensive responses, a mechanism critical for understanding 

how the freezing behavior is encoded in the mammalian brain. 
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Title: Zona incerta neurons release GABA and dopamine in the superior colliculus to mediate 
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Abstract: A hungry animal adapts rapidly to environmental threats and feeds only when if it is 

safe. The zona incerta (ZI) is a GABAergic region that suppresses fear and promotes feeding. A 

subset of ZI neurons also express tyrosine hydroxylase (TH) and produce dopamine (DA). These 

ZI DA cells project prominently to midbrain motor regions, including to the motor-related 

superior colliculus (SCm), which promotes escape behaviors, but it is not known if GABAergic 

ZI DA cells release GABA and/or DA and whether they regulate escape behaviors via the SCm. 

We transduced Th-cre ZI cells with a Cre-dependent virus encoding the excitatory DREADD 

hM3(Dq) and implanted a guide cannula at the midline above the intermediate and deep SCm 

layers. A food pellet was placed beneath an overhead looming dot, and intra-SCm infusion of 

Compound 21 (C21; 1 ng) increased the latency for fasted mice to escape into their shelter 

(vehicle: 2.3 ± 0.3 s; C21: 7.7 ± 4.3 s; n = 3); sated mice did not exhibit altered escape latency. 

To determine the mechanisms of neurotransmission underlying ZI Th-cre projections, we 

transduced ZI Th-cre cells with a Cre-dependent virus encoding channelrhodopsin and found that 

470-nm photostimulation of channelrhodopsin-expressing fibers in the SCm elicited an 

optogenetically-evoked inhibitory postsynaptic current (oIPSC) in one-third of SCm patch-clamp 

recordings (n = 29/87 cells). These oIPSCs persisted in tetrodotoxin but were abolished in 

bicuculline thus indicating monosynaptic GABA release. To assess DA release, we transduced 

ZI Th-cre cells with the red-shifted opsin ChrimsonR and expressed the dopamine sensor 

dLight1.1 in the SCm. Red light 610-nm photostimulation (0.5 Hz train of 20 Hz pulses) of 

ChrimsonR-expressing Th-cre fibers in the SCm elicited dLight1.1 fluorescence that peaked 

within 5 minutes (n = 7; N = 4) and gradually returned to baseline over 20 min thus indicating 

DA presence. The change in dLight fluorescence in the SCm slice was site-specific and matched 

the spatial distribution of ZI Th-cre projections. In sum, ZI projections to the SCm integrate fear 

and hunger signals, and ZI Th-cre cells can release GABA and DA for acute or prolonged 

regulation of SCm cells to decrease fear responses during calorie restriction. 
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Abstract: Behavior is the final substrate of neural computation. Accordingly, rich descriptions 

of behavior are essential for brain decoding efforts, allowing us to understand action generation 

and distinguish between motor and cognitive processes. We hypothesized that leveraging a rich 

postural representation of the body would allow us to learn more precise, transferable 

representations of behavior from video. Here, we utilize a near-continuous 3D map of the mouse 

body consisting of over 30,000 points to extrapolate posture from 2D video data. Our goals were 

to optimally process this high-dimensional spatial data in both space and time to 1) identify 

discrete postures and 2) parse sequences of postures to segment behavior. To address these 

challenges we embed frame-wise spatial data in latent space and compress latent representations 

into posture tokens. Subsequently, posture tokens are used to train a transformer-based sequence 

prediction model. Initial efforts demonstrate this multistep approach is adept at learning temporal 

representations up to 4 s in duration, which enables one-shot behavioral sequence retrieval that 

bypasses the annotation and training steps previously required for supervised behavioral analysis. 

Our ongoing studies focus on segmenting behavior and making these resources readily available 

to support research in neuroscience and related fields. 
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Abstract: Behavioral strategies are often classified based on whether reinforcer value controls 

reinforcement. Value-sensitive behaviors, where animals update their actions when reinforcer 

value is changed, are classified as goal-directed; value-insensitive actions, where behavior 

remains consistent when the reinforcer is removed/devalued, are considered habitual. Basic 

reinforcement principles help bias behavior toward either process: random ratio (RR) schedules 

are thought to promote goal-directed behaviors while random intervals (RI) foster habitual 

control. Although they are commonly used, how external factors change the ability to produce 

habits or goal-directed actions has not been well characterized. In rodent research, caloric 

restriction is often performed to enhance animal’s task engagement. Thus, we altered food 

restriction levels and asked how they change behavior during the acquisition of RI/RR tasks as 

well as during the devaluation procedures that are used to determine the sensitivity of behavior to 

value. We used a total of 43 male and 44 female C57BL/6J mice, and all animals were first 

trained on fixed ratio 1. We then trained mice on two schedules with commonly used 

intervals/ratios (RI30/RI60, RR10/RR20) and found that RI30/RI60 was more effective than 

RR10/RR20 at increasing response rates, indicating that the intended differences in sensitivity to 

value were confounded with differences in response rates. To address this, we adjusted the 

number of responses required in RR to match the actions-per-outcome achieved on RI. The first 

set of micewas classified into 3 different food restriction levels (no/mild/strong restriction) and 

trained on RI30/RI60. Another set of mice was then trained on RR with ratios that matched the 

actions-per-outcome of each RI group. All mice underwent devaluation sessions thereafter. 

When the responses-per-reinforcer ratios were matched, we find that food restriction and 

schedule independently influence reinforcer delivery and response rate, with more restricted 

mice and RR group achieving higher rates than less restricted mice and RI group, respectively. 

We also find a combinatorial effect of restriction and task schedule where food restriction 

increases reinforcer delivery rates and response rates more effectively for RR group than RI 

group. Moreover, food restriction decreased the response rate during sequential devaluation 

sessions that reflected the effect of extinction rather than devaluation. Together, our results 



suggest that external factors such as food restriction must be accounted for, together with 

reinforcement schedules, to appropriately interpret the cognitive basis of behavior. 
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Abstract: It has been shown that reward information processing is crucial in motor selection and 

performance during motivated behaviors. However, neuronal mechanisms of how it is integrated 

with motor control signals in the brain to generate and coordinate appropriate motor behaviors 

remains largely unknown. In rodents, locomotion is one of the most studied natural motor 

repertoires and is known to be essential for seeking and obtaining rewards (For recent review, 

see Nishimaru et al. Neurosci Res. 189:83-9, 2023). Licking behavior is also widely studied in 

rodents as a behavioral signal of reward expectation and consumption as well as in the context of 

motor control (Inagaki et al. Annu Rev Neurosci 45:249-271, 2022). In rodents, dorsomedial 

prefrontal cortex (dmPFC) which includes the anterior cingulate cortex (ACC) and secondary 

motor cortex (M2) has been shown to encode and integrate sensory information and motor 

control during the decision-making processes (Barthas and Kwan, Trends Neurosci. 40:181-193. 

2012). In a previous study, we showed that ACC neurons dynamically encode reward 

information during locomotor behavior (Sachuriga et al. Front Sys Neurosci 15:655110, 2021). 

In the present study, to examine the role of these prefrontal regions in producing effectively 

timed licking responses and coordinated locomotor patterns, we developed a self-paced, 

locomotor-based behavioral task in which the mice learned to spontaneously initiate trials, and to 

maintain their speed until cue presentation which signaled upcoming reward delivery. They also 



learned to start licking just after the cue presentation, before the reward delivery. We then 

examined the functional role of dmPFC in generating these learned motor behaviors by infusing 

muscimol, a GABAA receptor agonist to pharmacologically inactivate this brain region. Here, we 

show that 1) the temporal control of locomotion and licking in this behavioral task is shaped and 

coordinated by both implicit and explicit reward information and 2) pharmacological inactivation 

of dmPFC disrupted the coordination of these motor behaviors leading to an increased number of 

failed trials. Our results suggest that dmPFC plays an important role in controlling the motor 

behavior based on reward expectations. 

Disclosures: H. Nishimaru: None. J. Junqueira: None. T. Otsuki: None. J. Matsumoto: 

None. T. Setogawa: None. 

Poster 

PSTR296: Motivated Behavior: Behavior, Circuits, and Pharmacology 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR296.03/M11 

Topic: G.03. Motivation 

Support: NSERC Award RGPAS-2020-00030 

NSERC Award 569504-2022 

Title: What predicts the choice to expend effort for reward? A translational study 

Authors: *B. J. FORYS1, C. A. WINSTANLEY1,2, A. KINGSTONE1, R. M. TODD1,2;  
1Psychology, 2Djavad Mowafaghian Ctr. for Brain Hlth., Univ. of British Columbia, Vancouver, 

BC, Canada 

Abstract: We must often decide how much effort to expend for everyday rewards – but we do 

not fully understand how constraints on our ability to exert effort and our willingness to seek 

rewards impact effort decisions. Past rodent work suggests that willingness to deploy cognitive 

effort can be driven by individual differences in perceived reward value, anhedonia-like 

behaviour, or chronic stress. However, many factors driving cognitive effort deployment cannot 

easily be captured in rodents. Furthermore, we do not fully understand how individual 

differences in short-term memory ability, depression, chronic stress, and reward sensitivity 

impact cognitive effort for reward in humans. In this translational study, we adapted an effort 

choice paradigm used in rodents to examine whether these factors predict cognitive effort 

deployment for higher reward in humans using an online visual short-term memory task. 

Undergraduate participants were grouped into high and low effort groups (nHigh Effort = 348, nLow 

Effort = 81; nFemale = 332, nMale = 92, MAge = 20.37, RangeAge = 16-42) based on decisions in this 

task. After doing a monetary incentive task to measure reward sensitivity, participants completed 

short-term memory task trials where they could choose to encode either fewer (low 



effort/reward) or more (high effort/reward) squares before reporting whether the colour of a 

target square matched the square previously in that location. We found that only greater short-

term memory ability predicted whether participants chose a much higher proportion of high vs. 

low effort trials. Drift diffusion modeling showed that high effort group participants were more 

biased than low effort group participants towards selecting high effort trials. Next, we asked 

whether short-term memory ability explains shifts in trade-offs between effort and reward when 

effort options and rewards are varied. To address this question, in a follow-up study we 

parametrically varied effort options and rewards to evaluate whether motivation for effort 

systematically differs with effort demands and available reward. We also asked participants to 

describe their effort deployment experiences and used qualitative thematic analysis approaches – 

evaluating patterns of meaning in subjective experiences – to explore themes underpinning effort 

decisions that may be unique to human experiences of these decisions. Our findings highlight the 

role of individual differences in cognitive effort ability in explaining cognitive effort deployment 

choices. 
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Abstract: In the United States, about two-thirds of adults ages 20 and older consume more than 

the recommended 10% of fat from daily caloric intake. It is well known that chronic intake of a 

diet high in fat and sucrose in humans has been linked to various negative health outcomes 

including obesity, diabetes, and cardiovascular disease. However, less known are the adverse 

effects on the brain and behaviors including reward-seeking and choice. We investigated the 

effects of diet (Western, high fat diet: 45% fat and 6% sucrose) on reward maximization. To test 

this, rodents were randomly assigned to either high fat diet or standard chow for 60 days. 



Subsequently, rats were tested on a sequential patch depletion paradigm where they were offered 

a concurrent choice between two water "patches" and could elect to "stay" in the current patch or 

"leave" for an alternative patch. Staying in the current patch resulted in decreasing subsequent 

reward magnitudes, whereas the choice to leave a patch was followed by a delay and a resetting 

to the maximum reward magnitude. Preliminary data indicate rats exposed to a high fat diet stay 

in the patch significantly longer than controls and make significantly fewer patch changes. This 

pattern of choice resulted in rats exposed to a high fat diet earning fewer rewards and consuming 

less total water per session compared to rats exposed to standard chow. These data indicate high 

fat diet produced deleterious effects and resulted in less reward maximization compared to 

controls. These data have grave implications for humans, suggesting a link between chronic high 

fat Western diet and altered reward maximization and choice. 
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Abstract: Obesity, a condition with significant health implications and a growing global 

prevalence, is linked in part to dysregulated eating behavior, stemming from the widespread 

availability of highly palatable foods. This availability contributes to an increase in hedonic 

feeding. Human genetics serves as a potent approach for identifying disease causal genes. 

However, many changes, particularly those long-term diseases like obesity, may develop over an 

extended period and may not be immediately relevant for acute therapeutic modulation. 

Therefore, integrating an appropriate behavioural model with pronounced acute effects enables 

the prioritization of genes that are acutely modulated in feeding responses. In this study, we 

initially identified genes potentially play a causal role in obesity by applying Mendelian 

randomization and colocalization analysis on genetic association studies from large-scale human 

cohorts and expression quantitative trait loci (eQTL) data or alternative splicing pattern (sQTLs) 

from human brain bulk transcriptomics. The hedonic feeding mouse model (male, n=8) was 

performed providing restricted access to a palatable high-fat diet (HFD) for 2 hours (h) per day, 



while normal chow was available for the remaining 22 h. Caloric intake was monitored. When 

mice were subjected to scheduled HFD for 2 h per day, they swiftly adjusted their feeding 

behaviour, displaying voluntary hyperphagia by consuming over 70% of their daily caloric 

intake. In contrast, the control group (male, n=8) with continuous access to standard chow 

exhibited the majority of calorie intake during the remaining 22 h, with only 16% occurring 

during the 2-h scheduled feeding. We performed bulk RNA-seq experiments on the 

hypothalamus collected 1 h after HFD on day 15, followed by DESeq2 and LeafCutter analyses 

to identify the differentially expressed genes (DEGs) and genes showing alternative isoform 

usage (AIUs) between the hedonic feeding and control groups. Combing the human genetic 

analysis, we identified and prioritized 20 genes with evidence of eQTL colocalization and 

another 15 genes supported by sQTL colocalization. Notably, one DEG, Ache and one AIU, 

Nisch were among the prioritized list, both with approved drugs and with previously reported 

effects on body weight and food intake. Reverse translation of the target identification paradigm 

was obtained by applying these drugs to the hyperphagia seen in the hedonic feeding model. In 

summary, combining evidence from human obesity genetics and transcriptomics of hedonic 

feeding model, we successfully identified and prioritized targets with therapeutic potential 

directed at modulating food intake and obesity. 
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Abstract: From rodents to humans, animals must constantly decide whether to engage (or not) in 

physical efforts to reach rewarding goals. This key process - usually referred to as effort-based 

decision-making - has been linked to neural activity changes within a key fronto-striatal network, 

encompassing the orbitofrontal cortex (OFC), the supplementary motor area (SMA), the dorsal 

anterior cingulate cortex (dACC), and the ventral striatum. Previous research has demonstrated 

that OFC activity preferentially scales with reward magnitude, while SMA activity is associated 

with prospective effort, suggesting these areas estimate reward and effort values, respectively. 

Additionally, both reward- and effort-dependent activity changes have been observed in the 

dACC and ventral striatum, indicating a role in balancing reward and effort. Interestingly, reward 

valuation in the OFC has been linked to oscillatory responses in specific frequency bands, 

particularly the theta band (4 to 8 Hz). However, these studies were correlational, and the causal 

role of OFC theta activity in reward valuation, if any, remains untested. Our study addresses this 

gap. We employed a randomized, double-blind, sham-controlled design involving 20 healthy 

participants. Participants attended three experimental sessions, each involving an effort-based 

decision-making task with concurrent High-Density transcranial Alternating Current Stimulation 

(HD-tACS) of the OFC. The sessions included one of three HD-tACS conditions: sham, active 

control (20 Hz), and theta stimulation (6 Hz). To mitigate potential learning effects on 

participants' behavior, sessions were spaced one week apart. Electroencephalography (EEG) was 

recorded pre- and post-tACS application in each session. Statistical analysis of visual analogue 

scales and questionnaires confirmed that participants could not distinguish between the three 

HD-tACS conditions. EEG analyses revealed significant entrainment of theta oscillatory activity 

over frontal electrodes, specifically following theta stimulation. Behavioral data and 

computational modeling analyses are currently underway to quantify the impact of OFC theta 

stimulation on acceptance rates and reward valuation. 
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Abstract: Learning Low Dimension Embedding Of Dopamine Travelling Waves in 

StriatumHaowei Zhang and Arif HamidDepartment of Neuroscience, University of 



MinnesotaDopamine (DA) is important for reward learning and motivated behaviors, yet the 

temporalproperties, anatomical distribution, and specific decision signals encoded are not fully 

understood.Our group recently discovered wave-like DA activation patterns, characterized by 

directionalmotifs, that vectorize the timing of regional DA dynamics to coordinate activity across 

functionallyrelated striatal territories. We posit that these patterns hold computational 

significance inreinforcement learning (RL) by enabling differential spatiotemporal credit 

assignment to striatalsubregions. Here, our studies aim to dissect the characteristics of these DA 

waves, addressingthe dimensional complexity of the diverse spatial patterns and temporal scales 

across animalsand experimental conditions. To achieve these goals, we employ low-dimensional 

embeddings tovisualize and interpret the dynamics by capturing their geometric properties. We 

apply thesemethods to DA dynamics (axonal GCAMP activity or concentration via dLight 

imaging) that arerecorded as time-series videos via chronic imaging windows over the striatum. 

To determineproper linear projections and denoise the video data, we first apply principal 

component analysis(PCA), which maximizes the explained variance while reducing dimensions. 

We observe that thepatterns of principal components, which represent key DA wave features, are 

consistently presentwithin trials and show strong similarity across hundreds of sessions and 

animals. This consistencysuggests a spatiotemporal activity rule for these waves. We extend our 

analysis to additional non-linear methods to discover activation rules that may serve 

computational functions during briefbehavioral moments during task performance. This 

approach not only advances ourunderstanding of DA functions but also facilitates a more 

structured interpretation of neuralcomputations in behaviorally relevant contexts. 
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Abstract: Introduction 

To address the limitations of the current punishment model in differentiating shock-resistant 



versus shock-sensitive (SR vs. SS) subjects, we propose a Quantitative Punishment Model with 

Clustering (QPMC). QPMC utilizes clustering of several behavioral variables and eliminates the 

subjective endpoints the current model uses. We present evidence demonstrating significant 

differences between groups identified by QPMC and the current model in subjects self-

administering sucrose pellets as a natural reward. 

Methodology 

Male (n = 10) and female (n = 12) adult Long Evans rats were subjected to a hotplate test to 

determine baseline pain sensitivity. Subsequently, the animals were allowed to self-administer 

(SA) sucrose pellets at fixed-ratio 1 schedule for 6 hours daily for 3 weeks, followed by a week 

of similar SA sessions structured into eleven components of 30 mins each with 3-min intervals. 

A second hotplate test was conducted to evaluate the impact of prolonged sucrose intake on pain 

sensitivity. The rats were then subjected to a punishment regimen of foot shock intensities 

increasing from 0 to 1.0 mA at 0.1 mA increments. Following a week of recovery, the animals 

were tested for pain sensitivity a third time to assess the impact of the overall procedure. Rats 

were then perfused 19 to 25 days later. For the current model, we employed a 30% suppression 

in sucrose SA levels at 0.4 mA as the separation criteria. For QPMC, we clustered several 

variables collected throughout the study period. We compared the groups identified by the 

current model to that of the QPMC model. 

Results 

There were no sex differences in all the variables assessed. For males, the current punishment 

model identified one group (SR=10), whereas for females, it identified two groups (SS n=3, SR 

n=9; P=0.0294) at a suppression threshold of 30% and foot shock intensity of 0.4 mA. The 

QPMC detected one cluster for both males (n=10) and females (n=12). For the current model, 

there was no relationship between the average sucrose intake and the percentage suppression 

threshold for both males (R2<0.01) and females (R2<0.01). For the QPMC, there was an inverted 

U-shaped relationship between the baseline sucrose intake and the suppression index for males 

(R2=0.4) but not for females (R2=0.09). 

Conclusion/Future Directions 

Our findings indicate that QPMC is a more conservative identification tool than the current 

model. Next, we will employ immunohistochemical methods to validate our new model. We are 

currently comparing QPMC and the current punishment model for methamphetamine user 

typology. 
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Abstract: Title: Mesoscale calcium dynamics observed across the cortex of freely moving mice 

identifybrain states during the state of thirst. 
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Abstract: Hunger and thirst result in dramatic changes in behavioral states expressed by animals 

as compared to satiated brains. The neural activity corresponding to these behavioral states is 

potentially different at the brain-wide level, but this is yet to be investigated. In this work, we 

recorded cortex-wide calcium dynamics in Thy1-GCamp6f mice (n= 12) using a head-mounted 

microscope, the mini-mScope (Rynes*, Surinach* et al. 2021) when they were navigating a 

modified elevated plus maze to receive a water reward. The elevated maze consisted of a single 

arm, with the ends covering tall walls and a central portion without walls. Mice introduced at one 

end were required to traverse the exposed mid-section of the maze to receive water reward at the 

other end. Mice learned to successfully navigate to the water rewards as trials progressed (n= 9 

trials). Thirsty mice spent significantly more time licking at the water reward port (60+/-10 

s/day) compared to control mice that were not water deprived (1+/- 1 s/day). We evaluated the 

mesoscale calcium dynamics during licking behaviors in thirsty mice. The approach to the water 

port was preceded by robust and prolonged activation of the frontal regions of the cortex, with 

licking onset resulting in posteriorization of cortical activation. Disengagement from licking 

resulted in stereotyped activation of the medial regions of the cortex. Analysis and comparison of 

Ca2+ dynamics during approaches to and away from the water port further revealed significant 

differences in the dynamical activation of the cortex between the thirsty and control mice. We 

conclude that a state of thirt results in a significant alteration of motivated water reward-seeking 

behavior, which is associated with large-scale changes in cortical activity patterns. 
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Abstract: The ventral striatopallidal system is conceptualized as a basal forebrain macrosystem 

involved in regulating behavioral responses associated with reward and motivation. The nucleus 

accumbens, which forms a large part of the ventral striatum, integrates signals from the 

prefrontal cortex, hippocampus, basal lateral amygdala and thalamus to regulate behavior via 

projections to the ventral pallidum (VP). Excitation of medium spiny neurons in the shell of the 

nucleus accumbens (NAcSh) inhibits tonically active neurons in the VP which lead to 

disinhibition of dopamine neurons in the ventral tegmental area (VTA). The present investigation 

applied an intersectional monosynaptic rabies tracing approach to quantify the brain-wide 

sources of afferent inputs to NAcSh neurons that project to the VP in male and female rats. The 

tracing experiments specifically targeted the rabies virus to dorsomedial NAcSh (dmNAcSh) 

neurons that project to the medial VP (mVP) which densely innervates the VTA. The ventral 

subiculum of the hippocampus (vSub) is the largest source of input cells to the NAcSh-mVP 

projecting neurons. Other strong sources of input cells include the anterior part of the 

paraventricular nucleus of the thalamus (aPVT), VTA, VP, lateral preoptic area, lateral 

hypothalamus and other regions of the hypothalamus. Moderate sources of input cells comprise 

the dorsolateral bed nucleus of the stria terminalis, lateral central nucleus of the amygdala, and 

the basolateral nucleus of the amygdala whereas minor sources included the prefrontal cortex 

and other regions of the brain. The experiments are ongoing but the data collected to date 

indicate a lack of sex differences in the inputs to the projection neurons studied. In summary, the 

vSub and the aPVT are major sources of cortical and thalamic monosynaptic inputs to the 

dmNAcSh-mVP projecting neurons. These anatomical findings support experimental data 

indicating that vSub and aPVT afferent inputs converge in the NAcSh to regulate dopamine 

neuron activity and behavior. 
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Abstract: A crucial function of the striatum is the ability to incentivize behavior based on 

reward. Yet, because of its deep localization in the brain, it has so far not been possible to 

investigate the causal role of the striatum in reward processing non-invasively during healthy 

behavior. Here, we leveraged a new non-invasive brain stimulation technology, namely 

transcranial temporal interference stimulation (tTIS, Grossman et al., 2017; Wessel et al. 2023, 

Nat Neurosci) to target the striatum during reinforcement learning of a motor skill. In this 

randomized, sham-controlled, double-blind study, we applied tTIS while 24 participants were 

practicing a force-tracking task with or without real-time reward feedback and with concurrent 

functional magnetic resonance imaging (fMRI). Based on previous studies showing 

reinforcement-dependent, time-locked bursts of high gamma striatal activity following reward 

delivery (Berke 2009, EJN), we compared the behavioral and neurophysiological effects of 80Hz 

tTIS (tTIS80Hz) with those of 20Hz tTIS (TIS20Hz) and sham stimulation (tTISsham). More 

specifically, we hypothesized that applying a constant, open-loop high gamma rhythm in the 

striatum would disturb the temporally precise and reinforcement-specific modulation of striatal 

high gamma activity and perturb reinforcement motor learning. As expected, participants learned 

more when reinforcement was provided in tTISsham. Consistent with our hypothesis, these 

benefits were abolished by tTIS80Hz, but not by tTIS20Hz. Moreover, in line with a role of striatal 

beta oscillations in motor function, motor learning without reinforcement was reduced with 



tTIS20Hz, but not with tTIS80Hz. We also find that the impairment of reinforcement-related 

benefits in motor learning with tTIS80Hz was associated to individual changes of neural activity in 

the putamen and caudate nucleus, suggesting that the observed behavioral effects were indeed 

related to neuromodulation of striatal activity. By combining these data with other ongoing 

studies employing tTIS (total of >250 sessions), we further show that the stimulation is safe, 

generally perceived as “mild” and compatible with efficient blinding. Finally, we will show how 

the technology can be applied in other forms of motivated behavior such as in the context of 

effort-based decision-making for reward. Put together, our work suggests that striatal tTIS is a 

promising tool to investigate fundamental mechanisms of motivated behavior paving the way for 

their modulation in populations of patients affected by disorders of motivation. 
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Abstract: Decisions are frequently explained as the balancing of potential extrinsic rewards 

(ER) and punishments, such as food or lost time. However, rational models of decision making 

based on this idea frequently fail to accurately predict behavior when humans and other animals 

base decisions on value attribution that is not clearly linked to extrinsic outcomes. Indeed, some 

situations appear to be sought for themselves and are therefore defined as intrinsically rewarding 

(IR). For example, there is strong evidence that humans prefer opportunities to choose, even 

when these imply receiving less future ERs (Munuera et al., PLoS Comp Biol, 2023). We aimed 

to better characterize the behavioral mechanisms involved in the encoding of IR in non-human 

primates (NHP). Two rhesus macaques performed a two-step task allowing temporal dissociation 

of IRs and ERs. During step 1, NHPs are given the choice between 2 abstract fractal images 

associated respectively to a ‘free choice condition’ or a ‘forced condition’. If they selected the 



free condition, they then had to choose during step 2 between two different abstract images, one 

of which was rewarded more than the other. In the forced condition, only one (different) abstract 

image could be selected during step 2, which rewarded as much as the one that was most 

rewarded in the free condition. Given that ER is the same in both conditions, preferences at the 

step 1 can only be explained by a preference for one of the two conditions that is unrelated to 

extrinsic reward. We reversed the association between fractal images and condition in step 1, and 

used multiple image sets to confirm condition preference. We analyzed choice and video-based 

analysis of facial movements to show that NHPs expressed an intrinsic preference for choice 

opportunities - even though selecting the free choice option at step 1 could lead to loss of ERs for 

incorrect target selection at step 2. However, free choice preference was balanced by 1. the 

preference of NHPs for certain abstract images themselves, 2. a constant side bias towards 

contralateral targets, 3. the satiety for ER over the course of a session. Intersession analyses 

showed a stable combination of choice, side, and image preferences in step 1 choice behavior. 

On the other hand, intrasession analyses showed that each monkey exhibited an idiosyncratic 

balance of IRs and ERs that was modified over the course of a session. We will investigate those 

dynamics at the neural level by asking whether the dopaminergic system is involved in the 

encoding of such hierarchical preference. 
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Abstract: Animals learn to locate primary rewards via reward-associated environmental cues. 

Reward-predictive cues increase the activity of a large number of nucleus accumbens (NAc) 

neurons. This neuronal response correlates with reward seeking and is thought to mediate that 

behavior. The NAc is predominantly (~95%) composed of GABAergic projection neurons that 

express either the dopamine D1 or D2 receptor. To this day, the respective contribution of D1 



and D2 neurons in cue-guided reward seeking remains largely unknown. As a first step to resolve 

this issue, we examined the role of D1 and D2 neuronal activity in the response to reward cues 

by combining optogenetic stimulations with electrophysiological unit recordings. We used D1- 

and A2A-cre rats (females and males) to selectively drive viral-mediated expression of ChR2 in 

D1 and D2 neurons, respectively. Rats were initially food restricted and trained to discriminate 

cues (sound or lights) that either predicts a sucrose reward (reward stimulus, S+) or no rewards 

(no-reward stimulus, S-). After acquisition, we examined the effect of stimulating D1 or D2 

neurons (single pulse of 10, 100 or 500 ms, 1 mW) on S+-induced neuronal excitations in the 

NAc and reward seeking. This was examined while rats were food restricted to produce high 

reward seeking and while they were not restricted to produce lower responding. We found that 

stimulating D1 neurons alone increases NAc neuronal activity. When given at S+ onset, D1 

stimulation potentiated cue-induced NAc neuronal excitations, especially when S+ responding 

was low. In contrast, activation of D2 neurons alone decreased the activity of a subset of NAc 

neurons. When given at S+ onset, stimulation of D2 neurons either increased or decreased cue-

induced NAc neuronal excitations. At the behavioral level, neither D1 nor D2 neuronal 

stimulation altered S+-evoked reward seeking. We also examined the effect of D1 or D2 neuronal 

stimulation (100 ms) on reversal learning, where the former S+ is no longer predictive of the 

reward (new S-), and the former S- is now the S+. We found that light activation of D2 neurons 

caused rats to discriminate their response (i.e., higher response to the S+ than S-) earlier than 

control rats, whereas light activation of D1 neurons did not. All the above observations were 

found in males and females. Together, these results suggest that while activating D1 or D2 

neurons is insufficient to alter the probability of already acquired cue-triggered reward seeking, 

D2 but not D1 stimulation is sufficient to accelerate new reward-cue associations when the 

predictive value of environmental cues changes. 
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Abstract: Reinforcement learning (RL) lies at the center of our ability to adapt to a dynamically 

changing world. It is a process guided by reward and punishment to identify optimal actions and 

decisions by trial and error. In the brain, the neural circuitry of RL has been associated with the 

basal ganglia system, particularly the striatum, which receives reward-related information as 

dopaminergic projections from dopamine centers. Past research has suggested that different parts 

of the striatum play different functional roles in reward-driven behavior: The dorsomedial 

striatum (DMS) is involved in learning/selecting appropriate actions based on the expected 

outcomes. The lateral striatum (LS) is associated with habit formation and translating motor 

commands into specific actions. And the nucleus accumbens (NAc) is involved in reward 

expectation and pleasure-seeking. Our lab research focuses on goal-directed action selection, 

which is mainly associated with the DMS. However, recent studies have shown that other parts 

of the striatum also play a role in goal-directed behaviors and are modulated by dopaminergic 

projections (REFS). However, which aspects of the learning process each striatal region 

specifically contributes is still under debate (REFS). A better understanding of how different 

parts of the striatum affects basic behaviors might provide insight into their contributions to more 

complex behaviors. Accordingly, here we report different behavioral consequences of 

optogenetic stimulation of the direct pathway medium spiny neurons (dMSNs) in different 

striatal regions in three behavioral paradigms: (1) free behavior under unilateral stimulation of 

dMSNs; (2) field-preference under bilateral stimulation of the dMSNs; (3) an odor-cued Go-

NoGo task under bilateral stimulation of dMSNs during feedback-period. Our results show that 

unilateral stimulation of the dMSNs of the DMS (n=5) and LS (n=2) led to rotational behavior in 

mice (p<0.005), whereas stimulation of dMSNs in NAc (n=3) did not. In the field-preference 

test, all mice showed a strong field preference in response to optogenetic stimulus (p<0.005). In 

the Go-NoGo task, we did not see any improvement in learning performance in response to 

optogenetic stimulation of dMSNs in DMS, however, mice performed the next trial after 

stimulus faster. These results are consistent with the idea that the DMS and LS associate 

dopamine input with motor movement, action selection, or motivation rather than with a pure 

reward signal (REFS). On the other hand, in NAc the effect of dopamine input is more consistent 

with reward (REFS). Currently, we are analyzing the data for mice where we stimulated dMSNs 

of the LS and NAc. 
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Abstract: Corticotropin-releasing factor (CRF) neurons are traditionally assumed to generate 

aversive stress states, particularly during withdrawal from drugs of abuse (George et al., 2012). 

However, other evidence shows that CRF signaling in nucleus accumbens (NAc) can generate 

positively valenced incentive motivation to pursue and consume rewards (Lemos et al., 2012; 

Peciña et al., 2006). Additionally, optogenetic laser stimulation of CRF neurons in the central 

amygdala (CeA) and NAc of crh-Cre rats intensifies and focuses pursuit of a laser-paired sucrose 

or cocaine reward over an equal reward without laser stimulation. Optogenetic excitation of CRF 

neurons also supports laser self-stimulation indicating positive valence of CRF neuronal 

excitation in CeA and NAc (Baumgartner et al., 2021, 2022). However, CRF neurons co-release 

other neurotransmitters such as GABA which may be more likely to account for these incentive 

effects (Pomrenze et al., 2015). Thus, it is unknown whether CRF itself versus other 

neurotransmitters mediate this positively-valenced motivation. To specifically test the role of 

CRF receptor activation in CeA and NAc CRF neuronal incentive motivation, we administered 

i.c.v. microinjections of a global CRF antagonist or vehicle prior to laser self-stimulation by crh-

Cre rats, or prior to 2-choice tasks in which rats could choose to earn either laser-paired sucrose 

reward or identical sucrose reward without laser. We found that CRF receptor blockade reduces 

laser self-stimulation of CeA and NAc CRF neurons and eliminates focused and intensified 

incentive motivation for laser-paired sucrose rewards in the two-choice sucrose task. This work 

builds on recent evidence that CRF neurons are capable of generating incentive motivation 

without distress and supports an alternative role for CRF in reward salience without necessitating 

anxiety. 
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Abstract: For this study, sexual experience in male rats is defined as the occurrence of sexual 

interactions until the subject reaches ejaculation. To determine sexual experience, some authors 

rely on copulatory efficiency, which is characterized by decreased latencies and frequencies of 

copulatory parameters (mount and intromission) as the male rat gains more sexual experience. 

Additionally, it has been shown that sexual experience is associated with neuro-

morphophysiological changes such as an increase in dendritic spine density in specific brain 

areas related to the expression of sexual behavior, including the nucleus accumbens (NAcc) and 

the medial prefrontal cortex (mPFC). However, the impacts of sexual experience on the 

functioning of these brain areas are not fully understood. This study aims to understand the 

neural processes associated to sexual experience and its relation with reward processes. Thus, the 

effect of sexual experience on EEG activity in the mPFC and NAcc of male rats as they acquire 

sexual experience in the presence of a receptive female is investigated. EEG activity was 

recorded in nine male Wistar rats while they remained attentive to a receptive female, although 

without direct contact with her. Subsequently, the rats underwent a sexual experience acquisition 

process. The study was designed with four experimental conditions, alternating EEG recordings 

and sexual experience acquisition sessions every two days. The results reveal that mPFC activity 

decreases in response to sexual stimuli as experience increases, suggesting a possible adaptation 

process to the stimuli emitted for the female. On the other hand, NAcc activity shows an initial 

decrease in low-frequency activity after sexual experience, followed by an increase in high-

frequency activity as experience is consolidated, indicating a shift in stimulus processing towards 

precise modulation of behavioral responses. These findings contribute to understanding the 

neural mechanisms underlying the behavioral changes observed with sexual experience. 
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Abstract: It has been described that caffeine produces an increase in the general activation of the 

organism. This activation facilitates the deployment of various behaviors, including sexual 

behavior. In this context, it has been reported that after the male rat performs the intromission 

behavior, his attention and motor activation towards the stimuli of the sexual partner increases, a 

state that has been associated with an increase in sexual motivation and arousal. Sexual arousal is 

closely related to sexual motivation whose induction and maintenance depends on the 

functioning of several structures of the mesocorticolimbic dopaminergic system, particularly the 

medial Prefrontal Cortex and the Nucleus Accumbens, structures that in turn are sensitive to the 

effects of caffeine.The aim of this study was to evaluate the effect of general activation, 

associated with acute caffeine administration, on the response to sexual stimuli post-intromission 

using electroencephalographic (EEG) and behavioral parameters in the male rat. Two 

independent variables were considered in two levels, one for caffeine and other for the post-

intromission state. Also, behaviors shown in the sexual incentive arena were measured such as 

preference for a receptive female over a not receptive one, nose pokes and movement. No 

significant differences were found for the behavioral parameters. However, the left prefrontal-

accumbens EEG phase correlation in the beta and gamma bands was higher in the "caffeine with 

intromission" group with respect to the "no caffeine with intromission" group. In addition, the 

inter-accumbens EEG phase correlation in theta1, beta and gamma bands were higher in the 

"caffeine with intromission" group with respect to the "no caffeine with intromission" 

group.These results shown that acute caffeine administration increase the degree of interaction 

between the prefrontal and accumbens regions as well as between the accumbens nuclei, which 

probably is necessary to the male rat assign an adequate incentive value to sexual stimuli emitted 

for the female. Further research is warranted to elucidate the precise mechanisms underlying 

caffeine's effects on sexual arousal and its neural correlates. 
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Abstract: Introduction: Chronobiologists have been fascinated with studying human 

chronotypes for a long time, but is looking at a chronotype alone enough to fully grasp circadian 

rhythms? This study delves into the intricate interplay between reward and punishment 

processing, considering not only chronotype (circadian phase) but also the distinctness of the 

circadian rhythm (subjective amplitude). Methods: We examined 37 healthy participants (aged 

20-30) using functional magnetic resonance imaging (fMRI) during the Monetary Incentive 

Delay Task, which is a common method of assessing motivated behavior. Circadian rhythmicity 

characteristics were measured using the Morningness-Eveningness Stability-Scale improved 

(MESSi) questionnaire. We also administered questionnaires assessing personality (NEO-Five 

Factor Inventory; NEO-FFI) and reinforcement processing: the Sensitivity to Punishment and 

Sensitivity to Reward Questionnaire (SPSRQ), and the Positive and Negative Affect Schedule 

(PANAS). Statistical analyses were conducted utilizing the FSL neuroimaging program and 

Python-based statistical packages such as Pandas, NumPy, SciPy. Results: Among individuals 

with pronounced eveningness, fMRI data revealed a negative correlation in Occipital Pole 

activity during the anticipation phase of reward trials. However, when eveningness was 

controlled for distinctness, the observed effects dissipated. Instead, during the anticipation phase 

of ‘punishment’ trials, a positive correlation between the distinctness value and activity in the 

bilateral Superior Frontal Gyrus and Supplementary Motor Cortex (BA 8, 6) was revealed. 

Furthermore, a positive association between a value of distinctness and neuroticism levels, 

sensitivity to punishment, and negative affect was observed, with no corresponding effects found 

for eveningness. Conclusions: These findings underscore the multifaceted nature of circadian 

rhythmicity, indicating that dimensions beyond chronotype significantly shape human behavior. 

The results emphasize the negative emotionality aspect of high-distinctness people and suggest 

the association between a higher value of distinctness and enhanced neural processing of 

punishment-related information. 
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Abstract: During pregnancy, estrogen levels increase rapidly and peak just before birth. After 

parturition, estrogen levels quickly drop to pre-gravid levels and remain suppressed until 

ovulation resumes. The mesolimbic pathway, including the ventral tegmental area (VTA) and 

nucleus accumbens (NAc), contains estrogen receptors (ERs). Further, this pathway is impacted 

by the peripartum estrogen fluctuations including altered dopamine dynamics and increased 

∆FosB, a transcription factor associated with long-term neuroplasticity. It is unknown, however, 

how these dramatic peripartum estrogen fluctuations change ER expression in the brain. Further, 

the lack of reliable antibodies has hindered characterization of ERs in the brain. We therefore 

used RNAScope to co-localize ERs and ∆FosB in the mesolimbic pathway in adult female 

C57BL/6 mice. Specifically, we simultaneously visualized Esr1 and Esr2, the genes which 

encode ERα and ERβ respectively, along with FosB in the NAc. Further, we simultaneously 

visualized Esr1 and Esr2 in the VTA. In the NAc, we found that FosB tends to co-localize 

exclusively with Esr1, not Esr2. In the VTA, we found that Esr1 and Esr2 rarely co-localize; 

VTA cells tend to express solely Esr1 or Esr2. These results provide important data about 

baseline expression of ERs in the mesolimbic pathway. Future experiments will assess changes 

in these patterns in response to peripartum estrogen fluctuations. 
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Abstract: The rewarding properties of social interactions are critical for the expression of 

adaptive social behaviors, and the development and maintenance of beneficial social 

relationships. The nucleus accumbens (NAc) encodes reward for social behaviors and calcium is 

a biomarker of neuronal activity. In the following study, I investigated changes in calcium 

signaling in the NAc in male and female Syrian hamsters with repeat social experience, i.e. the 

effects of social experience on calcium activity. I predict that with repeat social experience there 

is a potentiation in calcium signaling in the NAc. Four adult male and four adult female Syrian 

hamsters were single housed and injected with a virus containing a calcium indicator (AAV5-

hSyn-Soma-jGCaMP8f) and a fiber optic cannula into the NAc. Four weeks later, males and 

females underwent four days of testing in which they experienced a 10-min interaction with a 

smaller stimulus hamster. Females were tested during diestrus. Both male and female Syrian 

hamsters naturally establish dominant-subordinate relationships. With repeat social experience, 

there is a decrease in the latency to initiate an aggressive interaction (p < 0.050), a social 

behavior shown to be rewarding. There is also an increase in the area under the curve (AUC) and 

peak height in calcium for the initiation of a social interaction, compared to just before the 

interaction, in male and female Syrian hamsters (p < 0.050). As hypothesized, with repeat social 

experience there is a further potentiation in calcium signaling for the initiation of a social 

interaction compared to signaling during prior tests (p < 0.050). These studies support that social 

experience results in a potentiation in synaptic communication between neurons in the NAc in 

males and females. Future studies will increase sample sizes to allow analysis of sex as a factor, 

investigate the role of glutamate from the prefrontal cortex on this calcium signaling and social 

reward, and dissociate the role of the direct versus indirect circuit in the NAc in males and 

females. Advancing understanding of sex differences in social reward will advance 

understanding of sex differences in the susceptibility of psychiatric disorders. 
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Abstract: We constantly seek information about the world around us. Many of our information 

seeking actions are clearly adaptive and provide us with obvious, objective benefits. 

Remarkably, however, humans and several animal species can persistently seek information 

about uncertain future rewards even when this information has no apparent objective value for 

controlling future outcomes. Thus, in this form of information seeking, organisms appear to 

endow information with subjective value of its own. We recently found that key features of these 

information value computations appear strikingly conserved in humans and monkeys (Bromberg-

Martin and Feng et al, 2024). This raises a fundamental, outstanding question: why did we 

evolve to seek this form of information? One hypothesis is that it has no adaptive purpose: that 

the subjective value we place on information is an accident of evolution, a bug in neural value 

computations. However, we and others have proposed that the subjective value of information 

evolved as a feature, with an important adaptive purpose: as an estimate of the benefits 

information would provide organisms in natural environments (Bromberg-Martin and Monosov, 

2020). If so, we should be able to use considerations of natural environments to build principled 

theories that explain and predict how organisms value information in experiments. Here we 

present preliminary work modeling and testing two theories that explain how this form of 

information seeking could help organisms maximize reward in natural environments. The first 

theory, based on reinforcement learning, proposes that organisms value information because it 

helps solve the temporal credit assignment problem, by narrowing down which states and actions 

deserve the credit for obtaining rewards (Bromberg-Martin and Hikosaka, 2009). The second 

theory, based on optimal foraging, proposes that organisms value information because it helps 

them decide when it is more profitable to pursue a potential reward or abandon it to search 

elsewhere (Vasconcelos et al, 2015). We find that both theories correctly predict several key 

features of information seeking behavior in our data. That is, several parameters that govern the 

objective value of information for agents in computational models embodying these theoretical 

environments, also govern the subjective value that real humans and monkeys place on 

information in experiments. However, neither theory alone appears to fully explain all features of 

information seeking behavior. Thus, our work provides evidence that information seeking 

evolved as a feature rather than a bug, and sheds light on its potential adaptive functions in 

natural environments. 
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Abstract: Stimulation of the orexinergic terminal at the supramammillary nucleus 

reinforces seeking behavior in mice  

AuthorsB.Getachew, J.Mendoza, Y.Arima, S.Ikemoto Neurocircuitry of Motivation Section, 

National Institute of Drug AbuseDisclosures: B.Getachew: None, J.Mendoza: None, Y. 

Arima: None, S.Ikemoto: None Abstract 

Hypothalamic orexinergic (ORX) neurons are crucial for arousal and reward-seeking behavior, 

with specific ORX projections to the ventral tegmental area heavily implicated in these 

processes. Recent studies suggest that the hypothalamic supramammillary region (SuM) plays a 

role not only in arousal but also in seeking behavior, and ORX neurons provide significant inputs 

to the SuM. This led us to hypothesize that ORX neurons provide excitatory inputs to SuM 

neurons, thereby reinforcing seeking behavior. To test this hypothesis, we first investigated 

whether ORX terminals form synaptic contacts with SuM neurons. To achieve this, we injected 

AAV1-SYN1-FLEX-mGFP-2A-SYP-mRuby into the hypothalamic ORX field of ORX-Cre 

mice. The results showed a high density of ORX fibers and numerous synaptic terminals in the 

SuM. Next, we examined whether SuM neurons express ORX receptors. Using RNAscope 

analysis, we found mRNA expression for both ORX receptors 1 and 2 in SuM neurons. Lastly, 

we assessed whether activation of ORX terminals in the SuM reinforces behavioral responses. 

We injected AAV9-EF1a-DIO-ChR2 into the ORX field of ORX-Cre mice to express the 

excitatory opsin ChR2 on ORX terminals. We then performed optogenetic intracranial self-

stimulation and real-time preference procedures. The results indicated that mice quickly learned 

to respond to a lever delivering photostimulation to the SuM, and they spent more time in the 

compartment where they received photostimulation of the ORX-SuM terminals. In summary, our 

data suggest that ORX neurons innervate the SuM, activating its neurons to reinforce seeking 

behaviors. Future studies will explore whether ORX terminal afferents to the SuM play a broader 

role in various seeking behaviors, including exploratory behavior. Additionally, given that ORX 



neurons can release both orexins and glutamate from their terminals, we aim to discern the 

relative contributions of these two neurotransmitters in the context of seeking behavior. 
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Abstract: When organisms like rodents undergo Pavlovian conditioning, different types of 

behaviors arise within groups. Some subjects tend to interact with the cue that precedes a 

biologically potent stimulus, whereas others tend to orient directly towards the stimulus. The cue 

approach style is usually quantified with a PCA Index score, and classified as Sign-Tracking 

(ST), Goal-Tracking (GT) or Intermediate (IN) (Meyer et al., 2012). However, the cutoff values 

used to separate scores in the three groups are often arbitrary and inconsistent. We present two 

methods of PCA Index score classification: the k-Means classifier and the derivative method. 

Both methods extract cutoff values based on the distribution of PCA Index scores in the sample. 

Overall, our results suggest that these classification methods, particularly the derivative method 

based on mean scores of the last two days of conditioning, are useful tools for identifying STs 

and GTs, even within relatively small or skewed samples. Implementing these classification 

techniques will improve the precision of subject classification, thereby enhancing transparency 

and replicability of results based on the ST-GT model. 
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Abstract: Cognitive flexibility allows both humans and animals to adapt their thinking and 

behavior to changes in both external environment and internal motivation states. While this 

ability is advantageous, evidence suggests that this mechanism is altered during addiction and is 

involved in generating and upholding maladaptive behavioral patterns. Research implicates 

midbrain dopamine (DA) neuron activity in driving reward-seeking behavior, and these cells 

have been shown to encode real-time behavioral feedback such as reward prediction errors. Like 

the nucleus accumbens and other midbrain DA neurons targets, the medial septum (MS) plays a 

role in reward seeking and learning. Previous experiments from our lab shows that a 

subpopulation of MS neurons, medal septum glutamate neurons (MSGLU), are reinforcing when 

excited optogenetically and that chemogenetic modulation of MSGLU alters nucleus accumbens 

dopamine (NAcDA) signaling when retrieving an unexpected award. Moreover, chemogenetic 

excitation of MSGLU enhances the speed at which animals learn to associate new cue-reward 

pairings, and these changes are encoded by NACDA signaling over days. While NAcDA plays a 

role in these strategy switching processes, other processes related to MSGLU neuron activity 

affect these behaviors. For example, MSGLU neurons play a canonical role in hippocampal theta 

oscillations, a pattern of neuronal synchrony important for cognitive processes (strategy 

switching). Coordination between hippocampal and medial prefrontal (mPFC) theta processes is 

also important for cognitive flexibility. Since MSGLU neurons project to both hippocampus and 

PFC, we used a chemogenetic approach along with local field potential recording (LFP) to 

investigate how modulation of MSGLU alters hippocampal-mPFC theta oscillatory properties 

(power, coherence, etc). Preliminary analyses indicate that, while chemogenetic modulation of 

MSGLU neurons has minimal effects on theta power or hippocampal-mPFC coherence during 

foraging, in general MS theta activity is tightly coupled to that of mPFC when animals are 

engaged in appetitive behaviors. Additionally, new data suggest that chemogenetic modulation 

of MSGLU neurons alters mPFC, MS, and hippocampal theta power after, but not before, lever 

presses that were previously reward-bearing during a strategy switching task. While much 

remains to be learned about MSGLU neuron involvement in cognitive flexibility and strategy 

switching, elucidating these mechanisms may provide possible therapeutic targets for psychiatric 

disorders stemming from maladaptation in these processes. 
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Abstract: The ventral pallidum (VP), a major output nucleus of the mesolimbic system, has been 

implicated in motivated behavior. VP activity encodes the value of primary rewards and 

incentive cues and promotes reward-seeking actions. A mechanistic understanding of the VP’s 

role in motivation remains elusive, in part due to the region’s cellular heterogeneity. While most 

VP functions are classically assumed to be mediated by GABAergic projection neurons, the VP 

also contains a subpopulation of cholinergic projection neurons (VP-CPNs), whose role in 

reward processing is still unknown. Here, we used in vivo fiber photometry to investigate VP-

CPN activity in the mouse VP during a simple instrumental task. We delivered an adeno-

associated virus expressing a calcium sensor (FLEX-jGCaMP7f) followed by implantation of an 

optic fiber into the VP of adult ChAT-IRES-Cre mice. Mice were trained on a continuous 

reinforcement (CRF) schedule with 60 trials per session. Each trial began with extension of a 

lever, which when pressed yielded a milk reward. VP-CPN Ca2+ signals were analyzed as time-

locked events to the onset of the cue (lever extension), lever press, or the reward presentation. 

We found that VP-CPN activity consistently increased above baseline following both cue 

presentation and lever presses. However, the largest increase in activity was observed in 

response to reward presentation. We showed that this response was specific to retrieved rewards. 

To further understand the VP-CPN response to reward, mice were pre-fed the reward for 30 

minutes before CRF to induce reward devaluation. Indeed, pre-feeding led to fewer rewards 

retrieved, longer press latency, and longer session duration. Contrary to our prediction, pre-

feeding did not alter the peak amplitude in reward-evoked VP-CPN activity and significantly 

prolonged the response compared to the non-pre-fed state. To determine if the reward-evoked 

response was modulated by reward palatability, we then diluted the milk reward with water (100, 

50, 25, 10, 2, and 0%), each dilution presented separately over 6 recording sessions in a pseudo-



randomized order. Increasing reward dilution significantly decreased the magnitude of the VP-

CPN response to reward. Together, these results indicate that VP-CPNs robustly and transiently 

increase their activity in response to reward retrieval. Moreover, reward-evoked activity is 

modulated by satiety state as well as by reward palatability. These findings suggest a novel role 

for VP-CPNs in processing reward value, providing new insight into the cellular mechanisms by 

which the VP contributes to reward-related behavior. 
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Abstract: While positive social connections protect physical and mental wellbeing, social 

adversity promotes vulnerability to chronic stress and disease. Specifically, social disruption 

during the critical period of adolescence increases susceptibility to prevalent neuropsychiatric 

disorders, including anxiety and major depression. Though these disorders are often associated 

with anhedonia and avolition, a gap remains in understanding the impact of social disruption on 

motivated behaviors across the lifespan. This project identified the lasting impacts of social 

disruption during puberty and early adulthood on motivated and decision-making behaviors. 

Wild-type rats were assigned to one of three pubertal conditions [chronic isolation (CI), recurrent 

social disruption (RSD), or pair housing (PH)] and were trained to self-administer social and 

food rewards in an automated operant assay. Following puberty, animals were re-assigned to one 

of three adult conditions [CI; RSD; PH], creating nine factorial conditions. Incentive values of 

social and food rewards and reward preferences were assessed both prior to and following the 

condition switch. In adolescence, pubertal RSD maladaptively influenced both social and non-

social functioning, reducing motivation for social and food rewards. Alternatively, pubertal CI 

enhanced social motivation. RSD-induced reductions in reward incentive value that arose during 

puberty persisted into early adulthood, even after animals were reassigned to PH or CI, 

demonstrating the lasting effects of RSD on motivated behavior. In contrast, pubertal PH 



phenotypes were protective against the impact of social adversity during early adulthood, 

suggesting that stable and normative social environments during the critical period of 

adolescence are necessary to prevent lasting motivational damage in adulthood. Moreover, the 

data suggest that reassignment to PH in adulthood may confer protective benefits to animals that 

experienced social adversity in adolescence. These findings illuminate both the lasting impacts 

of adolescent social disruption on motivated behaviors across the lifespan and the potential for 

rescue of maladaptive phenotypes, highlighting the complex development of the social decision-

making network. Ultimately, these data provide a framework for the development of targeted 

therapeutics to ameliorate social and motivational dysfunction in humans. 
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Abstract: Our goal was to disentangle how specific brain circuits contribute to food intake in a 

non-deprived status. Specifically, we assessed how chemogenetic activation or inactivation of 

the projections from the ventral pallidum (VP) to the shell of the nucleus accumbens (AcbSh) 

affected motivation to work for sucrose and consume a 20% sucrose solution in non-food 

deprived female rats. 

Here, we used a dual vector approach with either excitatory or inhibitory designer receptors 

exclusively activated by designer drugs (DREADD) to target specific projections from the VP to 

the AcbSh. This specificity was achieved by injecting inhibitory or excitatory Cre dependent 

adeno-associated viruses (AAV) in the VP, and retrograde AAV Cre in the AcbSh. 

Intraperitoneal injections of clozapine-N-oxide (CNO) resulted in no changes in performance in 

a progressive ratio task where the rats pressed a lever for banana flavored pellets. In contrast, 



chemogenetic inhibition of projections from the VP to the AcbSh resulted in a decrease in 20% 

sucrose consumption. Inversely, chemogenetic excitation resulted in an increase in sucrose 

consumption compared with vehicle injections. 

Overall, our results indicated that the selective excitation or inhibition of projections from VP to 

the AcbSh did not have a significant effect on the motivation to work for food, suggesting that 

these projections might not mediate this behavior. Interestingly, excitation or inhibition of this 

pathway modulated sucrose consumption, implicating this circuit in the control of food intake 

under non-deprived conditions. Taken together, these results suggest that projections from the 

VP to the AcbSh modulate food consumption but not motivation to work for food. 
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Abstract: Neurosteroids are compounds that are synthesized de novo in the brain and influence 

neuronal activity. Allopregnanolone, a neurosteroid that is a potent, positive allosteric modulator 

of gamma-aminobutyric acid type A (GABA-A) receptors, has emerged as a drug with 

considerable potential in the treatment of mental and affective disorders, including substance use 

disorders, postpartum depression, and premenstrual dysphoric disorder. Moreover, 

allopregnanolone is considered to have a better safety profile than other drugs that target 

GABAA receptors, such as benzodiazepines. Prior research in our lab has shown that 

allopregnanolone dose- and sex-dependently reduces electrically-evoked dopamine release in the 

nucleus accumbens (NAc) in anesthetized male and female rats. However, it is possible that the 

dopamine measurements were impacted by anesthesia in addition to allopregnanolone. Thus, 

these experiments systematically tested the effects of allopregnanolone on various behavioral 

and electrochemical measures in awake rats. Given the allopregnanolone-induced reduction in 

dopamine release observed in our previous study, a key question that arose was whether 



allopregnanolone is considered aversive to rats. Thus, we first performed conditioned place 

preference and found that 15 mg/kg allopregnanolone produced a robust place preference 

(P<0.05) in both males and females, indicating that allopregnanolone’s subjective effects are not 

aversive but rewarding. Next, using fast-scan cyclic voltammetry, we extended our previous 

work by assessing the effect of allopregnanolone on spontaneous dopamine transients in awake 

rats. We found that 15 mg/kg allopregnanolone reduces phasic dopamine transient frequency 

(P<0.05) and amplitude (marginal) in the NAc of freely-moving female, but not male rats. 

Finally, we trained animals to a self-administer sucrose to assess whether allopregnanolone 

would alter motivation for a natural reward and cue-evoked dopamine release. We found that 

allopregnanolone (7.5, 15 mg/kg) did not significantly alter time to complete the session, inter-

trial and inter-press intervals, rate of pressing, or trial latency in either sex (P’s>0.05), suggesting 

allopregnanolone does not alter sucrose reward, motivation, or fast motor actions. Moreover, 15 

mg/kg allopregnanolone did not alter cue-evoked dopamine transient amplitude (P>0.05). 

Together the results from this study clarify the regulation of dopamine neurotransmission and 

motivated behavior by allopregnanolone, 

which has clinical implications for its use as an alternative therapeutic to benzodiazepines to treat 

various psychiatric disorders. 
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Abstract: Disruptions in dopamine (DA) signaling within the basal ganglia are implicated in 

multiple neuropsychiatric disorders, from substance use disorders to anxiety and depression. 

These disorders are characterized by alterations in risk-taking behaviors. Similary in rodents, 

genetic elimination of DA D2 receptors (D2Rs) located on striatal indirect-pathway projection 

medium spiny neurons (iMSNs) increases avoidance behaviors, while reductions in striatal D2Rs 

located on dopaminergic terminals correlate with increased novelty-seeking. The present study 



aims to further characterize the effect of low striatal D2R expression on reward-based behaviors 

and dopamine transmission with the goal of understanding how striatal D2R expression impacts 

responses to risk. We used littermate male and female C57Bl6/J mice with D2R knockdowns on 

iMSNs, on dopaminergic terminals, on both iMSNs and dopaminergic terminals, and control 

animals. To assess risk-avoidance in these mice, we used the elevated zero maze (EZM) and 

light-dark box (LDB) tasks. To study reward seeking, reversal learning, and punishment 

resistance, mice completed operant responding tasks for sucrose and water during social housing 

conditions in Intellicages. We also conducted ex-vivo fast-scan cyclic voltammetry (FSCV) 

recordings to measure electrically evoked DA signals in the dorsomedial and dorsolateral 

striatum of these mice. Pharmacology was used to test the regulation by nicotinic acetylcholine 

receptors of the evoked dopamine signals between genotypes. Mice with reduced striatal D2R 

expression on their dopaminergic terminals moved significantly faster than mice with reduced 

iMSN D2R expression and mice with reduced D2R expression on both cell types (p<0.05). Mice 

with reduced iMSN D2R expression displayed a risk-aversion phenotype and spent less time in 

the LDB open zone (p<0.05). Intellicage data show that, regardless of D2R expression, mice can 

learn reversals of probabilistic contingencies and will pursue sucrose rewards paired with air puff 

punishments over unpunished water rewards. Ex-vivo FSCV data do not reveal significant 

differences in DA signals between groups in artificial cerebrospinal fluid nor after application of 

the nicotinic acetylcholine receptor antagonist Dihydro-β-erythroidine hydrobromide (DHBE). 

These results suggest that reduced striatal D2R expression yields phenotypes that vary 

significantly in exploration and avoidance behaviors. This should be considered in future 

research aiming to explore the neural underpinnings and the factors that impact behavioral 

responses to “risky” choices. 
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Abstract: The function of the NA to VP pathway in food and socially motivated 

behaviorsUnderstanding the neural mechanisms underlying decision-making related to social 

interactions iscrucial for addressing deficits associated with neuropsychiatric disorders. This 

study focuses on apathway connecting the nucleus accumbens (NA) and ventral pallidum (VP). 

The hypothesis wasthat this connection is important for regulating instrumental learning to seek 

social behavior withinthe broader Social Decision-Making Network (SDMN), as well as in 

regulating the instrumentalmotivation to seek food in rats. Employing an automated operant 

assay, 50 Wild Type Long-Evansrats were trained to press a lever for food or a different lever for 

social interaction. This setupallowed for a precise examination of motivational differences and 

the impact of neural pathwaymanipulation. Initial experiments investigated sex differences 

across multiple motivational tests,including fixed-ratio, discrete choice, and progressive ratio 

sessions. There were no sexdifferences. Subjects consistently displayed a strong preference for 

food rewards over socialrewards or a choice to pursue no rewards. Quantitatively, the behavior 

directed to food rewardswere higher by approximately 50% compared to behavior to social 

rewards. Subsequent testsinvolved the application of DREADDs (Designer Receptors 

Exclusively Activated by DesignerDrugs) to inhibit the NA-to-VP pathway. Contrary to 

expectations, this targeted inhibition did notsignificantly alter our main measures of instrumental 

reward seeking; there appeared to be nodiscernible effect on the baseline preferences for either 

food or social rewards. Nevertheless, adeeper analysis revealed distinct behavioral subgroups of 

animals with different forms offood/social motivations, with implications for the NA-VP 

pathway in driving these motivations.This research aids our understanding of how specific neural 

pathways contribute to social andnonsocial instrumental reward seeking by highlighting a 

possible lack of critical NAc-VP role inthis decision process, but also highlights the potential for 

individual differences to be a key factorin resolving the neural underpinnings of both types of 

reward seeking. 

Keywords: social decision-making network (SDMN), reward motivation, incentive value, 

designerreceptor exclusively activated by designer drugs (DREADDs), nucleus accumbens, 

ventralpallidum, social rewards 
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Abstract: During COVID-19 lockdowns and the countless Zoom get-togethers that came with it, 

people across the world were desperate for social contact and yet the brain mechanisms 

underlying this basic human craving to be together are not well understood. The ventral pallidum 

(VP) is an intriguing target for this research due to its role in motivated responses to both food 

and drug rewards but do VP GABA neurons and circuits also participate in social reward, 

motivation, or communication?Here we investigate the role of GABAergic VP neurons in social 

reward in adult male and female GADiCre transgenic rats. We targeted inhibitory and excitatory 

DREADDs (hM4Di and hM3Dq) to VP GABA neurons, allowing bidirectional control of them 

during behavior. Wildtype and DREADD-expressing animals were socially isolated from their 

same-sex, littermate for one week before being undergoing assessments of 1) social conditioned 

place preference (CPP), 2) social play and investigation, and 3) social communication via 

ultrasonic vocalizations (USVs). First, rats were trained to pair one chamber with their former 

cagemate, and another with no rat. On test day, in the absence of other rats, preference for the 

rat-paired side was determined following stimulation (hM3Dq+CNO), inhibition (hM4Di+CNO) 

or no manipulation (CNO only) of VP GABA neurons. Next, rats remained socially isolated until 

again being reunited with their cagemate twice more, in 60 min social interaction tests, where 

investigation, play and USV emission was quantified following counterbalanced CNO and 

vehicle. Rats were again isolated for a week, then neural activity (c-Fos) resulting from after a 

final social reunion session, or a similar test without a social partner, was quantified. To 

determine specificity of VP GABA manipulation effects to USVs emitted during social 

communication, we also tested effects of VP GABA neuron inhibition on USVs elicited by 

systemic amphetamine administration (1mg/kg or 2 mg/kg), tested in both solitary, and social 

conditions.We found that chemogenetic manipulations of VP GABA neurons bidirectionally 

regulate social reward, social behavior, and USV production, with some sex-specific patterns. 

Results clearly show that VP plays an unappreciated role in social reward, interaction, and 

communication of rats, and may thus contribute to social as well as non-social aspects of reward-

related psychiatric disorders like addiction. 
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Abstract: Adolescent use of Δ9-tetrahydrocannabinol (THC) is linked to later-life changes in 

cognition, memory, and susceptibility to drug use. Animal models suggest this could be a causal 

effect of THC influencing adolescent circuit development, perhaps especially in the prefrontal 

cortex and interconnected circuits like the amygdala. These regions are involved in cognition, 

stress, and addiction, and undergo developmental change during adolescence and thus may be 

sensitive to persistent disruption by THC. Here, we employed our well-characterized adolescent 

THC exposure model in rats to examine long-term effects on stress-related behaviors and brain 

activity, and their relationship to addiction-relevant opioid drug seeking. Specifically, we 

exposed female and male Long-Evans rats to THC (5mg/kg i.p.) or vehicle daily during 

adolescence, from postnatal day 30 to 43, followed by a washout period in which rats grew to 

adulthood (PD70+). They were then behaviorally tested for their responses to a localized 

aversive stimulus (a shock-delivering rod), and to a diffuse aversive stimulus (a foot shock) to 

assess defensive and avoidant behaviors. Conditioned responses to both the shock rod and the 

contextual and temporal cues predicting foot shock were also quantified. Subsequently, rats were 

also trained to self-administer the rewarding opioid drug remifentanil, and behavioral economic 

demand elasticity was quantified to reveal hedonic set point and motivation to pursue drug. We 

then asked how stress (footshock or the pharmacological stressor yohimbine) alters these opioid 

seeking parameters in rats with or without adolescent THC history. Results will lend insight into 

the impact of adolescent THC exposure on stress and addiction, with implications for potential 

long-lasting negative effects of teenage cannabis use in humans. 
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Title: Does acute psychedelic "therapy" in rats persistently reverse stress-induced behavioral 

abnormalities? 
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Abstract: Depression, PTSD, and addiction are common mental health disorders that affect 

millions of people worldwide. Risk of developing these disorders is increased in those with a 

history of stress during childhood, or trauma as an adult. To determine the causal mechanisms of 

adversity-induced brain changes with relevance to psychiatric disorders, we have established 

robust rat models of early-life adversity (ELA) and adulthood trauma that robustly alter reward 

seeking and emotional learning, allowing us to test novel treatment strategies. In the last few 

years, psychedelic drugs like LSD, psilocybin, and DMT have re-emerged in psychiatry, with 

apparent potential for treating depression, addiction, and other psychiatric disorders. These 

promising initial clinical findings inspired us to develop a new rat model of “psychedelic 

therapy”, allowing mechanistic investigations into their therapeutic actions in the brain. Our 

preliminary data provides evidence that a single dose of the psychedelic serotonin 2A (5-HT2A) 

receptor agonist 2,5-dimethoxy-4-iodoamphetamine (DOI) persistently reverses ELA-induced 

anhedonia in male rats, and also trauma-induced fear hypersensitivity in both sexes. We find 

evidence for both “set and setting” influencing the therapeutic effects of the psychedelic, and use 

brain-wide c-Fos expression analyses in cleared rat brains to determine the brain circuits 

involved. Results advance the modeling of psychedelic therapy in rodents, identify novel neural 

substrates of psychedelic drug effects, and thus provide new insights that could be capitalized 

upon when developing maximally effective, but minimally disruptive new therapeutic strategies 

in humans. 
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Abstract: Prosocial behaviors, including altruism, empathic and sympathetic processes, have 

been observed in non-human primates and some rodents. These behaviors, which involve actions 

aimed at helping another conspecific without expecting external compensation, are crucial for 

understanding the neurobiological bases of neuropsychiatric disorders. While prosocial studies 

have been conducted in rats or mice, these animals exhibit limited social behaviors. In contrast, 

prairie voles, which form lifelong bonds showing a social preference for each other over a 

possible new mating partner.The present work aims to implement the social approximation test 

to evaluate the social approach behavior that is generated in prairie voles when they recognize a 

nociceptive state. Methodology: male and female voles (n=20 for each sex) were used as 

experimental animals E, and 25 males and females as stimulus S. The social approximation test 

was performed in a three-compartment arena connected with a central area. A stimuli vole inside 

an acrylic box with small holes was placed in each compartment and the experimental vole was 

placed in the central area. The time that the experimental vole spent in each compartment was 

recorded. Male and female voles were tested under three conditions: Sexually naïve experimental 

voles were exposed to one vole that was previously administered with 1% formalin on its hind 

leg to induce pain and two voles without nociception. Subsequently, experimental voles 

cohabitated for 24h with an opposite-sex stimulus animal to pair bond and a partner preference 

test was performed, in this condition the experimental animals chose between their sexual 

partner, an animal that was administered formalin and a stimulus prairie vole without 

nociception. Results: Sexually naïve male and female voles spend more time in the compartment 

where a conspecific is experiencing nociception, which means that higher prosocial behaviors 

are being displayed. Pair-bonded voles spend more time with their sexual partners independently 

if their partners experience nociception. Conclusion: Sexually naïve prairie voles can interpret 

the signals that a foreign prairie vole is in nociception. When voles establish a pair bond, they 

spend more time with their sexual partner than with a foreign conspecific in pain. Social 

approximation tests allow us to evaluate prosocial behaviors in prairie voles. 
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Abstract: Lactation is a fundamental instinct in mammals for raising offspring that is initiated 

and maintained by the hypothalamic neuropeptide oxytocin (OT) released by magnocellular 

neurons in the paraventricular and supraoptic nuclei (PVN and SON). These cells exhibit unique 

synchronous pulsatile bursting activity, triggering the release of OT into the bloodstream to 

induce milk let-down from the mammary glands. However, the mechanism that triggers this their 

activation remains largely unknown. Methods: Building on our previous findings that 

parvocellular OT neurons gate somatosensory and algesic inputs onto magnocellular OT neurons 

in virgin rats, we employed newly developed viral vectors for opto- and chemo-genetic 

activation and silencing, combined with in vivo multi-unit opto-electrode recordings, in lactating 

rats, to explore the role of parvocellular OT neurons during lactation. Results: Pup suckling 

triggered bursting of magnocellular OT neurons that was highly (sub-millisecond) synchronous 

across the PVN and SON, as revealed by dual simultaneous recordings. Chemo-genetic 

inhibition of parvocellular OT cell activity abolished magnocellular bursting activity induced by 

pup suckling, whereas optogenetic activation of opto-tagged parvocellular cells induced bursting 

that was less synchronized than that induced by pup suckling. Finally, we show that the 

synchronized bursting activity of magnocellular OT cells is followed by massive OT release 

within the PVN, as revealed by a newly developed oxytocin sensor. Conclusion: Our work 

demonstrates that a small number of starter cells can induce large scale neuronal activity, even 

across brain nuclei, that underlies physiology and behavior. This novel principle of neuronal 

regulation could shed light on the distinct roles that oxytocin may play in feeding, social 



behavior and emotion, and could provide further insights into how behaviors are directed by the 

brain. 
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Abstract: External light stimuli can act as both visual and non-visual signals through the 

photoreceptor opsin. In mammals, opsin-5, also known as OPN5 or neuropsin, is expressed in the 

retinal ganglion cells (RGCs) and hypothalamus; it is activated by violet light (VL) with a 

wavelength of 360-400 nm, and has been linked to regulation of the circadian cycle, 

thermogenesis, and myopia. However, the specific functions of VL and OPN5 in the brain 

remain to be fully elucidated. In the current study, we confirmed that VL, as an external 

stimulus, plays a role in mood regulation. Through the social defeat stress model, our research 

suggests that VL improves depression-like behaviors in an OPN5-dependent manner and 

increases neural activity as well as oligodendrogenesis in the prefrontal cortex and nucleus 

accumbens. The signal received by OPN5-positive RGCs is transmitted to the habenular region 

of the brain. Our findings suggest that VL plays a role in the maintenance of neural networks 

through the induction of oligodendrogenesis. In conclusion, VL may have a therapeutic role in 

clinical depression, although further studies are required to confirm our preliminary findings. 
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Abstract: Social behaviors are central to the health of society and the individual and are 

disrupted in a number of psychiatric illnesses. However, the neurobiological origins of complex 

social behaviors are incompletely understood. The Zfp189 gene product is a KRAB zinc finger 

transcription factor whose expression and function in the rodent prefrontal cortex (PFC) was 

previously determined to be protective against stress-induced social deficits. To interrogate the 

function and gene targets of ZFP189, we reprogrammed the endogenous ZFP189WT by 

replacing the repressive KRAB domain with an enhanced transcriptional activation domain 

(VP64-p65-Rta (ZFP189VPR)) or by removing the functional moiety entirely (ZFP189NFD). 

Upon packaging these ZFP189 variant constructs in viral vectors and delivering to mouse PFC, 

we interrogated the transcriptional and behavioral adaptations mediated by these synthetic 

ZFP189 transcription factors. We observed that dysregulation of ZFP189-mediated transcription 

in this brain area, achieved by delivery of synthetic ZFP189VPR, precipitates social behavioral 

deficits in terms of social interaction, motivation, and the cognition necessary for the 

maintenance of social hierarchy, without other observable behavioral deficits. By performing 

RNA sequencing in virally manipulated prefrontal cortex tissues, we discovered that ZFP189 

transcription factors of opposing regulatory function have opposite influence on the expression 

of genetic transposable elements as well as genes that participate in immune functions. 

Collectively, this work indicates that ZFP189 function in the prefrontal cortex coordinates 



transcriptional neuroadaptations necessary for social behaviors by directly binding transposable 

element-rich regions of DNA to regulate immune-related genes. Given the evidence for a co-

evolution of social behavior and the brain immune response, we posit that ZFP189 may have 

evolved to augment brain transposon-associated immune function as a way of enhancing an 

animal’s capacity for functioning in social groups. 
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Abstract: Gut microbiota can induce host production of metabolites and neurotransmitters that 

mediate gut-brain signaling and neuronal pathways that physically link the gut and the brain, so-

called the “gut-brain axis.” A growing body of evidence indicates that alterations in the gut 

microbiome can impact mood, pain and socio-emotional functioning. However, the extent to 

which the gut-brain axis might contribute to social communication or complex social behaviors 

like empathy remains largely unexplored. Empathy is the ability to recognize and respond to 

another’s sensory or emotional state and is an essential social behavior in humans and animals. 

We recently developed the “social transfer of pain” model of empathy-like behavior in the mouse 

where ‘bystander’ mice demonstrate pain and negative affective states after a social interaction 

with a partner experiencing inflammatory pain (due to injection of Complete Freund’s Adjuvant, 

CFA). In this study, we report robust microbial community functional and compositional 

changes in bystander mice comparable to CFA mice following the social transfer of pain. 

Specifically, both groups showed an increase in short chain fatty (SCFA) acid-producing 

microbes as well as an increase in SCFA levels, which regulate the immune system and 

inflammatory responses. Moreover, ~70 genera were found to be significantly differentially 

abundant in bystanders but not CFA-injected mice, (e.g. Eubacteria, Ruminococcus, Clostridium, 

and Butyrovibrio genera) and bystander and CFA between-group microbial diversity (i.e. beta 

diversity) was significantly altered over time compared to control mice. Future work aims to 



determine whether the microbiome modulates the social transfer of pain via microbial 

immunomodulatory mechanisms, as well as if antibiotic depletion impacts pain and empathy-like 

behaviors. These novel findings suggest a putative role for the gut-brain axis in modulating the 

social transfer of pain. Investigating how the gut might influence such a complex social 

phenomenon could lead to discoveries that impact everything from mental health treatments to 

enhancing social bonding and empathy in various populations. 
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Abstract: Empathy is the ability to understand the emotional and sensory states of others and is 

crucial for the well-being and survival of social animals. We established the “social transfer of 

pain” paradigm in mice, where a ‘bystander’ (BY) mouse acquires the sensory and emotional 

state of a social partner in pain. Following a 1-hr interaction with a familiar social partner 

experiencing inflammatory pain (Pain; induced by an injection of complete Freund’s adjuvant; 

CFA), BY mice demonstrate hypersensitivity and negative affective behaviors comparable to 

Pain mice. Acquisition of pain in BY requires the anterior cingulate cortex (ACC). However it is 

unknown which inputs into the ACC are necessary for these empathy-like behaviors or which 

subpopulations of cells within this circuit are involved in producing pain and affective changes. 

The ACC receives inputs from diverse brain regions, including the paraventricular nucleus of the 

hypothalamus (PVN) which is the primary source of oxytocin (OT) in the brain. OT is critical for 

human empathy, and both the neuropeptide and its receptor (OTr) are integral to mouse models 

of empathy-like behaviors, including observational fear and consolation. In these studies, we first 

genetically labeled activated neurons by utilizing TRAP2 (FosCreERT2 ) mice crossed with the 

Ai14-TdTomato reporter line. We observed enriched OT and Fos double-positive neurons in 

Pain and BY mice compared to controls following 4-hydroxytamoxifen (4-OHT) administration. 

Moreover, acute intranasal oxytocin (20 mg/kg) enhances and prolongs pain in BY following 

only a 10 min social interaction, which is not long enough for saline-treated BY to acquire the 

social transfer of pain. Retrograde tracing from ACC does not reveal any labeling in the PVN, 

suggesting a potential transsynaptic connection through the thalamus. We are currently 



determining whether inhibiting OT release using chemogenetic or pharmacological approaches is 

sufficient to prevent the social transfer of pain. Our studies will be foundational for the 

understanding of neural mechanisms underlying empathy and explore a role for oxytocin as a 

potential therapeutic target for empathy deficits in many psychiatric disorders. 
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Abstract: The neuropeptide vasopressin influences different aspects of behavior, like emotions, 

anxiety, depression, memory, etc. Previous reports have suggested the participation of the 

vasopressinergic system in social behavior through the innervation of various nuclei of the brain, 

signaling through the V1a and V1b receptors. One of the mental disorders that sociability is 

affected is ASD, and some years ago, it was described as the participation of the vasopressin 

system in this disorder. The C58/J inbred mouse strain has a behavioral profile that reflects the 

core symptoms of autism, including deficits in sociability, impaired communication, and overt 

motor stereotypies. However, little is known about any anomaly in neuropeptide circuitry in 

these animals. To evaluate vasopressin's anatomic influence on ASD, we study the C58J strain, 

an animal model of ASD. 

Using immunohistochemistry to detect AVP, we found potentiated peptide and atypical 

innervation patterns in different nuclei, including the nucleus basalis of Meynert (NBM), the bed 

nucleus of stria terminals, and the medial amygdala. We used i.p. administration of a hypertonic 

saline solution (900 mM) and micro-positron emission tomography (micro-PET) technique to 

assess the functional consequence of this observed AVP system's potentiation. We found an 

increase in standardized uptake value (SUV) in the thalamus, hypothalamus, hippocampus, brain 

stem, central gray, superior colliculi, inferior colliculi, and midbrain after salt loading during 

which the hypothalamic AVP system is potently upregulated. Finally, we observed changes in 

the morphology and number of dendritic spines in the C58J strain compared to C57BL. 
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Abstract: Evaluation of anxiety behavior in mice C58/J compared to C57/BL using hole board 

test.Luna-Castañón E. Oscar R. Hernandez-PerezAutism spectrum disorder (ASD) is defined as a 

diminution of a person's socializationabilities. ASD has been recognized with three parameters: 

aberrant socioemotionalbehavior, diminution of nonverbal communication, and interpersonal 

relationship deficiency.The C58/J mice have been identified as a model of autism spectrum 

disorder (ASD) becauseof their physiological and contextual characteristics without being 

genetically modified. Thehole–board test is a behavioral test used to evaluate different aspects of 

cognitive abilitiesand emotions in rodents. It has recently been used to assess behavioral 

characteristics thatare supposed to reflect an animal model of ASD. We used the hole board test 

to evaluateanxiety levels in mice C58/J compared to C57/BL as a control for both males and 

females.We measured main behavior parameters: latency to the first nose-poke, the number of 

nose-pokes, the time spent in nose-pokes, the time in the periphery of the box, the time in 

thecenter of the box, and locomotion measures (traveler distance and speed). We 

foundsignificant differences in females mice in number (C57/BL: 35.83±3.85 vs. 

C58/J:18±6.94,P>0.05) and time of nose-poke (487.2 ± 22.99 vs. 534±17.96, P>0.01). To 

compare malesvs. females in the two strains (C57/BL vs. C58/J) using two-way ANOVA (sex 

and strainfactors), we found that only the sex factor showed a significant difference in nose-

pokelatency (C57/BL: 9.72 vs. 31.31; C58/J: 7.85 vs. 28.61, respectively; P>0.01). No 

significantdifferences were found in male mice C58/J compared to C57/BL using t-test in 

anyparameter evaluated; however, a tendency to decrease the number and time of nose-pokeswas 

observed. The observed changes allow us to infer a decrease in exploratory behaviorsin the hole 

board that can be attributed to the strain of mice and more clearly detected infemales. Anxiety 

behaviors are not affected in C58/J mice, which could indicate that higher-intensity stimuli are 

necessary to trigger significant levels of anxiety. 
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Abstract: Anxiety disorders have garnered increasing attention due to their prevalence and 

impact on mental health. Understanding the multifaceted etiology of anxiety disorders is crucial 

for effective intervention. Recent research has delved into the realm of epigenetics, uncovering 

the influence of imprinting genes on the brain. Surprisingly, we have unveiled a significant 

association between retrotransposon-like 1 (Rtl1) and anxiety disorders. Notably, Rtl1 exhibits 

exclusive expression in the placenta, brain, and adrenal gland of adult mice, with particularly 

high levels observed in Tyrosine Hydroxylase (TH) positive cells of locus coeruleus (LC).The 

locus coeruleus (LC), widely throughout the brain and involved in various regulatory 

mechanisms, has long been associated with stress-induced anxiety. Building upon these findings, 

our study uncovered that LC neurons from paternal Rtl1 knockout mice displayed delayed onset 

times of action potentials and inward currents, coupled with reduced neuronal excitability. Such 

results highlight the significance of imprinted genes in the brain's response to stress, particularly 

in the LC.To investigate specific pathway of LC engrams output, involve Rtl1 causal related 

anxiety phenotype. We employed chemogenetic techniques in our studies. Moreover, by 

selectively manipulating Rtl1 expression in LC with CRISPR, our study aims to delineate the 

contribution of Rtl1 to anxiety pathogenesis.We seek to unravel the intricate mechanisms 

through which imprinting genes influence the brain's response. This research represents a 

significant step towards comprehending the molecular underpinnings of anxiety disorders and 

may pave the way for the development of targeted therapeutic interventions. 
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Abstract: Anxiety is an emotionally adaptive response to perceived threats and is a major 

contributor to the experience of stress. Beta-klotho (KLB) is an obligate co-receptor required for 

the central actions of fibroblast growth factor (FGF) 19 and FGF21 that mount a stress response 

via the paraventricular hypothalamus (PVH). However, it is not known if Klb expression 

regulates anxiety-related stress responses, and as Klb hybridization is sparse within the PVH, we 

hypothesized that Klb regulates the stress axis upstream to the PVH. One candidate region is the 

ventral subiculum (SUBv), which regulates the stress axis biphasically. We performed in situ 

hybridization to map the spatial distribution and abundance (low, medium, high) of Klb mRNA 

in the SUBv of male and female wildtype brain tissue. The SUBv of females had considerably 

more Klb cells but were mostly within the anterior SUBv. Meanwhile, Klb hybridization in the 

male SUBv was evenly spread and peaked posteriorly. The abundance of Klb hybridization in 

the SUBv suggested that it may be functionally relevant, thus to determine if SUBv Klb 

regulated anxiety responses, we delivered an adeno-associated virus encoding Cre recombinase-

EGFP (or EGFP in control littermates) into the SUBv of male and female Klb-flox/flox mice to 

delete Klb expression. After four weeks for Klb deletion, we assessed anxiety-like and memory-

related behaviours. First, the loss of SUBv Klb did not alter exploratory behaviour in an open 

field arena, but when presented with a palatable food reward, all SUBv Klb deleted mice spent 

more time in the center of the open field. Interestingly, males and females differed in their 

approach or avoidance behaviours when presented with a food reward, as female mice following 

the loss of SUBv Klb made less entries into the center. Furthermore, SUBv Klb deletion also 

increased time and entry into the open arms of an elevated plus maze and support the anxiolytic 

effect of SUBv Klb deletion. Finally, we performed the object location task to confirm that 

anxiety-related behaviors were uniquely impacted by Klb deletion in the SUBv. Importantly, 

there were no differences in spatial memory, as all mice spent more time interacting with the 

moved object during testing. However, during training mice with SUBv Klb deletion were less 

likely to interact with the foreign objects. Collectively, these results indicated that SUBv Klb 

promoted anxiogenesis, but the differential abundance of Klb between sexes was not related to 

the expression of anxiety-related behaviors. 
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Abstract: Anxiety disorders are among the most common psychiatric conditions worldwide, 

with women being almost twice more likely than men to be diagnosed with an anxiety disorder 

throughouttheir lifetime. Serotonergic (5-HT) neurons from the raphe nuclei are heavily involved 

in the regulation of mood and anxiety, yet the neural substrates underlying sex-related 

differences in anxiety remain largely unknown. The ventral hippocampus (vHP) acts as a major 

modulator of anxiety and receives dense 5-HT inputs. We hypothesize that serotonin release in 

the vHP is crucial in controlling anxiety, and that this process is influenced by sex. All 

experiments were carried out on male and female SERT-Cre mice, which expresses the Cre 

recombinase in 5-HT neurons. A retrograde viral vector carrying the fluorescent protein eYFP 

was injected into the vHP, allowing us to target exclusively the raphe-vHP serotonergic neurons. 

vHP-projecting raphe neurons were located in various raphe sub-regions, including the median 

raphe (MnR) and B9. Pathway specific optogenetic activation of 5-HT neurons projecting to the 

vHP was achieved using the excitatory opsin ChETA. Activating vHP-projecting 5-HT neurons 

robustly increased anxiety levels in a sex-dependent manner, with female mice showing 

increased anxiety in a battery of previously validated anxiety tests. Local field potential 

recordings in the ventral HP showed that this sex-dependent modulation of anxiety is 

accompanied by female-specific alterations of vHP oscillations, including theta rhythm. To 

investigate the cellular mechanism underlying the sex-differences in anxiety behavior, we 

performed whole-cell patch-clamp to record, ex vivo, the electrical properties of vHP-projecting 

5-HT neurons. Strikingly, 5-HT neurons from female mice have a more depolarized resting 

membrane potential compared to male mice. Moreover, MnR-vHP serotonergic neurons from 

female mice show a significantly higher firing rate compared to male mice, with female, but not 

male, mice also showing spontaneous firing. Together, these results provide a novel mechanistic 

insight into a previously under-investigated sexual dimorphism in the raphe-ventral hippocampus 

serotonergic pathway, thereby paving the way for new therapeutic avenues for the treatment of 

anxiety disorders in females. 
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Abstract: Selective breeding of rats for high and low propensity to explore a novel environment 

has produced two rat lines with highly divergent behaviors: bred Low Responders (bLR) are 

extremely inhibited and anxious in a novel environment, whereas bred High Responders (bHR) 

are exploratory and sensation-seeking. These traits map onto temperament extremes predictive of 

externalizing and internalizing psychiatric disorders and model two paths to drug use. Examining 

gene regulation in hippocampus (HPC) and nucleus accumbens (NAcc)--two brain areas 

involved in temperament, stress reactivity, and reward processing--in the bHR/bLR model will 

help elucidate molecular correlates of individual differences in vulnerability to psychiatric and 

addictive behaviors. We performed RNAseq/ATACseq in NAcc (N=40) and RNAseq in HPC 

(N=24) from two generations of adult male and female bHR and bLR animals. Selective 

breeding produced a robust molecular phenotype, showing greater differential gene expression 

associated with bHR/bLR lineage than with sex. This differential gene expression is more 

pronounced in NAcc (N=1,820 genes, FDR<0.05) obtained from a later generation than HPC 

(N=144 genes, FDR<0.05). Gene set enrichment analysis revealed both unique and common 

gene sets between brain areas when comparing bHRs to bLRs. In bHRs, neurons are enriched in 

HPC, while oligodendrocytes are enriched in NAcc; growth/proliferation pathways are 

upregulated in HPC, while phospholipid metabolic processes are upregulated in NAcc. In bLRs, 

microglia-related pathways are enriched in both brain areas, plus energy regulation, 

mitochondria, and immune-related pathways. In contrast, metabolism pathways are upregulated 

in HPC, while secretory pathways are upregulated in NAcc of bLRs. Regions of differentially 



accessible chromatin between bHRs and bLRs are being identified in NAcc. Notably, increased 

gene expression of synuclein gamma (Sncg) in bLRs vs bHRs (FDR=0.017) is coupled with 

increased chromatin accessibility (p<0.006) in NAcc. The correlation between Sncg gene 

expression and the ATAC-Seq peak height (R2=0.61, p=4.688e-09) reveals a dichotomy among 

the bLRs such that half show similar gene regulation to that of the bHRs while the other half 

show a higher gene expression and chromatin accessibility. Implications of this bimodal 

distribution of Sncg among the bLRs will be explored further. In addition to gene regulation 

differences in the NAcc, our findings elucidate common and unique gene expression patterns in 

two brain areas involved in shaping temperament differences contributing to externalizing and 

internalizing behaviors inherent in psychiatric disorders. 
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Abstract: Ankyrin 3 (ANK3) is a gene that has been linked to increased risk of multiple 

psychiatric diseases including bipolar disorder, schizophrenia, and post traumatic stress disorder. 

These and other psychiatric disorders are often considered stress-related disorders. Research in 

multiple mouse models with reduced Ank3 expression has shown increased stress susceptibility 

yet the mechanisms underlying the observed changes in stress regulation have not been 

examined. Glucocorticoid receptors (GRs), particularly in the hippocampus are known to 

moderate the stress response. Thus, the goal of these experiments was to compare GR levels in 

adult male wild-type (Ank3 +/+) and heterozygous mice with reduced ANK3 exon 1b expression 

(Ank3 +/-). Western blots were conducted to assess levels of GR expression in the hippocampus 

and frontal cortex, with normalization to total protein levels. In the hippocampus, Ank3 +/- had 

45 percent lower GR expression compared to WT mice (p<0.05). Similarly, in the frontal cortex, 

Ank3 +/- had 30 percent lower glucocorticoid receptor expression compared to WT mice 

(p<0.01). Prior to western blotting, we also tested behavior to confirm the mice expressed the 



known phenotype. Behaviorally, adult male ANK3+/- displayed more impulsivity and less 

anxiety-like behavior compared to wild type in behavioral tests including the elevated plus maze 

and novelty suppressed feeding, as previously reported. Due to its involvement in modulating 

glucocorticoid signaling and the stress response, FK506 Binding Protein 51 (FKBP5) protein 

levels will also be assessed. Overall, decreased GR expression levels, especially in the 

hippocampus, could represent one mechanism by which mice with reduced Ank3 expression are 

more susceptible to stress. 
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Abstract: Stress models during early developmental stages in animal studies are widely utilized 

across various neuroscience fields. Maternal separation (MS) in rodents serves as an early stress 

animal model, leading to neurochemical and behavioral alterations in offspring persisting into 

adulthood. We employed an MS model postnatally in male Wistar strain rats, comparing two 

temporary MS procedures: short-term (postnatal days 2 to 15, 180 minutes daily from 11:00 to 

14:00) and long-term (postnatal days 2 to 21, 180 minutes daily from 11:00 to 14:00). At 

postnatal day 50, the alcohol test procedure commenced. During the habituation phase four days 

prior to the experiment, the water bottle (500 ml) was replaced in each cage with two smaller 

water bottles (100 ml each). Rats were then exposed to gradually increasing concentrations of 

alcohol solution, ranging from 2% to 8% v/v, over four consecutive days each, with free access 

provided. The positioning of water bottles and alcohol within the cage was daily alternated to 



prevent place preference, and their volumes were weighed every 24 hours. Fresh alcohol 

concentrations were prepared daily by mixing the corresponding ethanol solution with tap water. 

Individual alcohol consumption was calculated in grams per kilogram, and the alcohol 

preference ratio was determined as alcohol intake versus water intake. Our findings revealed that 

animals exposed to three weeks of MS exhibited lower alcohol preference compared to those 

subjected to two weeks of MS. MS did not induce significant learning impairments in either the 

inhibitory avoidance task or the novel object recognition test (NORT), consistent with existing 

literature indicating changes related to separation duration. Despite the sparse conclusive data on 

the neurobiological consequences of MS, one of the future challenges lies in identifying and 

characterizing underlying neurobiological mechanisms, particularly at the individual animal 

level. 
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Abstract: Cognitive flexibility, the ability to adapt behaviors in response to changes in the 

environment is essential for everyday life, with deficits commonly observed in neuropsychiatric 

disease states and reducing resilience to negative life events. Deficits in cognitive flexibility are 

commonly observed in neuropsychiatric disease states including addiction and depression and 

are classified in the Research Domain Criteria matrix under the cognitive systems domain. The 

rodent prelimbic cortex (PrLC) plays a critical role in processing information necessary for 

optimal cognitive flexibility and is known to undergo structural and functional changes following 

prolonged stress exposure -- thus PrLC dysfunction represents a likely substrate for stress-

induced deficits in cognitive control. We have recently shown that chronic unpredictable stress 

(CUS) produces an enduring dysfunction in PrLC physiology and impaired cognitive flexibility 



using an operant-based attentional set shifting in male but not female mice. To gain more insight 

into this, our studies chose to focus on the protein REDD1 as it is increased in post-mortem 

dorsolateral prefrontal cortex tissue from individuals diagnosed with depression. In line with 

these findings, we find that there is an increase in REDD1 expression and a decrease in Raptor 

phosphorylation, one of the key elements of the mTORC1 complex, in the PrLC after CUS, 

suggesting disrupted mTORC1 function. To determine if REDD1 overexpression is sufficient to 

produce deficits in attentional set shifting, we used a viral vector to overexpress REDD1 in the 

PrLC of male mice. Relative to control mice, REDD1 mice required more trials to pass the 

extradimensional shift testing criterion equivalent to that produced by CUS. Notably, REDD1 

overexpression did not impact acquisition of lever training, performance during a visual cue-

based discriminative learning task, or measures of motivation for non-drug reward. Furthermore, 

we also examined the effects of REDD1 overexpression on PFC pyramidal neuron physiology 

and found that there is a reduction in miniature excitatory post synaptic current (mEPSC) 

signaling. The observation that CUS and REDD1 overexpression produce deficits in attentional 

set shifting in male mice likely has relevance for understanding stress-related disorders. Future 

research will assess the cell-type localization of REDD1 increases following stress in male mice, 

determine whether female mice are similarly affected by REDD1 overexpression and/or is 

upregulated in females following CUS, chronic CORT effects on attentional set shifting and 

examine the necessity of disrupted mTORC1 for stress effects 

Disclosures: B. Kurtoglu: None. M.C. Hearing: None. J.R. Mantsch: None. 

Poster 

PSTR298: Chronic Stress and Anxiety: Genetics to Behavior 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR298.09/N15 

Topic: G.04. Emotion 

Support: NIH Grant R01 DA032708 

COBRE P30 CM140964 

COBRE P20 GM148302 

Center on Opioid and Cocaine Addiction P50 DA046373 

SCTR pilot grant UL1 TR001450 

Title: A novel long non-coding enhancer RNA (eRNA) forms R-loops to shape emotional 

experience induced behavioral adaptations 

Authors: *R. AKIKI1, A. GREIGE2, D. J. WOOD3, S. BERTO4, C. W. COWAN5, M. 

TANIGUCHI6;  
1Med. Univ. of South Carolina, Charleston, SC; 2Med. Univ. of South Carolina Neurosci. Grad. 

Program, Charleston, SC; 3Psychiatry, Med. Univ. of South Carolina, North Charleston, SC; 



4Neurosci., MUSC, Charleston, SC; 5Neurosci., Med. Univ. of South Carolina, Charleston, SC; 
6Dept. of Neurosci., Med. Univ. of South Carolina, Charleston, SC 

Abstract: Emotional experiences often lead to changes in neuronal activity and plasticity that 

supports adaptive changes in behavior, including maladaptive plasticity associated with mood 

and substance use disorders. We showed previously that the activity-regulated gene, Npas4, is 

rapidly and transiently induced by stress or cocaine conditioning in brain reward-related regions, 

and it’s required for the development of several depression- and addiction-related behaviors. 

However, the mechanisms by which emotional stimuli rapidly activate Npas4 expression remains 

unknown. In this study, we describe a novel non-annotated long non-coding enhancer RNA 

(eRNA) produced from a conserved genomic enhancer region of Npas4 (Npas4eRNA). Using 

viral-mediated approaches we show that the Npas4eRNA is necessary and sufficient for the 

emotional stimilus-dependent expression of Npas4mRNA in the brain’s reward centers such as the 

medial prefrontal cortex (mPFC) and the nucleus accumbens (NAc). We also discovered that this 

Npas4eRNA forms RNA-DNA hybrids (R-loops) that could be constitutive or stimulus-dependent. 

Using viral-mediated sgRNA-targeted dCas9-RNaseH1, we show that the basal and activity-

regulated R-loops at the Npas4 enhancer are required for activity-dependent induction of 

Npas4mRNA through the formation of a 3D chromatin-loop between the enhancer and proximal 

promoter of the Npas4 gene. We also show that the Npas4eRNA is necessary in the mPFC for the 

formation of Chronic Social Defeat Stress induced anhedonia-like behavior, and in the NAc for 

the formation of cocaine reward-context association. We also demonstrate that R-loops are 

dynamically regulated by cocaine conditioning at other immediate early gene enhancers 

transcribing eRNAs such as Fos. Our findings reveal a novel and unique epigenetic mechanism 

underlying activity-dependent gene expression through which a long-non-coding eRNA, 

produced from an activity-sensitive enhancer, forms an R-loop enable emotional stimulus-

dependent induction of an essential immediate-early gene, Npas4, involved in maladaptive drug- 

and stress-induced plasticity. 
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Abstract: The neurobiological effects of chronic stress drive vulnerability for major depressive 

disorder (MDD). These effects in MDD-associated brain regions are sex-specific, suggesting a 

role in the disproportionately higher depression rates observed among females. One such region 

is the nucleus accumbens, (NAc), a hub in the reward circuitry that is altered in MDD subjects 

and mouse models. Chronic stress exposure induces divergent alterations in the two subtypes of 

the primary class of neuron found in the NAc - medium spiny neurons (MSNs). The exact nature 

of these alterations and their role in producing sex-specific behavioral outcomes is not yet well 

understood. Researchers use social stress models with high ecological validity to investigate the 

effects of chronic stress in animals. The chronic witness defeat stress paradigm (CWDS) is a 

recent development that permits the use of female mice in social stress studies. To examine the 

chronic social stress-induced alterations to the dopamine receptor 1 and 2 receptor medium spiny 

neurons (D1- and D2-MSNs) in the NAc, we employed CWDS with D1-Cre-RiboTag (RT) and 

A2A-Cre-RT female mice followed by RNA-seq profiling of ribosome-associated mRNA. The 3 

Chamber Social Interaction test (3ChSI) was used to demonstrate a susceptible group that 

displays reduced social preference and a resilient group with social preference like controls. 

Weighted gene co-expression network analysis (WGCNA) using the female CWDS RNA-seq 

data with a publicly available dataset of MSN subtypes from socially stressed male mice 

identified subtype-specific modules differentially regulated across sex and stress groups that 

were involved in mitochondrial, synaptic and morphological adaptations. Recordings of 3ChSI 

were processed through DeepLabCut to obtain spatiotemporal data of mouse activity for a more 

granular characterization of the social behavior expressed in this test. Factor analysis using these 

variables identified latent factors driving the observed behavior during the social preference test 

including exploratory behavior, social preference and surveillance behavior. Through 

deconstruction of the MSN subtype gene expression and social interaction behavior profiles in 

the stress groups using dimension reduction techniques, we hope to enhance knowledge of the 

sex-specific alterations induced by chronic social stress and the impacted social behavior 

components. These studies can contribute to the development of targeted forms of treatment that 

address specific behavioral issues across vulnerable populations and simultaneously address 

mental health disparities observed in different population groups. 
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Abstract: Title: The impact of chronic stress on RhoA expression in NAc D1-SPN region 

and projection-specific populations Authors: Payel Das1, Smirti Khatri KC1, Rianne R. 

Campbell1, Daniela Franco1, Mary Kay Lobo1. 1Dept. of Neurobiology, University of Maryland, 

Baltimore, MD, USA Abstract: Major Depressive Disorder (MDD) is rising. One of the 

predominant risk factors of MDD is chronic stress (CS). In mice, in response to CS (chronic 

social defeat stress: CSDS; chronic witness defeat stress: CWDS), stress-susceptible mice show 

enhanced negative affective behavior in the behavioral tests, including social avoidance and 

anhedonia. CS affects the nucleus accumbens (NAc), a major reward and motivation brain nuclei 

in humans and rodents. The NAc has two subtypes of spiny projection neurons (SPNs): D1- and 

D2-SPNs, enriched with dopamine receptors 1 (drd1) and 2 (drd2), respectively. The D1-SPNs in 

different sub-regions of NAc play specific roles: activation of D1-SPNs in the NAc dorsal shell 

and ventral shell enhances reward and drives aversion, respectively. However, whether these 

subregion-specific D1-SPNs have differential responses to CS is unclear. Similarly, it is unclear 

if NAc-D1-SPN projections to the ventral tegmental area (VTA) or ventral pallidum (VP) have 

distinct responses to stress. To gain insight into this, we are examining Ras homolog family 

member A (RhoA) expression in D1-SPN populations to VTA vs VP across NAc subregions 

after CSDS in males and CWDS in females. Previously, our lab has shown that CSDS induces 

RhoA in NAc-D1-SPNs, resulting in their dendritic atrophy and stress susceptibility. C57 mice 

that received retrograde Cre into the VTA or VP mice underwent CS. After stress exposure, 

stress susceptibility and resiliency were detected by performing a three-chamber social 

interaction test. RNAscope on NAc slices with probes for D1, Cre, and RhoA to measure the 

RhoA-mRNA expression levels in D1-SPNs in NAc dorsal shell, ventral shell, and core that 

project to VTA showed that VTA projecting D1-SPNs in both dorsal and ventral shells of 

stressed groups have increased RhoA mRNA expression compared to the non-stressed controls. 

The susceptible group has a significantly higher RhoA mRNA expression compared to both the 

control and resilient groups. The analysis in VP D1-SPNs is in progress. These studies will 

determine if specific subpopulations of NAc D1-SPNs display typical stress response signatures 

of enhanced RhoA that underlies dendritic atrophy and stress-susceptible behavior. We can then 

use intersectional tools to target precise D1-SPN populations and provide a refined 

understanding of discreet brain cell types in stress response. 
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Abstract: Chronic stress is a known risk factor for neuropsychiatric disorders, and it has been 

shown to alter neuron and myeloid cell structure and function in brain reward areas. The nucleus 

accumbens (NAc), a hub for integrating reward and motivation, exhibits molecular and cellular 

alterations that are found in postmortem tissue of patients with major depressive disorder and 

drive motivational deficits in rodents. Moreover, exposure to chronic stress increases peripheral 

cytokines in individuals with post-traumatic stress, anxiety, and major depressive disorders and 

disrupts bidirectional CNS myeloid-neuronal communication in rodents exposed to social stress. 

Work from our lab has shown that exposure to chronic social defeat stress (CSDS), a validated 

animal paradigm of social stress, yields dendritic atrophy in NAc dopamine receptor-1 

expressing medium spiny neuron (D1-MSNs) in mice that display negative affective behavior. 

Since microglia play a mediating role in regulating neuronal dendritic adaptations after social 

stress, we characterized microglia and D1-MSN interactions in the NAc after CSDS. While we 

observed a cell-subtype specific reduction in microglia-D1-MSN contact in the NAc after CSDS, 

recent preliminary evidence from the lab shows that mice that underwent Chronic Witness 

Defeat Stress (CWDS), a validated paradigm of vicarious social stress, show an increase in 

microglia-D1-MSN contact in the NAc. This suggests that chronic social stress, direct and 

indirect, may alter microglia-D1-MSN contacts in different, opposing ways. Ultimately, while it 

is evident that social stress alters microglia-D1-MSN contact, the molecular mechanisms driving 

these cell-subtype stress-induced changes in the NAc microenvironment remain unclear. Data 

from recent RNA-seq analyses from our lab using mice that underwent CWDS demonstrated 

enhanced Vtn (vitronectin) in D1-MSNs from mice associated with low social interaction. 

Specifically, vitronectin appears to play a driving role in a network of genes altered by chronic 



stress. Given that vitronectin, an ECM glycoprotein, has been shown to induce microglia 

reactivity and increase inflammation-associated surface proteins, it is a promising molecular 

messenger mediating microglia-D1-MSN crosstalk. Ongoing work seeks to further characterize 

the role of vitronectin in neuron-microglia interactions in the context of social stress in mice 

subjected to both CSDS and CWDS. Identifying microglia mechanisms contributing to altered 

neuronal dendritic morphology and negative affective behaviors can pinpoint novel therapeutic 

targets for stress-related disorders and improve current treatments. 
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Abstract: Major Depressive Disorder (MDD) is one of the most prevalent psychiatric disorders 

worldwide. Some possible factors leading to this pathology are stressful or traumatic life events. 

Anhedonia, the inability to experience pleasure, is both the most common symptom and the most 

difficult to treat. Anhedonia is characterized by dysregulation in monoaminergic transmission. 

The neuronal circuit substrates of this dysregulation are, however, still elusive. Among the 

monoaminergic regions of the brain, one of the most heterogeneous in terms of cell type 

composition is the dorsal raphe nucleus (DRN) which is involved in processing emotional state 

information. This brain region not only comprises serotonergic neurons (DRN5-HT) but also 

dopaminergic cells (DRNDA), which respond to both rewarding and aversive stimuli. While it is 

known that DRNDA neurons process inputs about rewarding stimuli from the parabrachial 

nucleus (PBN), the source of aversive inputs is still unknown. Anatomical evidence suggests that 

the DRN receives inputs from the noradrenergic (NE) neurons of the locus coeruleus (LC), a 

brain region involved in the processing of arousal and stress responses. In this study, we 

investigated the role of LC projections to the DRN in anhedonia, hypothesizing that stress-

induced NE release disrupts the DRNDA neuron response to rewards through endocannabinoid 

signaling. By combining optogenetics, chemogenetics, and fiber photometry, we demonstrated 

that both activation of LC→DRN projections and repeated exposure to fear conditioning that 

induced anhedonia result in NE-mediated eCB release in the DRN. Furthermore, we found 



decreased PBN→DRNDA synaptic transmission following fear conditioning. In summary, our 

results demonstrate that activation of LCNE→DRN input during fear conditioning induces 

depression of PBN→DRNDA synapses, unveiling an unprecedented modulation of neuronal 

circuit involved in anhedonia. 
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Abstract: Stress is a major risk factor for the development of postpartum disorders. We use a rat 

stress model of resource scarcity, the limited bedding and nesting (LBN) manipulation, where 

dams and pups are put in an environment with limited access to bedding and no enrichment from 

pups’ postnatal days 2-10. Previously, we found that LBN increases dam’s pup-directed behavior 

and decreases self-care: a phenotype which likely reflects hyperarousal. To determine if LBN 

impacts additional postpartum behaviors, we randomly assigned Long Evans dams to standard (n 

= 15) or LBN (n = 12) housing, then ran them through a resident-intruder task with a male 

adolescent intruder on PND 10 to elicit aggression. We found that dams have lower total attack 

durations (p =.01), which is driven by significant decreases in offensive (pin, wrestle, shove; p 

=.01), but not defensive (kick, box, bite; p =.36) durations. LBN consistently decreases attack 

duration across all offensive measures, though only pin (p = .008) and wrestle (p = .03) are 

significant (shove; p =.49). We conducted whole-brain cFos to determine regions underlying 

these behavioral shifts. Preliminary analyses point to a role for epithalamic habenular nuclei in 

our behavioral effects, as LBN dams show decreased cFos in the habenular commissure (p = 

.06), medial habenular nucleus (p = 0.04), and lateral habenular nucleus (p = .06). The habenula 

receives strong inputs from the medial prefrontal cortex (mPFC) and frontal association cortex 

(which includes mPFC) is significantly decreased in LBN dams (p =.001). These findings are the 

first to implicate habenular nuclei and their projections in stress-induced shifts in postpartum 

aggression. Thus, this work will reveal novel clinical targets for postpartum disorders, 

particularly those with symptoms involving to dysregulated affect and sociality. 
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Abstract: Anxiety disorders are prevalent psychiatric conditions, highlighting the need for novel 

anxiolytic treatments with reduced dependence risk. Recent studies suggest magnesium (Mg2+) 

supplementation may have anxiolytic properties. We investigated the gene-modulating effects of 

chronic Mg2+ supplementation in rat brain using microarray analysis. Male rats (n=18) aged 3 

months were divided into two groups: 1) Control (n=9), receiving water with 0.011 g/L MgCl2 

for 4 months; 2) Chronic supplementation (n=9), receiving water with 0.011 g/L MgCl2 for 3 

months followed by 5 g/L MgCl2 for 1 month. Following euthanasia, brains were removed, 

stored in RNAlater at 4°C, and processed for RNA extraction using TRIzol reagent and 

isopropanol precipitation. RNA samples underwent microarray analysis at the DNA Microarray 

Unit, Institute of Cell Physiology, UNAM. Gene expression was analyzed using t-tests to 

compare between groups, calculating fold changes to measure expression levels, and applying 

the False Discovery Rate (FDR) to control for false positives. The analysis of 5,000 genes 

revealed 161 overexpressed and 81 underexpressed genes, indicating no significant changes in 

glutamatergic receptor expression. Underexpressed genes included Htr6, Gsk3b, Arf2, and 

Cdkn2c, suggesting potential roles of serotonergic, glycogen synthase kinase-3β, and cell cycle 

regulation pathways in Mg2+'s anxiolytic effects. Overexpressed genes included Adora2a, Htr1d, 

Gabrd, Gabrp, Grik2, Chrna3, Apc, Ptpn11, and Ednra, implicating adenosine, serotonin, GABA, 

kainate, nicotinic, Wnt signaling, and endothelin pathways. These findings highlight differential 

gene regulation related to neurotransmission and cellular processes as potential mechanisms 

underlying Mg2+'s anxiolytic properties. However, further studies, including human trials, are 

necessary to confirm these findings and elucidate the precise anxiolytic mechanisms of Mg2+. 

All experiments adhered to Mexico's NOM-062-ZOO-1999, NIH Guide for the Care and Use of 



Laboratory Animals, and ARRIVE guidelines for ethical conduct and reporting of animal 

research. 
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Abstract: Cortically driven dysregulation of subcortical circuits can trigger depressive-like 

behaviours in humans and animals. Recent findings from our lab showed that chronic variable 

stress (CVS) induces functional and morphological changes to cortical neurons projecting to the 

VTA in a sex-dependent fashion. However, whether these modifications could affect the synaptic 

transmission to downstream regions remains unclear. The optogenetic stimulation of ChR2-

expressing mPFC axons in live VTA slices revealed a short-term potentiation of glutamatergic 

transmission to connected cells, which was significantly impaired by 21 days of CVS in both 

male and female mice. Using a pharmacological approach, we discovered that this facilitation is 

mainly supported by presynaptic Ca2+-interacting proteins. By selectively conducting RNA 

sequencing of PFC neurons projecting to VTA, we identified several key targets potentially 

involved in calcium-dependent plasticity at mPFC-VTA synapses. Notably, transcriptional 

patterns exhibit significant variation between male and female mice, as do the top dysregulated 

targets. In female mice, the CALHM1 gene (encoding a Ca2+ homeostatic protein) shows 

significant downregulation in samples from chronic stress conditions. Employing a 

CRISPR/dCas9 gene editing technique, we suppressed the CALHM1 gene in naïve females, 

leading to comparable plasticity deficits at the mPFC-VTA pathway, as seen in stressed females. 

Finally, we aimed to elucidate the potential role of this cortical impairment in the VTA region. 

To achieve this, we employed optogenetic techniques to silence the output from the mPFC to the 

VTA during aversive and salient behaviors, using the mosquito rhodopsin eOPN3. Precise and 



timely inhibition of cortical axons in the VTA regions resulted in cognitive impairment in an 

operant aversive task and induced anxious-like behavior in an exploratory context. In summary, 

we delineated a novel form of Ca2+-dependent presynaptic plasticity at mPFC-VTA synapses, 

likely implicated in cognitive assessment and emotional processing in mice. Chronic stress 

induces a significant reorganization of key genes associated with cortical plasticity in the VTA, 

ultimately resulting in behavioral dysfunction. Gaining a deeper understanding of this intricate 

machinery will offer insights into the neuronal mechanisms driving behavioral adaptations to 

chronic stress. 
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Abstract: Substance use disorders (SUDs) present a major public health challenge, characterized 

by compulsive drug-seeking despite known risks. Understanding why occasional drug use 

evolves into problematic behaviors is a critical question in addiction research. The salience 

network (SN) has been linked to SUD and addiction, yet gaps remain in understanding its 

involvement across different stages of cocaine use. This investigation explores drug motivation 

using various tasks such as extinction, progressive ratio, self-administration, and histamine 

paired cocaine. Employing endoscopic calcium imaging, we anticipate observing reduced SN 

activity and resilience following cocaine exposure concurrent with heightened motivation. 

Overall, our preliminary data indicates that the salience network exhibits more excitation during 

extinction, progressive ratio, and histamine administration. However, no phasic activity was 

observed during self-administration. In sum, this suggests that the salience network responds 

differently across various behavioral paradigms, with heightened activity during certain tasks but 

not during others. Moving forward, we aim to include female subjects in our study to explore 

potential gender differences in network activity and behavior. Additionally, we plan to further 



compare neural responses across different behaviors to gain a comprehensive understanding of 

the salience network's role in drug-seeking behavior. 
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Abstract: Drug abuse is characterized by compulsive consumption and craving escalation and 

includes key behavioral endophenotypes like distress tolerance (persistence in goal-directed 

behavior amid psychological distress) and impulsivity (lack of restraint and poor decision-

making). These endophenotypes are driven by reward and decision-making circuitry, particularly 

the insula (INS) to prelimbic (PrL) pathway. In this study, we manipulated this pathway via in 

vivo excitatory optogenetic stimulation to observe effects on these behavioral endophenotypes. A 

p-AAV-CaMKIIa-mCherry-H134-ChR2 virus was stereotaxically implanted in the INS. Four 

groups of male Long Evans rats (ChR2/mCherry, and cocaine/control) were accustomed to the 

operant chambers before optical fiber and catheterization surgery while the virus expressed 

mCherry-ChR2 or mCherry-only proteins. The animals trained on a modified cue-titration 

paradigm (TT) to press a lever for a sugar reward, assessing impulsivity and distress tolerance 

(DT) across drug-naïve, short abstinence, and long abstinence timepoints (TT1,2,3, DT1,2,3). 

Baseline behaviors were stabilized before intrajugular catheterization and subsequent training to 

establish drug-naïve behavior scores. Two weeks of cocaine self-administration were followed 

by an extinction (EXT1) session with no drug in the operant chamber. The rats then returned to 

TT for short-abstinence behavioral metrics before a break and finally returned to self-

administration to establish long-abstinence EXT2 scores to observe incubation of craving. 

Optogenetic stimulation was performed bilaterally at the PrL during the third DT and TT stages 

and EXT2. Two animals have undergone self-administration, showing consumption behavior, 

DT scores, and TT-derived impulsivity scores consistent with previous lab data. In future, these 

animals will undergo abstinence to establish behavioral changes, and optogenetic stimulation 

will occur at the third DT, TT stages, and EXT2, to observe behavior during neurocircuitry 



manipulation. This design will help us establish the neuroetiology of these behaviors in relation 

to drug-seeking and drug-taking. 
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Abstract: Adolescents with attention-deficit/hyperactivity disorder (ADHD) are at greater risk 

for psychostimulant abuse compared to those without ADHD. This may be due to alterations in 

the mesolimbocortical dopamine system; indeed, psychostimulant-induced dopamine release is 

greater in adult spontaneously hypertensive rats (SHRs; a rodent model of ADHD) compared to 

reference animals. Here, we sought to determine the extent to which neurobehavioral responses 

to cocaine are altered in adolescent SHRs. To begin to address this question, adolescent male and 

female SHRs and Sprague Dawley (SD; a reference strain) rats were first assessed for behavioral 

signs of ADHD, including inattention (Y-maze test) and hyperactivity (open field test). Rats also 

underwent behavioral sensitization to cocaine (BSC) testing, which involved repeated cocaine 

(10 mg/kg) or saline (1mL/kg) injections and subsequent locomotor testing. Finally, 

immunohistochemistry for cFos was performed to evaluate the neural response to cocaine. We 

found that female SHRs exhibited enhanced BSC compared to female SD controls, whereas the 

opposite pattern of results was observed in males. Quantification of cFos expression is 

underway. These findings indicate that adolescent females with ADHD may be at an increased 

risk of developing substance use disorders to psychostimulant drugs like cocaine. 
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Abstract: The inability to maintain abstinence is a hallmark of addiction, with cravings during 

initial abstinence predicting long-term relapse outcomes in humans and rodents. Promoting 

successful abstinence may be particularly complex in women, as psychological and biological 

responses to drugs of abuse differ between sexes. Several measures of cocaine dependence are 

greater in women, which can be paralleled in female rodents, yet the biological mechanisms 

underlying these sex differences remain unclear. Extinction day 1 (ED1) marks the initiation of 

abstinence when the expected drug is unavailable, representing a stressful time point where drug 

cravings increase. We have previously shown that the dorsal hippocampus plays a significant 

role in driving sex-specific engagement in cocaine-seeking behavior on ED1. Using whole-

transcriptome sequencing (RNA-Seq) analysis, we identified sex-specific gene expression 

patterns in the dorsal hippocampus elicited by exposure to the cocaine self-administration 

context on ED1 that correlate with cocaine-seeking behavior. In females, we identified 101 

transcripts with fold-change differences on withdrawal day 1 (WD1) compared to naïve rats, and 

22 transcripts with fold-change differences on ED1 compared to WD1 controls. Remarkably, 

only three targets overlapped between the sexes. Furthermore, five genes identified in females 

significantly correlated to cocaine-seeking behavior on ED1 with R² values > 0.70. One of these 

targets, KCNT1, a potassium channel, negatively predicted cocaine-seeking behavior on ED1 in 

females. Inhibition of KCNT1 by PRX20 increased cocaine-seeking behavior on ED1, while 

agonism of KCNT1 with niclosamide decreased cocaine-seeking behavior on ED1 in females 

only. These findings suggest that sex-specific transcriptomic signatures in the dorsal 

hippocampus, particularly KCNT1, may play an important role in driving cocaine-seeking 

persistence during early abstinence. Targeting these molecular pathways could promote 

successful maintenance of abstinence, with potential implications for sex-specific addiction 

treatment strategies. This work was supported by R00-045758 to ASK. 
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Abstract: Aim. The inability to maintain abstinence is a trademark of addiction yet effective 

maintenance therapies remain elusive. Furthermore, addiction treatment may be particularly 

complex in women; as psychological and biological responses to drugs of abuse differ in women 

compared to men. Several measures of cocaine dependence are greater in women, and can be 

paralleled in female rodents, yet the biological mechanisms for these sex differences remain 

unclear. Thus, understanding circuit and molecular signatures that drive increased drug-seeking 

among females is critical to the development of effective SUDs therapies. Methods. Herein, we 

tested sex differences in the role of locus coeruleus (LC) noradrenergic signaling to the dorsal 

hippocampus (dHPC) in driving operant cocaine memories cocaine-seeking persistence during 

extinction from self-administration (CSP) in male and female adult Sprague Dawley rats (n=6-

8/group). Rats were implanted with PRSx8-HA-hM4Di or hM3Dq DREADDs to the locus 

coeruleus and guide cannulae were inserted to the dHPC. On extinction day 1, rats were infused 

with CNO and tested for cocaine seeking behavior. In a separate group, rats were similarly 

trained to self-administer cocaine, and euthanized naïve to cocaine, in 24 hr withdrawal, or in 24 

hour withdrawal with cocaine-seeking. LC was fresh dissected and processed for RNA-Seq 

analyses. Results. Inhibition of LC-NE signaling to the dHPC using DREADDs attenuated CSP 

in females only, whereas excitation of LC-NE signaling to the dHPC increased CSP in males 

only. RNA-Seq analysis observations revealed notable gender-specific genetic changes in 

noradrenergic signaling pathways of the LC to the dHPC in rats. Also, transcriptomic alterations 

were discernible in gene expression profiles among control, extinction, and withdrawal rats. 

These changes were modulated by sex, with both universal and sex-specific changes observed. 

Conclusions. These studies show 

the importance of the LC in SUDs, shedding light on potential sex-specific responses during the 

distinct behavioral phases of the addiction cycle. Furthermore, these effects may be driven by sex 

differences in adrenergic tone between the LC and dHPC. Thus, the substantial sex differences in 

the retrieval and retention of cocaine memories may be driven in part by the locus coeruleus. 
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Abstract: Cocaine addiction is a major health concern in the US, yet there are no approved 

therapeutic targets for disrupting cocaine-seeking behaviors. In this series of studies, we describe 

a novel approach in which we attenuate cocaine-seeking by devaluing the memory of cocaine 

reward via the mesolimbic reward system. In rats, we used a dual-viral strategy to enable 

projection-specific hM4Di-DREADD inhibition of ventral tegmental area (VTA) cells projecting 

to the nucleus accumbens (NAc). Following recovery from surgery, rats underwent cocaine self-

administration training, in which they responded for cocaine infusions paired with a tone-light 

cue. Next, rats received presentations of the cocaine-associated tone-light cue alone in a different 

context. This cue-evoked retrieval of cocaine reward was immediately paired with temporary 

gastric illness produced by lithium chloride (LiCl) injection, which served to promote memory 

devaluation of cocaine reward. This led to a subsequent reduction in cocaine seeking in rats that 

received the mCherry control virus. Notably, inactivation of the VTA→NAc pathway during 

memory devaluation prevented the disruption in cocaine seeking in the hM4Di group. Overall, 

these findings suggest that it is possible to attenuate cocaine-seeking using memory devaluation 

in a mesolimbic-dependent manner. Moreover, our novel approach can be leveraged to develop 

therapeutic tools for the treatment of cocaine use disorder. 
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Abstract: Formation and maintenance of cocaine-induced behaviors are tightly regulated by 

dopamine D1 receptors (D1Rs). Although stimulation of D1Rs is known to be involved in 

extinction of cocaine-induced behavior, the global effect of D1R stimulation or elimination is not 

well understood. In this study, mouse lines were engineered to express inducible D1Rs (iD1s) to 

create D1R ablation and overexpression models. We have found that in a cocaine conditioned 

place preference (CPP) model, while D1R overexpression after CPP acquisition attenuated CPP 

extinction, ablation of D1R accelerated it, suggesting that D1Rs act to maintain cocaine-induced 

behaviors. Furthermore, we ask whether D1R-specific neuronal circuits are involved in D1R-

mediated extinction. Optogenetic and behavioral approaches were combined to examine the 

function of D1R-containing basolateral amygdala (BLA)- nucleus accumbens (NAc) 

microcircuit on cocaine CPP extinction. Intriguingly, while optogenetic inhibition of the BLA-

NAc projection failed to induce a change in CPP extinction, optogenetic excitation effectively 

accelerated it. Taken together, these results suggest that D1R activation opposes its extinction of 

cocaine CPP, albeit in a manner dependent on the circuitry involved. 

Disclosures: Q. Kong: None. M. Xu: None. 

Poster 

PSTR299: Cocaine: Seeking, Reinstatement, and Motivation 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR299.08/N30 

Topic: G.09. Drugs of Abuse and Addiction 

Title: Effects of increased endocannabinoid levels during adolescence on anxiety-related and 

cocaine-seeking behaviors in adulthood 

Authors: *M. K. ESTES, *M. ESTES, V. S. GUDA, D. R. OLIVEIRA, C. J. HILLARD, J. R. 

MANTSCH;  

Med. Col. of Wisconsin, Milwaukee, WI 

Abstract: Adolescence is a critical period of neural development. Both chronic stress and 

cannabinoid exposure during adolescence can lead to impaired emotional regulation, altered 

stress response, and an increased vulnerability for affective disorders in adulthood. Acute 

activation of the endocannabinoid (eCB) system can buffer some aspects of stress. However, 



there is evidence that chronic stress can contribute to disruption of neurodevelopment and 

increase the risk for adulthood anxiety-related and substance use disorders. We aimed to 

investigate short- and long-term effects of elevating the two eCBs, N-arachidonoylethanolamine 

(AEA) or 2-arachidonoylglycerol (2-AG) during adolescence on anxiety-related behaviors. A 

second aim of our study was to investigate the effects of increased AEA and 2-AG during 

adolescence on drug-seeking behaviors in adulthood. Adolescent male Sprague Dawley rats were 

given daily intraperitoneal injections of either JZL184 (JZL;10 mg/kg), URB597 (URB; 0.4 

mg/kg), or vehicle from PND 31-40. JZL and URB are inhibitors of enzymes that catabolize 2-

AG and AEA, respectively. Behaviors were assessed twenty-four hours following the final 

injection on the elevated plus maze (EPM) and on PND65 in the open field. Following open field 

tests, venous catheters were implanted, and rats were trained to self-administer cocaine (0.5 

mg/kg/inf, i.v.) during 2-h sessions. Both fixed ratio (FR) and progressive ratio (PR) schedule of 

reinforcements were utilized to analyze drug-seeking behavior. During adolescence, JZL-and 

URB-treated groups (p = 0.02 and p < .01, respectively) were significantly less active on the 

open arms of the EPM compared to vehicle-treated animals, suggesting potential increased 

anxiety. During adulthood, group differences in open field behavior were not evident. 

Acquisition of cocaine self-administration did not differ between groups. However, when the 

schedule of reinforcement changed from FR to PR, JZL and URB-treated rats had higher 

breaking points compared to VEH groups. Interestingly, JZL-treated rats also continued to press 

the lever more when returned to a FR schedule resulting in significantly higher cocaine infusions 

(p = .05) compared to VEH rats. During reinstatement testing, JZL-treated animals had reduced 

drug-seeking behavior following a priming injection of cocaine (10.0 mg/kg, i.p.). In conclusion, 

the data we gathered indicate that while effects on anxiety-related behaviors do not persist into 

adulthood, there is an increase in drug seeking in adults when eCB levels are increased during 

adolescence. 
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Abstract: The initial stages of cocaine addiction are largely mediated by dopaminergic 

(DAergic) transmission at mesolimbic terminals in the nucleus accumbens (NAc), which signals 

for strong salient stimuli. Cocaine augments extracellular dopamine (DA) levels by directly 

inhibiting DA reuptake via the presynaptic DA transporter (DAT), and cocaine’s actions at 

DATs are required for both contingent and non-contingent cocaine administration in mice. 

Despite decades of investigation aiming to unravel the mechanisms that impact cocaine reward, 

it is not well understood how reward perception is modulated in the NAc. Moreover, it is largely 

unknown whether regulatory mechanisms targeting presynaptic DAergic terminals impact the 

cocaine reward response. The neuropeptide nociceptin (N/OFQ) is a promising candidate as a 

potent reward modulator. N/OFQ is expressed throughout the CNS and signals via the Gi/o-

coupled nociceptin receptor, NOPR, and previous studies demonstrated that N/OFQ signaling in 

NAc dampens cocaine-mediated increases in extracellular DA. However, it is unknown whether 

N/OFQ signaling in NAc similarly dampens cocaine reward, and whether N/OFQ may play a 

central role in gauging reward perception. Here, we leveraged pharmacological and genetic 

approaches to directly test whether N/OFQ signaling in NAc alters cocaine reward sensitivity in 

mice, and whether N/OFQ acts presynaptically on NOPRs in DAergic terminals. N/OFQ 

infusions into NAc shell (NAcSh) significantly diminished cocaine sensitivity in a conditioned 

place preference (CPP) assay in females, but had no effect in males. Conditional NOPR silencing 

in NOPRfl/fl DAergic neurons revealed that presynaptic NOPRs on DAergic terminals were 

required for cocaine sensitivity changes in response to N/OFQ infusion. Ex vivo slice 

biotinylation studies in NAc revealed that N/OFQ drove acute increases in DAT surface 

expression that were similarly dependent upon presynaptic DAergic NOPR expression. Ongoing 

studies will test whether presynaptic DAergic NOPRs can bi-directionally shift cocaine reward 

sensitivity and whether NOPR activation in NAcSh alters DA signaling during cocaine CPP, 

assessed using DA sensors and fiber photometry. Taken together, these findings indicate that 

N/OFQ robustly influences cocaine reward tone, primarily by acting presynaptically on DAergic 

terminals. Presynaptic NOPR-mediated DAT regulation further demonstrates that NOPRs on 

DAergic terminals in NAc are well-positioned to exert significant influence on DA signaling via 

presynaptic mechanisms. 
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Abstract: Drug-context associations (DCAs) act as triggers for relapse in addiction, even after 

continued abstinence. DCAs are learned through consistent reinforcement of a drug in a 

particular context. Once learned, exposure to a DCA can trigger a cascade of events (i.e. drug 

seeking behavior) leading to relapse. Little is known about the mechanisms contributing to the 

acquisition and corresponding drug seeking behavior of DCAs. Here, we aim to elucidate the 

role of two regions that I hypothesize contribute to this phenomenon - the hippocampus and 

nucleus accumbens - during Conditioned Place Preference (CPP) conditioning. Specifically, we 

will perform simultaneous electrophysiology and calcium imaging recordings using custom 

made tetrode bundles and the Miniscope system in the hippocampal CA1 region and NAc, 

respectively. In the NAc, we are particularly interested in imaging D1 and D2 medium spiny 

neurons (MSNs), which are thought to be involved in updating and encoding the reward value 

associated with a context. We will investigate their involvement during CPP conditioning 

sessions, and during post hippocampal CA1 “replay” events, which are thought to encode spatial 

contexts. The results of this study can provide clarity on the progression of the reward value 

associated with an originally neutral spatial context, and distinguish between the roles of this 

circuit during learning and performance of reward related behavior. 
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Abstract: Cocaine addiction is a major global health concern characterized by high rates of 

relapse and limited pharmacological interventions, highlighting the need to find effective ways to 

combat maladaptive reward-seeking behavior. Current research suggests oxytocin (OXT) as a 

possible therapeutic intervention in addiction given its ability to modulate reward processing. 

The ventral tegmental area (VTA) is highly implicated in the reward pathway and its oxytocin 

receptors (OXTR) may be a necessary site of action for oxytocin attenuation of drug-seeking 

behaviors. The present study examined (1) the ability for OXT to attenuate the expression of 

cocaine-reward associations and (2) explored the role of oxytocin receptors (OXTRs) within the 

VTA in mediating this effect. Cocaine-preference behavior was established in male Long-Evans 

rats through a conditioned place preference (CPP) paradigm in which two chambers in an 

apparatus were either paired with cocaine (10 mg/kg; i.p.) or saline (VEH). In Experiment 1, 

OXT (1 and 3 mg/kg, i.p.) was systemically administered before test and found to successfully 

attenuate cocaine-associated place preference. In Experiment 2, using a shRNA-mediated OXTR 

knockout, we examined whether OXTR receptors within the VTA mediated this attenuating 

effect of OXT on cocaine preference behavior. These results illustrate that not only is OXT a 

relevant therapeutic agent for cocaine addiction-related behaviors but also provide insight into 

the role of VTA OXTRs in driving this effect thus shedding light on the neural mechanism 

underlying addiction and offering insights into potential avenues for intervention. 
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Abstract: Previous fear conditioning and drug seeking studies suggest that, often, the infralimbic 

cortex (IL) inhibits and the prelimbic cortex (PL) promotes such behaviors. Although 

downstream projections from these brain regions have been identified in the involvement of 



regulating fear conditioning and drug seeking, it is unknown what inputs to these regions 

determine their influence over cocaine-seeking behavior. Evidence from fear conditioning 

studies suggests that separate subpopulations of basolateral amygdala (BLA) neurons project to 

the PL vs. IL and oppose each other for control over fear conditioning vs. the extinction thereof. 

These findings raise the possibility that the BLA is a key region influencing PL and IL activity 

and determining the degree of cocaine-seeking behavior. To address this question, female and 

male Sprague-Dawley rats received bilateral microinjections of an inhibitory opsin (eNpHR3.0) 

or eYFP-control into the BLA, bilateral fiber optics targeted at the IL or PL, and implantation of 

an intrajugular catheter. Rats then underwent at least 12 d of 2 h cocaine self-administration, in 

which an active lever press produced a cocaine infusion and light/tone cues. Rats then underwent 

5 d of shortened (30 min) extinction training sessions, during which an active lever press resulted 

in no cocaine infusion or cues but initiated 20 s of optical inhibition of BLA terminals in the IL 

or PL. All rats then underwent 7 d of full-length (2 h) extinction training sessions with no 

inhibition to assess extinction retention. Immediate post lever press inhibition of BLA terminals 

in the IL or PL had no effect on active lever pressing during sessions with inhibition or the 

subsequent 7 d of full-length extinction sessions. These results suggest that BLA projections to 

the IL and PL are not involved in cocaine extinction learning. However, it is possible that these 

pathways are involved during other cocaine-seeking behaviors, as previous work found a role for 

BLA projections to the PL in the promotion of cocaine seeking during cued reinstatement. 

Ongoing experiments are examining the role of these pathways during cued and cocaine-primed 

reinstatement tests, via chemogenetic inhibition. Findings from these experiments will elucidate 

the role, if any, for these pathways in cocaine seeking during reinstatement. 
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Abstract: Analysis of operant self-administration behavioral with DeepLabCut 

Leo F. Pereira Sanabria, Luciano S. Voutour, Victoria J. Braman, Christopher A. Reeves, 



Aneesh S. Bal, Amy A. Arguello* 

Department of Psychology, Michigan State UniversityInterdisciplinary Science and Technology 

Building, West Rm 4010766 Service Rd, East Lansing MI 48824, USA 

Rationale: Substance use disorders (SUDs) are comprised of several complex behaviors. 

Patients diagnosed with SUDs can remain abstinent for extended periods, but exposure to drug-

associated stimuli often triggers intense craving and a return to drug use. Operant self-

administration is used to examine several behaviors in rodents: lever responding that results in 1) 

intravenous cocaine infusion paired with an explicit cue or environment: cocaine-taking, 2) no 

reward, cocaine-paired cue or context: extinction, and 3) presentation of the cocaine-paired cue 

or within a cocaine-paired context with no reward: cocaine-seeking. Supervised machine 

learning can be used to rapidly and efficiently analyze complex behavioral profiles, but currently 

there are limited protocols available for analysis of self-administration behaviors. 

Objectives & Methods: We provide methodology to 1) collect high-quality videos of operant 

self-administration behaviors using Raspberry Pi microcomputers or GoPros, 2) obtain pose 

estimation data using the supervised machine learning software DeepLabCut and network 

training via a local high performance computer cluster, 3) proof of principle comparison of lever 

press data vs lever quadrant time generated from pose estimation data, and 4) visualizing 

complex behaviors in rodents using supervised machine-learning predictive classifiers (Simple 

Behavioral Analysis, SimBA). 

Results & Conclusions: We find video acquisition to be simple and efficient with the largest 

amount of troubleshooting needed to set up network training conditions. Using pose estimation 

outputs from DeepLabCut, we recapitulated lever press behavior results with quadrant time. 

Future work aims to use behavioral segmentation software to probe for behavioral motifs that: 

precede or proceed cocaine intake or rewarded lever presses, are specific to early vs stable self-

administration, correlate with magnitude of drug-seeking behavior. 

Keywords: Video recording, operant, self-administration, relapse, rat, context, DeepLabCut, 

pose estimation, supervised machine learning, neuronal network 
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Abstract: Rationale: Drug use during adolescence can permanently alter brain development and 

increase the risk of developing substance use disorders (SUDs). SUDs are characterized by 

cycles of use and relapse, with craving occurring up to 6 months after abstinence (i.e., incubation 

of craving). Using a rat model of cocaine self-administration, we found that male rats with a 

history of adolescent cocaine exposure displayed higher context-induced, cocaine-seeking 

behavior (responses on a lever previously paired with cocaine) after longer periods of abstinence, 

compared to adults. Higher activation of the prelimbic prefrontal cortex was also observed at 

timepoints where cocaine-seeking was highest in the adolescent group. To understand the 

potential effects of adolescent cocaine use on circuit development, we aimed to first examine for 

baseline age- and sex-dependent differences in projection inputs to the basolateral amygdala (a 

key target of the prelimbic cortex) and the dorsal hippocampus (a key region involved in 

contextual cocaine-seeking). 

Objectives & Methods: We aimed to examine age- and sex-dependent differences in projection 

density to the dorsal hippocampus (DH) and basolateral amygdala (BLA) using fluorescent 

Choleratoxin B (CtB) retrograde tracers. Adolescent (P31) and adult (P60) male and female rats 

received stereotaxic infusion of CtB 488 into the BLA of one hemisphere and CtB 594 into the 

DH of the other hemisphere (0.4- 0.5 μL/side). After 7 days, rats were perfused, brains 

cryoprotected and sectioned at 40 μm. Tissue sections were slide mounted, dehydrated and 

photomicrographs were taken at 20X magnification from the following regions: PrL, infralimbic 

cortex (IL), orbitofrontal cortex (OFC), agranular insular cortex (AgI), nucleus accumbens 

(NAc) perirhinal cortex (PRh). 

Results & Conclusions: Preliminary results show significantly higher CtB-positive cell counts 

in the PrL and IL of adolescent rats compared to adults, suggesting an age-dependent difference 

in PrL inputs to the BLA. An age-dependent difference in PRh inputs to the DH was also 

observed, with higher CtB-positive cells counts in the PRh of adolescent rats compared to adults. 

Future directions will examine for sex-dependent differences in inputs to the DH and BLA in 

adolescent and adult rats. 
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Abstract: Cocaine use disorder is a serious heath problem worldwide. Cocaine misuse is 

associated with cardiovascular and neurologic effects, and chronic repeated exposure leads to 

tolerance, and adverse psychological and behavioral effects. Acute rewarding effects act as 

reinforcing stimuli to sustain drug-seeking and drug-taking behavior and is linked to aversive 

effects such as anxiety and increased activity of stress-response systems. 

The amygdala is linked to cocaine consumption, including mediating reward and drug craving. 

The central nucleus of the amygdala (CeA) is implicated in the stress response and effects of 

abusive substances. Corticotropin releasing factor (CRF) is a critical stress-related neuropeptide 

in major output pathways of the amygdala and is linked to anxiety, stress, fear, pain, motivation, 

and addiction behavior. The amygdalar CRF system is potently activated after cocaine 

administration, increasing expression and extracellular levels of CRF. Further, CRF stimulation 

in pre-exposed animals showed increased drug-seeking behavior. A synthetic physiology 

approach was applied that installs artificial chemical negative feedback loops, termed negative 

feedback chemogenetics (NFC). Protein engineering created an excitatory Cre-dependent 

cocaine-activated channel engaged only in Cre-expressing neurons and only during cocaine 

exposure. NFC allows control to evaluate CRF-expressing neurons for their ability to alter the 

chemical feedback responsible for the addictive reinforcement of cocaine. This approach ties the 

pharmacokinetic time-course of a self-administered cocaine to chemogenetic perturbation of the 

CeA CRF-system. The novel cocaine-activated channel encoded in an AAV virus (termed coca-

5HT3-mCherry), or control virus, was stereotaxically injected into the CeA of adult CRF-Cre 

rats. Receptor expression, spread, and localization was confirmed and detailed in the CeA of a 

subset of injected rats via mCherry and alpha-bungarotoxin labeling. The virus activates CRF-

neurons only when cocaine is ingested and is hypothesized to lead to aversive effects. We have 

piloted and begun to measure heart rate and respiration, anxiety-like behavior, locomotion, 

irritability-like behavior, mechanical stimulation, as well as dose response to cocaine IVSA, both 

short and long access cocaine intravenous cocaine self-administration (IVSA), IVSA progressive 

ratio, and willingness to overcome adverse consequences in coca-5HT3-expressing rats versus 

control. Data analysis is ongoing. We hypothesize observing heightened CRF signaling will alter 

CRF- and cocaine-related behavior. 
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Abstract: Cocaine use causes changes in the infralimbic cortex (IL), which mediates inhibitory 

control over cocaine-seeking, mainly via its projections to the nucleus accumbens shell 

(NAshell). Additionally, connections between the IL and the basolateral amygdala (BLA) play a 

role in extinction learning and relapse. We previously demonstrated that vagus nerve stimulation 

(VNS) can attenuate the reinstatement of cocaine-seeking following extinction, which is 

associated with changes in metaplasticity (the ability to evoke LTP or LTD) in the pathway from 

the IL to the BLA. In this study, we investigated synaptic changes in the reciprocal pathway from 

the BLA to the IL, as well as from the IL to the NAshell. Female (n=8) and male rats (n=21) 

self-administered cocaine or received yoked-saline infusions. Nineteen rats were sacrificed after 

the self-administration period to assess the effect of cocaine on synaptic plasticity in the two 

pathways. The remaining 10 rats underwent extinction training paired with VNS or sham 

stimulation for 12 days. Relapse to drug-seeking was assessed in a cued reinstatement session. In 

all rats evoked local field potentials (EFPs) were recorded in the IL and NAshell following either 

the last self-administration session or after cue-induced reinstatement. We measured changes in 

synaptic plasticity induced by high-frequency stimulation (HFS; two bursts at 50 Hz). In the IL 

to Nashell pathway HFS induced no change in yoked-saline, cocaine self-administering, and 

sham VNS-stimulated groups. However, compared to sham stimulation, VNS-treated rats 

exhibited long-term potentiation (LTP) in the NAshell following HFS in the IL (p=0.02). VNS 

also increased the current-voltage relationship of EFPs in this pathway. In the BLA-to-IL 

pathway, HFS induced LTP in both yoked-saline and cocaine-treated rats, but the magnitude of 

LTP was significantly larger in cocaine self-administering rats (p=0.002). Cocaine also altered 

the current-voltage relationship of EFPs, greatly increasing the baseline response in this pathway. 

Ongoing studies examine the effects of extinction and VNS on the connection between the BLA 

and IL. VNS facilitates extinction and reduces cocaine-seeking reinstatement. Strengthening the 

IL to NAshell pathway may contribute to these beneficial effects. Similarly, VNS may modify 



the impact that cocaine-related signals from the BLA have on IL networks that regulate 

extinction and reinstatement. 
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Abstract: In substance use disorder re-exposure to drug-associated cues and stress leads to drug 

cravings and relapse. Extinction learning forms new memories that compete with the drug-

related memories to reduce craving. However, extinction learning alone is often insufficient to 

prevent relapse. Pairing non-contingent vagus nerve stimulation (VNS) during extinction reduces 

cue-induced reinstatement in a rodent model of cocaine self-administration. This VNS effect 

correlates with changes in the expression of immediate early genes in regions associated with 

reinstatement. The medial prefrontal cortex (mPFC) plays an important role in the regulation of 

drug-seeking behavior, with the prelimbic cortex (PL) driving drug-seeking behavior and the 

infralimbic cortex (IL) controlling the expression of extinction memories. Little is known about 

the networks that drive mPFC activity during cue-induced reinstatement, or how VNS alters 

these networks to reduce drug-seeking behavior.We infused a retrograde AAV expressing GFP 

into the IL or PL to label cells in regions that project to the mPFC and which are active during 

reinstatement, including the paraventricular nucleus of the thalamus (PVT), the basolateral 

amygdala (BLA), and the ventral hippocampus (vHipp). Rats self-administered cocaine for 15 

days then underwent 10 days of extinction training paired with VNS or sham stimulation, 

followed by a cue-induced reinstatement session. Rats were sacrificed after reinstatement, and 

tissue from regions activated by drug seeking was stained for the immediate early gene cFos as a 

marker of neuronal activity. We then quantified VNS-induced relative changes in the number of 

cFos+ cells as well as the co-localization of GFP+ IL- or PL-projecting cells with cFos. VNS 

increased the overall number of cFos+ cells in the PVT following reinstatement, including 



increased numbers of cFos+ cells projecting from the PVT to both the IL and PL. VNS caused no 

changes in the overall number of cFos+ cells in the vHipp, but a decrease in activity in IL-

projecting cells. In the BLA VNS caused a relative decrease in overall cFos activity, as well as in 

IL-projecting cells; however, in contrast the number of cFos+ PL-projecting cells increased. We 

hypothesize that these VNS-induced changes in neuronal activity in projections to the mPFC 

contribute to suppression of drug-seeking behavior during cue-induced reinstatement. Our results 

provide a better mechanistic understanding of the networks through which VNS facilitates 

extinction learning from drug seeking behavior. 
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Abstract: Circadian rhythms, supported by clock genes, synchronize with predictable temporal 

changes in the environment and permit routine biological functions related to sleep, feeding, and 

other vital functions. However, under some circumstances, the coupling between external cues 

and internal biological clocks can be disrupted and become misaligned, such as rapidly shifting 

time zones (jetlag). Prior work demonstrated that even temporary misalignment is associated 

with negative changes in physical and mental health. Two places where circadian misalignment 

and mental health intersect are in stress and drug use. Circadian disruption is an intensely 

negative experience, and prior work has suggested that experiencing acute or chronic stressors 

during drug abstinence can potentiate seeking and taking. For example, repeated social defeat 

stress potently increases cocaine-seeking behavior in a manner that scales with the degree of 

defeat. While less is known about whether circadian misalignment would be similar, evidence 

suggests that this stressor functionally alter many of the same brain circuits in the prefrontal 

cortex affected by other stressors. In this study, we trained rats to self-administer cocaine 

(0.75mg/kg/infusion intravenous; 2h/d for 14d) during their active (dark) phase (~ ZT14-18) 



where nosepokes delivered the drug along with a 20sec audiovisual cue (tone+light). On the first 

day of abstinence, rats experienced a brief extinction session (no drug or cue following 

nosepoke) to assess baseline seeking. Then, rats were assigned to a Control condition (continued 

12:12 light-dark schedule), or a circadian disrupted schedule (10:10 light-dark; “T20”) during a 

30d period of involuntary abstinence. Subsequently, all rats were returned to the standard 12:12 

light-dark schedule, where the experienced (1) two consecutive days of extinction, and (2) one 

day of cue-induced reinstatement. Female rats who experienced the T20 circadian misalignment 

showed significantly more cue-induced reinstatement than both control females and T20 males. 

These data suggest that circadian disruption may have differential effects in males and females 

on drug-seeking actions, and may indicate a sex-related role in stress-drug interactions. 
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Abstract: A major obstacle in the treatment of addiction is the propensity to relapse, often 

mediated by drug-associated cues, even after prolonged period of abstinence from drug use. 

Repeated exposure to cocaine leads to enduring alterations in glutamatergic signaling in the brain 

reward circuit that play an important role in long-lasting molecular, cellular, and behavioral 

neuroadaptations. Therefore, glutamate signaling has been investigated as a target for the 

treatment for addiction. Recent studies suggest that group I metabotropic glutamate receptors 

(mGluR1/5) play important roles in drug reinforcement and drug seeking and, therefore, have 

been pursued as promising targets for therapeutic development. Here, we examined the role of 

mGluR1/5 receptors in abstinence drug seeking using animal models of cocaine self-

administration. Male Sprague-Dawley rats were trained to self-administer cocaine (FR1; 1.0 

mg/kg/200 µl/inf) during either 2-hr (ShA) or 6-hr sessions (LgA) for 14 days. Subsequently, 

animals were left undisturbed in the home cage for 3, 10, or 60 days. Following abstinence 



period, rats were tested under context-primed extinction condition for cocaine seeking after 

systemic administration of either saline or an mGluR1/5 receptor antagonist (MTEP or 

JNJ16259685). Following a short abstinence period (3 or 10 days), the blockade of mGluR5 

receptor reduced drug seeking only in ShA subjects without affecting the LgA animals, while 

mGluR1 receptor blockade was effective in reducing drug seeking in both groups. However, 

after a long abstinence period (60 days), the systemic blockade of either of receptors 

significantly reduced drug seeking in ShA and LgA rats. Using separate groups of rats, it was 

demonstrated that intracerebral infusion of MTEP (3µg/side) after 10 days of abstinence into 

either NAcore or NAshell led to a decrease in drug seeking in ShA rats. However, our data 

suggest that inhibition of mGluR5 receptors by MTEP in either NA subregions was not effective 

in reducing drug seeking in LgA rats. These results suggest that exposure to cocaine produce a 

transient intake dependent plasticity in mGluR5, but not in mGluR1, signaling in the brain. 

Moreover, our data point to Nucleus accumbens as the anatomical substrate contributing to the 

selective modulation of mGluR5 signaling in LgA rats. Importantly, mGluR5 receptor is 

suggested as an important molecular target for regulation of cocaine craving and the propensity 

to relapse during prolonged abstinence periods. In addition, understanding the mechanism of 

cocaine mediated effects on group I metabotropic glutamate receptors may reveal new molecular 

targets for the treatment of cocaine addiction. 

Disclosures: M. Ghasemzadeh: None. L. Metko: None. T. Maxim: None. N. Abraham: 

None. C. Johnston: None. 

Poster 

PSTR299: Cocaine: Seeking, Reinstatement, and Motivation 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR299.20/O2 

Topic: G.09. Drugs of Abuse and Addiction 

Support: NIH Grant 7R37DA054370-03 

Title: Inhibition of Cocaine Seeking By Rescue of Serotonin Receptor Function in the 

Rostromedial Tegmental Nucleus 

Authors: *M. HOHMEISTER1, T. C. JHOU2;  
1Univ. of Maryland Sch. of Med. Program In Neurosci., Baltimore, MD; 2Neurosci., Univ. of 

Maryland Sch. of Med. Program In Neurosci., Baltimore, MD 

Abstract: Inhibition of Cocaine Seeking By Rescue of Serotonin Receptor Function in the 

Rostromedial Tegmental Nucleus*M. Hohmeister1, T. Jhou1, J. Parilla-Carrero21University of 

Maryland Baltimore School of Medicine, Baltimore, Maryland; 2Southern Illinois University 

School of Medicine, Springfield, Illinois 



In addition to its rewarding effects, cocaine also possesses aversive properties that strongly 

influence drug seeking. We have recently demonstrated that aversive responses to cocaine are 

mediated by excitatory serotonin 2c receptor (5HT2cR) signaling in the rostromedial tegmental 

nucleus (RMTg), a major inhibitory afferent to midbrain dopamine neurons. Furthermore, we 

have shown that weakened aversive responses to cocaine is mediated by the downregulation of 

5HT2cR signaling, and predictive of increased cocaine seeking. Our lab has also identified an 

inbred strain of rat, the Lewis rat, that has uniformly low aversive reactions to cocaine as 

opposed to outbred strains where aversive responses to cocaine vary considerably between 

individuals. These Lewis rats also exhibit reduced 5HT2cR signaling in the RMTg accompanied 

by increased cocaine seeking after initial cocaine exposure. In the present study, we further 

investigated whether this reduction in Lewis rats is mediated by dephosphorylation of the 5HT2c 

receptor via phosphatase and tensin homolog deleted on chromosome 10 (PTEN). Using a 

runway operant task, we found that intracranial administration of the peptide Tat-3L4F, which 

blocks PTEN’s interaction with 5HT2cRs, into the RMTg significantly increased latency to 

obtain cocaine in Lewis rats (n=5). In contrast, no change in latency to obtain cocaine was 

observed in a separate group of animals receiving a scrambled control peptide (n=2). These 

results strongly support the role of PTEN in increased cocaine seeking driven by the loss of 

sensitivity to the drugs aversive properties, and points towards its therapeutic potential for 

treating addiction vulnerability. 
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Abstract: Substance abuse is a recurring and intricate brain disorder marked by drug pursuit 

despite harmful consequences. The mesocorticolimbic system (MCL), governing pleasure, 

reward, and motivation, is profoundly impacted by substance abuse. Dopaminergic (DA) 

neurons, abundant in the Ventral Tegmental Area (VTA) of the MCL, represent a primary target 

for addictive substances. Hyperpolarization-activated cyclic nucleotide-gated (HCN) channels 



conduct a depolarizing current that significantly influences neural processes like resting 

membrane potential firing frequency and intrinsic excitability of VTA DA neurons. Previous 

results from our laboratory demonstrated that after non-contingent cocaine sensitization, VTA 

DA neurons Ih amplitude and membrane capacitance (Cm) are significantly reduced. However, it 

is unknown how a contingent drug self-administration paradigm alters these intrinsic properties 

and if pairing cues during drug administration are essential in altering VTA DA cells' intrinsic 

properties. This study investigates the impact of paring cues during passive cocaine and sucrose 

administration on Ih in VTA DA neurons, exploring the hypothesis that the associative learning 

of reward predictive cues modulates Ih. The objective was to elucidate whether cocaine self-

administration or reward anticipation modulates VTA DA neurons Ih. Animal groups were 

divided into cocaine and saline IntA. Two groups of yoked controls were paired with the cocaine 

IntA subjects for comparison between drug administration and cue presentation during drug 

delivery. Yoked controls received non-contingent cocaine administration either with a light cue 

(Yoked + cue) or without it (Yoked - cue). Another cohort of animals underwent sucrose self-

administration under conditions analogous to the IntA protocol and yoked controls. Following 

behavioral training, animals were sacrificed, and brain slices with VTA were isolated from their 

brains. Through in-vitro electrophysiology in rat brain slices, we analyzed Ih current, synaptic 

integration, Cm, and evoked action potentials. Our findings demonstrate a significant reduction 

in Ih amplitude in animals in the cocaine IntA and Yoked + cue control groups. Ih amplitude 

reduction was also evident in the sucrose IntA group and in the yoked +cue sucrose controls. 

These results suggest that the associative learning of cues modulates the Ih of VTA DA neurons. 

In conclusion, Ih modulation after cocaine and sucrose anticipation could be a general 

mechanism of reward processing. 
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Abstract: Understanding cocaine use disorder remains a significant challenge within 

neuroscience community. Recent literature indicates that astrocytes may actively regulate 

cocaine seeking behavior. Astrocyte Ca2+ is speculated as a prominent mechanism underlying 

such regulation. However, the specific impact of astrocyte Ca2+ on neuronal activity in brain 

areas associated with cocaine seeking and reinstatement have not been previously investigated. 

To fill this gap, we overexpressed the cytosolic Ca2+ extruder pump, HPMCA2, in the dorsal 

striatum astrocytes of rats trained to self-administer saline or cocaine along with the neuronal 

Ca2+ reporter, GCaMP6f, in the same brain area. While no significant differences were noted 

during saline self-administration, HPMCA2 animals exhibited increased cocaine self-

administration compared to animals injected with the control tdTomato virus. No behavioral 

differences were observed between either group during extinction. While no significant 

differences were observed between saline HPMCA2 and saline tdTomato animals during cue 

induced reinstatement, suppression of astrocytic Ca2+ led to increased cue-induced reinstatement 

in cocaine HPMCA2, relative to cocaine tdTomato animals. Subsequently, brain slices were 

collected from each animal for ex vivo calcium imaging. In slice imaging experiments, 

suppression of astrocyte Ca2+ increased the amplitude, an indirect measure of cell excitability, in 

the cocaine animals, but not the saline animals. Furthermore, suppression of astrocyte Ca2+ 

decreased the duration of neuronal Ca2+ transients in cocaine self-administering animals. 

Together these results were not associated with differences in neuronal response to exogenous 

cocaine and were not linked to differences in the overall extracellular Ca2+ levels. In a separate 

cohort of animals, we investigated the effects of reduced astrocyte Ca2+ on neuronal activity in 

awake behaving animals. Fiber photometry experiments, conducted throughout extinction and 

reinstatement sessions, were used to link neuronal activity to discrete behavioral events. 

Preliminary results indicate that the associations between lever press behavior and neuronal 

activation in the dorsal striatum may be regulated by astrocyte Ca2+. On-going analyses 

investigate whether astrocyte Ca2+ regulation of neuronal excitability during discrete extinction 

and reinstatement of cocaine-seeking parallel the overall increase in neuronal excitability 

observed in the slice preparation. 
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Abstract: While substance use disorders continue to pose a significant global public health 

challenge, there are currently no approved medications for treating psychostimulant use disorders 

(PSUD). Extensive research over the past decades suggests that targeting the dopamine D3 

receptor (D3R) holds promise in treating PSUD. However, most of the research has focused on 

developing highly selective D3R antagonists or partial agonists, which have shown limited 

efficacy in suppressing psychostimulant self-administration under conditions of low cost and 

high reward, often requiring high doses to attenuate drug-seeking behaviors in preclinical rodent 

models. Here, we propose that D3R-preferring partial agonists with concurrent D2 receptor (D2R) 

partial agonism may offer enhanced pharmacological efficacy against PSUD. In this study, we 

evaluated two novel D3R-preferring D3R/D2R partial agonists, ESG-1-60 and ESG-1-61, derived 

from cariprazine, a clinically used D3R-preferring D3R/D2R partial agonist for the treatment of 

bipolar disorder and schizophrenia, in animal models of addiction. We first investigated their 

effects on intravenous cocaine self-administration and cocaine-primed reinstatement of drug-

seeking behavior and then evaluated their potential adverse effects in open-field locomotion and 

conditioned place preference/aversion (CPP/CPA) tests. Our results demonstrate that cariprazine, 

ESG-1-60, and ESG-1-61 reduced cocaine self-administration in both male and female rats, 

shifted cocaine self-administration dose-response curves downwards, attenuated motivation for 

cocaine-taking under progressive-ratio reinforcement, and inhibited cocaine-induced 

reinstatement of drug-seeking behavior. Chronic administration of ESG-1-60 also suppressed 

cocaine self-administration over five consecutive days of treatment. Importantly, these 

compounds did not induce locomotor inhibition or impairment. In CPP/CPA assays, cariprazine 

and ESG-1-61 induced significant CPA, while ESG-1-60 did not, supporting further evaluation. 

In conclusion, our study provides robust preclinical evidence supporting the potential efficacy of 

D3R-preferring D3R/D2R partial agonists in treating PSUD without significant unwanted side 

effects commonly associated with D2R blockade. (Supported by NIDA IRP) 
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Abstract: Background: The failure of preclinical research to translate into significant treatment 

advances may be due to animal models' failure to capture crucial aspects of human substance use 

disorder. Heroin and cocaine users exhibit substantially different patterns of drug-use, including 

distinct dosage, route, and frequency of administration. Yet, preclinical addiction research often 

uses drug self-administration and choice procedures based on discrete, as opposed to continuous 

dimension strategies, featured by pre-selected experimenter-imposed unit-doses spaced by 

timeouts. Implementation of these constraints result in standardized and similar behaviors 

(including patterns of drug-taking) across different drugs. Here, we contrasted discrete to 

continuous dimension strategies (i.e., self-selected doses without timeout) that allow to do so. 

Methods: We analyzed the drug-taking patterns and estimated (though a PK model) drug 

concentrations in the brain in distinct self-administration training conditions, characterized by 

discrete or continuous dimension strategies. We also assessed the motivation to take and seek 

drugs under these varying conditions and within the framework of drug-versus-social choice 

scenarios. Results: Overall, the implementation of continuous, as opposed to discrete dimensions 

strategies significantly heightened the motivation to take and seek heroin and cocaine. Drug-

taking patterns and related pharmacokinetics profiles differed substantially between the two 



dosing strategies and depending on the substance used. Finally, the continuous dosing method 

revealed, for the first time, volitional social withdrawal post-heroin administration—a 

phenomenon not observed with cocaine—in a subset of rats. Notably, interindividual differences 

in social withdrawal were predicted by the severity of heroin-taking patterns. Conclusions: The 

findings support the use of continuous dosing strategies in self-administration and choice 

experiments. Such approaches more faithfully replicate the nuanced behaviors associated with 

human drug use and are likely to reflect the underlying neural changes more accurately. 
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Abstract: Background: The rise in overdose deaths from synthetic opioids, especially fentanyl, 

necessitates the development of preclinical models to study fentanyl use disorder (FUD). While 

there has been progress with rodent models, additional translationally relevant models are needed 

to examine excessive fentanyl intake and withdrawal symptoms. Methods: The study performed 

intravenous self-administration (IVSA) of fentanyl in male and female C57BL/6J mice for 14 

days. Mechanical pain sensitivity during withdrawal was assessed using the von Frey test. 

Anxiety-like behavior was evaluated via the open field test one-week into abstinence and 

incubation of craving for fentanyl was assessed four weeks into abstinence. Results: Both male 

and female mice demonstrated a significant escalation in fentanyl intake over the 14 days of self-

administration, with significant front-loading observed in the final days of self-administration. 

Increased mechanical pain sensitivity was present from 36- to 48-hour into withdrawal and 

increased anxiety-like behavior was found 1 week into abstinence. Four weeks into abstinence, 



mice showed significantly higher active lever pressing than the final self-administration session 

prior to abstinence. Conclusions: The study establishes a translationally relevant mouse model 

of IVSA of fentanyl, effectively encapsulating critical aspects of FUD, including escalation of 

drug intake, front-loading behavior, withdrawal symptoms, and prolonged craving for drug into 

abstinence. This model offers a robust basis for further exploration into behavioral and 

neurobiological mechanisms involved in fentanyl dependence and potential therapeutic 

strategies. 
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Abstract: Escalated oxycodone self-administration is associated with activation of specific 

gene networks in the rat dorsal striatum.  

Ammanuel Y. Wabreha, Atul P. Daiwile, Michael T. McCoy, and Jean Lud CadetMolecular 

Neuropsychiatry Research Branch, NIDA-IRP, Baltimore, MD 21224 

AbstractThe number of individuals diagnosed with opioid use disorder (OUD) has risen steeply 

because of the increased prescribing of opioid drugs like oxycodone for chronic pain relief. OUD 

is characterized by loss of control of drug taking, continued drug use in the presence of adverse 

consequences, and repeated relapses to drug taking. Repeated exposure to oxycodone self-

administration can lead to addiction in certain rats while others remain unaffected. 

Understanding the molecular mechanisms between these two groups holds promise for 

developing strategies to combat addiction. To identify signaling pathways associated with 

oxycodone addition, this study used male Sprague-Dawley rats to self-administer oxycodone for 

20 days according to short-(ShA, 3 h) and long-access (LgA, 9 h) paradigms. Animals were 

euthanized after 2 hours of self-administration cessation and their dorsal striata were used for 

RNA sequencing analysis. LgA rats escalated their oxycodone intake and developed into 2 

phenotypes, named long-access high (LgA-H, addicted) and long-access lower (LgA-L, non-

addicted) rats, based on the level of escalation and drug taken during the self-administration 

experiment. RNA sequencing revealed many differentially expressed genes in the oxycodone-



addicted rats in comparison to other groups. DAVID analysis indicated that some of these genes 

were involved in potassium transport, ATP binding, and regulation of synaptic processes. 

Ingenuity pathway analysis (IPA) revealed previous involvement of some genes in OUD and 

cognitive processes. RNA sequencing and RT-PCR analysis of dorsal striatum samples unveiled 

a significant upregulation of potassium channel genes in LgA-H rats, suggesting a potential 

molecular mechanism underlying addiction susceptibility. 
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Abstract: Background: Clinical studies reported that effective medication doses can be lowered 

by combining lower doses with cues previously paired with higher doses. This ‘dose-extending 

placebo effect’ has been shown for pain and other medical conditions, but not drug addiction. 

Here, we tested if the dose extending placebo effect can be observed in a rat model of opioid 

(buprenorphine) maintenance treatment. Methods: We first trained rats (n=8) to self-administer 

remifentanil (5 µg/kg/infusion, fixed ratio (FR) 5 schedule, 6 days). Next, we implanted 

buprenorphine minipumps (3 mg/kg/day) and continued training for self-administration but 

under an FR10 schedule in the presence of a discriminative cue (tone + houselight) for 20 

sessions (2 sessions/day) for 10 days. Finally, we removed the minipumps and retrained the rats 

for remifentanil (FR5 schedule) without the buprenorphine-paired discriminative cue. During 

this time, we tested the effect of the cue, low- and high-buprenorphine doses (0.15 and 0.3 

mg/kg, i.v.), and the low dose plus the cue (the dose-extending placebo manipulation) on 

remifentanil self-administration. Results: Rats learned to self-administer remifentanil and self-



administration was suppressed during buprenorphine maintenance. The discriminative cue and 

the low dose had no effect on remifentanil self-administration. The high dose decreased self-

administration in 7 out of 8 rats and combining the discriminative cue with the low dose strongly 

decreased self-administration in all rats. Conclusion: We provide evidence suggesting that the 

‘dose-extending placebo’ effect can be studied in a rat model of opioid maintenance. This 

treatment modality may translate into dose reduction during opioid maintenance treatment in 

humans. 
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Abstract: Background: We recently modeled opioid maintenance treatment in rats and found 

that chronic buprenorphine decreased several relapse-related behaviors, including context-

induced reinstatement of heroin seeking. We also recently introduced a novel CRISPR-based 

Oprm1-Cre knock-in rat that allows us to visualize and manipulate µ-opioid receptor (MOR)-

expressing cells in the brain. Here, we used the Oprm1-Cre rats to identify brain MOR-

expressing cells involved in the inhibitory effect of buprenorphine on context-induced 

reinstatement of heroin seeking.Methods: We trained male and female Oprm1-Cre rats to self-

administer heroin in Context A for 14 days (6-h/day). Two to three days later, we implanted 

osmotic minipumps containing buprenorphine (0 or 9 mg/kg/day). Five days after minipump 

surgery, we began extinction training in Context B for 8 days (6-h/day), followed by context-

induced reinstatement in Contexts B and A (1-h/day). After the second test in Context A, we 

anesthetized the rats and extracted their brains for in situ hybridization. Results: There were no 

sex differences in heroin self-administration, extinction responding in Context B, or in context-

induced reinstatement of heroin seeking. In both sexes, chronic buprenorphine decreased 

context-induced reinstatement of heroin seeking. We are currently performing RNAscope for c-

fos (a neuronal activity marker) and iCre (marker of MOR-expressing cells) to determine which 



MOR-dense brain areas are activated during context-induced reinstatement of heroin seeking and 

subsequently inhibited by chronic buprenorphine.Conclusions: Our study using the new Oprm1-

Cre rats confirms previous results on context-induced reinstatement of heroin seeking. We will 

present our findings at the meeting. 
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Abstract: Understanding behavioral biomarkers that are predictive of substance use disorder 

(SUD) is important for identifying individuals with a higher risk of developing a SUD. Clinical 

studies have established a link between heightened sensation seeking and an increased risk of 

SUD. In rats, sensation seeking can be measured by examining locomotor reactivity to a novel 

environment. Prior research by our group indicates that high-responder (HR) rats exhibit higher 

preferred baseline cocaine intake compared to low-responder (LR) rats on a behavioral 

economics procedure. Following cocaine self-administration on an intermittent access paradigm, 

HR rats displayed higher baseline cocaine intake, as well as lower demand elasticity (higher 

cocaine motivation) on a behavioral economics (BE) procedure after intermittent drug self-

administration. The present study tested if these outcomes extend to the opioid fentanyl. Male 

HR and LR rats acquired fentanyl self-administration on a fixed ratio 1 schedule of 

reinforcement. Rats were then evaluated daily on a BE procedure for fentanyl until baseline 

demand was established. Rats then self-administered fentanyl under an intermittent access 

schedule for 14 days and were re-evaluated on the BE procedure. Our preliminary results 

indicated that HR rats displayed lower demand elasticity (higher motivation) for fentanyl 

compared to LR rats only after intermittent access to fentanyl, consistent with our previous 

findings with cocaine. These data suggest that the sensation seeking trait may serve as a 



behavioral biomarker for predisposition to opioid use disorder. Future experiments should extend 

these studies to female rats. 
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Abstract: Evaluation of the abuse liability of gabapentin and duloxetinein male and female 

rats using two approaches:intravenous self-administration and conditioned place 

preference 

Q. Chang1, E.A. Dugan1, W. Min1, H. Buechler1, P. V. Severino1, D. A. Nicholson1, S.A. 

Woller2, W. Lacsina1, S. Iyengar2, T. Hanania11PsychoGenics, Paramus NJ; 2NINDS/NIH 6001. 

Executive Boulevard, Rockville, MD 20852 

In collaboration with the NIH HEAL Initiative Preclinical Screening Platform for Pain (PSPP), 

we evaluated the abuse liability properties of gabapentin and duloxetine in the intravenous self-

administration (SA) and conditioned place preference (CPP) tests in male and female SD rats. 

SA took place in operant chambers where rats pressed a lever that delivered the test compound 

through a jugular vein catheter. An independent group design with n=10-12 was used. Rats were 

allowed to self-administer saline or vehicle (6% DSMO for duloxetine study), oxycodone (0.06 

mg/kg/infusion, as positive control for both studies), gabapentin (0.3, 1 and 3 mg/kg/infusion) or 

duloxetine (0.3, 1 and 3 mg/kg/infusion) on an FR3 schedule. Acquisition training lasted 20 

days. The results indicated that oxycodone 0.06 mg/kg/infusion possessed strong abuse liability, 

gabapentin did not show signs of abuse potential, and the groups with higher doses of duloxetine 

had significantly fewer infusion compared to the vehicle group. This suggests duloxetine may 

have aversive effects in the SA model. In the CPP study, an independent group design (N=14-16) 

was used. In the gabapentin study, there were five groups (saline, oxycodone 3 mg/kg, and 

gabapentin 3, 10 and 30 mg/kg); in the duloxetine study, there were also five groups (saline, 

oxycodone 3 mg/kg, and duloxetine 10, 30 and 100 mg/kg.) Compounds were administered 



orally (5 ml/kg and 0 minute pretreatment, except saline and oxycodone, which were i.p. dosed 

with 1 ml/kg and 0 min pretreatment). Perceptive cues were applied to create a distinctive texture 

and visual features for the two compartments. A 10-day protocol was used and the study was 

videotaped. Rats were treated with saline on days 2, 4, 6 and 8, and with either oxycodone or 

gabapentin / duloxetine on days 3, 5, 7, 9. Animals were confined in the “drug compartment” or 

“saline compartment” immediately after administration for 20 minutes. Compared to saline, 

oxycodone induced significant CPP. None of the gabapentin or duloxetine groups showed bias 

between the two compartments. These studies confirmed the validity of both assays in screening 

the potential abuse liability as part of the NIH HEAL Initiative’s PSPP program towards 

discovering novel non-addictive analgesics. 
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Abstract: Despite major advances in both the preclinical and clinical addiction fields, the 

number of US citizens afflicted by substance use disorders (SUDs) and the lethal overdose 

outcomes has continuously increased over the past two decades. To tackle this alarming health 

issue, intravenous self-administration procedures have been used as the gold standard for 

translational rodent SUD models. However, despite being one of the most reliable procedures, 

with clear face validity, this procedure is still limited by its tethered nature, constraining its use 

to restricted spaces in which rodents are exposed to unenriched environments with limited or no 

access food, water, or social interaction. Availability of volitional social interaction and non-

social rewards such as wheel running, and operant-delivered palatable foods can decrease 

consumption, escalation, and reinstatement of drug self-administration.To tackle the limitations 

imposed by current intravenous self-administration approaches, we are developing a wireless-

controlled wearable drug reservoir connected to intravenous indwelling catheters and using 

Bluetooth mesh technology to enable homecage-based intravenous self-administration 



procedures.Using a combination of 3D printed encapsulation and commercially available 

reprogrammed micro-pumps together with a non-invasive pulse oximeter, we demonstrate that 

wireless infusion of fentanyl (50ug.kg-1) is sufficient to produce respiratory depression in freely 

moving rats. Further, we demonstrate that our wearable devices do not impair horizontal 

locomotion and performances in operant sucrose self-administration in adult male and female 

rats. Additionally, we show that these devices can be effectively used in combination with other 

tethered approaches. Here, we used fiber photometry to reliably record neuronal activity in the 

ventral tegmental area following administration of fentanyl via our wireless device.Together, 

those newly developed wearable devices seem to be adapted to 1) perform home cage drug self-

administration and 2) be combined with other tethered approaches to investigate neuronal 

circuits and ensemble responsible for consumption, escalation, and reinstatement of drug 

use.Overall, we envision that these new open-source approaches will broaden the translational 

value of pre-clinical SUD models by enabling new experimental designs to improve current 

strategies aiming at developing substance use disorders treatments. 
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Abstract: Opioid abuse remains a significant burden to public health despite reduction efforts in 

part due to their highly addictive nature. Morphine modulates the mesolimbic dopamine (DA) 

system, a critical pathway for reward processing, however the temporal dynamics of DA activity 

are not well defined. Here, we measured dopamine neural activity in response to acute morphine 

treatment using in vivo fiber photometry at both dopamine cell bodies in the VTA and terminals 

in the NAc. To measure VTA DA cell body dynamics, we injected Long Evans rats (TH:Cre+) 

with a Cre dependent GCaMP6f (n = 16). To measure DA release dynamics, we injected Long 

Evans rats with GRABDA2H (n = 16) or dLight1.3b (n = 16) targeting the NAc lateral shell. 

Fiber optic cannulae were implanted 0.1mm dorsal to the injection site. Experimentation began 

four weeks post-surgery. Subjects were randomly assigned to saline control or morphine 



administration groups. Two recording sessions were conducted per week on subsequent days: a 

saline control session followed a morphine administration test day session. Each session 

consisted of a 15-minute baseline and 60-minute post injection recording period. Doses were 

administered in escalating order (2.5, 5.0, 7.5, and 10 mg/kg, i.p.). Saline control animals 

received a volumetrically matched injection of saline on both baseline and test days. For each 

session, data were normalized to the pre-injection baseline and transient events were detected 

using a criterion of a 3SD increase above the local minimum value. GCaMP6f recordings of DA 

cell body activity demonstrated a dose-dependent increase in transient frequency relative to 

control sessions, with higher doses resulting in greater increases. dLight1.3b recordings 

demonstrated a similar dose-dependent increase in transient frequency. By contrast, 

GRABDA2H recordings demonstrated a robust and substantial decrease in both transient 

frequency and amplitude, conflicting with results obtained with both GcAMP6f and dLight1.3b. 

These experiments demonstrate, with high temporal precision, changes exhibited by VTA DA 

neurons in response to escalating doses of morphine, which is corroborated by release dynamics 

capture with dLight1.3b in the NAc lateral shell. GRABDA2H results are vastly divergent, 

potentially indicating saturation of the sensor. Together, these results support the use of multiple 

sensors and approaches to validate experimental findings. Future studies will evaluate the effects 

of chronic morphine administration and subsequent withdrawal on DA dynamics, which may 

help define neural processes underlying the rewarding effects of opioid use and the negative 

affective aspects of withdrawal. 
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Abstract: AIM: Individuals in active addiction often recount the power of drug “reminder cues” 

(e.g., sights, smells, sounds, and memories) to trigger drug desire (“craving”), drug-seeking and 

relapse. The deep brain circuits (e.g., nucleus accumbens [NAc], ventral pallidum, amygdala) 

activated by drug reward cues have been the focus of many functional imaging studies, but little 

is known about the longevity of cue-triggered brain vulnerability for individuals in sustained 

addiction recovery. We recently had a unique opportunity to record brain responses in the NAc 

to opioid cues in an individual with extended (4 year) recovery. We predicted that we would 

detect a low-frequency “reward anticipation” signal to the opioid cues, despite prolonged 

recovery -- and 160 mg daily methadone. METHODS: A 26 year-old male with a long history of 

severe opioid use disorder (OUD) had achieved 4 years of remission with deep-brain-stimulation 

(DBS) of the NAc. His pulse generator had been removed due to wound erosion, with a return of 

opioid craving. Prior to re-implantation of the pulse generator, we interrogated his existing 

electrodes for the NAc response to opioid cues, with several cue task sessions featuring 

alternating 6 s videos of drug (matched to the patient’s injection paraphernalia) and non-drug 

cues. We also tracked both the brain and subjective (“craving”) response to the cues during 

intermittent DBS stimulation of the NAc. RESULTS: As predicted, we demonstrated a robust 

(cluster-corrected, p< 0.05) low-frequency (1-8 Hz) response in the NAc to opioid (vs. non-drug) 

cues. The patient was dismayed that explicit visual cues proximal to self-administration (e.g., 

"booting", bringing blood up into the injection syringe) were highly evocative, despite several 

years without opioid misuse, and despite daily methadone. The brain response was correlated 

with drug craving, persisted across multiple sessions/days, and was subsequently blunted by 

DBS (5-6 mA) in the NAc (Please see concurrent 2024 posters, Drs. Qiu and Nho). 

CONCLUSION: To our knowledge, these recordings represent the first demonstration that a 

differential brain response (low-frequency, 1-8Hz) to opioid cues in the NAc may persist even 

after several years of recovery. The low-frequency brain response to opioid cues in our OUD 

patient is strikingly similar to the NAc brain response during palatable food cues in our patients 

with loss-of-control eating, suggesting a “cue-vulnerable endophenotype” that may be shared 

across multiple disorders. Cue-reactivity probes may be useful for revealing this vulnerability, 

and for optimizing the interventions (e.g., neuromodulation tools and their parameters) to address 

it. 
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Abstract: Opioid use disorder (OUD) presents a multifaceted challenge marked by its high 

relapse rates, profound health and social repercussions, extensive impact on individuals and 

communities, and the intricate interplay of physical and psychological factors driving the 

disorder. To combat the opioid epidemic effectively, it is imperative to find better treatment 

options. Recent independent studies have demonstrated the therapeutic potential of hyperbaric 

oxygen treatment (HBOT)—high pressure exposure to 100% oxygen—in alleviating opioid 

withdrawal symptoms in both humans and male mice. We have previously shown that HBOT 

significantly attenuates the physical symptoms of morphine withdrawal in male mice; however, 

no studies have examined this effect in females. Additionally, it remains uncertain whether 

HBOT can influence the rewarding and aversive behaviors associated with morphine exposure. 

Our experiments were designed to address this gap in knowledge by first, expanding upon the 

initial findings regarding therapeutic effects of HBOT on physical withdrawal symptoms by 

replicating this experiment and including female mice and second, exploring the potential 

therapeutic effects of HBOT on the rewarding properties of morphine and the aversion toward 

naloxone-induced morphine withdrawal. In addressing the potential sex differences in the 

efficacy of HBOT on physical withdrawal symptoms, we anticipated that treating morphine 

withdrawal with HBO may yield sex-dependent effects due to the different sensitivities toward 

opioids, opioid withdrawal, and the development of OUD between males and females. Our 

preliminary data supports the potential for sex effects of HBOT on the physical symptoms of 

morphine withdrawal. Future experiments will be conducted to explore the observed trends. For 

our second aim, we hypothesized that HBO exposure would diminish morphine induced 

conditioned place preference (CPP) and naloxone induced conditioned place aversion (CPA) in 

morphine dependent male C57BL/6 mice. HBOT resulted in a trend towards reduced 

withdrawal-associated aversion compared to control animals (Sham: -276.6 ± 42.0 sec, n=12; 

HBO: -208.8 ± 52.0 sec, n=14; p=0.07; t= 2.0). However, there was no statistically significant 

effect of HBOT on morphine-induced CPP (p>0.05). These outcomes suggest that while HBOT 

may not alter the rewarding properties of morphine, it holds promise in mitigating aversion 

toward environments associated with withdrawal. Further investigating the effects of HBOT on 

contextual drug-seeking and morphine withdrawal will provide insight into the mechanisms of 

HBOT and how it can best be utilized to treat OUD. 
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Abstract: Although there are pharmacological treatments for opioid use disorder (OUD), relapse 

rates remain high. New treatments, then, are essential. To that end, treatment with glucagon-like 

peptide-1 receptor agonists (GLP-1RAs), known satiety agents, reduce responding for ethanol, 

nicotine, cocaine, and opioids. Here, we used fentanyl self-administration and light sheet 

microscopy to measure fentanyl seeking, the associated brain activation patterns (i.e., c-Fos and 

tyrosine hydroxylase, TH), and reversal of both by treatment with the GLP-1RA, liraglutide, in 

rats. Male Sprague-Dawley rats were given 6 h to self-administer fentanyl (1.85 ug/infusion) 

across 14 trials. On day 15, all rats were injected with saline or liraglutide (0.3 mg/kg sc) and 6 h 

later placed in the drug self-administration chamber for a 90 min extinction test where cues were 

presented, but no drug was delivered. Afterwards, the rats were deeply anesthetized, and brains 

prepared for light sheet microscopy. High drug takers self-administered more fentanyl/6h across 

trials 1 - 14 than did the low drug takers. During the 90 min extinction test, all rats pretreated 

with saline exhibited high seeking for fentanyl and an increase in expression of c-Fos and TH in 

areas associated with reward and aversion; this seeking behavior, and brain activation, was 

blocked by treatment with the GLP-1RA. Together, these data show that fentanyl taking and 

seeking in the most vulnerable drive neuronal activity in substrates involved in drug need and in 

reward/seeking and that treatment with the satiety agent, liraglutide, reverses both drug-seeking 

behavior and the associated patterns of brain activation. 
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Abstract: Opioid use disorder (OUD) has become increasingly prevalent in the United States 

with increased availability and access to prescription opioids. OUD is characterized by chronic 

opioid abuse, craving, and periods of relapse which have been shown to be instigated and 

exacerbated by stress. Oxycodone (OXY) is the most commonly prescribed opioid and the third-

leading cause of opioid overdose deaths. Stress often prompts and increases OXY-seeking 

behavior. Oxytocin (OXT), a neuropeptide with known anxiolytic effects, has been shown to 

attenuate drug-seeking behavior within rat models and is a promising therapeutic for treatment of 

OUD. We trained male (n = 8) and female (n = 7) Sprague-Dawley rats in an operant 

conditioning paradigm to observe the possible attenuating effect of OXT on stress-induced 

OXY-seeking behavior. Briefly, a sucrose-fading paradigm was used to train animals to press an 

active lever for a short period of access to OXY solution (0.1 mg/ml). After establishing stable 

responding at FR5, animals were administered the pharmacological stressor yohimbine (2 mg/kg, 

i.p.) prior to a progressive ratio test where increased active lever presses were required for OXY 

access. When yohimbine and OXT (1 mg/kg, i.p.) were concurrently administered, OXT 

attenuated the yohimbine-induced increase in progressive ratio responding across both males and 

females as shown through a one-way ANOVA. Break point was significantly lowered from the 

yohimbine-only test relative to the concurrent yohimbine and OXT test. These results 

demonstrate OXT’s amelioration of stress-induced OXY-seeking behavior across sexes and 

invite further investigation of OXT as a treatment for OXY addiction and broader OUD. 
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Abstract: Opioid addiction presents significant health and socio-economic challenges, with 

existing limited viable pharmacological interventions. Based on its known ability to modulate 

reward processing, current research suggests the neuropeptide oxytocin (OT) as a promising 

contender in the treatment of opioid addiction. The present series of experiments examined the 

effects of centrally and peripherally administered OT on oxycodone (OXY) preference behavior 

utilizing a conditioned place preference (CPP) in adult male and female Sprague-Dawley rats. 

Briefly, animals are placed in a two-chamber apparatus where one chamber is paired with OXY 

(3 mg/kg; i.p.) and the other with saline. Vehicle-treated males and females displayed moderate 

OXY CPP. Interestingly, peripheral administration of OT (1 and 3 mg/kg, i.p.) prior to testing 

had no effect on OXY CPP. However, central administration of OT at test resulted in attenuation 

of OXY CPP. Together, these results suggest that centrally-administered, but not peripherally-

administered, OT may modulate OXY preference behavior. Overall, these results support a 

growing body of literature indicating that OT may be a viable modulator of addiction related 

behaviors and that route of administration should be taken into consideration in evaluating the 

viability of OT as a therapeutic target. 
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Abstract: Recent literature suggests that effort based economic demand curve analyses are an 

effective way to assess differences in motivation to consume drugs. Relevant variables obtained 

are demand elasticity (α) and Q0: the point at which animals would consume drug under 

unrestricted conditions. Using squirrel monkeys trained on the economic choice task shown on 

the accompanying poster, wherein 60 sec intertrial intervals (ITI) were in place, a shorter ITI was 

desired for conducting the effort-based demand procedures. Therefore, we compared responses 

on a 20 sec ITI task with those of the 60 sec. Evaluating the animals’ performance on the new 

reduced ITI task would inform the feasibility of developing a demand elasticity task. On a 

touchscreen, subjects choose stimuli corresponding to differing amounts of either a remifentanil 

(0.08 µg/kg per symbol) or milk reward (75µl/kg per symbol). At baseline, there was a 60 

second ITI between each trial. The following week, the ITI was reduced to 20 seconds. Response 

latencies significantly increased from the 60 to 20 second ITI task which indicates that animals 

self-regulate drug intake, safeguarding against overdose. The shortened ITI task did not alter 

animals’ preference for either food or drug reward. These data suggest that animals would safely 

self-administer drug when repeatedly given the option to with limited time out in a demand 

elasticity task. We then developed a within session demand elasticity task for the purpose of 

investigating the effects of different pharmacological pretreatments on consumption of drug in 

response to changes in price. In this task, animals are presented with a single drug symbol at 

random locations on the screen. The task is comprised of 11 10 minute blocks, where the dose of 

remifentanil decreases with each block. As such, the price per unit amount of drug increases as 

the blocks advance. Animals' responses for remifentanil are decreasing across blocks in an 

orderly way, with an average Q0 of 5.39 ± 1.13 and average α of 0.008 ± 0.002 across subjects 

(n=6). We intend to administer treatments for opioid use disorder that are clinically available, 

such as buprenorphine, as well as novel compounds to investigate their effects on motivation to 

acquire drug. 
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Abstract: Recently, the literature has focused on the orexin system as a possible therapeutic 

target for substance use disorders. Pre-clinical rodent studies suggest that high doses of both 

single and dual orexin receptor antagonists may attenuate opioid self-administration, decrease 

opioid-seeking behavior during reinstatement, and increase demand elasticity. The present 

study’s primary aims are (i) to elucidate the effects of orexin antagonists on economic choice 

between remifentanil and milk and (ii) to examine the impact of orexin antagonism on 

motivation for remifentanil in squirrel monkeys. Namely, we hypothesized that dual orexin 

antagonist suvorexant and orexin-1 antagonist SR-9659 would dose-dependently attenuate drug 

choice. To this end, squirrel monkeys (n = 7) received daily intravenous pre-treatments of orexin 

antagonists before behavioral sessions. For the choice task, indifference values (the point at 

which subjects displayed an equal probability of selecting drug or milk) served as our primary 

outcome of interest. Effective treatments shift responding away from drug toward the non-drug 

alternative. Because suvorexant treats insomnia, we also examined sleep using actigraphy 

monitors. Results on the choice task showed no effect of either antagonist on indifference values. 

Suvorexant increased sleep, while the SR compound had no effect. Moving forward, we will also 

evaluate this class of compounds using an effort based economic demand approach to evaluate 

their effect on remifentanil demand elasticity. For this task, we designed a remifentanil threshold 

self-administration procedure. In short, sessions were divided into 11 10-minute blocks, where 

the unit dose of drug systematically decreases between blocks within each session. Varying 

“price” by decreasing the unit dose of drug available for the same amount of effort allows us to 

construct demand curves. The accompanying poster presents the behavioral results following 

adaptations to the self-administration procedure needed for the new task, and initial demand 

curve analyses. 
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Abstract: Recent evidence suggests that intensity of withdrawal symptoms is a predictor of 

relapse to opioid use in women but not in men. Additionally, relapse risk is generally attenuated 

during the luteal phase of the menstrual cycle when progesterone is relatively high, compared to 

the follicular phase when progesterone is low, suggesting that this hormone may have clinical 

utility for decreasing relapse risk among people with opioid use disorder (OUD). In this study, 

we tested the hypothesis that acute treatment with progesterone could decrease opioid seeking 

behavior during acute abstinence in female rats using a rat model of OUD. Young adult female 

rats were initially trained to intravenously self-administer oxycodone in daily 1-hour sessions for 

4 days. Rats were then shifted to extended access sessions (6 hr/day) daily for 10 days. Estrous 

cycle stages were monitored via daily vaginal lavage. The morning after the 10th extended 

access self-administration session, rats were injected s.c. with either vehicle (n = 7) or 2 mg/kg 

progesterone (n = 10). Thirty minutes later, rats were tested for cue-induced oxycodone seeking 

for 30 minutes. All rats acquired self-administration behavior. Rats in both treatment groups 

significantly escalated their oxycodone intake (F1.764, 26.47 = 38.89; p < 0.0001) and 

responding for oxycodone (F1.73, 25.95 = 18.09; p < 0.0001) over the 10 days of extended 

access self-administration. There was no impact of estrous cycle stage on oxycodone responding 

(i.e., lever presses) or intake during self-administration. However, rats that were treated with 

progesterone had significantly fewer active lever presses during the cue-induced oxycodone 

seeking test than rats that were treated with vehicle (t15 = 2.27; p = 0.038). These data suggest 

that progesterone can reduce drug seeking (i.e., craving) for oxycodone during acute abstinence. 

These data could have important implications for relapse prevention and/or treatment of OUD in 

women. 
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Abstract: Addiction is a chronic brain disease often characterized by uncontrolled drug taking 

and seeking behavior despite harmful consequences. Recent studies using functional magnetic 

resonance imaging (fMRI) in the rat brain showed that changes in functional connectivity 

between the orbitofrontal cortex and dorsal striatum is associated with oxycodone seeking after 

abstinence. In a follow-up study, we found that inactivation of the dorsal medial striatum (DMS) 

increases its functional connectivity with multiple frontal cortex regions. Recently, our lab 

developed a rodent model of transcranial magnetic stimulation (TMS) neuromodulation 

paradigm with advanced pulse patterns such as intermittent theta burst stimulation (iTBS) and 

continuous theta burst stimulation (cTBS). Previously, we combined the iTBS paradigm with our 

rodent drug relapse model to non-invasively modulate the DMS-based circuit and examine the 

effects on incubated relapse to drug seeking behavior. When comparing rats that received iTBS 

with those receiving sham TMS, we observed excitatory effects resulting in more lever presses 

within the TMS modulation group. In this study, to further understand the neural mechanisms 

underlying impulsive choice decision-making in drug taking, we modulated the DMS-based 

circuit with cTBS, a type of TMS modulation pulse pattern with opposite effects of iTBS 

modulation, to see if this new stimulation paradigm can reduce relapse to oxycodone seeking 

significantly. Overall, we observed that there was a general decreasing trend in lever presses 

when comparing the cTBS group with a sham group. In the future, we will perform additional 

experiments to confirm the effects of iTBS and cTBS paradigms on the drug seeking behavior. 
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Abstract: Contemporary long-term treatments for heroin use disorder demonstrate only limited 

efficacy against relapse. Our behavioral studies have previously demonstrated that environmental 

enrichment (EE), administered as a treatment after stable heroin seeking behavior is established, 

reduces cue-induced reinstatement of heroin seeking in rats. This study was aimed at extending 

these “anti-relapse” effects of EE to rats that received extended access to heroin intravenous self-

administration (IVSA). The experimental design had 4 operant conditioning phases: 3-hr 

acquisition of heroin IVSA (phase 1), 6-hr extended access heroin IVSA (phase 2), extinction 

(phase 3), followed by a cue-induced reinstatement test. In Phase 1, male and female rats were 

trained to self-administer heroin over daily 3-hr sessions for 15 days. In Phase 2, rats were 

transitioned to daily 6-hr IVSA sessions for 15 days. Then, rats were assigned to EE or non-EE 

housing where they remained for the rest of the experiment. Three days following assignment, 

rats started Phase 3 consisting of 15 daily 2-hr extinction sessions. During all phases, active and 

inactive lever presses were recorded to establish and test for drug seeking. Following the last 

extinction day, all rats were tested for cue-induced reinstatement of heroin-seeking where active 

presses produced the drug-cue but no drug infusion. We found that EE significantly reduced cue-

induced reinstatement. These data indicate the generality of the anti-relapse effects of EE even to 

the extended access IVSA model, a model thought to closely represent human addiction. This 

underscores the promising potential of implementing EE as a long-term sustainable treatment 

strategy for heroin use disorder. 
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Abstract: Opioid misuse is a universal growing crisis. Between 1999 and 2021, nearly 645,000 

people in the United States had a fatal opioid overdose. Furthermore, during the COVID-19 

pandemic in 2020, with increasing stress and isolation, there was a 30 % increase in drug 

overdose deaths from 2019. This crisis has been primarily driven by fentanyl, a potent and 

synthetic opioid: 50 times stronger than heroin and 100 times stronger than morphine. According 

to human and animal model studies, a key driver in increased opioid seeking behavior and 

relapse is stress. Furthermore, animal studies have shown that implementation of environmental 

enrichment (EE) can decrease reinstatement for both drug and natural rewards. However, it has 

not been examined whether stress-induced reinstatement of opioid seeking behavior, opioid 

intake, or stress hormone signaling can be mitigated by implementation of long-term EE. 

Therefore, we hypothesized that long term exposure to novel EE is sufficient to reduce fentanyl 

use and prevent stress-induced reinstatement of drug seeking behavior, and these effects will be 

paralleled by blood serum corticosterone concentrations as a quantitative measure of stress. 

Using an animal model of stress-induced relapse, male and female Long-Evans rat (n=15) 

received EE (n=6) or non-enriched (NE; n=9) housing conditions and underwent 15 two-hour 

sessions of fentanyl self-administration (5 and 2 µg/kg/infusion) followed by 7 extinction 

sessions (no fentanyl), and a final test of stress-induced reinstatement pharmacologically induced 

by Yohimbine (2.5, mg/kg, i.p.). Samples of blood serum corticosterone were obtained weekly 

following training sessions to assess blood serum corticosterone levels at critical time points 

throughout training. Consistent with our hypothesis, EE decreased fentanyl intake throughout 

fentanyl self-administration and decreased drug seeking behavior during reinstatement relative to 

NE. Interestingly, serum corticosterone levels were similar between EE and NE groups, but 

overall, females had elevated corticosterone levels compared to males. These findings suggest 

that EE can suppress maladaptive fentanyl use and stress induced relapse and reveal sex 

differences in stress reactivity associated with opioid use. Together, this work highlights the need 

to better understand individual vulnerabilities to stress during opioid use and points to the 

therapeutic potential of environmental factors influencing the effects of stress on opioid use. 
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Abstract: Our ability to rapidly categorize stimuli is an essential cognitive process that imparts 

meaning to sensory input and guides behavior. While previous studies have explored the 

oculomotor system’s role in categorical decisions, few have examined this process when motor 

plans are rapidly updated by incoming sensory information. In this study, we designed an urgent 

oculomotor motion categorization task based on the compelled-saccade paradigm. This paradigm 

limits the viewing time of motion stimuli by a random duration on each trial, exploiting the 

natural variability in reaction times to assess behavior across a range of viewing times: from 

uninformed decisions with short viewing times to accurate decisions with longer viewing times. 

We recorded populations of neurons using up to six linear microelectrode arrays (Plexon V-

Probes) from the lateral intraparietal area (LIP), frontal eye field (FEF), and superior colliculus 

(SC) in two monkeys. Each session yielded about 50 well-isolated single units per area. Using 

linear support vector machines, we found that population responses in each area reliably encoded 

task-related variables such as stimulus category and saccade direction prior to saccade onset. In 

both monkeys, FEF encoding of motion category and saccade direction occurred significantly 

earlier than in SC and LIP (p < 0.001, two-sample K-S test), while LIP encoding of motion 

direction was significantly earlier than in FEF and SC (p < 0.001, two-sample K-S test). These 

results demonstrate that FEF is the leading area mediating oculomotor categorical decisions. 

Both monkeys exhibited significant category and saccade biases on trials with short stimulus 

viewing times, leading them to preferentially select specific categories and saccade directions 

when stimulus information was limited. In ongoing analyses, we quantify how the population 

activity of FEF, LIP, and SC relates to these behavioral biases. First, we trained binary linear 

classifiers (both SVM and logistic regression) to predict category or saccade direction using 

neural activity around saccade onset. When tested on activity around stimulus onset (where 

classifiers typically show chance accuracy), these classifiers exhibited similar biases in 

predicting one category or saccade direction that are consistent with the monkeys’ behavior. This 

suggests that the monkeys’ rapid behavior relies on priming neural activity to be close to the 

final neural states of categorical decisions and motor outputs, enabling faster decisions when 

stimuli align with their existing plans but causing slower decisions when these plans must be 

overwritten. 
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Abstract: Humans and other animals are adept at rapid learning and generalization across 

sequentially learned experiences. To study the neural basis of rapid task learning in non-human 

primates we developed a foraging-based associative learning paradigm under which monkeys 

rapidly learned novel stimulus-reward associations in single sessions. In the saccade foraging 

task (SFT) monkeys freely explored an array of 16 or 24 visual stimuli for 15s on each trial and 

harvested associated rewards by fixating a chosen stimulus for a specified duration (1.2s). 

Stimuli were associated with different levels of rewards, with the stimulus features (e.g. color, 

category) predictive of reward size. The monkeys could optimize their reward amounts by 

learning to choose targets with features associated with higher rewards. They successfully 

learned stimulus-reward associations for stimulus sets with hierarchies between 3 or 4 distinct 

color-reward associations, or 3 space-reward maps or even 2 natural categories (e.g. faces, 

vehicles) within single sessions, demonstrating remarkably rapid within-session learning. During 

each problem set, we recorded neuronal populations simultaneously in 2 to 5 brain areas using up 

to 7 multi-electrode arrays (32 channels each) to examine population encoding during task 

performance in brain regions involved in oculomotor control - frontal eye field (FEF), lateral 

intraparietal area (LIP), and superior colliculus (SC) - and areas engaged in reward-based 

learning and memory, including orbitofrontal cortex (OFC) and hippocampus. FEF activity 

exhibited abstract encoding of reward value which generalized across successively learned 

problems with distinct visual stimuli. By contrast, encoding in hippocampus was more context 

specific, exhibiting rapid discrimination between learned stimuli within a problem set during 

learning, but not generalized across sequentially learned problems. Population responses in LIP 

showed a mixture of generalized and problem specific representations. These results suggest 



complementary roles for these areas during learning of problem sets, wherein the cortical areas 

FEF and LIP develop and maintain abstract schema representations which generalize across 

contexts, while the hippocampus forms context specific cognitive maps that may facilitate rapid 

learning of novel problems within a context. Ongoing analyses of simultaneous recordings from 

subsets of these and other recorded brain regions are aimed at determining their specific roles 

during the learning process, and understanding how they contribute to the animals’ foraging 

behavior during this naturalistic decision-making task. 
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Abstract: Learning from one’s environment is fundamentally rooted in prior experience: 

constructing and adapting mental ‘schemas’ to interpret new situations and respond 

appropriately. As a schema is formed and applied to new scenarios, the rate of learning increases 

exponentially, demonstrating the concept of ‘learning to learn’. Here we examine neuronal 

encoding within and interactions between primate hippocampus (HPC) and prefrontal cortex 

(PFC) during rapid associative learning across multiple problems. We trained one female, and 

are preparing one male rhesus macaque monkey, to learn 24 sequential problems of a visual 

association task. In each problem, animals learn to associate two arbitrary stimulus images with 

two patterned targets and indicate their choice with a saccade. After reaching the learning 

criterion of 180/200 correct consecutive trials, a novel problem pair of images is introduced, and 

must be learned and mapped to the same target patterns. Consistent with learning to learn, the 

first monkey demonstrates an exponential decrease (R2 = 0.778) in trials-to-criterion across 24 

learned problems. We used semi-chronic electrode arrays to record from PFC (areas 9/46, 21-26 

multiunit channels / session) and HPC (primarily CA3, 14-25 / session) during learning. All but 

the earliest sessions include both familiar and novel problems. Since target location is 



randomized, we can dissociate saccade planning from image-target association, and identify 

separate neural subspaces specific to these computations, as well as decode task variables 

independently. Demixed Principal Component Analyses reveal response and association 

subspaces shared across problems in both PFC and HPC. These subspaces guide low-

dimensional trajectories of neural activity, which diverge increasingly according to their 

respective task variables as learning progresses. Within session Support Vector Machine 

decoding of saccade direction and image association similarly supports cross-problem 

generalization of neural information, increasing with problem progression. Our combined 

preliminary results of increased low-dimensional trajectory separation and cross-problem 

decoder accuracy across learning suggest a cross-regional computational basis for schema-based 

learning to learn. This simultaneous multi-region evidence of gradual changes in neural task 

representations and coding generalization during learning demonstrates an underlying neural 

basis of primates’ application of internalized schemas to new situations. 
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Abstract: Intelligent behavior is facilitated by abstraction - the capacity to generalize learned 

information flexibly across stimuli and contexts. Our lab has studied abstract decisions through 

neurophysiological recordings in macaques performing a delayed match-to-category (DMC) 

task. In DMC, animals group dot-motion stimuli into categories according to a learned category 

boundary, and indicate via a manual report whether sequences of these stimuli belong to the 

same category or not. During the delay period (>= 1s) between sample and test stimuli, animals 

need to maintain information about the sample stimulus in an abstract format that generalizes 

across motion directions within a category. Recently, we found that the superior colliculus (SC) 

and lateral intraparietal area (LIP), core regions involved in oculomotor processing, rapidly and 

strongly encode abstract categories during DMC, and that their inactivation impairs DMC 

performance. These findings implicate the primate oculomotor network in mediating abstract 



cognitive tasks, even those without demands to covertly shift attention or to report decisions with 

eye movements. To study the oculomotor system’s role in mediating abstract cognitive tasks, and 

how it relates to the system’s known role during eye movements, we re-analyzed neural activity 

and behavior during DMC performance across 18 datasets from 11 macaques (1058 sessions 

total, range: 18-115 per dataset, ~300 correct trials/session). In all datasets, we found evidence 

that these areas’ cognitive and oculomotor roles are not fully orthogonal: small eye movements 

differed according to the sample category (0.38 +/- 0.08 dva, mean +/- SEM across datasets), 

particularly during DMC’s memory delay. This trend emerged well after the onset of category 

encoding in LIP/SC, and despite the requirement to maintain central fixation for the entirety of 

every trial. Analysis of neural activity in oculomotor areas (LIP, SC, and the frontal eye fields, 

FEF) revealed a strong tendency toward category selectivity during the delay (mean category 

tuning index: LIP: 0.19, SC: 0.24, FEF: 0.35). These neural/behavioral signatures were 

attenuated during a task with the same stimuli and timings, but which did not require grouping 

stimuli into categories. This suggests that oculomotor areas may specifically be engaged by 

DMC’s demand for abstraction, rather than just by maintenance of information in short term 

memory. Ongoing analyses of behavior during inactivation of LIP/SC aim to determine the 

extent to which this role is independent of these regions’ known role in eye movement control. 
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Abstract: The transitive inference task assesses inferential reasoning in humans and animals by 

leveraging prior knowledge to handle novel scenarios. It involves manipulating items based on 

their rank order. Participants first learn the hierarchical relationships between adjacent pairs of 

items (e.g., A>B>C>D>E>F), then infer relationships between non-adjacent items during testing 

(e.g., B>D). This setup enables parameterizing the inferential difficulty level, known as the 



Symbolic Distance (SD) effect. Participants create a spatially organized mental schema of the 

ranked items, organizing closely ranked items nearby. However, noise from item proximity 

complicates determining their relative rank. Previous research has found neuronal modulation in 

the PMd's single-unit activity after presenting item pairs, suggesting its involvement in encoding 

decision-making variables. Yet, untangling its dual role in cognitive and motor processing, 

particularly in tasks linking motor actions to decision outcomes, remains challenging. Here we 

investigate how PMd's oscillatory activity, particularly in Theta (4-7.5Hz), Alpha (8-13Hz), Beta 

(16-26Hz), and High Gamma (70-120Hz) bands -a proxy for neural spiking- relate to the 

complexity of manipulation introduced by the SD. Two monkeys were trained to select higher-

ranked items, regardless of screen position, and then tested on inferring relationships between 

new item pairs. Performance during these comparisons showed decision difficulty modulation by 

the SD effect (recorded sessions: 10 Mc, 11 Mp). As item distances increased, monkeys' 

Accuracy and Reaction Times improved significantly (p<.001 one-way rANOVAs). Time-

frequency analysis of lower frequency bands shows SD modulation during later item pair 

presentations (300 ms>). Significant variations in power activity across SDs were observed 

(p<.001, one-way ANOVAs; Bonferroni corrected with α=.01). Correlation analysis of power 

average activity during significant periods showed significant negative correlations for both 

monkeys (all ps<.001). However, as movement onset approached, the encoded information in the 

lower frequency bands exhibited signs of degradation, while modulation of synchronized high 

Gamma activity across SDs (p<.001, one-way ANOVAs), positively correlated with Accuracy 

(all ps<.001). We further quantified this interplay through phase-amplitude coupling analysis of 

θγ and αγ, finding that coupling strength varies with SD, stronger at larger distances. These 

results support PMd's top-down role, where low-high frequency interactions support decision-

making and motor response preparation. 
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Abstract: In everyday life, we are continuously required to make decisions. Many of these 

decisions require a proper balance between sensory evidence and internal preferences. In this 

balancing, the reward, or the expectation of it, plays a key role in decision-making. The dorsal 

premotor cortex (PMd) is one of the areas most involved in decision-making and recent research 

has highlighted its role in integrating the representation of reward expectations into movement 

preparation. To explore how this process is reflected in the neuronal activity of PMd, we trained 

two monkeys to perform a variant of the stop signal task (SST) designed to modulate the 

expectation of reward by providing cue-based evidence at the beginning of each trial. In a typical 

SST, there are two types of trials: Go trials, in which the monkey is asked to perform an action 

when the Go signal appears and Stop trials, in which the monkey must inhibit the action when an 

unexpected Stop signal follows the Go signal. In our version of the SST, each CUE was 

associated with different contexts: 'Go plus', 'Stop Plus', and 'Neutral'. In the Go plus, a greater 

reward was anticipated for acting (Go trials) than inhibiting (Stop trials); vice versa in the Stop 

plus. 'Neutral' offered an equal amount of rewards for both trial types. We adopted the drift-

diffusion model to infer from behavioral data the computational strategies employed by the 

monkeys in Go trials. This model depicts movement preparation as an accumulation process that 

initiates from a starting point (z), representing CUE-informed beliefs and evolves with a drift 

rate (v) towards a bound. We found that the z was closer to the bound and the accumulation 

process had a steeper v, in Go plus compared to the Stop plus condition, demonstrating reward-

context-dependent dynamics that explained the differences in response time distributions. We 

then investigated whether the spiking single neuron activity in PMd reflected the modeling 

findings. Our results indicate that a significant percentage of neurons were modulated by reward 

context, consistent with the drift-diffusion model hypothesis, with higher drift values observed in 

the “Go plus” context, indicative of a faster accumulation process. These findings show how 

neuronal activity in PMd may reflect adaptive decision-making strategies to adjust movement 

preparation to specific reward contexts. 
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Title: Multiregional mechanisms of exogenous attentional selection in the posterior parietal 

cortex 

Authors: *A. DUBEY1, K. WINGEL1, B. PESARAN2;  
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Abstract: Exogenous mechanisms of attentional selection override internally generated stimulus 

filtering mechanisms due to the automatic capture of attention by a salient stimulus, such as a 

bright light or loud sound. Area 7A and lateral intraparietal area (LIP) are two regions within the 

posterior parietal cortex (PPC) that are directly anatomically interconnected and have been 

shown to play a crucial role in processing exogenous attention. However, a direct understanding 

of how area 7A and LIP individually and together contribute to the processing of exogenous 

attention remains poorly understood. 

Here, we investigated the neural population dynamics during exogenous attentional selection in 

PPC. We simultaneously recorded spiking and LFP signals from populations of neurons (~200 

per experimental session) using a 10 mm long multi-contact probe- Neuropixel probes. The 

presence of unit activity at depths along the neuropixel probe allowed us to simultaneously 

record neural activity from area 7A and LIP. We conducted experiments on non-human primates 

performing a two-target, free choice, eye-movement luminance-selection task (LRS). 

Additionally, we analyzed the neural responses in a single-target oculomotor task (center-out 

task) to determine the traditional response field. 

Consistent with prior work, on center-out trials, PPC neurons showed elevated firing when the 

target inside the response field (In-RF) was selected compared to the target outside the response 

field (Out-RF). Interestingly, area 7A neurons displayed an earlier response to the target onset 

compared to LIP neurons (mean ST: 30 vs 58 ms). On LRS task trials, area 7A neurons showed 

similar responses on trials involving In-RF and Out-RF selection. In comparison, LIP neurons 

showed an elevated response to In-RF selection. Consistent with these results, analysis of the 

neural population dynamics demonstrated that the dominant mode of area 7A represents visual 

activity whereas the dominant mode of LIP represents selection activity during the LRS task. 

Based on these results, we propose that area 7A is involved in the initial processing of sensory 

information and the detection of salient stimuli. In contrast, LIP is more specifically involved in 

the allocation of attention to the selected target for subsequent saccade. We suggest that sensory 

information from area 7A is communicated to LIP, allowing for further integration and 

modulation of sensory information to guide exogenous attentional selection. 
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Abstract: Sequential decision-making can be guided by multiple types of learning, including 

model-free reinforcement learning (RL) in which estimates of future outcomes or values are 

updated by trial and error and model-based RL in which values can be computed by mental 

simulation using the knowledge of the environment. Although the neural mechanisms for model-

free learning have been extensively studied, how the brain can update the value functions more 

flexibly by learning and simulating the changes in the environment remains unknown. The goal 

of this study is to understand the function of the primate hippocampus and prefrontal cortex in 

using the animal’s knowledge for sequential planning. To this end, we developed an abstract 

maze navigation task in which the animal can navigate inside a graph with its nodes arranged in 

the shape of the letter H. Each node in this graph was uniquely associated with a fractal image, 

and the animal’s current position in the graph was indicated by the fractal image shown at the 

center of a computer screen. The animal transitioned from one node to another by choosing one 

of the fractal images appearing randomly in 3 possible peripheral locations on the computer 

screen, preventing the animal from using a strategy based on a spatial sequence. The animal 

received a small reward for each choice, but a large reward upon arriving at a goal node. The 

start and goal nodes were chosen randomly, and the fractal image for the goal node was 

displayed at the bottom of the screen throughout the trial. We found that the accuracy of the 

animal’s choice was higher than the chance level even immediately after the goal change. 

Results from modeling also suggested that the animals used a hybrid strategy of model-free and 

model-based reinforcement learning algorithms. Neural recordings were made from the 

hippocampus of a monkey performing this abstract navigation task. Hippocampal neurons were 

selectively activated by saccadic movements toward specific states in the abstract maze as well 

as specific locations on the screen. Simultaneous recordings from the hippocampus and 

prefrontal cortex and further analyses will be performed to understand how the coordination 

between these two regions supports the outcome prediction and selection of sequential decisions. 

Disclosures: H. Liang: None. D. Lee: None. 

Poster 

PSTR301: Neural Mechanisms of Decision Making in Human and Non-Human Primates 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR301.09/O34 

Topic: H.03. Decision Making 



Title: Schema in the pre-motor cortex of monkeys accelerates learning 
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Abstract: Schema refers to a relatively stable mental representation that we use to accelerate 

learning in new but similar contexts. Although several studies have demonstrated the existence 

of schema-like neural population dynamics in rodents, the electrophysiological evidence of it in 

non-human primates remains very limited. Here, in the dorsal premotor cortex (PMd) of 

monkeys, we show the possible existence of schema by demonstrating 1) shared low-

dimensional features of neural population dynamics across tasks accompanied by accelerated 

learning, and 2) the lack of such shared dynamic patterns associated with slowed learning. 

Specifically, we recorded neural population activities from the PMd in 3 macaques trained to 

perform a series of visual-motor mapping tasks. During the similar learning phase, the monkeys 

learned to perform the same visual-motor mapping with novel visual stimuli, while during the 

reversal learning phase, the monkeys needed to learn the reversed mapping rule. We found that 

during similar learning tasks, monkeys demonstrated accelerated learning for new stimuli pairs 

compared to the learning of the first one. Importantly, in this condition, we identified shared 

features in population dynamics, i.e., manifolds, across tasks. Subspace decomposition 

uncovered that the reused manifolds resided in the low-dimensional subspace of motion decision. 

In contrast to the similar learning phase, monkeys encountered difficulties during the reversal 

learning phase. We calculated the similarity of decision subspace manifolds between the similar 

and reversal learning phases and found that the reused manifolds in the former were not present 

in the latter. To explore the relationship between the degree of manifold reuse and the speed of 

learning, we regressed the number of trials needed to learn a task with the similarity of manifolds 

in the decision subspace and found a significant linear relationship between the two. Taken 

together, these findings suggest that the activity of the pre-motor cortex in monkeys exhibits a 

schema-like architecture for integrating prior knowledge to facilitate subsequent learning. 

Furthermore, by revealing the linear relationship between schema use and learning speed, our 

results shed light on how neural networks balance between reliance on previously acquired 

knowledge and the learning of new one. 
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Abstract: In real-world decision-making scenarios, successful decisions often require the 

integration of evidence from multiple sensory inputs gathered over time. However, most 

perceptual decision-making studies in laboratory settings only involved single stimulus, leaving 

the neural mechanisms of memory-based evidence integration poorly understood. In this study, 

we trained two macaques to perform a color integration task. The monkeys were tasked with 

observing two separate colored dot patches sequentially and then making a saccade choice based 

on the dominant color resulting from the combination of the two temporally separated stimuli. 

Concurrently, we recorded neural activity in the frontal eye field (FEF), lateral intraparietal area 

(LIP), and superior colliculus (SC) using multi-channel linear probes. Our findings revealed that 

neurons in all the three brain areas encoded the abstract proportion of colors, serving as a 

presumed form of decision variable. Notably, the FEF appeared to play a more significant role in 

integrating color evidence compared to LIP and SC. FEF neurons exhibited the strongest 

encoding of color evidence from both sensory stimuli during both the presentation and memory 

intervals, with highly correlated encoding of the two stimuli at the single-neuron level. In 

contrast, LIP seemed more involved in encoding and maintaining color evidence for each 

sensory stimulus, as evidenced by robust encoding during delay periods and less correlated 

encoding of the two stimuli. Additionally, SC demonstrated earliest encoding of color evidence 

for both stimuli during presentation periods, suggesting an early role in sensory integration 

during decision-making processes, a function traditionally less appreciated. Overall, our results 

highlight distinct roles of frontal-parietal and mid-brain areas in complex decision-making and 

offer insights into the neuronal basis of memory-based evidence integration. 
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Title: Perceptual decision-related single-unit activity in the monkey substantia nigra pars 

reticulata 
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Abstract: How the basal ganglia (BG) contribute to visual perceptual decision-making is not yet 

well understood. Theoretical studies have posited various computational roles for different BG 

nuclei in converting noisy evidence to discrete choices. These ideas have received support from 

experimental studies of the major input nuclei of the BG, the striatum and subthalamic nucleus, 

including the identification of neural activity patterns that encode evidence accumulation and, 

when perturbed, affect decision-making behaviors. In contrast, these ideas have received less 

support from experimental studies of a major output nucleus of the BG, the internal segment of 

the globus pallidus, which have identified neural representations of already-formed choices but 

only rarely evidence-related quantities. To reconcile these results, we hypothesize that the BG’s 

causal contributions to decision formation are substantiated via the other major BG output 

nucleus, the substantia nigra pars reticulata (SNr). As the first step to test this hypothesis, we 

recorded single-unit SNr activity in each of two monkeys performing a visual motion 

discrimination saccade task. The monkeys made saccades at a self-chosen time to indicate their 

decision about the direction of a random-dot motion stimulus. For each trial, the motion strength 

and direction were chosen randomly from 5 values and two directions, respectively. The 

monkeys were given liquid rewards for correct choices. In our preliminary sample, we identified 

56 SNr neurons with changes from baseline activity after motion stimulus onset and/or 

surrounding saccade onset. Using multiple linear regression analyses, we found that 18 units 

(32%) showed choice-selective activity from motion onset to saccade onset (i.e., during evidence 

accumulation), the majority of which (14 units) showed greater activity for trials with 

contralateral choices. We also found 20 units (36%) with motion-strength modulation, 13 of 

which showed increasing response suppression for stronger motion. Within a 200-ms window 

prior to saccade onset (i.e., around the time of decision commitment), 26 units (46%) showed 

choice-selective activity. These preliminary results support the idea that the BG pathway that 

exits via the SNr does not simply represent already-made choices but instead contributes to 

decision processes involving evidence accumulation and decision commitment. Further work is 

needed to specify the exact, causal nature of these contributions to decision formation. 
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Abstract: Humans have an exquisite ability to integrate vast amounts of information from the 

environment and prior experiences to make adaptive choices in novel situations. This cognitive 

function is believed to rely on a distributed network of brain areas implicated in learning, 

decision-making, and action execution, but remain poorly understood. We have developed an 

experimental platform for probing these mechanisms in non-human primates. Our approach 

employs a novel virtual reality experimental task to study decision-making and generalization in 

novel situations (Gulli et al., 2022, SfN). During task performance, we are simultaneously 

recording neural activity in large neural ensembles using Neuropixels probes in the 

hippocampus, prefrontal cortex (areas 8a, 9/46d, 9/46v), and pre-motor cortex. 

In experiments, trained monkeys perform a two-alternative forced choice decision-making task 

while exploring a large open-field virtual environment. As monkeys navigate, they are 

occasionally presented with two differently colored objects. Through trial-and-error, monkeys 

learn that certain objects are only rewarded in certain parts of the environment. For example, 

black objects may be rewarded in the West half of the environment, with white objects rewarded 

in the East. While learning the spatial rule, choices are made only at a subset of locations in the 

environment. After learning, monkeys must make choices in completely novel locations within 

the environment, with new visual perspectives. Choices at novel locations are presented only 

once, and they cannot be based on memorized scenes or singular landmarks. Instead, the ability 

to make correct choices must rely on generalization using the previously-learned rule and 

knowledge of one’s location. 

During experiments, we have employed a newly developed NHP Neuropixels Rail Drive 

Insertion System that facilitates simultaneous recording of 1000+ units across hippocampus, 

prefrontal cortex, and premotor cortex. We hypothesize that brain areas supporting 

generalization behavior should represent the learned spatial rule within a lower-dimensional 

subspace before the computation of a decision. By contrast, brain areas implicated in the decision 

computation should exhibit, at least transiently during deliberation, higher dimensionality. The 

results of this work will yield insight into precisely how the balance of high- and low-

dimensional neural representations and their dynamics enable our ability to make adaptive 

decisions and generalize in novel situations. 
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Abstract: The arousal systems of the brainstem, specifically the locus coeruleus-noradrenaline 

system, respond “phasically” during decisions. These central arousal transients are accompanied 

by dilations of the pupil. Attempts to understand the impact of phasic arousal on cognition would 

benefit from the ability to manipulate arousal in a temporally precise manner. Here, we evaluated 

a candidate approach for such a manipulation: task-irrelevant sounds presented during the 

execution of a challenging task. Such sounds drive responses of brainstem nuclei involved in the 

control of pupil size, but it is unknown whether the sound-evoked responses mimic the central 

arousal transients recruited by cognitive computations. We aimed to test to which level of 

temporal precision and reliability task-irrelevant sounds can be used to systematically manipulate 

pupil responses, and how these responses relate to phasic arousal boosts that occur naturally 

during decisions. 

We tested a total of 97 participants in three challenging perceptual decision-making tasks. In 

each experiment, we compared pupil responses evoked by the task with the pupil responses 

evoked by task-irrelevant white noise sounds of varying onset latencies or durations. Participants 

were asked to judge whether a low-contrast visual grating stimulus was superimposed onto 

dynamic visual noise (Exp. 1 and 2) or whether the average orientation of a stream of eight 

gratings belonged to a “diagonal” or “cardinal” category (Exp. 3). 

The pupil dilated in response to both task engagement and the task-irrelevant sounds. The latter 

consistently drove robust and precisely timed pupil responses that superimposed onto the task-

evoked pupil responses and were therefore separable through a linear subtraction. We replicated 

a negative correlation between the amplitude of task-evoked pupil responses and choice bias 

observed in previous studies. Yet, in neither experiment did the task-irrelevant sounds affect 

bias, nor any other aspect of choice behavior. 

Our findings suggest that task engagement and task-irrelevant sounds may differentially recruit 



neural systems that are all involved in the control of pupil size but have distinct influences on 

cognitive computation. 
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Abstract: Microcircuit properties such as the ratio between synaptic excitation and inhibition are 

critical for the computations underlying cognitive behavior and seem to be disturbed in cognitive 

disorders. Theory indicates that several parameters of neural mass dynamics (assessable with 

non-invasive electrophysiological recordings) are sensitive to changes in such microcircuit 

properties. Further, microcircuit properties exhibit heterogenous patterns across cortical areas, 

reflecting the cortical hierarchy. We performed a placebo-controlled pharmacological MEG 

study aiming to quantify the spatial patterns of the changes in spontaneous cortical dynamics 

under pharmacological manipulation of GABA-A or NMDA receptors in healthy human 

participants. Each session entailed the oral administration of memantine (NMDA receptor 

antagonist), lorazepam (GABA-A receptor agonist), or placebo, each for two repeated sessions in 

randomized order. Participants (N=20, cross-over design) completed (among other tasks) a block 

of 10 min eyes-open resting-state MEG recordings. Following MEG source reconstruction and 

modeling of the source power spectra, we estimated six distinct parameters quantifying different 

features of spontaneous cortical dynamics, for 180 areas covering the cortical sheet. These 

included the slope of the aperiodic component and the power and peak frequency of neural 

oscillations. We computed the change between each drug and placebo condition, separately for 

each condition repeat. Under placebo, the maps of all six parameters were heterogeneous across 



the 180 cortical areas, and most exhibited a large-scale gradient from the back to the front of the 

cortex. This gradient reflected the anatomical hierarchy of cortical areas estimated from an 

anatomical MRI proxy (ratios T1w to T2w maps). Lorazepam and memantine administration 

both changed the dynamics parameters in distinct spatial patterns that were again heterogenous 

and highly reproducible across the two repeats of each manipulation. For the slope of the 

aperiodic component, these spatial patterns reflected not the anatomical hierarchy, but the 

cortical distribution of GABA-A receptor densities, with opposite directions for lorazepam and 

memantine effects. 

We conclude that controlled manipulations of specific synaptic receptors alter cortical dynamics 

along reliable and distinctive large-scale spatial patterns, which are partially explained by 

synaptic properties. These spatial patterns provide a reference for interpreting the patterns of 

corresponding changes due to the same manipulation during cognitive tasks or due to cognitive 

disorders in our ongoing work. 
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Abstract: Neural circuit models of decision-making postulate that distinct populations of choice-

selective neurons accumulate time-varying input signals supporting one versus another 

alternative. In this framework, the decision variable (DV) is encoded in a distributed (for two 

choice alternatives: 2-dimensional) fashion. It is unknown whether this distributed coding of DV 



predicts key aspects of decision-making, which commonly used 1-dimensional reductions (e.g., 

difference between accumulators for two-choice tasks) fail to predict. Here, we tested the idea 

that distributed coding governs the confidence and reaction time (RT) associated with a choice. 

Human participants (N=20) performed a visual choice task during magnetoencephalography 

(MEG) recordings. In each visual hemifield, a stream of 10 “samples” (circular gratings, 100 ms 

each) of fluctuating contrasts was presented. Participants then reported the “stronger” side (left 

vs. right) and their confidence in that choice (high vs. low) by button press. We estimated the 

impact of evidence fluctuations on choice and confidence reports and fit accumulator models to 

both behavioral features. Moreover, we trained decoders to predict choices from patterns of 

source-level MEG signals in the dorsal premotor and primary motor cortex (PMd/M1) of each 

hemisphere. 

Choice and confidence reports were biased by evidence fluctuations across all 10 samples, but 

more so for early samples. For choice this impact was symmetric for “chosen” and “unchosen” 

streams but dominated by the chosen stream for confidence. Confidence reports and RTs 

exhibited signatures of statistical decision confidence. Behavior was well explained by a model 

of two competing (feed-forward inhibition), leaky accumulators for each stream, racing to hit a 

collapsing bound. The output of PMd/M1 choice decoders built up during decision formation 

with an evidence-dependent slope. Critically, RTs and confidence reports (i) depended on the 

balance between “left” and “right” supporting decoder outputs, and (ii) were more closely related 

to the state of the decoder supporting the chosen side. 

Our results establish a distributed representation of decision states in the brain, whereby the 

balance between competing neural accumulators shapes overt behavior (RT) and the sense of 

confidence. 
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Abstract: Maintaining a daily caloric deficit while dieting underlies most successful weight loss 

programs. As the majority of foods in our environment don’t come with nutrition labels, dietary 

food choices are primarily guided by subjective nutritional estimates. These estimates are often 

informed by perception and experience, but how accurate are they? We identified in a previous 

study that, while the estimated fat and sugar values of 36 foods were highly correlated with their 

actual values (Carrington et al., 2023), the relationship between estimated and actual values was 

logarithmic, rather than linear, thus becoming increasingly inaccurate with increasing values. 

This relationship mirrors the Weber-Fechner principle in perceptual psychophysics as well as 

other findings about numerical magnitude estimation (Algom, 2021; Dehaene, 2003). In the 

present study, we asked a set of 303 online participants to estimate a larger set of nutritional 

values of a set of 68 different foods, which we prepared and photographed under controlled 

lighting and presentation conditions. As in our previous study, the relationships between 

estimated and actual values of carbohydrates, fat, and caloric content of these foods were better 

explained by a logarithmic than a linear model (all X2 > 16, p < 0.001). Following this, we 

presented another set of 114 participants 100 pairs of these food images, in which each pair of 

foods differed by approximately 200 calories. Participants selected the highest calorie food from 

each pair. As predicted, as the average calorie content of the image pairs increased, 

participants’ accuracy at choosing the correct image significantly decreased (F = 35.1, p < 

0.001). These results suggests that reliance on subjective nutritional estimates when dieting could 

lead individuals to make systematic errors in food choice, on the order of a few hundred calories 

per day, particularly when choosing between more calorie dense foods. These errors could then 

lead to gradual and significant increases in weight over time and accompanied health effects. 
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Abstract: Perceptual decisions require that sufficient sensory evidence is accumulated to form a 

judgement. In the macaque brain, accumulation-to-bound dynamics have been observed in 

single-cell recordings of several brain regions, including the lateral intraparietal area. Isolating 

regions of the human brain that display evidence accumulation properties using functional 

magnetic resonance imaging (fMRI) has proven a challenge. Here, we sought to address this via 

the combination of electroencephalography (EEG) and event-related fMRI. We had 40 right-

handed adult humans (25 ± 6 years) perform a random dot motion kinematogram task during 

EEG, and subsequently, during fMRI. Participants monitored random dot motion and responded 

with a keypress when making perceptual decisions about subtle instances of coherent motion 

within the kinematogram. For each participant, we determined the slope of the centroparietal 

positivity (CPP), an EEG signal that demonstrates characteristic evidence accumulation 

dynamics (O’Connell & Kelly, 2021). We regressed the CPP against the event-related fMRI 

response to coherent motion onset. We find that the blood-oxygen-level-dependent signal scales 

inversely with CPP slope in the supplementary motor area (SMA) proper, the bilateral inferior 

parietal lobule, and the left intraparietal sulcus (p < .05, FWE-corrected at cluster-level). Our 

findings clarify the brain regions responsible for the centro-parietal positivity and provide 

compelling evidence for a role of SMA and the intraparietal sulcus in the process of evidence 

accumulation during human perceptual decision-making. 
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Abstract: When we are confronted with unclear or vague information about our world, we rely 

heavily on memory to fill in missing data and ultimately guide behaviors. What mechanisms in 

the brain are responsible for recognizing, identifying, and categorizing objects? To better 

understand the temporal dynamics of how categorization occurs in the human brain, we recruited 

27 participants who were being treated for epilepsy with intracranial electrode implants. 

Participants completed a task where they were shown images and were asked to categorize them 

into one of four categories. Images were either unambiguous and clear (i.e., nonblurred) or 

ambiguous and vague (i.e., blurred). Participants categorized the nonblurred images significantly 

faster and more accurately than their blurred counterparts. We examined the neural correlates of 

where categorization occurs in the human brain, how it occurs under perceptual ambiguity, and 

how previous memories may mediate these neural computations. We found evidence that the 

anterior temporal lobe (ATL) contains categorical-level information that correlated with reaction 

time. Furthermore, the medial temporal lobe (MTL), which is crucial for memory recall, 

increases is functional connectivity with areas in the ventral visual stream to a greater degree 

when presented with more ambiguous images. Together, these two analyses suggest that 

semantic memory is reinstated and informs decision-making signals in the ATL. Next steps 

include investigating the nature of decision-making signals in the ATL and prefrontal cortex 

using a drift-diffusion modeling to determine which area computes a decision variable. 
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Abstract: Real-world decisions typically require considering multiple options, each of which 

may be defined by multiple attributes. To study these kinds of multi-attribute decisions, we have 

implemented a tablet-based task in which participants choose between two options. On two 

thirds of the trials (the ‘win domain’), both options offered cash rewards of different amounts 

and with different probabilities. On one third (the ‘loss domain’) both options could result in 

losing money, again with specified amounts of loss and probabilities of losing. Attribute types 

(amounts and probabilities) are represented by separate symbols. By default, these symbols are 

“covered” by masks indicating the attribute type “hidden” under them, and only when 

participants tap on these masks are the corresponding attribute values displayed momentarily. 

Participants can freely inspect both attributes of both options as many times as desired, but only 

one attribute of one option may be inspected at a time. When the participant has come to a 

decision, they select the chosen option by tapping a separate button labelled ‘select’. This 

sequence of events gives us the ability to precisely observe when each piece of decision-relevant 

information is being collected. 

To study the neural correlates of this decision process, we collected stereoelectroencephalogram 

(sEEG) recordings from patients undergoing treatment for medically intractable focal epilepsy 

while they performed the multi-attribute decision task (85 ± 72 win domain trials and 40 ± 36 

loss domain trials, mean and standard deviation across 13 patients). We then use Support Vector 

Machines (SVM) to classify the behavioral state based on the sEEG data within various cerebral 

regions during decision-making. The multi-attribute decision making task presents a number of 

behavioral states of interest that can be studied as binary classes. We use a 5-fold cross-

validation procedure to train and test the performance of SVMs with averaged balanced accuracy 

as measure of classification performance. As features, we use spectral power for multiple narrow 

and broad frequency bands at specific peri-event time windows. These spectral features are 

computed from the sEEG recordings aligned with specific task-related events, e.g., inspections of 

options or the outcome presentation. As a first validation of the approach, we show that sEEG 

activity in both the motor cortex and frontal cortex show activity differences when indicating 

choices with hand movements. Based on these results, we apply the same approach to classifying 

win domain and loss domain option inspections, decisions, and outcomes, as well as positive and 

negative outcomes in both domains. 
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Abstract: One key neural component in complex decision making is the retrieval of information. 

Cognitive neuroscientists emphasize two types of information retrieval: episodic memory (e.g. 

detailed remembrance of events) and semantic memory (e.g. remembrance of facts and general 

knowledge). Additionally, narrative models discuss how retrieved information is used in 

complex decisions. Specifically, narrative models indicate that deciding between alternative 

explanations of events requires retrieved information about real world events to determine which 

explanation is more realistic. We refer to this as perceived realism. In most studies, the 

contributions of episodic memory, semantic memory, and perceived realism are examined in 

isolation. However, in real world decisions, it is likely that all three views of retrieved 

information contribute to a person’s choice. Here, we examined the relationship between each 

type of retrieved information’s effect on complex choice. In the current study, jury eligible 

subjects (N = 83) were asked to read mock cases consisting of crime accusations and varying 

levels of evidence. For each case, subjects were asked to rate the strength of the case against the 

accused, the strength of their episodic memories and semantic memories for similar events, and 

their perceived realism of the case. Results of mixed effects modeling revealed that both 

traditional memory processes and perceived realism significantly influence case strength ratings. 

Additionally, variance partitioning indicated that the two largest contributors to case strength 

include a combination of all three types of retrieved information and an independent contribution 

of perceived realism. Using structural equation modeling to interpret variance partitioning 

indicated that episodic and semantic memory load onto a common factor that significantly 

predicts case strength and is mediated by perceived realism. Our findings support an independent 

role of perceived realism in complex decision making that is separate from episodic memory and 

general knowledge. A separate role for perceived realism is consistent with assessing the validity 

of retrieved information. 
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Abstract: Neural encoding models determine how pseudo-populations of signals across 

participants in specific brain areas encode information about task variables or participant 

choices. Conversely, neural decoding asks how well we can predict task variables or participant 

choices from either pseudo-populations of neural signals recorded across participants or within a 

population of simultaneously recorded signals obtained from a single participant. Despite their 

similarities, neural decoding is typically much harder to implement than neural encoding. 

Furthermore, most successful population decoding has been implemented in sensorimotor areas. 

However, in humans very limited population decoding has been applied in more cognitive areas 

like the prefrontal cortex where mixed selectivity is very common.Here we propose a general 

framework for decoding neural signals from human intracranial local field potentials (LFPs) 

using monte-carlo-cross validation with linear decoders (e.g. logistic decoder) with elastic net 

regularization on multiple features derived from canonical frequency bands extracted from 

simultaneously recorded neural signals. We test the proposed methods on the decoding of stimuli 

in the visual cortex during a visual perception task and decoding stimuli in the prefrontal and 

temporal cortices during the Multi-Source Interference Task (MSIT). The proposed method 

yields a median peak decoding accuracy of 95.0% in the visual cortex (n = 12) during the visual 

task but only 74.1% in the prefrontal and temporal cortices (n =6) during the MSIT. The 

proposed method outperforms dPCA (Kobak et. al., 2016) at the population-level in the visual 

cortex (90.25%) and prefrontal and temporal cortices (65.4%). However, dPCA can perfectly 

decode pseudo-population data in the visual cortex. We also built encoding models for multiple 

brain areas at the pseudo-population level to determine how each brain area encodes information 

on average using cluster-based permutation tests with GLMEs (König et. al., 2024). Results from 

encoding models were not always good at predicting stable decoder features, but individual 

features at the channel-level with at least weak encoding (np2 > 0.01) were more often used in 

the population decoders. In conclusion, neural decoding can be much more difficult in cognitive 

areas like the prefrontal cortex than in sensorimotor areas like the visual cortex. Ultimately, 

building single-trial, inferential decoders like these are important for determining good 



neuromodulation targets for various psychiatric and cognitive disorders in humans. This 

decoding framework could easily be extended to real-time applications. 
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Abstract: Humans and animals are regularly tasked with making decisions about how to interact 

with an environment rich with conflicting sensory cues that support multiple potential actions. 

Central to this critical brain function is the dorsal premotor cortex (PMd), which orchestrates 

voluntary arm movements by integrating sensory, contextual, and action-related information. 

Kalaska et al. have explored PMd's role in decision-making tasks in which humans and non-

human primates (NHP) determined the dominant color of a multicolored checkerboard Decision 

Cue (DC) to select one of two color-coded targets for a reaching movement. Variations in the 

proportion of differently colored small squares set the level of sensory conflict and choice 

uncertainty of the DCs. In the Targets-First (TF) task, targets were presented before the DC. In 

the Checkerboard-First (CF) task, the DC was displayed before the targets, allowing subjects to 

make an independent perceptual judgment about the DC's dominant color before deciding how to 

report it after the targets appeared. Neural recordings in NHPs showed that PMd activity 

reflected the selected direction of reach (correct or incorrect) after the DC appeared in the TF 

task and after the targets appeared in the CF task. PMd activity was also modulated by the 

strength of the evidence in the DC. However, PMd activity expressed little activity related to the 

critical color-discrimination aspects of the decision process. In this study, we made whole-brain 



magnetoencephalography (MEG) recordings while human subjects performed variants of the 

tasks, called TFD and CFD because they included an imposed delay after the presentation of 

each instructional cue (targets, DC). As before, subjects determined the dominant color of a DC 

with different numbers of blue and orange squares to select one of two color-coded targets on 

opposite sides (R, L) of the DC. However, they reported their decision by pressing the R or L 

mouse button with their R or L index finger, respectively. One second after the button press, a 

differential auditory beep tone provided feedback (knowledge of results, KR) indicating whether 

the chosen target was correct (high beep) or not (low beep). One novel finding was that beta-

band power in PMd increased transiently after correct KR tones, whose amplitude increased as 

DC evidence strength and choice certainty decreased. KR-evoked responses in PMd also differed 

significantly after incorrect choices and from those evoked by random high and low beeps 

delivered outside of the task, supporting their role in performance monitoring rather than simple 

auditory reactions. This indicates a reward prediction error-like signal expressed in PMd. 
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Abstract: At times it might be prudent to alternate between liberal and conservative criterion. 

For instance, security personnel ought to adopt a liberal criterion when interrogating people at a 

security checkpoint. Whereas in situations where the possibility of using physical force against 

suspects is more likely, a conservative criterion may reduce the risk of unjust harm. Prior 

investigations have demonstrated significant inter-individual variability in the tendency to 

transition between liberal and conservative criteria. This study employs electroencephalography 

(EEG) to explore the temporal and oscillatory patterns associated with individual tendency to 

shift between maintaining a conservative versus liberal criterion during a recognition security 

patrol task. 



Participants underwent rigorous screening, leading to the selection of individuals demonstrating 

a notable tendency to shift (N=59, 46 female, aged 17-29) for the EEG phase. Response-locked 

and stimulus-locked event-related spectral perturbations was averaged across conservative and 

liberal old and new answers and studied and unstudied images. After visual inspection of these 

data, we also decided to average correct rare (liberal correct rejections and conservative hits) and 

default (liberal hits and conservative correct rejections) conditions. An initial Pierson analysis of 

stimulus-locked ERSP data indicated modest correlations between band power and individual 

tendency to shift in beta (r=-0.04 to -0.47) and delta (r=0.39 to 0.30) ranges. 

To elucidate these data, we employed a simple-multi kernel learning, which distinguished 

between poor (N=29) and strong (N=29) shifters. Temporal patterns in the high beta (22-24 Hz) 

range for conservative old answers distinguish between strong and poor shifters in the 1000 ms 

before participant response, with 91% accuracy and a significance of 0.0003 using 10,000 

permutations of the training model. Similarly, patterns in the 25-27 Hz range from 0-1000ms 

post participant response distinguish between poor and strong shifters with 84% accuracy and a 

significance of 0.0017 using 10,000 permutations of the training model. Initial results (using only 

1,000 model permutations) indicate that in both rare responses and conservative old answers 

temporal patterns in lower frequency ranges in the 2000 to 1000 ms before response reliably 

distinguish between poor and strong shifters ( 4-6 Hz, with 80% accuracy p=0.002 and 7-9 Hz 

with 78% accuracy p=0.016, for rare responses and conservative old answers respectively). We 

suggest that differences between strong and poor shifters are mediated by interactions between 

low and high-frequency oscillations. 
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Abstract: Maximization of utility under static risk preference is typically used to explain human 

risk choices when optimal decisions depend only on the properties of the current options. In 

contrast, recent studies have investigated human economic risk choices in tasks adapted from 

foraging theory, in which optimal decisions need consideration of the outcomes of past choices 

or expected future opportunities. In such foraging tasks, human economic risk choice is 

explained by the principle of fitness maximization, which naturally leads to dynamic risk 

preference. Here, we investigated whether fitness maximization contributes to non-foraging 

economic decisions. In two online experiments, we investigated participants’ risk preference 

dynamics as they made a series of risky economic decisions under changing environmental 

richness. We found that participants’ risk preference was modulated by the current and past 

environments in accordance with fitness maximization. The participants were more risk averse 

during and after a rich environment as compared to a poor environment. Our results suggest that 

human economic decisions are better explained by the principle of fitness rather than utility 

maximization even in non-foraging situations. 
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Abstract: IEDs (interictal epileptiform discharges) are high-amplitude bursts of neural activity 

occurring between seizures, known to interfere with cognitive processes and memory. In this 

research we explored the impact of IEDs on cognitive control and decision-making during the 

Balloon Analog Risk Task (BART) in individuals with epilepsy. BART is used to assess 

decision-making under risk by simulating the inflation of a balloon, which increases potential 

rewards, but also the risk of popping and losing all gains.In our research 43 patients (21 females) 

undergoing invasive neuromonitoring for drug-resistant epilepsy, completed an average of 



233.24 (± 23.81) BART trials. During these trials, real-time neural activity was recorded via 

3,259 electrodes implanted in regions critical for cognitive control, such as the prefrontal and 

cingulate cortex. We identified IEDs occurrence per trial and timing in the neural recordings 

using a combination of band-pass filtering with a 4th-order Butterworth filter with a bandwidth 

of 5-25 Hz, applying a Hilbert transform on the output signal, and utilizing peak detection 

method to find the peak of the resulting signal. Our study examined how these IEDs impacted 

response time (RT) and inflation time (IT) during three 500 ms time windows relative to 

stimulus onset (pre: 500 ms before balloon onset to balloon onset; peri: 250 ms before to 250 ms 

after balloon onset; post: 500 ms following balloon onset).The findings showed that the presence 

of IEDs significantly lengthened both RTs and ITs, particularly when they occurred in brain 

regions linked to cognitive functions, such as the parietal, prefrontal, basal ganglia, and thalamic 

areas. This suggests that IEDs disrupt normal decision-making processes by affecting the neural 

computation in these cognitive regions. Additionally, while most patients showed increased RTs, 

some displayed shorter ITs, indicating a potentially heightened risk-averse behavior in certain 

brain conditions. The study emphasizes the profound influence of IEDs on behavioral responses 

in risk-based decision-making tasks and suggests a complex interplay between IEDs and 

cognitive control mechanisms. This research sets a foundation for future exploration into the 

neural dynamics underlying decision-making in epilepsy. Our next goal is to explore the impact 

of IEDs on specific features of brain activities such as spectral representations and neural firing 

rates associated with BART performance. 
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Abstract: Cognitive flexibility refers to the capacity to adapt and adjust one's decision-making 

process in response to changing or ambiguous conditions. An effective strategy in decision- 

making under uncertain situations is to rely on previously learned information, an ability that is 

known to be impaired in some diseases like Parkinson's disease. This study explores the 

involvement of the prefrontal cortex (PFC) in this ability. C57BL/6 mice were employed to 

establish an auditory decision-making behavioral paradigm. Through training, all mice were able 

to associate sounds of different frequencies (3kHz and 16kHz) with different buttons to get 

rewards, achieving a success rate over 80%. When sounds of never-learned frequencies were 

introduced (4.5 kHz, 7 kHz and 10.6 kHz), animals tended to choose the side closer in frequency 

to the previously learned sounds, generating a sigmoidal curve with a midpoint of 10.6 kHz at 

which the animals made random decisions. Manipulating the ratio of low-frequency and high-

frequency sounds enabled the animals to make choose the side that was associated with the 

higher proportion of the sound. Post-mortem immunohistochemistry results showed that 

changing the ratio of sounds during the ambiguous conditions led to a specific increase in c-fos 

expression in the orbitofrontal cortex of PFC. This finding suggests that the orbitofrontal cortex 

may play a role in the cognitive flexibility observed in the mice, facilitating their ability to utilize 

previously perceived information to make decisions under uncertain situations. 
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Abstract: To survive and succeed in a complex world, individuals must make decisions that lead 

to uncertain or delayed rewards (Kahneman & Tversky, 1979). Risk can be defined as the 

amount of uncertainty associated with a future reward. Previous neuroimaging work in humans 

has identified signatures of reward and risk encoding in the brain. Reward is encoded linearly 

and Risk is encoded quadratically across reward probabilities (Preuschoff et al., 2006, 2008). 



Here, we sought to understand how decision uncertainty was represented in populations of 

neurons in human decision-making circuits. Single neuron activity (334 well-isolated units) was 

recorded using Behnke-Fried microwires extending from the distal tip of the clinical 

macroelectrodes. Units were recorded from the Anterior Cingulate Cortex (ACC), ventromedial 

Prefrontal Cortex (PFC), Orbitofrontal Cortex (OFC) and Mesial Temporal Lobe (MTL). 

Subjects performed the Balloon Analog Risk Task (BART) where they initiate and stop a 

computerized balloon’s inflation. Each trial results in either the inflation being stopped and 

points being awarded proportional to the size of the balloon, or the balloon pops and the subject 

doesn’t receive nor lose any points. BART also has passive and active trials to modulate the 

amount of risk involved. Generalized linear models were fit to firing rates and it was found that a 

significant proportion of units encoded reward probability monotonically and quadratically. 

Across units, we found significant encoding of reward in all of the brain areas except OFC 

(binomial test, p < 0.05). The majority of neurons that significantly predicted the reward 

probability categories in response to the cue, exhibited a reversal of their reward probability 

encoding in response to outcome (60% of units in ACC, 50% in MFC, 74% in MTL, and 50% in 

OFC). Each of the brain areas had significant quadratic encoding of reward probability at cue 

and outcome, indicating a significant encoding of risk.These data confirm and extend previous 

fMRI studies of encoding of reward and risk signals in the human brain. We find cortical units 

that perform computations that have also been found in subcortical structures. 

ReferencesKahneman, D., & Tversky, A. (1979). Prospect Theory: An Analysis of Decision 

under Risk. Econometrica, 47(2), 263–291. JSTOR. https://doi.org/10.2307/1914185 

Preuschoff, K., Bossaerts, P., & Quartz, S. R. (2006). Neural Differentiation of Expected Reward 

and Risk in Human Subcortical Structures. Neuron, 51(3), 381–390. 

https://doi.org/10.1016/j.neuron.2006.06.024 
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Title: Decision making under uncertainty: impact of small vessel white matter disease 
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Abstract: Decisions are often made to maximize reward. Information gathering prior to making 

a definitive choice is critical to optimize such a process. Here, we examine how, in the context of 

uncertainty, people decide when they have sufficient information to make a final decision, 

comparing individuals with small vessel white matter disease (SVD) to healthy age-matched 

controls (HCs). We used variants of a paradigm consisting of both active sampling and passive 

choice tasks to rigorously evaluate decision making (DM) under uncertainty (Petitet et al. 2021 

Nat HumanBehaviour). Two types of passive choice task were deployed: one where uncertainty 

and reward were the key variables that participants had to evaluate, and one where in addition 

the amount of physical effort required to obtain a reward was varied. 27 SVD patients and 36 

HCs participated, allowing for assessment of the influence of vascular pathology on uncertainty 

perception, risk aversion, effects of sampling cost and reward, effort avoidance and adaptive 

decisional strategies. Measures of cognition, apathy, motivation, impulsivity, anxiety, and 

depression were also obtained, together with structural and diffusion-weighted MRI, and resting 

state fMRI. Overall, the SVD group who was significantly more apathetic and depressed scored 

significantly lower on the Addenbrooke’s Cognitive Examination (ACE) than our control group. 

The results of the experimental tasks showed that while SVD patients’ ability to perceive and 

respond appropriately to uncertainty in DM remained intact, their response to reward modulation 

was impaired. However, the introduction of physical effort in DM restored this and also 

heightened it in controls. In the active sampling task, patients gathered significantly fewer 

(information) samples and tolerated significantly greater uncertainty than HCs prior to 

committing to a decision. They were also significantly less sensitive to sampling cost. Analysis 

of the neuroimaging data revealed key white matter regions which are part of a brain network 

related to performance parameters underlying DM under uncertainty, with and without effort 

being a factor. 
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Title: Effect of potential debt and mixed gambles on risk-attitude 
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Abstract: Many everyday decisions involve some degree of uncertainty about its outcome. Such 

decision-making under risk is influenced by the individual’s risk-attitude, which is highly 

variable and depends on both the internal state and perceived external context (e.g., current 

wealth, whether the choice regards potential losses or potential gains) at the moment of choice. 

Despite its significance in everyday life, the underlying neuronal mechanisms by which risk-

attitude is shaped remains unclear. Previous work in our lab addressed this issue by relating core 

concepts from prospect theory, the most influential model to date for describing choices under 

risk, with neuronal activity in the anterior insula. Here, we extend our previous work by 

introducing changes to the design of our initial token-based gambling task that will allow novel 

tests of neuronal activity and behavior under risk. In this task, monkeys must choose between a 

smaller sure outcome and a larger probabilistic outcome. Monkeys are given tokens (“wealth”) 

that can accumulate over multiple trials, which correspond to the amount of reward they will 

receive at the end of “cash-out” trials that occur intermittently. In particular, we newly introduce 

“anti-tokens” that signify sub-zero-token wealth levels thereby allowing the individual be in 

debt, and mixed gambles that have both potential gain and loss components (e.g., 75% chance of 

+2, 25% chance of -3). Under our new design, we will be able to probe the neural basis of the 

reference point, a central concept of prospect theory, and test the possibility of multiple reference 

points and their effect on risk-attitude. Moreover, we will investigate the differential effect of 

mixed gambles and pure gambles (i.e., gambles that can only result in either gain or loss domain; 

e.g., 75% chance of +2, 25% chance of +0) on behavior and neural activity. Together, our work 

will provide a richer mechanistic account of how risk-attitude is formed, changed, and 

implemented in the brain. We will present preliminary behavioral results from rhesus monkeys 

and humans performing this updated token-gambling task. This will allow us to directly compare 

risk-taking behavior across species, as well as provide grounds for investigating the neural basis 

of risk attitude. 
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Title: Cumulative Lifetime Stress Exposure is Differentially Related to Ambiguity Attitudes in a 

Clinical Population with Opioid Use Disorder 
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Abstract: Human decision-making often occurs in contexts laden with uncertainty. This 

uncertainty can take at least two forms: decisions in which the probability of an outcome is 

known (risky) and those in which the probability of an outcome is unknown (ambiguous). 

Neuroeconomic models capture how these sources of uncertainty impact choice and have 

revealed human decision makers vary significantly in their risk and ambiguity attitudes. Notably, 

these attitudes only weakly correlate and have largely dissociable roles in health behavior, 

including substance use. Recent work has begun to identify factors that help shape how these 

attitudes might form and are maintained, showing that ambiguity (but not risk) attitudes can be 

explained, in part, by individual differences in major psychosocial stressor exposure across the 

lifespan. Here, we sought to examine the generalizability of these findings to a clinical 

population previously shown to exhibit distinct attitudes toward uncertainty and heightened 

exposure to psychosocial stress - individuals with opioid use disorder (OUD). Treatment enrolled 

OUD patients (N = 109, mean age = 49.3) and age- and sex-matched controls (N = 49, mean age 

= 45.4) completed a comprehensive lifetime stress assessment (the Stress and Adversity 

Inventory for Adults or STRAIN) and a well-validated economic decision-making task that 

evaluates both known-risk and ambiguity attitudes. Confirmatory analysis showed that patients 

exhibited a wide range of risk and ambiguity attitudes and reported a significantly higher number 

of stressful life events (20-30 more on average) and higher perceived severity of these events (2-

3 times more) compared to controls and the original published sample. Interestingly, in patients, 

greater number and severity of lifetime stressors were selectively correlated with higher 

ambiguity aversion, but not known-risk aversion. The strength of this correlation did not differ 

significantly from that observed in controls. Moreover, across all participants, this relationship 

between stressor number and ambiguity aversion held separately for stressors reported during 

prenatal development, early life, and adulthood. These findings underscore the potential 

differential impact of stress across the lifespan on ambiguity attitude within clinical populations. 

Further, they show that decision-making tendencies in adulthood may be influenced by stressors 

that occur as early as gestation. This research could offer insights into how environmental and 

psychosocial stressors shape decision-making in addiction and broader populations. 
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Abstract: Processing risk and probabilities is central to various decision scenarios. These 

functions may be influenced by potential interactions of homeostatic hormones with the 

dopaminergic system and its central structures. However, previous studies reported both 

increased and decreased risk-taking after homeostatic modulations. Here, we investigated the 

effects of two homeostatic systems on risky choice behaviour and its underlying cognitive 

processes. In two separate experiments, homeostatic hormone levels were modulated by a short-

term fasting intervention (NFAS = 37) or one night of total sleep deprivation (NTSD = 40), and 

compared to control conditions (within-subjects). In both experiments, healthy male volunteers 

performed a probability discounting task with simultaneous fMRI recording. All participants 

further provided blood samples in each condition to assess ghrelin and insulin. Model-free 

analyses revealed moderate evidence against manipulation effects on risky choice and response 

times in both studies. After fasting, there was strong evidence for increased ghrelin levels and 

decreased insulin levels. Frequentist statistics showed a moderate increase in ghrelin following 

TSD, which was inconclusive using Bayesian statistics. To investigate the homeostatic effects on 

the underlying cognitive processes we applied a hierarchical Bayesian modelling approach, 

comparing the common hyperbolic probability discounting (HPD) model and prospect theory 

(PT) model. However, due to recent success of choice perseveration, we extended these models 

by also accounting for perseveration. Here we consider first-order (repetition of the choice on the 

previous trial) and higher-order preservation which considers information spanning over a longer 

period. Overall, we compared 8 different models covering different combinations of the base 

models and proposed extensions. The PT model without perseveration performed best in both 

studies. Closer examination of the model parameters revealed strong evidence for increased 

sensitivity to probabilities and decision noise after TSD. Attractiveness to risk did not change 

meaningfully after TSD. No reliable changes in model parameters were observed after fasting. 

There was moderate evidence against associations between hormonal levels and parameter 

values in both studies. FMRI analyses are pending and will examine homeostatic effects on 

activity in the prefrontal cortex and insula during risky choice. Together, our results are 

inconsistent with the idea that hunger generally affects risk-taking, but confirm effects of sleep 

deprivation on specific computational components of the choice process. 
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Abstract: It is widely established that a reward prediction error signal can be observed in the 

human brain. When subjects believe there is a 50% chance of earning a reward and then receive 

it, areas like the ventral striatum and the ventromedial prefrontal cortex show BOLD activations 

correlated with a positive prediction error. This finding is based on the belief of a 50% reward 

chance, a reward expectation. This study aims to determine where and how these reward 

expectations are updated. Specifically, it asks whether BOLD signals in the ventral striatum and 

ventromedial PFC, known to encode reward prediction errors (Schultz, Dayan, and Montague, 

1997; Caplin et al., 2010; Rutledge et al., 2010; Niv et al., 2012), also reflect updates to a 

subject’s reward expectations, even without actual rewards. In an fMRI experiment, participants 

faced binary lotteries represented as partially occluded pie charts. While in the scanner we 

sequentially revealed more and more of the pie chart, dynamically resolving ambiguity about the 

probability of winning $20 or $100 as a trial progressed. The pie chart’s composition was 

revealed only gradually to participants, so that they could sequentially update their belief about 

the probability of winning the prize. At a random time during this gradual resolution, as early as 

after the first view of the occluded pie chart or as late as after the full pie chart had been 

revealed, we elicited participants’ valuation of the current pie chart-lottery using an incentive-

compatible procedure. Behavioral data show that, in line with theoretical predictions, 

participants’ valuations closely track the lottery’s winning probability when comparing two 

lotteries with identical prizes (which amounts to pure belief elicitation). Our procedure results in 

a gradually updated reward expectation that is under clean experimental control. In the presence 

of ambiguity, participants’ revealed beliefs are slightly more pessimistic, indicating ambiguity 

aversion. When the lotteries’ prizes are not identical, participants’ elicited probability 

equivalents reveal their degree of risk aversion. 



The neuroimaging portion tests whether updates to reward expectations produced BOLD 

activations in reward prediction areas. This study seeks to see if reward prediction-error 

encoding areas represent updates to reward expectations, mirroring punishment expectation 

errors seen in similar locations (Seymour et al., 2003). This approach tests neuroeconomic 

theories making joint predictions about beliefs, behavior, and neural data, offering new empirical 

constraints on models of belief evolution. 
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Abstract: Sleep is an evolutionarily conserved behavior with multiple functions such as energy 

homeostasis, toxic waste removal and systems-level memory consolidation. Despite progress in 

understanding these associated functions, how sleep itself is coupled to rapid changes in 

environmental contingencies is poorly understood. Research on human subjects suggests that 

both associative and contextual contributions to this decision-making process. Subjects are more 

likely to awaken when their name is called(associative), highlighting the associative component. 

Sleeping through fireworks on new year’s eve, but otherwise rapidly awakening to their sound 

highlights the contextual component. Neuroimaging studies have implicated the prefrontal cortex 

(PFC) and amygdala in goal-directed sleep interruption. However, due to limitations in accessing 

the human brain, the precise mechanisms remain unexplored. Here, we aim to identify neural 

mechanisms that selectively couple sleep interruption to behaviorally relevant environmental 

signals, a process we term goal-directed sleep interruption. We first developed a goal-directed 

sleep interruption paradigm in mice by leveraging an active avoidance paradigm to overcome the 

limitations. Our data indicate that mice selectively interrupt their sleep in an associative and 

contextual manner. Specifically, following appropriate training, mice awaken in response to a 

conditioned stimulus but only in the environment in which that conditioning occurred. Using 

advanced circuit dissection tools, we found that both mouse amygdala and PFC are involved in 

this process. The amygdala showed enhanced encoding of task cues after conditioning. 

Intervention of the different subdivisions of amygdala selectively disrupted CS+, but not CS- 

induced sleep interruption in the conditioned environment. Furthermore, we investigated the role 



of the PFC in regulating the contextual component of sleep interruption, by having the mice 

sleep in both neutral and condition environment. PFC inactivation reinstated CS+-induced 

interruption only in neutral contexts. This suggests that the PFC may exert top-down control over 

learned associations, suppressing amygdala-mediated sleep interruption in neutral environments. 

Overall, by understanding how environmental cues influence sleep behavior at the neural level, 

we may uncover insights that could lead to novel therapeutic interventions for sleep-related 

disorders. 
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Abstract: Detecting regime shifts is ubiquitous, from assessing whether a pandemic has passed 

to the onset of a bear market. Previous studies showed that people systematically under- or 

overreact to changes: overreactions were primarily found when environments are stable (small 

transition probability) but signals are noisy (low signal diagnosticity), while underreactions were 

seen in unstable environments with precise signals. However, it seems possible that the valence 

of a regime—whether a certain regime is favorable or desirable—can also impact regime-shift 

judgments. For example, in a bull market, people may be less willing to accept a shift to the bear 

market, therefore causing them to underreact to change. In this study, we investigated how 

regime valence might impact regime-shift detection in a task where subjects had to decide 

whether to invest in a virtual financial market. At the beginning of each trial, subjects received 

information about market-shift direction (from good to bad markets, from bad-to-good markets), 

transition probability and signal diagnosticity. Subjects then went through 10 periods where at 

each period she or he received a signal (market value up or down). They were told that market 

can shift at any period but can only shift once. The task was to judge whether the market had 

shifted. At the conclusion of 10 periods, subjects were asked whether to invest on the market she 

or he believed to be in. We replicated previous findings on over- and underreactions to change. 



Further, participants’ sensitivity (n=33) to system parameters (transition probability and signal 

diagnosticity) were significantly correlated between the two market-shift directions. For 

investment decisions, both transition probability and signal diagnosticity significantly impacted 

investment decisions in both market-shift directions and there was a significant transition 

probability-signal diagnosticity interaction—signal diagnosticity had greater impact on 

investment decisions when participants were in more stable environments (low transition 

probability). However, participants’ sensitivity to system parameters only partially impacted 

investment decisions, with only sensitivity to transition probability affecting investment 

decisions when subjects were in a good market with a potential to switch to a bad market. 

Together, these results suggest that people in general respond similarly to different market-shift 

directions. It is only when they face the potential of entering a bad-market regime that sensitivity 

to transition probability begins to impact financial choice. 
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Title: Coglink networks reveal computational mechanisms of uncertainty management and its 

perturbation in schizophrenia 
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Abstract: Animals navigate uncertainty to optimize rewards, but neural mechanisms and their 

deviations in Schizophrenia (SZ) remain unclear. We introduce CogLink Networks, a novel class 

of neural models integrating biophysical mechanisms with normative models to address this gap. 

We model networks of prefrontal cortex (PFC), mediodorsal thalamus (MD) and basal ganglia 

(BG) and include mechanisms such as thalamic modulation of cortical activity (Rihkye et al. 

2018) and plasticity (Canto-Busto et al. 2022) through cortical interneurons. To model 

uncertainty linked to associations and contexts, we consider a probability reversal bandit task. 



Our model is more accurate than the standard algorithm in dynamic bandits (+4.9±0.8%, p=4e-

12) and shows contextual tuning in MD consistent with our past work. Additionally, our model 

switches in fewer trials (-6.8±1.3, p=2e-13) and learns to switch faster (⍴=-0.29, p=4e-5). PFC-

MD synapses also learn the contextual model of the environment. To understand the efficacy, we 

take the CogLink approach and approximate the model to a normative one. Specifically, our 

model approximates CUSUM, an optimal algorithm to detect environmental change, providing a 

basis for flexible switching. It also learns value and model estimates without forgetting them 

across contexts. From the cortical interneuron activity, we discover that MD gates plasticity 

based on contextual uncertainty through interneurons to achieve continual learning. To show 

CogLink’s ability to connect circuit-level perturbation and behavioral changes, we consider an 

MD lesion experiment and a striatal D2 receptor abundance SZ model to replicate experimental 

findings. Rihkye et al. show that MD inactivation disrupts flexible switching and indeed the 

silenced model takes more trials to switch (+64.1±2.4, p=6e-60). Waltz (2017) reports that SZ 

patients show longer switching time and elevated win-switch rates and our SZ model also has 

higher switching time (+16±2.7, p=4e-3) and win-switch rates (+6.3±0.9%, p=5e-18). Strikingly, 

PFC-MD synapses cannot learn an accurate model of the environment, potentially reflecting 

delusional thinking. Following the CogLink approach, we approximate the impaired model into a 

normative one and derive that the threshold of the underlying normative model to output 

environmental change becomes much smaller, indicating a strong prior in environmental 

volatility. Recently, Zhou et al. show MD stimulation rescues cognitive deficits in SZ model 

mice and indeed MD stimulation reduces switching time (-18.8±3.3, p=3e-16) and win-switch 

rates (-3.5±1.1%, p=0.04) and recover model’s capacity to learn the correct model of the 

environment. 
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Abstract: The capacity to monitor one’s behavior and enact control when necessary is crucial 

for intelligent, goal-directed behavior. While it is generally agreed that the medial frontal cortex 

(MFC) plays a central role in performance monitoring, it is unclear whether it does so by (1) 

maintaining representations of primed and correct responses or (2) selectively amplifying and 

suppressing information based on task demands. In the present study, we investigated these 

hypotheses by re-analyzing recordings of single neurons from 34 human patients who performed 

a Stroop task while undergoing epilepsy monitoring (Fu et al., 2022). We found that the pre-

supplementary motor area (preSMA, N=607 neurons), a subregion of MFC, encodes the specific 

identity of both the correct and primed responses, favoring hypothesis (1). Interestingly, 

however, population-level decoders trained in one context exhibited below-chance performance 

when applied to the other, suggesting that preSMA uses a non-orthogonal representational 

geometry that may serve to disentangle task-relevant and irrelevant information reminiscent of 

hypothesis (2). This geometry was not present in the dorsal anterior cingulate cortex (dACC, 

n=584 neurons). Computational modeling suggests that this representational geometry is 

incompatible with models that rely on competition between cued responses but is exhibited by 

feedforward neural networks trained to perform error monitoring in a Stroop context. These 

networks also encode conflict in a manner similar to human preSMA despite not being explicitly 

trained to do so, suggesting that the representational geometry we observed in preSMA may be 

specifically relevant to error monitoring. Consistent with this hypothesis, individual neurons that 

signal errors following incorrect responses often exhibit firing rate patterns consistent with this 

representational geometry before response onset. 
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Abstract: We investigate the relationship between errors in goal-directed behaviors that are 

resulted from cognitive control failures (referred to as “action errors”) and reward-related 

outcome signals. The medial frontal cortex (MFC) is one of the key substrates for signaling 

action outcomes, reward prediction errors (RPEs) as well as action errors. A major open 

theoretical question is whether RPEs and action errors are detected and signaled by the same or 

different neural substrate. We propose that action errors, which are signaled by the error-related 

negativity (ERN), reflects a local process within the MFC that compares a corollary discharge of 

the executed action with a predicted action outcome generated by action forward models. The 

RPE, on the other hand, is a result of input from midbrain dopamine neurons to the MFC. If this 

hypothesis is true, these two types of error signals should involve separate groups of MFC 

neurons. In this study, we tested this hypothesis by designing a novel task that elicits 

uncorrelated action errors and reward prediction errors.We designed a one-arm bandit task where 

subject needs to make a choice, but it requires physical skills to make such choices. To maximize 

rewards, subjects must be able to learn a skill to execute choice and to learn about the reward 

value for each option. We recorded single neurons in the MFC in 8 patients implanted with 

hybrid depth electrodes for evaluation for drug resistant epilepsy. Subjects made action errors in 

~20% of trials in attempting to reach the chosen option. We construct reinforcement learning 

model to parametrize subjects’ trial-to-trial learning of reward values. We construct an observer-

controller model to evaluate subjects’ moment-to-moment monitoring and control of their skill 

performance within a trial. We analyzed the encoding of action errors, reward outcome and 

reward prediction errors (RPE) at the neuronal level. Across the N=159 recorded MFC neurons, 

~25% of neurons signaled action errors and ~20% of neurons signaled reward prediction error. 

Remarkably, there was little overlap between these two groups of neurons. On the population 

level, these two groups of error neurons support robust decoding of action errors and RPEs. 

These results support our hypotheses that the action errors and RPE are separate signals in the 

MFC, useful for updating different state representations: the former for updating the state of 

cognitive control, whereas the latter for updating the state of the external world. 
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Abstract: Computational modelling has demonstrated that the experience of happiness in a 

probabilistic reward task is determined by a combination of expected reward and reward 

prediction errors (RPE), with RPEs explaining most variance (Rutledge et al., 2014). To test this 

model causally, we hypothesized that microstimulation of neurons in the Substantia Nigra 

compacta (SNc would manipulate RPEs, and therefore subjective happiness). We conducted 

behavioral experiments while stimulating and recording from 93 single neurons in SN in 25 

Parkinson´s patients during DBS surgery. We used a probabilistic reward task in which subjects 

chose between a certain option and a gamble with equal probabilities of two outcomes. In 

addition, every 3 trials, subjects were asked to answer, “How happy are you right now?”. We 

used microstimulation (0.03mA, 130Hz) for half of the trials in blocks of 3. We fit a 

computational model to examine the relationship between happiness ratings and chosen certain 

rewards (CRs), the expected values (EVs) of chosen gambles, and Reward Prediction Errors 

(RPEs). First, RPEs explained more variance in happiness than EV, confirming earlier findings. 

Second, we evaluated whether subjects modified how they decided whether to gamble or not as a 

function of the expected value of the offered gamble relative to the certain reward (CR-EV) and 

whether stimulation was on or off with a 2-way ANOVA. The main effect of stimulation was 

significant, with the mean value of CR-EV significantly lower (and thus the gamble worth more) 

when they gambled when stimulation was on. The total earnings obtained by patients were 

higher across all stimulated compared to non-stimulated trials. This effect was due to patients 

obtaining higher rewards, on average, when they gambled and not by a difference in rewards 

obtained when they chose the certain reward. Strikingly, stimulating SN also led to higher 

happiness ratings. This effect is potentially explained by higher EV and RPE values. 

Furthermore, we found a significant interaction between Gamble Type offered (Gain/Mix and 

Loss) and Stimulation (ON/OFF) for likelihood of gambling, indicating patients gambled more 

for stimulated Mix and gain trials but not loss trials. 19/93 of SN neurons were responsive to 

momentary happiness during the happiness rating period. These neurons also tracked happiness 

throughout the rest of the experiment. Microstimulation modified the firing rate of these neurons 

in a brain state dependent manner, indicating that their excitability changed as a function RPE 



and happiness. We can conclude that stimulation modified the decision threshold so that subjects 

were more likely to accept gambles with higher EVs. 
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Abstract: Trait mindfulness (TM) is dispositional awareness to the present moment with 

nonjudgmental acceptance. While salutary benefits of mindfulness have been demonstrated, 

neural mechanisms underlying them remain unknown. Some studies report recruitment of top-

down regulatory areas (eg, prefrontal cortex) and others report recruitment of bottom-up emotion 

processing areas (eg, amygdala, insula). This between-study variability suggests that different 

strategies may be invoked by task variables such as stimulus type, extent of individuals’ TM 

levels, and time course dynamics of mindful emotion regulation. Behavioral data suggest a time 

course dynamic in which higher mindful individuals adapt and update strategies across the 

duration of an affective task. Specifically, if awareness to emotional stimuli enhances affective 

influence initially, we expect increased activity in emotion processing areas. When such 

emotions are then regulated through nonjudgmental acceptance, we expect increased activity in 

top-down regulatory areas. We tested whether individual differences in TM predicted changes in 

brain areas employed across the duration of an emotional Stroop task. During scanning, 

participants saw emotional words and pressed one of four buttons that corresponded to the font 

color of the word. Words were chosen from the English Lexicon Project and manipulated on 

valence and arousal resulting in 4 experimental conditions (eg, Positive valence High arousal). 

Neutral words served as a control condition. Words were equivalent in length and dominance 

ratings. TM was measured using Five Facet Mindfulness Questionnaire. Functional echo planar 

images were acquired on a 3T Prisma SIEMENS scanner. Anatomical MPRAGE T1-weighted 

images were also obtained. fMRI data were preprocessed with a standard pipeline. Linear mixed 



effects analyses were conducted on the beta coefficients obtained from the first level general 

linear models for the experimental-control contrasts. Amygdala and insula showed significant 

decreases in signal over the course of the task, conditional on TM levels. Prefrontal cortex 

showed significant increases in signal over the course of the task, conditional on TM levels. 

These results indicate that higher mindful individuals process, update and regulate emotions 

generated by external environments differently over time than lower mindful individuals. It may 

be that such time-course changes, in emotion processing and regulation areas, account for 

between-study variability in the TM literature and comprise the mindful emotion regulation 

mechanism that underlies the salutary cognitive benefits attributed to mindfulness. 
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Abstract: Based on prior evidence that early-life stress impacts frontal lobe development, this 

EEG/ERP study tested whether self-reports of childhood adversity predict alterations in neural 

markers of error processing, a crucial element of executive functioning. We further investigated 

whether any such associations would differ under emotional versus non-emotional task 

conditions, reasoning that conditions with emotional distractors are especially relevant to 

information processing in everyday life. N = 99 undergraduates completed two selective 

attention tasks, a classic color-word Stroop task and a modified task using emotional words, 

while EEG was recorded. Participants also completed self-report measures of adverse and 

positive childhood experiences, executive functioning challenges, depression, and current stress. 

Reports of adversity were robustly correlated with self-reported challenges in executive 

functioning (r = 0.41, p < .001), even when controlling for depression and stress (partial rs > 

0.20, ps < .05). However, adversity was not correlated with performance (reaction time or 

accuracy) in the color-word Stroop (ps > .25) or the emotion-word Stroop (ps > .11). EEG/ERP 

markers of error processing included the error-related negativity (ERN), which reflects initial 

error detection; the error positivity (Pe), which reflects sustained error processing; and error-



related alpha suppression, which reflects arousal-related oscillatory changes following errors. 

When controlling for individual differences in task accuracy, greater adversity predicted an 

enhanced ERN and blunted Pe (partial rs < -0.20, ps < .05), but only during the emotion-word 

blocks of the task. Alpha oscillations were also predicted by adversity, in a pattern that implies 

less error-responsiveness during the emotion block compared to the color block among 

participants with higher adversity (r = 0.22, p < .05). Overall, results indicate that in this high-

functioning sample, adverse life experiences were correlated with alterations in several neural 

markers of error-monitoring. In an emotional context, initial error detection was enhanced and 

sustained error processing was blunted among those who reported greater adversity, even in the 

absence of overt performance changes. The findings imply that the emotionality of the task 

context is an important factor when examining the potential impact of adversity on executive 

functions. 
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Abstract: Social anxiety disorder (SAD) is the experience of intense fear in social situations and 

diagnoses are rising precipitously since the pandemic. The cognitive processes impacted by 

symptoms of SAD and their corresponding neural correlates are poorly understood. Existing 

literature points to two relevant constructs: inaccurate anger perception for ambiguous faces and 

increased avoidance during perceived anger. To investigate the relationship of these constructs to 

symptoms of SAD, we developed a novel task that required participants to make a social 

judgement (anger perception) and then perform an approach or avoid behavior. In our study, 

participants that were diagnosed with SAD using the Mini International Neuropsychiatric 

Interview for the DSM-V completed the social judgement approach-avoidance task (SJ-AAT) 

while high-density electroencephalography (EEG) was recorded. Severity of SAD symptoms 



were quantified along multiple dimensions using the Liebowitz Social Anxiety Scale. We found 

that our task captured meaningful differences in social judgement by manipulating the degree of 

angry-neutral morph. Furthermore, participants with SAD were slower and less accurate when 

required to approach, relative to avoid, an angry face. Our analyses dissociate individual 

differences in social judgement and approach-avoidance that are related to prefrontal control 

over the motor and perceptual system. The neural mechanisms identified in this study will be 

targeted in a future study using non-invasive brain stimulation to establish causal evidence for 

these correlational findings. 
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Abstract: Background: The aging process naturally involves not only a decline in physical 

fitness, but also in cognitive functions. Both factors present considerable challenges to the 

independence and quality of life of the elderly. Our previous research has shown that high-

intensity interval exercise (HIIE) can improve the physical fitness and cognitive function of 

young people, but the results of studies among seniors are still ambiguous. Multiple animal and 

human studies have revealed that exercise enhances human cognition via exercise-enhanced 

neurotrophins and catecholamine synthesis, which is known to mediate neural plasticity and 

energy metabolism in the brain. However, the neural mechanisms responsible for the post-

exercise improvement of cognitive functions in elderly are still being sought. Aim: The purpose 

of the present study was to assess the acute effect of HIIE on executive function focusing on 



underlying neural and neurobiological factors among the elderlies. Methods: The study involved 

19 females and 5 males (69.4 ± 3.4 years old). The counterbalanced, crossover, randomized trial 

consisted of two sessions: control (CTL) and high-intensity interval exercise (HIIE). The HIIE 

protocol comprised eight 60s cycling bouts at ~90% HRmax intensity separated by 60s passive 

rest. The participants performed the Stroop test and Trial Making Test (TMT-A and TMT-B) 

before and after exercise or control condition. Cortical activation has been measured by applying 

functional Near-Infrared Spectroscopy (fNIRS). Moreover, before and after the HIIE to assess 

the concentration of brain-derived neurotrophic factor (BDNF), Klotho, Cathepsin B, Irisin, as 

well as Tryptophan (Trp) metabolite, venous blood samples were collected. Results: HIIE 

contributed to a significantly shorter execution time in the TMT-B test. Moreover, an increased 

prefrontal activation (dorsolateral prefrontal cortex and middle frontal gyrus) has been observed 

following an acute bout of HIIE. Additionally, we found a significant increase in peripheral 

Klotho and Cathepsin B concentration. Interestingly, the obtained results showed a decrease in 

the ratio of neurotoxic to neuroprotective tryptophan metabolite levels from pre- to post-HIIE. 

Conclusions: The results suggest that the proposed HIIE protocol can effectively improve 

executive function in the elderly, which can be attributed to increased activation in cortical areas 

relevant to cognitive functioning and synthesis or release of neuro-supportive molecules. 
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Abstract: This study explored the impact of interactive multi-touch cognitive games on 

prefrontal activation, cognitive flexibility related network connectivity, and inter-brain 

synchrony in the elderly. Thirty-two elderly participants (13 males; mean age 74.5 ± 4.3) 



participated in a single-blind, randomized, controlled trial, divided into an interactive multi-touch 

game-based cognitive intervention (ICI) group and a traditional cognitive intervention (TCI) 

group. Over four weeks, both groups engaged in twelve 40-minute cognitive training sessions. 

The ICI group partook in gamified cognitive tasks on a multi-touch screen designed for 

collaborative play across key cognitive domains using HAPPYTABLE® (Spring Soft Co. Ltd, 

Seoul, Republic of Korea), whereas the TCI group engaged in traditional paper-and-pencil tasks. 

We assessed changes in cognitive flexibility-related prefrontal activity and network changes 

using a 20 channels of functional near-infrared spectroscopy (fNIRS) system (NIRScout®, NIRx 

Medical Technologies, Germany) during color-word Stroop task. Inter-brain synchrony was 

evaluated through hyperscanning techniques during the intervention, utilizing the same 20-

channel topographic map across participants. After 10 intervention sessions, the ICI group 

showed significant improvement in interference scores and interference ratios of Stroop test 

compared to TCI group. Significant differences were noted in oxyHb concentration during 

Stroop interference at the prefrontal cortex between the ICI and TCI groups. In the ICI group, 

oxyHb concentration increased in these areas at post-intervention, whereas they decreased in the 

TCI group. Connectivity within the prefrontal cortex significantly enhanced in the ICI group 

after 10 intervention sessions. While some connections in the TCI group showed significant 

increases, others were reported to decrease. During the intervention, intra-brain synchrony within 

the prefrontal cortex was stronger in the ICI group compared to the TCI group. Remarkably, 

inter-brain synchrony, reflecting connectivity between participants, was significantly stronger in 

the ICI group than in the TCI group, especially between the dorsolateral prefrontal cortex and 

orbitofrontal cortex of two subjects. Interactive multi-touch game-based interventions effectively 

enhance cognitive flexibility, prefrontal activity, network connectivity, and inter-brain synchrony 

among the elderly. These findings may advocate for incorporating collaborative digital games 

into cognitive training programs as a viable strategy for modulating age-related cognitive 

decline. 
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Abstract: Background: Executive dysfunctions are observed in Multiple System Atrophy 

(MSA). Neuropathological studies have revealed that there was a significant neuronal loss in the 

frontal cortex of MSA patients with executive dysfunctions. Further, an anatomical connective 

network between the prefrontal cortex and cerebellar vermis has been reported. This study aimed 

to investigate the association between the executive functions and anatomical volumes of the 

whole brain in MSA patients using voxel- and atlas-based morphometric analyses. Methods: We 

retrospectively analyzed magnetic resonance imaging (MRI) to acquire magnetization-prepared 

rapid gradient echo images from 27 patients and 19 healthy controls. MRI data were analyzed 

using voxel-based morphometry (VBM) and atlas-based analysis, in which the cerebellar atlas 

created by Johns Hopkins University was used. Executive dysfunctions were assessed using 

Frontal Assessment Battery (FAB). We analyzed the correlation between the FAB scores and 

atlas-based volumes. Results: In the VBM analysis, patients with MSA exhibited gray matter 

volume reductions of the basal ganglia and cerebellar lobes, compared to healthy controls. Atlas-

based analysis revealed white matter volume reductions of the cerebellar vermis X and frontal 

lobe including the orbitofrontal area in MSA patients. The FAB scores were correlated with the 

volumes of the cerebellar vermis VI and VII. Conclusions: Our study revealed that executive 

dysfunctions in MSA were associated with volume reductions of the cerebellar vermis. 
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Abstract: In our daily lives, we frequently encounter situations where we need to flexibly switch 

between encoding new information and maintaining what’s already stored in our working 

memory. Knowing how many pieces of information need to be encoded (such as a short PIN 

code or an entire telephone number) enables us to allocate memory resources effectively. This 

awareness also helps us anticipate when to engage executive control, transitioning from encoding 

to maintenance mode. 

To investigate this cognitive function we combined analysis of EEG and single-neuron recording 

in humans. We first focused on a classic EEG Sternberg procedure, where healthy subjects are 

unaware of the number of memory items they will encounter in each trial. We found that 

uncertainty about the onset of maintenance is reflected in the amplitude of maintenance-evoked 

P300-like EEG potential. This potential can be source localized to medial prefrontal regions 

(SMA, pre-SMA, ACC). Additionally, earlier (more uncertain) maintenance onset leads to a 

delay in the increase of alpha power - an oscillatory hallmark of memory maintenance. These 

findings suggest that surprising maintenance onset may trigger a later switch to memory 

maintenance, possibly guided by medial prefrontal regions. 

Next, we recorded activity of single neurons in epilepsy patients as they completed a working 

memory task, where in 50% of trials the information of upcoming memory load was provided 

(load cue). In trials without load cue (uncertain maintenance onset) we observe that after 

maintenance onset average single unit effects are spatially correlated with source localized EEG 

uncertainty effects. On the other hand, during trials with a load cue, this spatial relationship shifts 

in time before the onset of maintenance. This shift may reflect utilization of load cue information 

to prepare for the anticipated encoding-maintenance switch. 

In summary, these findings demonstrate that neurons within the medial prefrontal regions play a 

role in prospective executive control, and the impact of their activity can be detected in scalp 

EEG recordings. 
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Abstract: Understanding how neural circuits in the human brain anatomically connect is 

fundamental to understanding their function and dysfunction. The common noninvasive methods 

for mapping human brain connectivity, such as diffusion MRI and resting-state fMRI, have 

shown limited correlation with “ground-truth” anatomical tracing results in animal studies. We 

recently demonstrated in nonhuman primates (NHPs) that concurrent electrical stimulation and 

fMRI (ES-fMRI) can map connectivity patterns that well match tracing (Xu et al 2022, Neuron). 

Here, we report preliminary data on ES-fMRI connectivity in epilepsy patients. 

We have developed a novel, IRB-approved ES-fMRI protocol that stimulates SEEG electrodes 

intracranially implanted for seizure mapping. This protocol, built upon previous studies 

demonstrating the feasibility, employs state-of-the-art MRI acquisition and has significantly 

improved signal quality and resolution while minimizing image artifacts and known risk factors, 

such as heating. Our findings show a remarkable multi-fold increase in statistical power (per t-

statistic) compared to prior human ES-fMRI data, meeting the level deemed sufficient for 

reliable connectivity mapping in our NHP study. For most patients, we ran tailored fMRI and 

SEEG functional localizers to help plan stimulation sites and interpret results. 

We had mapped ES-fMRI connectivity of five lateral prefrontal (lPFC; n = 1/4 by subject) and 

two anterior temporal (aTEMP; n = 1/1) sites in two subjects at the time of writing, which holds 

promising implications. Both lPFC and aTEMP are key areas for cognitive functions like 

executive control, social perception, and language. Consistent with our NHP work, we found 

predominately ipsilateral cortical and subcortical connections except in the cerebellum. The 

connections were strongest in lPFC/aTEMP, depending on the stimulation sites. Furthermore, the 

sites showed distinct, location-dependent connections in and outside of lPFC/aTEMP. We also 

found coarse resemblance in the connectivity patterns between pairs of NHP vs. human sites. 

Importantly, the connection zones of a stimulation site consistently showed similar functional 

mapping profiles. For example, a language processing site in aTEMP connects to patches that are 

distant from each other but all respond strongly to language tasks, whereas an executive control 

site in lPFC connects to executive control patches and high-level visual regions. These findings 

suggest that functionally informed human ES-fMRI could potentially unravel the organizing 

principles of the cognitive brain and decipher the interacting logic within and across functional 

networks. 
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Abstract: Frontoparietal multiple-demand (MD) regions are thought to instantiate cognitive 

control by representing the rules for selecting the correct action based on the evidence that 

different rules elicit distinct activity patterns in these regions. However, in these studies, different 

rules correspond to distinct episodes with distinct task identities. This makes it unclear if the 

representations behind the distinct activity patterns in MD regions are rules or task episodes. 

Task episodes are not synonymous with rules because different task episodes may involve the 

same rule and vice-versa. We have previously shown that the beginnings of distinct task episodes 

that involve the same rule, nonetheless, elicit distinct MD activity patterns. 

Here we investigated if rules elicit distinct activity patterns in MD regions after task-episode-

related confounds are removed. In experiment 1, participants executed trials where one of two 

rules, parity (P) or value (V), could be applied to the displayed number to select the correct 

response. The relevant rule, conveyed by the context in which the number was displayed, 

switched or repeated across consecutive trials. This biased participants to carve trial runs into 

one of two rule-based task episodes, e.g., if the rule sequence across trials was P P P V V P⋯, 

the first three trials become parity episode, the next two trials become value episode, etc. Trials, 

where the rule changed from the previous trial (i.e., switch trials) would mark the beginning of 

these episodes, while trials where the rule repeated from the previous trial (i.e., repeat trials) 

would lie within these episodes. 

If rules were represented in MD regions, then trials with distinct rules, whether switch or repeat, 

would elicit distinct activity patterns in them. But, if only the beginning of distinct episodes 

elicited distinct activity patterns, then only switch trials with distinct rules would elicit distinct 

activity patterns. Repeat trials with distinct rule would not elicit distinct patterns. Using three 

measures of pattern differences - MVPA decodability, correlation, and Mahalanobis distance, we 

found this was indeed the case. 

In experiment 2, we forced participants to organize these same trials not into rule-based episodes 

but into arbitrary 4-trial long episodes. Since switch trials no longer marked the beginning of 

these episodes, different rule-switch trials no longer elicited distinct activity patterns. 

We thus show that rule representation, as commonly understood, is not present in MD regions 



and suggest that we need to think of a different principle governing control instantiation. This 

study was funded by TÜBİTAK grant number 120K924. 
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Abstract: Multiple sclerosis (MS) is an autoimmune, demyelinating disease of the central 

nervous system. While presentation of symptoms may vary, cognitive dysfunction and 

processing speed are some of the most prominent deficits in MS. Resting-state functional 

connectivity demonstrates the functional organization of spatially distributed regions that 

comprise different cognitive networks. MS patients are also known to exhibit altered 

connectivity networks compared to healthy controls (HC). Previous work in healthy samples has 

shown that connectivity between the cerebellum and frontal areas is associated with cognitive 

speed. In this study, we sought to use MS as a model for cognitive dysfunction to examine the 

role that cerebellar-frontal connectivity may play in processing speed. 20 participants (10 MS, 10 

HC) who met inclusion criteria underwent resting-state functional magnetic resonance imaging 

(fMRI) using a 3T MRI scanner. Cerebellar and frontal ROIs were obtained from structural scans 

(MPRAGE) using FreeSurfer. Data were pre-processed within the CONN Toolbox. Subject-level 

connectivity values between the seed ROI and the peak voxel within the significant cluster were 

extracted for further analysis. Outside of the scanner, the Digit Symbol Substitution Test (DSST) 

was administered as a measure of information processing speed and cognitive dysfunction. A 

multilinear regression model to test the interaction between DSST scores and group effects (i.e., 

MS or HC) on connectivity measures was performed. MS patients exhibited higher connectivity 

between lobule IV/V of the cerebellum and the left frontal lobe compared to HC: t(16)= -7.80, 

p< .001. A significant disordinal interaction was found between DSST scores and group in 

predicting connectivity measures between lobule IV/V of the cerebellum and the left frontal lobe 

(p< .001). These results suggest that a cerebello-frontal network is vital to processing speed 

function, and changes to this network, as a result of MS pathophysiology, may contribute to the 

cognitive impairment observed in MS patients. 
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Abstract: Social interaction in primate species depends on the efficient and flexible neural 

representation of social gaze primitives. These encompass crucial components of social gaze 

interaction like social state (indicating your level of social engagement), gaze content 

(identifying the subject of your gaze), and gaze duration (measuring how long your gaze 

persists). How might the brain represent social gaze primitives through abstraction to reduce 

dimensionality and facilitate generalization? Our previous work reported widespread 

representations of multiple social gaze variables in the prefrontal-amygdala networks during 

naturalistic social gaze interaction. However, the representational geometry of social gaze 

primitives in these brain areas remains unknown. Furthermore, the stability of neural geometry in 

naturalistic behavioral contexts without any task structure remains unclear. To address these 

questions, we examined the representational geometry of social gaze primitives based on single-

unit activity collected from the dorsomedial prefrontal cortex (dmPFC), orbitofrontal cortex 

(OFC), anterior cingulate gyrus (ACCg), and basolateral amygdala (BLA) while pairs of 

monkeys freely gazed at one another. Social state was operationally defined as the relative 

fractions of social and nonsocial gaze bouts, and a classification procedure (optimal k-means) 

resulted in high and low social states. Gaze content was categorized as looking at a face or an 

object, and gaze duration was classified into long and short. With representational similarity 

analysis and a general linear encoding model, we found that there are prevalent neural 

representations of social state in all examined brain regions. Conversely, gaze content was 

encoded in the OFC and BLA, but not in the ACCg and dmPFC. Furthermore, using population 

decoding and representational geometry analysis with a linear support vector machine, we found 

that only gaze state, but not social content, is represented in an abstract format in the BLA and 

OFC without decreasing their separability. Further single-neuron level analysis suggests that, 

although the selectivity of gaze content correlated between different social states, the neural 

information of gaze content was disjoint-mixed between social states in both BLA and OFC. 



Both the neural representational geometry and single neuron findings are consistent in two 

individual monkeys. Our results reveal extensive neural representations of social state in the 

primate prefrontal-amygdala networks, abstraction of social state, and state-dependent content 

representation in the BLA and OFC during naturalistic social gaze interaction. 
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Abstract: Advanced forms of cooperation, such as a sense of fairness, have been observed in 

macaques through experiments involving unequal rewards. Macaques sometimes refuse to 

cooperate when receiving a lesser reward despite having cooperated under identical 

circumstances previously. However, the neural mechanisms underlying these behaviors, 

particularly how these social variables are encoded within the visual-cortical network, remain 

poorly understood. To address this gap, we propose a novel approach to investigate the impact of 

fairness on neural correlates within the visual-cortical network. We hypothesize that fairness 

induces changes in the encoding of social variables before cooperation takes place. We aim to 

elucidate how the brain processes fairness-related information during cooperation. This research 

sheds light on the neural mechanisms of fairness and cooperation and offers insights into the 

broader mechanisms governing social behavior in primates. 
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Abstract: Social cognition includes the ability to interpret or predict the intentions of others, and 

is involved in most everyday decisions, such as who to befriend or avoid. Studies in social 

neuroscience have revealed that social information is encoded in many brain regions, including 

the anterior cingulate cortex gyrus (ACCg). We previously demonstrated that neurons in the 

ACCg can also encode the identity of conspecifics, even when not required to. However, it 

remained unclear how neuronal populations reflected social context. Here, we determined how 

the ACCg represents context at a population-level. To quantify this, we analyzed ACCg neuron 

population data (n = 215) collected from two rhesus monkeys that performed a reward 

localization task. We contrasted these responses with neuron population that were 

simultaneously recorded from the frontal eye fields (FEF)/area 8A (n = 228) , an area not 

strongly linked to social behavior. We assessed population activity within ACCg and FEF using 

representational similarity analysis (RSA). We demonstrate that population activity in ACCg 

exhibits stronger encoding of social context compared to the FEF. Additionally, during feedback, 

the ACCg dissociates informative from noninformative social cues. This study provides further 

evidence that the ACCg encodes social context at a population-level, as well as encodes relevant 

social context information when updating actions. Taken together, this shows that the ACCg 

encodes multifaceted social information, which may underlie its role in complex social 

reasoning. 
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Abstract: Social knowledge is vital for humans and other primates, enabling them to navigate 

complex social dynamics, forge alliances, and adapt effectively to their surroundings. Here, we 

investigated the neural representation of social network information in amygdala of macaque 

monkeys. To characterize social network knowledge for individual monkeys, we collected 

surveillance videos of their home, neighboring, and unfamiliar social groups at the Johns 

Hopkins breeding farm. Videos collected across a three-month time frame were analyzed for 

interactive and solitary behaviors in four stable social groups, ranging in size from 7-18 

individuals. We used this behavioral data to construct multi-edge social network graphs based on 

dominance relationships, facial threat behavior, physical aggression, dominance mounting, 

stealing, submissive facial signals, physical submission, grooming, physical proximity, social 

play, and knowable genetic relationships. Two subject monkeys from the same group were 

studied with linear array probe recording in amygdala while viewing photographs of monkeys 

from the home, neighboring, and unfamiliar groups. We analyzed neural coding of personal 

social knowledge about home and neighboring groups, using unfamiliar monkeys as a control. 

We found that many neurons in amygdala encode personal social knowledge about relationships 

involving the subject monkey, relationships involving other monkeys, and relationships across 

the entire groups (home and neighboring), including dominance hierarchies, physical and 

symbolic agonism, physical and symbolic affiliation, and the knowable tree of genetic 

relationships. 
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Abstract: The ability to use contextual (social and non-social) cues for the execution of 

appropriate behavioral responses is critical for allowing us to interact with the environment. 

Recent studies suggested that a key role in this process could be played by a network of 

interconnected ventrolateral prefrontal (VLPF) and parieto-frontal areas (Borra et al., 2017). In 

fact, it has been demonstrated that all the areas of this network are involved both in the execution 

of hand actions and in their observation and, further, that abstract task instructions are encoded 

by the VLPF areas of this circuit in the “pragmatic” format of the goals to reach (Simone et al., 

2017, Rozzi et al., 2023). However, little is known about the possible role of these regions in 

exploiting social cues to select and guide appropriate behaviors. In the current study, we aimed 

to assess the possible involvement of VLPF areas 46v and 12r and of ventral premotor area F5 in 

the organization of the action based on social and non-social information.To address this issue, 

we simultaneously recorded neural activity using multi-electrode arrays implanted in these 

cortical sectors, in one monkey, during a task in which it had to perform appropriate hand actions 

based on different colored cues and on the observation of specific social and non-social visual 

stimuli. Single and multi-units were sorted using Mountainsort5. Task related units, identified by 

means of a threshold analysis (Hoshi e Tanji 1998), were analyzed using population approaches 

such as the Demixed Principal Component (dPCA) and decoding analyses. We identified 1156 

task related units, of which 445 and 407 were recorded in two VLPF sectors, respectively, and 

304 in F5. Our results showed that the VLPF units are, in virtually all the task phases, strongly 

modulated by the behavioral rule instructed by the colored cues and, more weakly, by the type of 

stimulus, regardless of whether it belongs to the social domain or not. F5 units were modulated 

by the behavioral rule mostly during action execution, although showing a response during the 

instructing cue phase, while they were not modulated at all by the type of visual stimuli. Overall, 

our observations suggest that the VLPF could be involved in action organization based on the 

type of rules and stimuli and, more in particular, could encode the contextual information in 

terms of the behavioral goal to reach, while F5 could be mostly involved in integrating and 

exploiting information received from VLPF, which is essential for the execution of the 

appropriate response, based on the current task rule and regardless of the presented stimulus. 
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Abstract: In social settings, animals demonstrate the ability to flexibly allocate social attention 

according to their individual needs. Social Place Cells, which encode the position of observed 

conspecifics, have been identified in the dorsal CA1 region of the hippocampus in bats and rats. 

However, the mechanism underlying flexible social attention allocation is largely unknown. 

Here, we designed a pair of tasks involving social and non-social navigation, wherein each pair 

of rats alternated roles as observer and demonstrator in an elevated polygonal maze. Rats were 

trained to obtain rewards in the two context-dependent tasks. In the non-social task, the 

demonstrator rat performed classic goal-directed navigation behavior, while in the social task, 

the observer rat followed and mimicked the demonstrator rat. Once the rats exchanged their 

roles, they were capable of adapting their behavior rapidly and changing strategies in seconds. 

The results of our in vivo recording experiments show that neuronal dynamics in the 

orbitofrontal cortex (OFC) are highly correlated with multiple aspects of social cues during 

social tasks rather than non-social tasks, supporting flexible behavior adaptation. Most OFC 

neurons switch between encoding different task-relevant information in the two tasks, while a 

neuronal subpopulation only represented multiplexed social attentional behavior. Moreover, 

results of dimensional reduction analysis showed that social information and navigational 

information are orthogonally encoded in OFC populations, suggesting that social attentional 

behavior and goal-directed navigation are supported by two different coding modes. Inhibition of 

OFC activity disturbed both social and non-social navigation behavior. Taken together, our 

findings demonstrate that OFC dynamics explicitly encoded multiplexed social information 

during a social-dependent task, mediating flexible social attention allocation. 
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Title: Hormone-mediated reorganization of cortical dynamics during female social choice 
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Abstract: Sex steroid hormones such as estrogen and testosterone powerfully regulate internal 

state, mood and social drives. For instance, in many species, including mice, females are 

sexually receptive only in the peri-ovulatory phase known as estrus that follows a surge in their 

hormone levels. Yet, we still have a major gap in our understanding of how hormones drive 

changes in neural circuits to ultimately regulate social behaviors. In particular, we know very 

little about whether and how hormonal changes alter neural coding of social interactions in 

crucial hubs for top-down control of sociability, such as the medial prefrontal cortex (mPFC). 

Here, we test for changes in mPFC circuit representations of social motivation and preference in 

female mice for male or female conspecifics across different hormone states in naturally cycling 

females as well as estradiol and/or progesterone primed ovariectomized mice. We quantify 

moment-to-moment changes in behavioral state based on features from multi-animal pose 

tracking using the deep-learning based framework SLEAP, and use Neuropixels probes to record 

from all mPFC subdivisions longitudinally across changes in hormone state. We find female 

subjects reversibly change their social preference from females to males following hormonal 

surge. Further, we find single-units in both anterior cingulate (ACC) and prelimbic cortex (PL) 

that respond in varying magnitudes to male and female interactions as well as asocial behaviors. 

Population analyses suggest largely non-overlapping ensembles encode for these different 

behavioral states. Interestingly, we find subregion-specific change in encoding across hormone 

states. In ACC, we see an increase in the number of units tuned to male or female social 

interactions relative to asocial behaviors following estrogen surge, suggesting an enhanced 

representation of other vs self. Whereas in PL, we see a decrease in the number of units tuned to 

male relative to female following estrogen surge, suggesting a suppression of response to the 

preferred social stimulus. Further, preliminary data from longitudinally tracked units reveal a 

reversible increase in spike amplitude and firing rate during estrogen surge suggesting that there 

are hormone-dependent changes in intrinsic cellular properties within mPFC. To test if changes 

in local mPFC hormone signaling mediate the changes in behavior, we are testing the behavior 

following mPFC-specific knock-out of estrogen receptors. Together, our work demonstrates that 

sex steroid hormones drive changes in female social preference and remodel mPFC cellular 

physiology and neural coding of social interactions. 
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Abstract: Social interaction is one of the crucial and versatile human abilities, enabling us to 

live in society. Growing evidence indicates that the social information is encoded in a brain-wide 

manner rather than within a specific region. But the exact brain-wide dynamics between and 

within two socializing subjects has been largely unknown. To better understand the social brain 

network, we use a novel state-of-the-art multi-fiber method to measure the brain-wide network 

from two mice engaging in freely moving and natural social interactions. This method enables us 

to chronically and simultaneously record neuronal activity from 24 recording sites brain-wide, 

including social related areas such as the prefrontal cortex, amygdala, ventral striatum, 

hippocampus, thalamus and more. Our results of four groups of mice (5 mice in each group), 

show that social interactions evoke most of our recorded brain areas and brain activity can 

reliably decode social contact. Interestingly, we find that during social contact the functional 

correlations between the two brain increase while correlations within each brain decrease. A 

further dissection into distinct subnetworks highlight prelimbic-hippocampus-thalamus inter 

subnetwork and a parallel accumbens-amygdala subnetwork. We further find that the former 

subnetwork is related to social dominance whereas the latter subnetwork is more related to 

interaction initiation. These results pave the way to understanding how brains communicates 

during social interaction. 
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Abstract: Social interactions are critical to the well-being of a wide variety of species. While a 

growing body of literature has identified neural circuits for dyadic social interactions between 

two animals, our understanding of higher order interactions at the level of larger groups is weak. 

Many species organize into social groups, in which the individual contributes to and benefits 

from the well-being of the whole. However, little is known about the neural basis of collective 

behaviors in response to environmental stressors. To address this gap, we are using a novel 

approach to study how groups of mice self-organize into huddles in response to thermal cold 

challenge. Here, we used computer-vision based multi-animal pose estimation tools to identify 

five unique huddling states in groups of four mice. We found that huddling behavior is 

modulated by group size--individual mice huddle more in groups than in pairs, suggesting that 

social groups have emergent properties that dyads do not have. When assessing behavior at the 

level of the individual, we found that individual mice demonstrate active (self-initiated) and 

passive (partner-initiated) behavioral strategies to engage or disengage in huddles with other 

animals. Interestingly, these active and passive strategies are heavily dependent on the size of the 

huddle being entered or exited. We then asked which neural circuits coordinate the decisions to 

huddle in response to cold stress. Previous work suggests that medial prefrontal cortex (mPFC) is 

a critical node for regulating dyadic and group level social behaviors, as well as decision making 

more broadly. Using Miniscope calcium imaging, we found unique populations of cells in mPFC 

that encode active and passive decisions to engage or disengage from a huddle, but do not 

encode other social behaviors. Using mPFC population activity, we found that huddling 

behaviors are separable from other behaviors in population space, and can be accurately decoded 

from other behaviors using SVM decoders. We also found that mPFC neurons encode the social 

identity of huddling partners. Finally, we used chemogenetics to silence mPFC and found that 

mPFC activity is required for active decision making in the context of a group. Together, these 

data suggest a critical role for mPFC in encoding group-level responses to environmental 

changes and present a novel avenue towards studying social interactions in larger groups. 
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Abstract: Affect sharing — the ability to vicariously feel others’ emotions — is the primary 

component of empathy. However, the neural encoding of the perception of others’ distress and 

representation of shared affective experiences remain poorly understood. Here, using miniature 

endoscopic calcium imaging, we identify distinct and dynamic neural ensembles in the anterior 

cingulate cortex (ACC) that represent observational fear across both excitatory and inhibitory 

neurons. Notably, the population dynamics encoding vicarious freezing information is preserved 

in ACC pyramidal neurons and selectively represented by emotional responses, but not sensory 

responses, after experiencing direct pain. Furthermore, using circuit-specific imaging and 

optogenetic manipulations, we demonstrate that specific populations of ACC neurons that project 

to the periaqueductal gray, but not to the basolateral amygdala, selectively convey affective pain 

information to modulate observational fear. Collectively, our findings establish a functional role 

for ACC neural representations in shaping observational fear through the encoding of affective 

pain. 
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Abstract: Sex hormones are involved in regulating social behavior via rapid or genomic effects, 

with their rapid effects of interest to the present study. Estrogens and androgens, namely 17-b 

estradiol (E2) and dihydrotestosterone (DHT), are implicated in medial prefrontal cortex (mPFC) 

neural alterations when administered directly in the mPFC or indirectly in the hippocampus. The 

mPFC is known for mediating higher order cognitive processes and evidence suggests that sex 

hormones in the mPFC rapidly modulate short-term social but not non-social cognition. A study 

using female mice found that when E2 was administered into the mPFC, two social cognitive 

processes were facilitated (social recognition (SR) and social learning), however two non-social 

cognitive processes were not (object recognition (OR) and object placement (OP)). Although 

literature has previously demonstrated that administration of E2 in the mPFC facilitates OR and 

OP, these results seem to be time dependent, with E2 in the mPFC having a role in long-term but 

not short-term facilitation of non-social cognition. As well, it is unknown how social and non-

social cognition is regulated by sex hormones in the mPFC of males. The present study is 

investigating the rapid effects of both E2 and DHT in the mPFC of male mice on short-term 

social and non-social cognition. Following castration and cannulation surgeries, mice receive an 

E2 or DHT infusion into the mPFC and perform in either a SR, social learning, OR or OP 

behavioral paradigm. It is predicted that, like in females, E2 in the mPFC of males will facilitate 

short-term SR and social learning, but not OR and OP. It is also predicted that since DHT has 

been found to facilitate SR in other brain regions involved in social cognition (dorsal 

hippocampus and BNST), DHT in the mPFC will facilitate SR and social learning, but not OR 

and OP. 
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Abstract: Social affiliation is highly conserved across many vertebrates and the sensory 

detection of social signals is critical for driving such a behavior. Social perception in human 

largely requires visual social signals. It remains elusive how the brain integrates visual social 

cognition and transform it into social affiliative drive. Here we employed an unsupervised deep 

learning method to characterize the social affiliative behaviors in zebrafish, which suggests that 



visual-social stimulation triggers social preference in zebrafish. Calcium dynamics across the 

whole brain acquired by two-photon microscope during zebrafish visual social events revealed a 

tight relationship between neuronal activity in the rostral zone of hypothalamus, optic tectum as 

well as thalamus and social preference. The hypocretin neurons in the rostral zone of 

hypothalamus mediated a feedforward excitatory circuit recruited by the synaptic input from 

retinal ganglion cells (RGCs) and driving the neurons in the optic tectum to reinforce visual 

social signals. Further investigation revealed that hypocretin neurons were activated by RGCs 

terminals via glutamatergic receptors, and therefore excited the visual social neurons in optic 

tectum via both glutamatergic and hypocretinergic receptors. Early-life social isolation 

significantly reduced the number and excitability of the remaining hypocretin neurons, which led 

to a strong anti-social behavior. The consequence of social isolation was partially rescued by the 

administration of hypocretin receptor 2 (HCRTR2) agonist or chemogenetic activation of 

hypocretin neurons. Overall, we discovered a feedforward hypocretinergic circuit that reinforces 

the visual social cognition and encodes social preference. This study also indicates potential 

therapeutic targets for treating diseases related to social isolation. 
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Abstract: Deficits in social-emotional skills are fundamental characteristics of various 

neurodevelopmental disorders (NDD) such as schizophrenia (SCZ) and autism spectrum disorder 

(ASD). Research has characterized social behavior as a complex activity mediated by limbic and 

cortical neural systems, with the prefrontal cortex (PFC) being a crucial component in both 

humans and rodents (Scheggia et al., 2020). However, the pathophysiological circuit 

mechanisms that underlie socio-cognitive abnormalities relevant to NDD remain largely 

unknown. Monoaminergic neuromodulations, particularly focusing on dopamine transmission, 

have been emphasized in studies concerning social processes. Nonetheless, many studies have 

identified the primary importance of another brain catecholamine, namely noradrenergic 

transmission (Li et al., 2014; Lu et al., 2017). In this study, we aimed to determine whether and 



how noradrenergic neurotransmission could contribute to appropriate socio-cognitive behaviors, 

with a specific emphasis on emotional discrimination. By integrating in vivo fiber-photometry, 

optogenetics, and molecular biology techniques in mice, we discovered that optogenetic 

stimulation of the Locus Coeruleus noradrenergic terminals in the medial prefrontal cortex 

(mPFC) impaired emotion recognition processes by modulating the activity of SOM+ 

interneurons. This research could uncover adaptive mechanisms involved in social impairment 

and might offer new therapeutic approaches for psychiatric diseases. 
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Title: Vomeronasal amygdala neurons encode individual recognition in mice 
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Abstract: Mice are territorial animals, and males mark their territory with urine spots. During 

spatial navigation, the information in these urinary marks allow the recognition of the territory 

owner. This information is derived from the variable patterns of major urinary proteins found in 

the urine marks. Major urinary proteins are detected by the vomeronasal organ, but it is unknown 

how this social information is integrated in the brain. We have previously shown that the only 

cortical vomeronasal structure is the posteromedial cortical amygdaloid nucleus, and therefore 

we hypothesize that this amygdaloid structure plays a key role in the recognition of the particular 

pattern of urinary proteins allowing the recognition of individual animals. To test this hypothesis, 

we recorded single-unit extracellular activity within this nucleus in awake, head-fixed female 

mice presented with various male-derived stimuli. These stimuli included the urine of two 

different males, a blend of these urines, urine from one male on top of that of another (simulating 

a countermarking scenario), and the urine of the female mouse under examination. The selection 

of these stimuli aims to unravel the encoding mechanism of these natural stimuli, allowing 



individual recognition, countermarking, and self-perception. To analyze our large-scale dataset, 

we applied tensor decomposition methods for neural activity analysis, supplemented by CEBRA 

low-dimensional embeddings and decoding accuracy techniques. Tensor decomposition analysis 

uncovered that within the cortical amygdala, there exists a dual mechanism: one that responds to 

a wide spectrum of stimuli and another that is activated specifically by certain stimuli, 

illustrating a balance between generalization and precise recognition. Likewise, CEBRA 

embeddings revealed distinct global activity patterns corresponding to each type of urine, 

enabling the discrimination between individuals. Furthermore, decoding accuracy examination 

demonstrated that neurons responding to specific individual stimuli subtly alter their responses 

upon repeated exposures to the same urine, indicating the presence of a learning process within 

the cortical amygdala. In summary, neural responses in the vomeronasal cortical amygdala 

encode individual recognition based on these chemosensory cues, and allow the distinction 

between the own signals of the experimental subjects and those from others. 
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Abstract: Cooperation, where individuals coordinate their actions to obtain shared rewards, is a 

prevalent behavior observed across species. While artificial intelligence has successfully 

modeled social behavior using deep reinforcement learning algorithms, the neural basis of 

cooperation in biological systems remains elusive. Here, we trained mice and artificial agents to 

perform the same cooperative task, where a pair of head-restrained mice or agents were required 



to simultaneously turn wheels to receive rewards. Over the course of learning, representations of 

social values - those that arise through interactions with others - emerged in artificial agents. 

Remarkably, by comparing neural representations between artificial and biological neurons in 

the medial prefrontal cortex (mPFC) of mice, we found that similar representations emerged in 

mice during learning. Importantly, optogenetic inhibition of the mPFC or disrupting the visual 

access to partner’s movement significantly impaired task performance in mice. Furthermore, 

manipulating the reward structure altered the representations in the mPFC, suggesting that these 

representations were tightly linked to values associated with cooperation. Together, our study 

reveals the learning-related emergence of social value representations in the mPFC, providing 

insights into the neural mechanisms underlying cooperation in biological systems. 
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Abstract: Social interactions are important across the animal kingdom. In group settings, these 

networks of interactions lead to increasingly complex dynamics between animals. Despite social 

behaviours playing an integral role in health and disease, the neuronal circuits involved are not 

well understood. Studying these neurons is challenging in humans or mammals, due to the 

complexity of their brain circuitry. We therefore use the larva of the fruit fly as a model for 

social behaviour. Larvae engage in social interactions including cooperative digging, where 

individuals group together to more effectively forage for food. Taking advantage of the larva’s 

compact nervous system, we have previously mapped the connectome of the larval brain, 

including all neurons and their synaptic connections, providing the required structural 

information to study the circuits underlying social behaviour. Individual circuit elements from 

the connectome were then linked to genetic tools allowing manipulation of individual neurons. 

Using these tools, this project aims to identify the neurons involved in cooperative digging 

behaviour using a high-throughput inactivation screen. We have developed a novel behavioural 

rig that enables cooperative behaviour to be recorded in a naturalistic context, as larval groups 



form holes in food. Additionally we have developed an automated detection pipeline to identify 

cooperative groups from imaging data, facilitating analyses of how specific neuronal 

inactivations modulate cooperative behaviour. Overall, this study will link social behaviours to 

synaptic structures of the larval brain, extensively characterising the neural circuit basis of a 

social behaviour. 
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Abstract: Cooperation is affiliative social behaviors that widely exist in nature and play a key 

role in the lives of animals. However, the neural mechanisms underlying cooperative behavior 

are less studied. Oxytocin (OXT) is a neuromodulator that regulates many social and non-social 

behaviors, including cooperative behavior in humans. Nevertheless, its mechanisms regulating 

social behaviors remain to be fully understood. To dissect the underlying neural mechanisms of 

oxytocin in regulating cooperative behaviors, we manipulated the oxytocin system in rats during 

a cooperative task based on temporal coordination. We found that rats can acquire cooperation 

and show flexible choices in a cooperation preference task. In Oxt-/- rats, the acquisition of 

cooperation, but not the execution or preference, is impaired. By using fiber photometry 

recording of neuronal signals, we found that the activities of oxytocinergic neurons in the 

paraventricular nucleus (PVN) are correlated with cooperative task performance. Inhibition of 

these neurons in PVN (PVNOXT) reduced cooperation, while activation of PVNOXT perturbed 

cooperation. However, both inhibition and activation of PVNOXT had no effect on cooperation 

preference. These results provide new insight to our understanding of the neural mechanisms of 

oxytocin in regulating cooperative behavior, and clues for using oxytocin to treat psychiatric 

disorders, for example, autism spectrum disorder and social anxiety disorder. 
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Abstract: Consolation, or comforting contact directed toward a distressed party, is an empathy-

like response observed across species including in monogamous prairie voles (microtus 

orchogaster). Consolation was found to induce neural activity in the anterior cingulate cortex 

(ACC) of prairie voles and the ACC is also implicated in empathy in humans, suggesting 

conserved neurobiological mechanisms across species. As a first step towards cell-type specific 

manipulation of consolation, we used designer receptors exclusively activated by designer drugs 

(DREADDs) to inhibit general activity in the ACC. Voles of both sexes received a control 

(AAV8-hSyn-mCherry; N=11) or inhibitory DREADD (AAV8-hSyn-hm4di-mCherry; N=11) 

virus bilaterally to the ACC (500 nL/side) and were later paired with an opposite-sex partner. 

Experimental animals underwent a multi-day consolation test where on subsequent days their 

partner was either separated for 30 min or separated and administered footshocks (30 min: 5x, 

0.8mA, 0.5s) before being reunited with the experimental animal. Experimental animals received 

3mg/kg injections of clozapine-N-oxide (CNO) 30 min prior to partner reunion and behaviors 

exhibited by the experimental vole towards the partner during the reunion were scored. Voles 

expressing the control virus displayed an increase in allogrooming towards their partner after 

their partner was separated and shocked increase allogrooming in response to their partner’s 

distress (p > 0.05) and ex-vivo slice electrophysiology revealed that CNO application induced 

membrane hyperpolarization in cells expressing hm4di. Next, in situ hybridization determined 

that OXTRs in the prairie vole ACC, and are expressed primarily on glutamatergic, but not 

GABAergic, cells. Finally, Oxtr-P2A-Cre voles were generated using CRISPR/ Cas9 to allow for 

selective manipulation of Oxtr-containing cells. Male and female voles received a cre-dependent 

control (AAV8-hSyn-DIO-mCherry; N=11 per sex) or inhibitory DREADD (AAV8-hSyn-DIO-

hm4di-mCherry; N=11 per sex) virus bilaterally to the ACC (500 nL/side). Experimental animals 

were subsequently paired with an opposite-sex partner and underwent the consoling test with 3 

mg/kg CNO administration. Animals expressing the control virus increased allogrooming in 

response to partner distress (male: p < .05; female: p < .01). Chemogenomic inhibition of 

ACCOxtr cells disrupted distress-induced allogrooming in both male (p > .05) and female (p > 



.05) voles. Future experiments will utilize Oxtr-Cre voles for visualization and manipulation of 

ACCOxtr circuits involved in rodent empathy-like behavior. 
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Abstract: Although humans tend to be more cooperative than selfish, ultimately decision-

making in social and interactive situations depends heavily on the behaviors of the others 

involved. The tendency to try and elicit a cooperative dyadic interaction can be induced using 

computer-simulated agents with behavior driven by models that simulate theory of mind (ToM). 

In this study, we examine how participants navigate collaborative and non-collaborative 

scenarios with these agents, focusing on their strategic decisions. Specifically, we analyze key 

behavioral markers such as choice variability and decision-making speed, and explore their 

neural correlates in critical areas including the dorsomedial prefrontal cortex and temporo-

parietal junction. Twenty-eight subjects played the stag hunt game in the fMRI scanner against 

three types of computer agents: an adaptive agent with simulated ToM capabilities that 

dynamically adjusted its strategies based on the players' moves, a fixed-strategy agent that 

enacted strategies determined by the outcome of the previous game, and an agent that selected 

strategies randomly at the game's start. Human players showed more frequent movement, larger 

variation in movement times, clearer signs of cooperative intent, and a preference for 

collaboration over defection, particularly when interacting with the ToM agent. Games involving 

defection against the ToM agent tended to last longer, whereas those against fixed-strategy 

agents were notably shorter. With ongoing interaction, participants demonstrated a growing 

reluctance to select defection when playing against the ToM agent. Interactions with the ToM 

agent were associated with stronger neural activity in social and executive brain systems, namely 

the right temporo-parietal junction, superior temporal sulcus, bilateral dorsomedial prefrontal 



cortex, bilateral insula, and right dorsolateral prefrontal cortex. Additionally, network analysis 

showed that players who were flexible in adjusting their strategies upon encountering a new 

agent also exhibited greater reluctance to defect against the ToM agent and had functional brain 

networks with longer paths.These findings suggest that adaptive agents with ToM features not 

only enhance engagement and collaboration but also stimulate social and executive brain 

functions differently than static agents, potentially influencing neural communication in a 

subject-specific manner 
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Abstract: Sociability is fundamental for daily life, and social novelty preferences play a key role 

in the drive of social behavior. Impaired social preference and cognitive decline is compromised 

in major neuropsychiatric disorders. In our study, we used a modified social paradigm, resident-

intruder test, to establish different social occasions in mice, then used Volumetric Imaging with 

Synchronized on-the-fly-scan and Readout system (VISoR) to map the whole brain neuronal 

activity trace with the c-Fos immunofluorescence staining. We found that the activity of the 

nucleus reuniens (RE) was altered during novel social interaction, suggesting that the RE may 

carry information important for social recognition. However, the functional role of the RE in 

social behavior and its neuronal circuit has not been fully understood. Firstly, we used retrograde 

tracing and anterograde tracing to map upstream and downstream brain areas of the RE, and 

mapped part of the excitatory and inhibitory afferent connectivity of the RE with RNA-FISH. It 

was found that the RE had dense connections with the mPFC and HC in a reciprocal manner. To 

investigate how the RE participates in social recognition, we found that the RE neurons were not 

activated during interaction with novel juvenile intruder. Optogenetic and chemogenetic 

activation of the RE neurons abolished social novelty preference. To investigate whether the RE-

dependent coordinated prefrontal-hippocampal activity participates in social novelty, we found 

that activity of the prefrontal-hippocampal circuit altered during novel social. Our study revealed 

the fundamental role of the RE in social recognition behavior in which the classic prefrontal-



hippocampal neural circuit also participated, providing new insights for understanding the circuit 

level mechanisms that underlie social novelty preference and social deficits related 

neuropsychiatric disorders. 
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Abstract: Social life is determined by the ability to perceive, process, and react to emotions in 

others. In the past, we have already shown that the prelimbic cortex (mPFC) has a pivotal role in 

modulating emotion recognition (Scheggia. et al., 2020). However, previous studies reported that 

the Anterior Cingulate Cortex (ACC) is also important for the ability to acknowledge and 

understand another individual’s emotions (Post SG et al., 2014; Mercer SW and Reynolds WJ, 

2002; Soanes C and Stevenson A., 2010), both in humans (Arioli M et al., 2021) and mice 

(Smith ML, et al., 2022). In mice, this brain area is also involved in the social transfer of fear 

(Keum et al., 2018). In this study, we adopted a validated behavioral test designed to measure the 

ability of mice to recognize conspecifics based on their affective state (Scheggia. et al., 2020). 

Through optogenetic manipulations done on Sa-Cre freely moving mice, we found that ACC 

SOM+ neurons have a crucial role in emotion recognition, similar to what has been reported in 

the medial prefrontal cortex (mPFC) (Scheggia et al., 2020). We found that their inhibition in 

mPFC impairs the mice's emotion recognition, but causes no effect when are involved with the 

ACC ones. Our data show that the stimulation of SOM+ neurons in ACC causes an impairment 

in emotion recognition as well. We injected DIO-hChR2 for the stimulation of SOM+ neurons or 

DIO-eNpHR 3.0 for their inhibition. For the stimulation, we used a 473nm CNI laser with an 

intensity of 5mW and a pulse of 5Hz, for a maximum of 6 minutes. For inhibition, we used a 

532nm CNI laser with continuous light, for a maximum of 6 minutes. Twenty adult mice were 

tested for stimulation (aged 3-6 months), and twenty-three adult mice were tested for inhibition. 

No sex differences were noticed. By creating an excitatory/inhibitory imbalance, we were able to 

impair such a crucial social ability, indicating the necessity to examine this phenomenon at a 

more circuit level. Anatomical tracing has shown that these two areas each have a subclass of 



SOM+ neurons that project to different parts of the brain. Our aim now is to study such 

differences to define their roles in emotion recognition and discrimination and provide new 

targets for potential treatments. 
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Abstract: The cerebellum is a unique part of the central nervous system, with distinct, 

evolutionarily preserved architecture. Cerebellar damage has been known for centuries to induce 

motor deficits in both humans and animals. It was therefore traditionally seen as a motor center 

and gained little notice in the neuropsychiatric community. However, recent studies suggest that 

cerebellar abnormalities in humans and rodents result in deficits in social and other higher order 

behaviour. This goes hand in hand with recent research showing that the cerebellum projects to 

the medial prefrontal cortex (mPFC), an important hub controlling emotional behaviours. How 

these cerebellar projections influence fine aspects of behaviour and the role they play in shaping 

the representation of social stimuli within the mPFC remain unclear. 

Here, we hypothesized that cerebellar activity participates in the control of social behaviours by 

changing mPFC activity. We hypothesize that cerebellar activity shapes the cortical 

representation of social stimuli and behaviours in the mPFC. 

We observed subtle but significant changes in mouse behaviour during silencing of the dentate 

nucleus. During social interaction with an unfamiliar conspecific, mice demonstrated 

significantly more allogrooming after injection of the HM4Di synthetic ligand, C21, in 

comparison with control injection of PBS. On the other hand, self-grooming in the presence of a 

familiar conspecific showed a reverse trend. This suggests that the cerebellum is involved in 

shaping specific aspects of social behaviour. 

These results demonstrate that the cerebellum shapes the subtle aspects of social behaviour. To 

understand better how cerebellar activity shapes mPFC activity, we used calcium imaging of 



mPFC neurons in a single cell resolution. This was done using miniaturized cameras mounted on 

an implanted gradient index (GRIN) lens. Again, this was repeated with and without silencing of 

the dentate nucleus chemogenetically. The subtle previously mentioned behavioural changes we 

observed were accompanied by subtle changes in changes in neuronal activity. This suggests that 

the cerebellum shapes mice's behaviour during social interaction by shaping the mPFC activity. 
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Abstract: Maternal care is critical for offspring well-being, and must be directed and flexible 

depending on the perceived conditions and needs of offspring (Insel & Young, Nat Rev Neuro 

2001; Opendak et al. Dev Cog Neuro, 2017). Sickness behaviors may serve as socially-useful 

signals that solicit comfort or caregiving, and the context of maternal care may reinforce 

prosocial behaviors. Here we aimed to determine which neural systems and mechanisms are 

important for mouse mothers to sense and respond to infant needs. We specifically asked if and 

how the oxytocin neuropeptide central modulatory system (Froemke and Young, Annu Rev 

Neurosci 2021) might be recruited to help mothers recognize and respond to sick juveniles. We 

used long-term behavioral recordings combined with optically-tagged in vivo 

electrophysiological recordings and photometry to test whether the maternal mouse oxytocin 

system contributes to caregiving (Carcea et al. Nature 2021). Using a multi-camera longitudinal 

behavioral monitoring system developed in the lab (Schuster et al. bioRxiv 2023), we 

characterized and compared maternal and caregiving behaviors of a mouse dam toward offspring 

injected with lipopolysaccharides (LPS) vs. saline controls over the course of up to 72 hours. 

Time spent moving or huddling near juveniles was quantified with DeepLabCut (Mathis et al. 

Nat Neurosci 2018). Dams were also tested in a three-chambered social preference assay (Kaur 

et al. SFN Abstracts 2024). Using silicon probe implants coupled with a fiber in the 



oxytocinergic paraventricular nucleus of the hypothalamus (PVN), we examined how dam 

oxytocin and non-oxytocin neurons respond to sick vs. healthy pups. Dams displayed persistent 

increased physical contact (i.e., huddling behavior) toward LPS-injected offspring and non-

offspring vs. saline controls after injection with huddling returning to baseline levels 48h post 

injection. Dams also spent more time in the chamber with LPS-injected offspring than saline-

injected offspring in a three-chamber social preference test. However, there was no preference 

for LPS-injected non-offspring. Analysis of in vivo PVN recordings indicated that a subset of 

neurons selectively responded to interactions with pups. Pup-responsive neurons were 

significantly modulated by interactions with LPS-injected instead of saline-injected pups. These 

data suggest that dams exhibit increased caregiving behavior and approach toward sick vs. 

healthy pups which may be mediated by differential PVN activity. 
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Abstract: Although dolphins and whales share a common terrestrial ancestor and inhabit 

overlapping ecological niches in the aquatic environment, they exhibit wide variability in social 

organizations. Prominent theories of brain evolution emphasize the role of social pressures in 

driving adaptations in brain size and organization. Exploring the brains of multiple cetacean 

species can reveal patterns between neural connectivity and observable social behaviors. Using 

postmortem diffusion tensor imaging (DTI), we mapped the white matter connectivity of the 

amygdala in four cetacean specimens, from species with different social organizations. 

Amygdala connectivity was found to vary with social complexity of the species. Pilot whales are 

the most socially complex of the four species in this analysis, forming stable matrilineal pods, 

and exhibit the strongest amygdala connectivity overall. Sei whales are mostly solitary and show 

the weakest amygdala connectivity. Atlantic white-sided dolphins and common dolphins both 

form flexible short-term bonds within a larger group, and their amygdala connectivity tended to 

fall between the pilot whale and sei whale. An exploratory analysis of white matter connectivity 



between the anatomical insular cortex and subcortical regions of a pilot whale brain was also 

conducted. This investigation was based on published research on white matter connectivity of 

the human insula. Comparable but shifted patterns of connectivity between the pilot whale and 

the human insula were found. This preliminary assessment suggests that the anatomically insular 

region of this cetacean might perform similar basic functions to the human insula, though the 

relative predominance of these functions likely differs. Our findings of variable connectivity 

with subcortical and cortical brain regions in cetaceans emphasize the potential of social ecology 

to reshape the nervous system over evolutionary timescales. 
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Abstract: Repeatedly processing a stimulus results in faster response times (repetition priming) 

along with reductions in neural activity (repetition suppression). How and why behavioral 

improvements can accompany reduced neural responses remains an open question, although 

certain theoretical models make testable predictions regarding repetition-related changes in the 

initial latency or coordination of neural responses to stimulus processing (referred to as the 

“Facilitation” and “Synchrony” models, respectively). Here, we attempted to address this 

question using a simultaneous EEG-fMRI approach to maximize both temporal and spatial 

resolution during a repeat object naming task. Prior to scanning, 40 participants viewed and 

verbally identified 100 images. These same images (“repeat” stimuli), as well as 100 new 

(“novel”) images, were then presented and verbally identified while EEG and fMRI data were 

recorded concurrently. Naming response times were ~100 ms faster for repeat stimuli. In fMRI 

BOLD data, significant repetition suppression was observed in regions including left frontal and 

bilateral fusiform cortex. Induced EEG source power in these fMRI-defined regions differed 

between conditions, such that repeat stimuli tended to show more rapid increases and earlier 

peaks than were observed for novel stimuli. Critically, repetition-related differences in EEG 



power correlated across participants with behavior, in the form of repetition priming, and fMRI 

data, in the form of BOLD repetition suppression. Taken as a whole, results support a mix of the 

Facilitation and Synchrony models: improved stimulus processing may result from earlier, more 

coordinated neural responses for repeat, as compared to novel stimuli. More generally, these data 

also highlight the utility of multimodal EEG-fMRI approaches in the study of brain-behavior 

relationships. 
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Abstract: Sleep plays an active role in the consolidation of memories that were encoded during 

the day. Targeted memory reactivation is a technique that uses non-invasive sensory cues, such 

as odors, to preferentially reactivate associated memories during sleep. In a pioneering study, 

Rasch et al. (2007) showed that odor reactivation during sleep improved memory for all learned 

items in a spatial task. Since the design included only one odor and a single learning block, it 

remains unclear whether the odor cues benefited consolidation of the learning context as a whole 

or selectively targeted the learned associations. We used a within-subjects design to test whether 

the presentation of odor cues during sleep would selectively prioritize consolidation for one 

category of objects over another. Participants (N=32) were trained on a 2D object location task, 

where each category was paired with a distinct odor, before taking a pre-nap test. During non-

REM sleep, participants were re-exposed to one of the odors. After their nap, participants 

completed a test of the object locations. Our results showed a benefit of cueing, but only when 

accounting for pre-sleep memory performance. Cueing benefited memory uniformly, but this 

benefit was stronger for weakly encoded memories. These results provide a conceptual 



replication of Rasch et al. (2007), suggesting that odor-cueing can be used to selectively 

reactivate sets of memories with a task rather than the learning context as a whole. Moreover, our 

results provide more evidence that initial encoding strength dictates the extent of reactivation 

effectiveness. 
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Abstract: Lesion studies indicate that the integrity of medial and lateral temporal lobe cortices 

are important for news event memory accuracy, but the relationship between cortical thickness 

and news event memory accuracy has not yet been investigated in individuals with variable risk 

for Alzheimer’s disease (AD). In older adults (N=70) with variable risk for Alzheimer’s disease 

(34 with normal cognition, NC, and 36 with mild cognitive impairment, MCI), we investigated 

the relationship between cortical thickness or brain volumes and news event recognition memory 

accuracy across the entire adult lifespan using the Retrograde Memory News Events Test (RM-

NET). Partial Least Squares analysis was used to identify brain regions where news event 

memory accuracy significantly correlated with cortical thickness, cortical volumes, and 

hippocampal volumes. We found that mean news event memory accuracy significantly predicted 

hippocampal volume and cortical thickness in the medial/lateral temporal lobe, medial/lateral 

parietal lobe, and specific areas within the medial/lateral prefrontal cortex. Many of these regions 

exhibited decreasing correlations with news event memory as the age of the memory increased. 

Poorer performance was associated with a thinner cortex (or smaller volumes). Many of the 



regions identified were unique to the RM-NET and were not identified by the RM-NET post-test 

(a measure of episodic anterograde memory for the content of the RM-NET) or traditional 

neuropsychological tests. The regions identified as uniquely contributing to news event memory 

overlap with regions known to exhibit increasing AD pathology and cortical thinning when 

pathology begins to spread outside of the medial temporal lobe. 
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Abstract: It is well established that the detail and specificity of episodic memory declines in 

older age, which can make it more difficult for older adults to distinguish between old and new 

information when they share overlapping elements. Semantic memory - general world 

knowledge - declines less substantially with age. Prior work has shown that using prior semantic 

knowledge can sometimes help older adults successfully encode new information. However, 

relying on semantic knowledge can also sometimes lead to increases in false recognition. It has 

become increasingly common in memory and aging research to use neural pattern information as 

a window into the contents of memory, but it is not known how prior knowledge of to-be-learned 

stimuli affects the discriminability of neural patterns in older adults. The present study 

investigated how using images of famous versus non-famous locations affected discriminability 

of their neural patterns during perception/encoding and memory retrieval. In this experiment, 

both young (18-30 years old) and older adults (60-80 years old) viewed a set of scene images 

while undergoing fMRI. Some scenes were well-known landmarks and others were less well-

known. After viewing those scenes, participants were asked to vividly recall the images from 

memory also while undergoing fMRI. Post-scan activities included a forced-choice recognition 

task and free recall test. Behavioral results reveled that while older adults’ recognition 

performance was comparable to young adults’ for famous scenes, there was an age deficit in 

recognition performance of non-famous scenes. Imaging data show that the detectability of 

category-level information in neural patterns across several regions of interest (temporal pole, 

medial PFC, parahippocampal cortex, and hippocampus) was positively associated with memory 



for famous scenes. In conclusion, our preliminary data demonstrate that prior knowledge of 

scenes seem to reduce age deficits in memory. 
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Abstract: An integral part of episodic retrieval is the reinstatement of neural activity that was 

present in the medial temporal lobe during encoding. However, neural memory representations 

do not remain static. Consolidation promotes the transformation of representations that are 

specific to individual episodes towards more generalized representations that reflect 

commonalities across episodes. Moreover, reward has been shown to augment episodic memory 

by enhancing consolidation, and it may accelerate the transformation of neural memory 

representations. We investigated this account with n=40 human participants (19-35 years; 28 

women, 12 men) using fMRI and an associative memory task. They encoded pictures of objects, 

each with one of four recurring scenes. Two scenes led to high reward, two led to low reward. 

The next day, participants encountered the objects again and retrieved the scenes from memory. 

Using representational similarity analysis, we demonstrate that retrieval is concurrently 

accompanied by the reinstatement of original neural representations and the activation of 

transformed, more generalized memories. Specifically, the parahippocampal cortex reinstates 

scene-specific patterns from the encoding phase during successful retrieval. In contrast, activity 

patterns in the medial prefrontal cortex and anterior hippocampus reflect transformed memories: 

They become more similar to each other for memories sharing the same scene, independent of 



memory success. Importantly, high reward enhances memory transformation in the anterior 

hippocampus. The brain thus maintains complementary memory representations: An episodic 

representation that resembles the original encoding pattern, and a generalized representation that 

summarizes commonalities across memories - in part for particularly valuable information. 

Disclosures: H. Schultz: None. H. Stoffregen: None. A. Dabas: None. M. Alcobendas: 

None. R.G. Benoit: None. 

Poster 

PSTR305: Human LTM: Encoding and Retrieval II 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR305.06/U22 

Topic: H.07. Long-Term Memory 

Support: RS-2023-00217361 

Title: Work Together, Work Alone: The Dynamics of DMN Activity in Narrative Model 

Updating 

Authors: *J.-Y. CHOI1, H. LEE2, M.-S. KANG1,3;  
1Dept. of Psychology, Sungkyunkwan Univ., Seoul, Korea, Republic of; 2Dept. of Psychological 

Sci., Purdue Univ., West Lafayette, IN; 3Ctr. for Neurosci. Imaging Res., Inst. for Basic Sci., 

Suwon, Korea, Republic of 

Abstract: The default mode network (DMN) plays a crucial role in forming and updating 

narrative models by integrating new, relevant information (Lee & Chen, 2022; Zadbood et al., 

2022). To identify this dynamic process, we devised a narrative comprehension task where 

participants not only formed narrative models but also updated them in an fMRI scanner. 

Specifically, we extracted visual and auditory components from four audio-visual clips to 

prepare separate visual and auditory stimuli for a common narrative. In the first encoding 

session, participants only watched the visual stimuli without sound. In the second encoding 

session, they only listened to the auditory stimuli with an explicit instruction of integrating new 

auditory information with previously encountered visual information. Following each encoding 

session, participants were asked to recall each story in as much detail as possible. We created 

visual and auditory memory test rubrics, respectively, to evaluate participants’ recall data. Each 

rubric probed information that could be obtained from either the visual or auditory stimulus. 

Overall, recall performance increased after the auditory encoding session compared to the initial 

visual encoding session (F(1, 77) = 389.37, p < 0.001). In addition, recall performance from the 

two encoding sessions increased when evaluated by the auditory rubric but did not change when 

evaluated by the visual rubric (F(1, 77) = 320.88, p < 0.001). These results suggest that 

participants enriched the narrative models by integrating auditory information to the models 



created when watching visual stimuli. Inter-subject correlation for both encoding sessions 

revealed a reliable response in subregions of the DMN, the temporal parietal junction (TPJ) and 

posterior cingulate cortex (PCC), suggesting that both are implicated in building and holding 

similar narrative models across individuals. However, these two areas are distinguished by intra-

subject correlation. We found that the intra-subject correlation between the visual and auditory 

encoding sessions was positive and comparable across all four stories in TPJ (F(3,120) = 0.24 , p 

= 0.87). On the other hand, the correlation differed across the four stories even including one 

negative correlation in PCC (F(3,120) = 8.66, p < 0.001). Together, these results suggest that 

TPJ and PCC play different roles in maintaining and updating narrative models. 
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Abstract: Studies on human episodic memory have demonstrated that emotional context shapes 

how we recall events. For instance, highly negatively valenced contexts enhance temporal order 

memory of events by more strongly binding them to a distinct point in time (Dev et al., 2022; 

Cliver et al., 2024). In this study, we explored how the emotional flow of a series of events—i.e., 

the speed of inter-event shifts in emotional valence—affects event order memory. One 

possibility is that slow emotional flows, or gradual changes in valence, lead to more stable 

emotional contexts, creating stronger event-order bindings. Alternatively, fast emotional flows, 

or rapid switches between valence levels, might allow for better differentiation of events, 

enhancing temporal order memory. To test these ideas, we created three different versions of a 

story by re-ordering the sentences such that they had “fast,” “medium,” and “slow” emotional 

flows, respectively, while keeping the literal words the same. To confirm the emotional flow of 

each story version, independent raters assessed story events’ emotional valence on a scale of 1 

(negative) to 5 (positive) for each condition (N = 18). We then measured the degree of 

fluctuation in emotional valence ratings across events per condition by calculating the lag-1 

difference of the time series of all events’ average valence ratings. As expected, we found overall 



between-condition differences (max T = 3.91, p < 0.0001), with the valence fluctuations being 

greatest for the fast flow condition (x̄ = 0.589), followed by medium (x̄ = 0.493) and slow flow 

(x̄ = 0.419). For our main experiment, subjects assigned to each condition read the story, then 

completed two temporal order memory tasks: an event timing estimation task (N = 33) and a 

modified free recall task (N = 34). We found that subjects in the fast flow group showed less 

error in estimating event timings than the slow flow group (T = 2.00, p = 0.049), and their free 

recall resembled the chronology of their respective story version significantly more than the 

medium (T = -2.97, p = 0.006) and slow flow groups (T = -3.64, p = 0.001). Overall, these 

findings suggest that rapidly shifting emotional contexts can enhance temporal order memory by 

better binding events to distinguishable timepoints. In the future, we plan to investigate if neural 

representations of events are better distinguished when they are presented in rapidly shifting vs. 

gradually shifting emotional contexts. 
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Abstract: Asking a participant to report whether they remember is a high threshold that 

confounds the presence of episodic memory with its measurement, and neglects its presence in 

populations that may not be able to report (e.g. patients, infants, non-human primates). We 

propose a novel "no-report paradigm" using anticipatory gaze to assess episodic-like memory 

during repeated viewings of movie clips. By watching movie clips twice, participants encoded 

and retrieved a narrative including a surprising event. The gaze patterns anticipating these events 

reveal memory-guided viewing behavior towards specific times and locations, seconds before 

these events appear on the screen. In a series of studies (4 studies, 126 participants), we 

established the reliability of anticipatory gaze in successfully quantifying memory without 



report, being robust across stimulus types (animations vs. real-world movies), experimental 

settings, and different naïve groups of participants. Detailed comparison to an array of verbal 

reports confirms that anticipatory gaze marks declarative recollection of episodic events, and 

reveals dissociation from pupil metrics that index context familiarity. Notably, gaze proximity 

provides a continuous metric that is highly correlated with the precision of the explicitly recalled 

event location. Lastly, we illustrate one potential application of anticipatory gaze by 

demonstrating beneficial sleep effects on consolidation independent of language. This 

demonstrates that sleep enhances episodic-like memory beyond simply improving memory 

accessibility and reporting abilities. Anticipatory gaze represents a novel and robust language-

independent tool to reliably measure episodic-like memory with broad applicability across 

cognitive research and clinical domains. 
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Abstract: Over time we accumulate memories that overlap through shared features. However, 

the neural mechanisms that allow us to select among similar memories at retrieval are still 

maturing into adolescence. Here, we asked how this ongoing maturation influences the 

information that adolescents retrieve when recalling overlapping memories along with the level 

of memory specificity required behaviourally. Adolescents (12-13 years) and adults learned to 

associate unique artifacts with natural objects from four categories (e.g., apples, rocks), yielding 

object pairs that overlapped at the category level. During subsequent magnetic resonance 



imaging (fMRI) scanning, they were then shown artifacts and prompted to retrieve the paired 

natural objects in preparation for questions which probed memory at different levels of 

specificity. We used representational similarity analysis (RSA) to measure neocortical 

reinstatement at both item and category levels during this preparatory retrieval period. Both 

adolescents and adults reinstated at item and category levels when preparing for memory 

questions that could be answered using multiple levels of specificity. However, age differences 

emerged when preparing for questions that required either general (apple vs. rock) or specific 

(apple 1 vs. apple 2) memories. Both age groups reinstated at the category level for both general 

and specific questions, however, only adults modulated item reinstatement according to the 

question specificity. Specifically, adults reinstated at the item level while preparing for specific 

questions but showed item suppression prior to general questions. While adolescents did not 

modulate item reinstatement, they did show that decreased category reinstatement was 

advantageous for specific question performance (i.e. decision speed) on a trial-by-trial basis. 

Moreover, trials with reduced category reinstatement were associated with greater inferior frontal 

gyrus (IFG) engagement, suggesting that adolescents may engage this region’s memory selection 

mechanisms to reduce interference from overlapping category information. Together, these 

results highlight that differences between adolescents and adults in the contents of memory 

retrieval may be most prominent under demands for high memory precision. Further, the neural 

mechanisms supporting retrieval of specific information among overlapping memories continue 

to mature into adolescence. 
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Abstract: A significant line of scientific inquiry has involved investigating the neural 

mechanisms that support healthy episodic memory function. Previous investigations into these 

neural mechanisms have identified relevant neural patterns by averaging across electrodes or 

separating electrode clusters into distinct functionally relevant spaces. Given this foundational 



knowledge, an open question is: how are the dynamics at various spatial scales related to 

memory performance? We address this question with electrical recordings collected from human 

epilepsy patients with electrodes implanted subdurally for seizure monitoring who performed an 

associative memory task. This population affords us the unique opportunity to investigate 

electrical recordings simultaneously collected at the level of microelectrodes and the level of 

macroelectrodes. We perform principal components analysis to identify the latent neural 

trajectories at each of these levels of spatial granularity and characterize how the neural 

trajectories differ between trials where the patients engaged in successful and unsuccessful 

memory retrieval. Ultimately, through our analyses, we show how the neural dynamics change 

across different spatial scales within the same patients and how the changes in neural dynamics 

support episodic memory function. 
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Abstract: Neuroplasticity, the brain’s capacity for functional and structural changes following a 

learning experience, allows humans to adapt behavior and form new memories. With new 

neuroscientific methods, such as diffusion-weighted MRI (DW-MRI), we can now characterize 

brain microstructural changes that reflect neuroplasticity by assessing motion profiles of water 

molecules (Sagi et al., 2012). Recent studies have shown that during repeated encoding and 

retrieval of an object-location learning task, a physical memory trace is formed rapidly in the 

parietal cortex, which can be observed already 90 minutes after training (Brodt et al., 2018). The 

exact temporal dynamics of microstructural changes following a learning experience are, 

however, unclear. In the present study, we investigated functional and structural changes in the 

brain over the course of learning. Seventy-nine participants completed an object-location 

learning task with repeated encoding and retrieval of image pairs and their locations, while a no-

learning control group (N=38) was tested at corresponding times. To assess structural changes, 

DW-MRI was acquired at 22 time points across three hours: just before learning, during the 

learning task, and over a one-hour-long wake rest phase following the task. We observe a 

decrease in mean diffusivity (MD), reflecting neural plasticity, immediately after learning in 



memory-related areas such as the precuneus and the cingulate gyrus, the thalamus, as well as in 

visual processing regions including the lateral occipital cortex and the cuneus. We did not find 

structural changes in the control group.Importantly, the MD decreases observed immediately 

after learning further develop and increase in size during the ensuing awake rest phase, and are 

linked to how well participants retain the memory.Finally, we confirm our results using an 

independent measurement of structural MRI through voxel-based morphometry. The 

simultaneous investigation of functional and structural changes confirms the rapid formation of 

long-term memory representations in the human brain, highlighting the dynamic nature of 

neuroplasticity and its crucial role in memory maintenance. 
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Abstract: Forming new memories and retrieving existing memories rely on opposing 

computational processes in the hippocampus. Evidence from rodent work, computational 

models, and neuroimaging in humans suggests that the hippocampus balances these processes by 

alternating between states in which it prioritizes memory encoding and states in which it 

prioritizes memory retrieval. Despite this work, there has been a lack of evidence as to whether 

encoding and prediction trade off with each other in behavior, on a trial-by-trial basis. We 

designed complementary human behavioral experiments and computational modeling to test 

whether encoding new memories competes with the use of existing memories to generate 

predictions. In our behavioral experiments, 93 human participants learned a sequence of scene 

categories (e.g., beaches, castles, forests). After sequence learning, they completed a 

simultaneous encoding and prediction task. They were shown trial-unique category images and 

asked to make predictions about upcoming scene categories. Finally, they were given a surprise 

memory test for the trial-unique images. We were thus able to measure both prediction success 

and encoding success for each trial-unique stimulus. Across two behavioral studies, we found no 



evidence that encoding and prediction competed: instead, when prediction suffered, encoding 

also suffered. We then implemented the same task in a previously developed neural network 

model that is constrained by the known properties of the hippocampus. In our model, as in our 

behavioral data, we found no evidence for a trade-off between encoding and prediction. Ongoing 

work will modify the properties of the hippocampal model to determine when and how encoding 

and prediction compete vs. cooperate. Together, our work offers important constraints for 

models of hippocampal function that propose a tension between encoding and retrieval. 
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Abstract: What is the biggest country in Africa? Why should we pay taxes? Ask someone these 

questions and you will probably notice how their eyes move while they are trying to find the 

right answer. Although there is clearly a link between eye movements and memory, the neural 

basis of this link is not yet well understood. It was recently proposed that our brain uses the 

neural systems responsible for spatial navigation to also organize semantic spaces. That means, 

organizing information in long term memory might have evolved from the circuitry responsible 

for navigating the environment. When thinking, task-relevant information is activated and 

manipulated within those spaces. It is unclear, however, why would eye movements accompany 

this mnemonic information manipulation process. To tackle this, we studied non-visual eye 

movements (NEMs) in verbal long term memory retrieval (thinking), and their underlying neural 

patterns recorded with human EEG. Our results suggest that NEMs are a byproduct of attentional 

shifts that engage parieto-frontal saccade planning network during semantic memory search. It 

appears that, when thinking, we scan the activated concept space similarly to as if we were 

looking at the objects. This is the first study on the neural underpinnings of the phenomenon of 

eye movements we make while thinking. Its implications yield a new perspective on the 

evolution of human intelligence from sensorimotor systems. 
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Abstract: We previously reported that in both young and older adults members of the ‘core 

recollection network’ dissociate according to the time course of their respective recollection 

effects: whereas the effects are transient in the hippocampus and midline cortical regions, in left 

angular gyrus (AG) and middle temporal cortex (MTC) they track the delay over which 

recollected content is maintained. Here, we further examined recollection-related changes in 

connectivity in these regions. Young (N = 23, 11 female, mean age 22 yrs) and older participants 

(N = 22, 15 female, mean age 70 yrs) encoded a series of word-picture pairs, judging which of 

the denoted objects was the smaller. In a subsequent scanned test phase, studied and unstudied 

words were presented. Participants first judged whether a test word was old or new. For items 

judged old, instructions were to recall the associated picture and hold it in mind over a delay that 

varied randomly from 2 to 8 s. A cue denoted which of three judgments should be made on the 

retrieved picture. Additional responses were available for words deemed new or when an 

associate could not be retrieved. fMRI recollection effects were operationalized as greater neural 

activity elicited by test words for which the associated picture was successfully retrieved relative 

to words for which recollection of the associate picture failed. Transient and sustained effects 

were identified according to whether the recollection-related activity was unaffected by, or 

covaried with the length of the delay. To examine transient and sustained recollection-related 

changes in connectivity, we conducted a psychophysiological interaction (PPI) analysis 

employing each of the above-mentioned regions as the seed region. No reliable connectivity 

changes could be identified with the regions demonstrating transient effects. Robust changes 

were evident however with regions demonstrating sustained effects. These included, most 

prominently, connectivity increases between the AG and a variety of other regions, including left 



lateral prefrontal cortex, dorsomedial prefrontal cortex, middle cingulate cortex, and dorsal and 

medial parietal cortex. Additionally, connectivity increases were identified between the MTC 

and, among other regions, the left anterior and lateral prefrontal cortex, and precuneus. Of 

importance, none of these connectivity effects differed reliably according to age group. These 

results suggest that sustained recollection-related connectivity increases between the left AG and 

MTC and a distributed set of other brain regions are largely stable across the healthy adult span. 
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Abstract: Memories of past experiences can be used to generate predictions about future events. 

When ongoing experience diverges from memory-based predictions, it is adaptive for the brain 

to prioritize processing the external world in service of encoding novel, incoming information 

into memory. These “mnemonic prediction errors” may consequently evoke changes in neural 

activity and pupil-linked arousal to support learning of new information. Moreover, the extent to 

which these errors promote memory encoding may depend on the strength of the initial memory 

prediction, such that stronger prediction errors may promote better encoding. We recorded 

pupillometry and scalp EEG as 50 young, healthy human adults performed an associative novelty 

task, wherein they encoded strong (studied 4x) and weak (studied 1x) verb-image pairings and 

then performed a cued associative match/mismatch retrieval task. Analyses revealed effects of 

memory strength and mnemonic prediction errors on behavioral and pupil metrics. First, memory 

performance was higher for strong compared to weak associations. Second, in a surprise 

subsequent recognition memory test, memory for expectation-violating stimuli (i.e., mismatch 

items) was above chance and similar for strong and weak mismatch stimuli, showing that 

stronger prediction errors did not additionally enhance memory encoding. However, between-

subject analyses revealed that participants with substantially better associative memory for 

strong pairings compared to weak pairings were less likely to remember strong mismatch stimuli 



compared to weak mismatch stimuli, suggesting that prediction strength trades off with 

encoding. Third, whereas strong prediction errors evoked greater pupil dilation than strong 

matches, weak prediction errors resulted in more pupil constriction than weak matches. Fourth, 

we observed a positive subsequent memory effect in the pupil data such that larger pupil size 

throughout the weak match/mismatch trials was associated with better later memory for weak 

mismatch stimuli; no subsequent memory effect was observed for strong mismatch stimuli. Fifth, 

we deconstructed the pupil time series using temporal principal components analysis and 

identified features that differed as a function of prediction error detection, prediction error 

strength, and subsequent memory for mismatch probes. Future analyses will further characterize 

how these changes in pupil-linked responses to mnemonic prediction errors relate to changes in 

neural activity and cortical representations of predicted and unpredicted information. 

Disclosures: A.M. Xue: None. A.M. Norcia: None. A.D. Wagner: None. 

Poster 

PSTR305: Human LTM: Encoding and Retrieval II 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR305.16/U32 

Topic: H.07. Long-Term Memory 

Support: DFG grant SCHO 1820/2-1 

Title: Rapid formation of a memory engram for complex episodic narratives in the parietal 

cortex 

Authors: *A. LENDERS1, K. KLEESPIES1, M. SUMNER3, S. BRODT4, E. A. MCDEVITT5, 

C. BALDASSANO7, U. HASSON8, K. NORMAN6, M. SCHÖNAUER2;  
2Inst. of Psychology, 1Univ. of Freiburg, Freiburg, Germany; 3Univ. of Calgary, Calgary, AB, 

Canada; 4Max Planck Inst. Biol Cybenetics, IMPRS For Cognitive and Systems Neurosci., 

Tübingen, Germany; 5Princeton Neurosci. Inst., 6Princeton Univ., Princeton, NJ; 7Psychology, 

Columbia Univ., Pelham, NY; 8Princeton Univ., Professor, Princeton, NJ 

Abstract: The standard model of systems memory consolidation postulates two interacting 

memory stores: a hippocampal store that rapidly encodes new information and a neocortical store 

where enduring representations develop gradually over time. These theories assume that systems 

memory consolidation requires weeks, months, or even years to form stable neocortical engrams. 

Recent studies have shown that with repeated learning, the uncoupling from the hippocampus 

and formation of an enduring neocortical engram can ensue within a single learning session, 

especially if the learning material is already embedded into pre-existing schemas (Brodt et al., 

2016, 2018). In the present study, we used functional and diffusion-weighted MRI to investigate 

where and when participants form content-specific cortical memory engrams of complex 



naturalistic stimulus material. To this end, 40 healthy participants repeatedly watched and freely 

recounted four movie clips that were either set in a restaurant or at an airport. Using 

representational similarity analysis, we were able to discriminate the different narrative contexts 

in functional MRI data recorded from the posterior parietal cortex (PPC) and the hippocampus. 

Moreover, with repeated encoding and retrieval, the PPC showed increased activity in univariate 

analyses when processing the memory content. Notably, we observed an increase in content-

specific discriminability over learning repetitions in the precuneus, indicating a gradual 

strengthening of stable neocortical mnemonic representations and a decrease in content 

separability in the hippocampus. In diffusion MRI data, which we used to image microstructural 

brain plasticity in human grey matter (Sagi et al, 2012), we found that a physical memory trace 

formed rapidly in the parietal cortex during repeated encoding and retrieval of the complex 

episodic narratives and was maintained for at least 24 hours after learning. Remarkably, we 

could discriminate the narrative contexts in which the movies were set based on these 

microstructural changes in the PPC. Both functional and structural brain changes were related to 

how many details participants remembered about the narratives. Thus, our findings suggest that 

the PPC rapidly forms stable content-specific memory traces of complex narratives from the 

outset of learning fulfilling all criteria for a memory engram: they (i) directly relate to the learnt 

content, (ii) cause a change in the underlying neural substrate, (iii) predict memory retention at 

the behavioural level, and (iv) can be observed while lying dormant between times of active 

processing (Josselyn et al., 2015; Semon, 1921). 

Disclosures: A. Lenders: None. K. Kleespies: None. M. Sumner: None. S. Brodt: None. E.A. 

McDevitt: None. C. Baldassano: None. U. Hasson: None. K. Norman: None. M. Schönauer: 

None. 

Poster 

PSTR305: Human LTM: Encoding and Retrieval II 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR305.17/U33 

Topic: H.07. Long-Term Memory 

Support: ERC-2018-COG819814 

Title: Focal human left temporal pole damage produces emotional amnesia 

Authors: *R. HELLERSTEDT1, M. COSTA1, R. TOLEDANO2, A. GIL-NAGEL2, C. G. 

BIEN3, P. GREWE4, J. KISSLER3, B. A. STRANGE1;  
1Univ. Politecnica de Madrid, Madrid, Spain; 2Ruber Intl. Hosp., Madrid, Spain; 4Med. Sch. 

OWL, Bielefeld University, Bielefeld, Germany, 3Bielefeld Univ., Bielefeld, Germany 



Abstract: The temporal pole has traditionally been considered a hub for the semantic network, 

but it is also involved in social and emotional processes. One challenge in studying the functional 

role of this structure is that conditions causing temporal pole lesions (e.g. semantic dementia) 

typically affects other brain structures as well. In this study we included rare patients with focal 

temporal pole lesions and pharmaco-resistant epilepsy, while measuring the function of the 

amygdala with intracranial recordings. The patients performed two memory tests, one verbal free 

recall task and one visual recognition task. In the verbal free recall task, the patients studied lists 

of 14 words of which one was an emotionally negative oddball and one was a perceptual oddball 

(presented in a different font) and subsequently performed a free recall test. A control group of 

15 pharmaco-resistant epilepsy patients without temporal pole lesions showed the expected 

increase in memory for both emotional and perceptual oddballs compared to control words. 

Interestingly, patients with lesions in the left temporal pole showed a selective decrease in 

memory for emotional oddballs relative to control words. This reduction was present in all 5 

patients with left temporal pole lesions, but not in one patient with right temporal pole lesion. In 

contrast, memory for emotional pictures was normal in the left temporal pole patients in the 

visual recognition task, suggesting that the emotional memory impairment was specific to the 

verbal domain. Analysis of intracranial EEG showed that a gamma response to emotional items 

was normal in the left TP patients in both tasks indicating that the emotional memory deficit 

cannot simply be explained by disruption of the amygdala as a consequence of the left temporal 

pole lesion. Taken together the results suggest that the left temporal pole is involved in episodic 

emotional memory in the verbal domain. 
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Abstract: Episodic memory requires integrating multiple elements of an experience into a 

unified representation. This encoding process is referred to as relational binding. In adults, 

relational binding depends critically upon the hippocampus, which is viewed as structurally and 

functionally immature in infancy. Despite this, infants can complete some behavioral tasks of 

relational binding, though how their brain supports this process is an open question. This 

question has remained unanswered because common methods for measuring infant brain activity 

(EEG, fNIRS) cannot resolve deep-brain structures such as the hippocampus. Here we leverage 

fMRI in awake and behaving infants (ages 3 - 24 months) to assess which regions of their brain 

support relational binding. Infants viewed a series of encoding trials in which a dynamic 

landscape scene video first appeared alone followed by a dynamic face video that was overlayed 

in the center of the scene. Test trials were interleaved among the encoding trials to probe 

relational memory for scene-face pairs. Each test trial began with one of the scene videos from 

encoding, after which two familiar faces were superimposed to create a visual paired comparison 

(VPC) between the target (face paired with the scene) and a foil (face paired with a different 

scene). We used infant gaze to the target vs. foil as a behavioral index of relational binding. We 

considered an infant to have successfully remembered a scene-face pair if they looked longer to 

the target than expected by chance. We then sorted the encoding trials according to these test 

labels and compared BOLD activity for subsequently remembered vs. forgotten relations. We 

included infants with a minimum of 12 usable pairs of encoding/test trials after exclusions for 

head motion and visual inattention. We used an infant-trained Automated Segmentation of 

Hippocampal Subfields (ASHS) atlas to extract regions of interest (ROIs) for the hippocampus 

and the medial temporal lobe cortex (entorhinal, perirhinal, and parahippocampal cortices). Data 

collection is ongoing, but preliminary analyses suggest that encoding activity in our ROIs was 

associated with VPC looking behavior. Overall, this work takes a step towards revealing how the 

developing brain supports early memory abilities, with implications for understanding infantile 

amnesia. 
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Abstract: Accurate retrieval of visual details from past events is fundamental to many cognitive 

functions relevant for daily life. While a visual experience contains an abundance of information, 

only some of it is later encoded into long term memory representations. However, an ongoing 

challenge has been to isolate memory representations which integrate various visual features and 

uncover their dynamics over time. To address this question, we leveraged a novel combination of 

empirical and computational frameworks based on the hierarchal structure of convolutional 

neural networks (CNNs), and their correspondence to human visual processing. This enabled to 

reveal the contribution of different levels of visual representations to memory strength, and their 

dynamics over time. Visual memory strength was measured with test distractors selected based 

on their shared similarity to the target memory along low or high layers of the CNN hierarchy. 

The results show that visual working memory relies similarly on low and high-level visual 

representations. However, already after a few minutes and on to the next day visual memory 

relies more strongly on high-level visual representations. These findings and empirical 

framework suggest that visual memory representations transform over time from a distributed 

representation to a stronger high-level conceptual representation, providing novel insights into 

the dynamics of visual memory and opening new avenues to study human memory 

representations. 
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Abstract: Many psychological disorders are marked by intrusive, negative memories. These 

often come to awareness when cued by a potent reminder. However, we can intentionally 

suppress unwanted retrieval. Repeated suppression attempts can gradually weaken a memory's 

neural representation, render it less intrusive, and eventually cause forgetting. Here, we 

employed fMRI (n = 39) and a novel version of the Think/No-Think procedure to examine and 

track the successive weakening of unwanted, aversive memories. Participants underwent six 

learning-suppression cycles. On each cycle, they first learned to associate each of a number of 

words with either a neutral or a negative scene. In the subsequent suppression phase, they were 

prompted with the words, paired with an instruction to either recall or suppress the associated 

scene. Consistent with previous findings, we observed a gradual reduction in the frequency of 

memory intrusions across cycles, indicating that participants become more efficient in deploying 

suppression throughout the experiment. Notably, within an individual suppression phase, too, the 

intrusiveness of a given memory declined, suggesting that it became successively weaker with 

each suppression attempt. Our fMRI data allows us to examine how a reduction in intrusiveness 

is associated with a reduction in a memory's neural reactivation. We also employed a recently 

developed regression model of negative affect to examine whether there are concordant changes 

in a neural signature of negative affect, too. Our preliminary analysis revealed that this neural 

marker of negative affect is more pronounced for deliberately recalled negative memories than 

neutral ones. Critically, suppressing the retrieval of these memories also resulted in less negative 

affect. So far, our results inform us that retrieval-induced negative affect can be quantified from 

brain responses and, importantly, that it can also be modulated by suppression. 

Disclosures: F. Bergmann: None. H. Staub: None. R.G. Benoit: None. 

Poster 

PSTR305: Human LTM: Encoding and Retrieval II 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR305.21/Web Only 

Topic: H.07. Long-Term Memory 

Support: R01MH133732 

Title: Major event boundaries elicit the same cortical activity profiles during naturalistic movie-

viewing and volitional web-browsing 



Authors: H. LEE1, *Y. LEE2, J. CHEN2;  
1Dept. of Psychological Sci., Purdue Univ., West Lafayette, IN; 2Psychological and Brain Sci., 

Johns Hopkins Univ., Baltimore, MD 

Abstract: Extant theories of how experience is segmented into events (Zacks et al., 2007) posit 

that event boundaries are perceived due to discrepancies between predicted and observed 

outcomes. However, internally generated (i.e., endogenous) event boundaries are challenging to 

incorporate into such a prediction error account (Wang & Egner, 2022). To better understand the 

neural correlates of event boundary perception, we conducted a study in which human subjects 

navigated a series of webpages, then verbally described their web-browsing experience from 

memory. During the web-browsing phase, subjects (N = 25) were allowed to browse and perform 

simple tasks on up to 12 different web pages in whatever order they wished. In typical studies of 

event segmentation, subjects passively view videos or listen to audio streams, and thus 

boundaries are exogenously generated; in contrast, in the current study, the subjects themselves 

initiated transitions between different webpages, and thus the boundaries were endogenously 

generated. We first investigated whether cortical signatures at webpage transitions resembled 

those observed at event boundaries during passive movie-viewing and movie recall. A prior 

study showed that posterior medial cortex (PMC), a key subregion of the default mode network 

(DMN), exhibits a stereotyped spatial activity pattern at boundaries between movies and between 

recall of different movies; we used the same dataset to obtain this PMC pattern (Lee & Chen, 

2022). We calculated the similarity between 1) the stereotyped PMC movie-boundary pattern 

and 2) PMC activity at boundaries between websites, and observed positive correlations that 

peaked at 3 seconds after the offsets of webpages (r = 0.102). To assess whether web-browsing 

events were reactivated during spoken recall in a manner analogous to prior movie studies, we 

compared PMC activity patterns during browsing and recall of each webpage. Greater 

correlations were present for matching webpage-recall event pairs compared to non-matching 

pairs (r = 0.098 for matching pairs; r = -0.007 for non-matching pairs). Together, the results 

suggest that endogenous and exogenous boundaries have similar activity profiles in PMC, and 

that the web-browsing and recall paradigm shows promise as a volitional analogue for 

commonly used movie-viewing paradigms. 
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Title: Predicting the Effects of Brain Stimulation from Observational Data 
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Abstract: Improving memory through neuroscientific interventions requires understanding of 

the neural activity that causes behavior. While decades of work link memory performance to 

neural activity, it remains unclear whether these conclusions from observational data reflect 

causes of successful memory encoding. Here we analyze intracranial electroencephalography 

recordings of 140 subjects performing a delayed free recall task. We compare models accounting 

for confounders of causal neural effects, including item and serial position effects, to unadjusted 

models. We find that accounting for these variables results in different conclusions about the 

relevant neural activity. Hypothesizing that this de-confounded model may better reflect an 

endogenous state of memory performance rather than the features of the presented stimuli, we 

predicted such a model should in turn better predict the effects of brain stimulation. We validate 

our model using a separate dataset of 20 subjects who received randomized electrical brain 

stimulation while performing the free recall task. 
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Title: Brain networks involved in recognition memory are recruited more strongly, and more 

extensively, by real objects than by images of objects. 
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Abstract: Studies of human memory typically rely on two-dimensional (2-D) image stimuli. 

However, previous work has shown that images are less well-remembered than real objects, 



which offer many more multisensory cues than images do. Here, we used fMRI to examine the 

neural basis of this difference. During an initial learning phase, participants were shown a large 

set of everyday items presented either as real objects or as images. During a subsequent 

recognition phase in the MRI scanner, participants viewed words that corresponded to items that 

either had been presented, or had not been presented (“foils”), during the learning phase. 

Participants’ task was to judge whether they had seen each item, and if so, whether the item had 

been a real object or an image. Univariate analyses found that cortical networks commonly 

implicated in recognition memory were activated more strongly for real objects than for images; 

no regions showed the opposite pattern. Next, a multivariate searchlight classifier revealed 

successful decoding of recognition memory for both real objects and images versus foils, but this 

decoding was considerably more widespread for real objects. Moreover, an additional 

multivariate analysis revealed that several regions, including the hippocampus and 

parahippocampal cortex, represented the format in which the stimulus was presented during the 

learning phase. Together, our results show that brain networks implicated in recognition memory 

are activated more strongly, and more extensively, by multisensory real objects than by image 

displays, and that areas within this network represent the format in which a previously viewed 

item was seen. 
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Abstract: In collaboration with Google Research we recently generated a large dataset of human 

cortex (left anterior temporal lobe, 45 years old female; biopsy from surgery for hippocampal 



epilepsy) at electron-microscopic resolution (Shapson-Coe et al., bioRxiv 2021, 

https://doi.org/10.1101/2021.05.29.446289) which allows for the reconstruction of synaptic 

connections between thousands of neurons, but requires manual proofreading. While most 

synaptic connections between neurons consist of 1-3 synapses, surprisingly, we also found rare, 

very strong connections, with dozens of synapses being established between specific pairs of 

neurons. In one such case a small layer 3 pyramidal neuron was found to establish a total of 53 

synapses onto the dendrites of a nearby interneuron, and 52 synapses onto a second interneuron. 

We find such cases from both excitatory and inhibitory presynaptic to both excitatory and 

inhibitory postsynaptic partners. In addition, we find different styles of interaction. In some cases 

the axons appears to follow a dendrite through the tissue, establishing many en-passant synapses 

along the way (e.g. see figure, left; 25 synapses). In other cases the axon seems to traverse the 

tissue independently of a targeted dendrite, but makes synapses with the same target neuron 

whereever it happens to get close enough to one of its dendrites (less than ~5 micrometers), often 

employing several short axonal side branches with terminal boutons (e.g. see figure, right; 24 

synapses). This suggests mechanisms of non-random, targeted enhancement of connectivity 

strength. 

We plan to generate a larger set of proofread neurons to determine whether measurable 

characteristics like neuron type, size, or cortical layer correlate with connectivity style or the 

prevalence of establishing strong connections. We hope to shed more light on this phenomenon, 

ultimately to determine whether strong connections might provide a backbone scaffold for neural 

computations or could serve as a substrate for memory engrams. 
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Title: Sleep is associated with preserved autobiographical memory richness, whereas dreaming 

impacts emotion 

Authors: *N. MATORINA1, J. SCOTT1, A. AMADOR1, M. D. BARENSE1,2;  
1Dept. of Psychology, Univ. of Toronto, Toronto, ON, Canada; 2Rotman Res. Inst., Toronto, ON, 

Canada 

Abstract: Sleep plays a role in the consolidation of episodic memories, yet little is known about 

how the very first night of sleep impacts autobiographical memories. In the current study, 

participants recorded one morning and one evening event from their everyday lives on a 

smartphone application over the course of two weeks. They also completed two memory tests 

per day (one in the morning and one in the evening) that assessed the memory from 12 hours 

prior (i.e., the evening memory test pertained to the morning event and the morning test 

pertained to the evening event from the night before). Preliminary data indicated that following a 

sleep delay, compared to a wake delay, memories were more vivid, t(532.45) = -3.74, p < .001, 

easier to recall, t(534.05) = 4.82, p < .001, and felt closer in time, t(534.76) = 5.88, p < .001. We 

also found that dreaming about a memory impacted memory richness and emotion, such that 

evening memories that were dreamt about felt closer in time, t(208.60) = -2.91, p = .004, were 

associated with more preserved emotion, t(211.17) = 2.74, p = .007, and an increase in negative 

emotion, t(215.98) = -2.19, p = .03. Emotional events were also more likely to be incorporated 

into dreams, z = 3.34, p < .001. Overall, our findings provide evidence that sleep preserves 

autobiographical memory richness, whereas dreaming plays a particular role in the emotional 

component of an autobiographical memory. 
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Abstract: Understanding the intricate mechanisms underlying slow-wave sleep (SWS) is crucial 

for deciphering the brain's role in memory consolidation and cognitive functions. It is well-

established that cortical delta oscillations (1-4 Hz) coordinate communications among various 

cortical, hippocampal, and thalamic regions during SWS. These delta oscillations have periods of 

Up and Down states, with the latter previously thought to represent complete cortical silence; 

however, new evidence suggests that Down states serve important functions for information 

exchange during memory consolidation. Among the many brain regions involved in 

consolidation, the retrosplenial cortex (RSC) serves a pivotal role due to its extensive 

connectivity with memory-associated regions. Here, we employed multi-channel in vivo 

electrophysiology to study RSC neuronal activity in freely behaving mice during natural SWS. 

Using independent component analysis, we discovered that the RSC contains a discrete assembly 

of putative excitatory neurons (~20%) that initiated firing at the Down state and reached 

maximal firing at the Down-to-Up transition. Therefore, we termed these RSC neurons the Down 

state assembly (DSA), and the remaining RSC excitatory neurons as non-DSA. This DSA 

activity preceded the activity of non-DSA excitatory and inhibitory neurons. Moreover, the DSA 

had higher firing rate and burst activity compared to non-DSA excitatory neurons. Subsequently, 

we investigated RSC neuronal activity during a contextual fear conditioning paradigm and found 

that both DSA and non-DSA neurons exhibited increased firing activity during post-training 

sleep compared to pre-training sleep, which correlated with their increased activity during 

contextual fear recall. Lastly, we investigated whether memory-associated inputs, the 

anteroventral thalamus, claustrum, and dorsal hippocampus, selectively targeted RSC neuronal 

subpopulations utilizing optogenetics combined with in vivo electrophysiology. We found that 

the thalamus targeted a portion of RSC excitatory neurons, while all three regions similarly 

targeted most RSC inhibitory neurons. Collectively, these findings provide insight on distinct 

RSC neuronal subpopulation activity in sleep and memory consolidation. 
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Title: Selective attenuation of layer 1 inhibitory circuit by cholinergic receptor activation in 

retrosplenial cortex: implication to memory processing under stress 
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Abstract: In healthy brain, acetylcholine (Ach) concentration rapidly shifts depending on 

cognitive demands including memory processing. However, under severe stress, the Ach level is 

thought to be elevated for a prolonged time and this is predicted to cause maladaptive memory 

processing, as seen in memory symptoms of patients suffering from post-traumatic stress 

disorder and depression. Nevertheless, how persistently elevated Ach affects memory circuit 

function still remains elusive. Using mice, we examined the effect of tonic cholinergic receptor 

activation on the layer 1 circuit function in the retrosplenial cortex (RSC), which is densely 

innervated by cholinergic axons and uniquely integrates the afferents from the anterothalamic 

nuclei (ATN) and CA1 necessary for memory acquisition. 

Optogenetic stimulation of ATN axons in RSC slice, when performing a whole-cell recording 

from layer 1 neurons with cesium internal solution, evoked excitatory and inhibitory 

postsynaptic current (EPSC and IPSC) at the -70 mV and +10 mV command potential, 

respectively. Bath application of carbachol (CCh, 1 µM), a cholinergic receptor agonist, 

selectively reduced the IPSC without affecting the EPSC. A long-range inhibitory input from 

CA1 was also attenuated by CCh. The reduction of ATN-evoked IPSC appears to be caused by 

reduced excitability of layer 1 neurons due to reduced input resistance. Data from the Allen brain 

RNAseq database and our RNAscope demonstrated that all layer 1 neurons in RSC expressed 

muscarinic 1 (M1) receptor and α7 nicotinic receptors, and blocking M1 receptors with 

pirenzepine (1 µM) countered the CCh’s attenuative effect on IPSC evoked by ATN axons. 

Preliminary data from activity monitoring of subset of layer 1 population with fiber photometry 

during trace fear conditioning indicated significant correlation of their activity with freezing 

behavior. 

These data suggest that layer1 neurons in RSC participate in memory processing, and tonic 

activation of M1 (and α7) receptors on these neurons attenuates their inhibitory impact on local 

circuit. The effect of stress on layer 1 neurons’ activity and memory acquisition is being 

investigated. 
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Abstract: The retrosplenial cortex (RSC) is a key component of the brain’s memory and 

navigation systems. It is interconnected with many brain structures known to be involved in 

spatial navigation, including the hippocampus, anterior thalamus, and entorhinal cortex. Recent 

studies have found that RSC neurons encode the subject’s spatial location, as well as 

navigational cues and goal locations (e.g. Vedder et al, 2017, Cerebral Cortex) and the RSC may 

play a key role in translating between allocentric and egocentric spatial reference frames (for 

review see Alexander et al, 2023, Neuron). In many studies, RSC firing patterns are closely 

tuned to the subject’s trajectory through space. These considerations suggest that the RSC may 

play an important role in generating novel trajectories to goal locations in a changing 

environment. We tested this hypothesis by training control rats and rats with DREADD 

inactivation of the RSC in a series of water maze tasks. First, we tested rats’ ability to learn the 

location of a hidden platform using standard training conditions, followed by reversal learning 

and then a series of three test sessions in which we introduced clear plexiglass barriers which 

blocked the route to the escape platform. Each barrier test session began with four trials from a 

fixed start position across from the escape platform with no barrier in place. Before the fifth trial, 

we placed one of three different barriers directly in the path between the start position and the 

escape platform, forcing the rats to take an alternative path around the barrier. We found a sex-

dependent effect of RSC inactivation on the initial regular (non-barrier) water maze learning 

session. An ANOVA of the latency data found no main effect of inactivation condition (F(1, 96) 

= 1.43, p = 0.24), and no main effect of sex (F(1,96) = 0.62, p = 0.43), but did reveal a 

significant interaction of the sex and inactivation conditions (F(1,96) = 6.36, p = 0.01), with 

female DREADD rats being significantly slower than controls to find the escape platform. A 

similar impairment in female rats was seen during reversal learning. However, contrary to our 

expectations, we found no evidence of an inactivation-induced increase in escape latency during 

the barrier test sessions (e.g. main effect of inactivation condition for the first barrier test, F(1, 

72) = 1.03, p = 0.31). No consistent sex-dependent effects of the inactivation were found during 

the barrier test sessions. Detailed analyses of the rats’ trajectories to the escape platform are 



ongoing, but our results thus far suggest that RSC inactivation does not cause a large-scale 

impairment in the capacity to generate novel trajectories during goal-directed navigation. 

Disclosures: S. Li: None. D.M. Smith: None. 

Poster 

PSTR306: Circuit Mechanisms of Learning, Memory, and Plasticity 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR306.04/V9 

Topic: H.08. Learning and Memory 

Support: NIH MH083809 

Title: The anterior thalamus is required for flexible learning of goal locations. 

Authors: *Y.-Y. YANG1, C. JIANG2, J. HO1, I. WU1, D. M. SMITH1;  
1Dept. of Psychology, Cornell Univ., Ithaca, NY; 2Cornell Univ., Ithaca, NY 

Abstract: The anterior thalamus (AT) has long been implicated in providing critical head 

directional input during spatial learning and memory processes. AT lesions produce deficits in 

both spatial learning and navigation, especially when the development of directional trajectories 

is required in the tasks (Clark and Harvey, 2016, Neurobiol. Learn. Mem.). However, the 

contribution of the AT to flexible route planning and spatial learning is not fully understood. In 

this study, we tested the ability of control rats and rats with AT inactivation to learn and 

remember a new array of goal locations each day using a cheeseboard maze task. Each day, rats 

learned three new goal locations, from among 121 reward wells arranged in a grid pattern on a 

circular arena. The goal locations were cued with an object next to the rewarded wells during the 

first five trials of each daily session, but the cues were removed for following 25 trials and the 

rats were required to navigate to the goals from memory. Under control conditions, the latency to 

retrieve rewards from all goal locations averaged ~ 23.5 seconds. Under AT-inactivation, rats 

spent significantly longer time retrieving the rewards, 54.1 seconds on average (DREADD 

inactivation: F(1, 4.05) = 11.10, p = 0.029; Muscimol inactivation: F(1, 5.65) = 22.434, p= 

0.004). Ongoing trajectory analysis examined the extent to which rats deviated from the optimal 

path in the task under control and AT-inactivation conditions. Preliminary analyses of the rats’ 

movement trajectories suggest that control rats developed highly efficient navigational strategies, 

adopting stereotyped trajectories that were close to the optimal path connecting all goal locations 

with the minimum possible distance. In contrast, AT-inactivated rats displayed less stereotyped 

trajectories that diverged widely from the optimal path and often involved missed rewards or 

backtracking to previously visited regions of the maze. The striking abnormalities in the 

trajectories to the goal locations is consistent with disruption of the AT head direction system. 

Moreover, the severe impairment in the ability to navigate efficiently to each day’s goal 



locations is consistent with spatial learning and memory impairments seen after AT damage. 

Overall, our results indicate that the AT is essential for the rapid acquisition of efficient 

navigational strategies during a flexible, unconstrained spatial learning task. 
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Abstract: In the parahippocampal region of the meidal temporal lobe, the perirhinal (PER) and 

postrhinal cortex (POR, homologous to parahippocampal cortex in primates) have extensive 

connectivity with the entorhinal cortex and hippocampus, and they play crucial roles in 

recognition memory, spatial/context memory, and episodic-like memory. A previous study 

showed that both the PER and POR are necessary for retrieving latently-acquired associations in 

appetitive sensory preconditioning, likely because they collectively support a “gist-like” 

representation for associations between neutral events and context. The orbitofrontal cortex 

(OFC) is also capable of constructing associative structures and it is also critically involved in 

sensory preconditioning. Here, we used asymmetrical chemogenetic inhibition to examine 

whether disconnecting the OFC with the PER or POR impaired sensory preconditioning. In adult 

male rats, we injected an inhibitory DREADDs virus unilaterally into either the PER or POR, 

combined with either ipsilateral or contralateral injections into the OFC in the same rat. Before 

testing, all rats received a clozapine n-oxide injection that temporarily suppressed the areas with 

viral injections. Reduced sensory preconditioning effect was found in all groups except for the 

“POR - contralateral OFC” group, indicating that whereas bilateral interaction is necessary 

between the OFC and PER, only contralateral communication is required between the OFC and 

POR for associative value inference. These findings suggest that in addition to prefrontal-



hippocampal connections, cortico-cortical pathways between the prefrontal cortex and the 

parahippocampal region also serve important functions in associative learning and memory. 
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Abstract: Decision-making requires the capacity to extract predictive information from the 

environment to select the most optimal course of action. This capacity is commonly studied via 

the specific Pavlovian-Instrumental Transfer (PIT) paradigm, during which a stimulus predicting 

a particular outcome guides choice towards an action earning that same outcome but not a 

different outcome. Ample evidence indicates that the nucleus accumbens shell (NAc-S) as well 

as its projections to the ventral pallidum (VP) are critical for PIT. The NAc-S is predominantly 

composed of two populations of spiny projection neurons (SPNs), which differ in the particular 

dopamine receptors they express. One population expresses dopamine D1 receptors (D1-SPNs) 

and the other the dopamine D2 receptors (D2-SPNs). Here, we used optogenetic silencing and 

stimulation in freely moving rats (LE-Drd1em1(iCre)Berke and LE-Adora2aem1(iCre)Berke) to uncover 

the role played by these two populations during PIT. Silencing D1-SPNs or D2-SPNs activity 

within the NAc-S at the time of choice abolished the ability of predictive stimuli to bias choice 

between actions. Conversely, stimulating either D1-SPNs or D2-SPNs within the NAc-S at the 

time of choice left PIT intact. We then investigated whether silencing NAc-S projections from 

D1-SPNs or D2-SPNs to the VP would also abolish the influence of predictive learning on 

choice between actions. The present findings demonstrate that activity in both D1- and D2-SPNs 

is necessary for the influence of predictive learning on choice between actions. These findings 

are also consistent with a recent model that describes the cellular mechanisms underlying PIT 

(Laurent & Balleine, 2021). 
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Abstract: Consolidated long-term memories can be modified when presentation of a reminder 

cue triggers destabilization, the return of a memory trace to an active state before subsequent 

reconsolidation. Older or strongly encoded memories resist modification via reconsolidation due 

to biological boundary conditions. Destabilization of such memories is more likely with 

prediction error (PE) at reactivation. Accordingly, the neurotransmitter dopamine (DA), 

implicated in PE, has been linked to overriding boundary conditions using appetitive or aversive 

memory paradigms. However, more neutral memories also require modification to adapt to 

changing environments, and evidence suggests that a salient novel cue presented at reactivation 

can trigger destabilization of boundary condition-protected memories with less obvious valence. 

The present study investigates the functional role of dopamine at D1 receptors in object memory 

destabilization and overcoming boundary conditions for destabilization of object memories. 

Using a modified spontaneous object recognition task using male rats, we found that the D1 

receptor antagonist SCH23390 administered systemically (0.1mg/kg, i.p.) blocked destabilization 

of recent and relatively remote object memories, preventing the impairing effects of a subsequent 

injection of NMDA receptor antagonist MK801 (0.1mg/kg, i.p.). SCH23390 administered 

intracranially (2μg/μL) to the perirhinal cortex (PRh), a brain region implicated in object 

memory consolidation and reconsolidation, also blocked recently encoded object memory 

destabilization, negating the amnesic effects of post-reactivation anisomycin (100μg/μL). Using 

the same paradigm, we next found that administration of systemic D1 receptor agonist 

SKF38393 (5mg/kg) was sufficient to induce destabilization of remote memories in the absence 

of a salient novel cue. Accordingly, using the post-reactivation object memory modification task 

as a model of contextual object memory updating, we found a consistent pattern whereby 

systemic administration of SCH23390 blocked both recently encoded and novelty-induced 

reactivation-dependant memory updating and SKF38393 permitted the updating of resistant 



memory traces in the absence of salient novelty. Findings from previous literature and the 

present results implicating D1 receptors in destabilization of object memories and other memory 

types indicate that dopamine transmission is involved and potentially required for modification 

of newly encoded and relatively remote object memories and this effect is likely reliant on the 

PRh. 
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Abstract: The neocortex dynamically changes when we learn new tasks. One interesting 

characteristic of the cortex is its laminar profile comprising of 6 different layers, but the role of 

each layer during learning remains unclear. learning to discriminate between different stimuli, 

visual stimuli or texture touches leads to changes in the primary sensory areas, but what happens 

in other cortical areas? In this study, we performed wide field calcium (GCaMP6f) imaging of 

the whole dorsal cortex of layer-specific neuronal populations, either in L2/3 or L5 while mice 

learn a whisker-based texture discrimination task. Mice were trained to lick upon whisker-touch 

with a coarse texture surface. The respective other sandpaper type served as no-go stimulus with 

a white noise as a punishment when responded with a licking. As learning proceeds, a 

spatiotemporal activation sequence builds up spreading from auditory areas to rostro lateral 

immediately before texture touch and continuing into barrel cortex. In both layers as mice learn 

to discriminate between textures the barrel cortex activity intensifies. On the contrary, the 

activity in the rostro lateral across learning is enhanced in layer 2/3 but decreases in layer 5. 

Other areas such as the visual cortex and frontal area also display learning-related laminar 

differences. Overall, our results may aid in understanding the role of different layers during 

learning across the whole cortex. 
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Title: Learning-induced reorganization of thalamocortical interaction underlies the execution of 

learned movements 
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Abstract: The primary motor cortex (M1) is central for the learning and execution of dexterous 

motor skills, and its superficial layer L2/3 is a key locus of learning-related plasticity. It remains 

unknown how motor learning shapes the way by which M1 circuits interact with their upstream 

inputs to execute learned movements. By longitudinal axonal imaging of main inputs to M1 

L2/3, we identify the motor thalamus as the key input source that encodes learned movements in 

experts. We then used optogenetics to identify the subset of M1 L2/3 neurons strongly driven by 

thalamic inputs before and after learning, which showed that learning reorganizes 

thalamocortical interactions such that the thalamus selectively activates the neurons that uniquely 

encode upcoming learned movements in experts. Inactivation of the motor thalamus in experts 

impaired learned movements. Our study reveals that motor learning reshapes thalamocortical 

interactions for a reliable execution of the learned movement. 
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Abstract: Cognitive functions, such as short-term memory, are dependent on persistent neural 

activity that maintains information. Persistent activity is distributed across multiple brain 

regions, most prominently in frontal cortical areas. The functional couplings between brain 

regions must achieve a delicate balance: information must be shared across brain regions to 

coordinate coherent behavior; at the same time, the regions also need to be decoupled enough to 

limit the spread of noise in local parts of the network. It remains unclear how persistent 

representations and underlying network couplings change over learning. 

In the mouse, neurons in anterior lateral motor cortex (ALM) exhibit preparatory activity during 

motor planning, a form of persistent activity. The two hemispheres of ALM coordinate to 

maintain robust preparatory activity (Li Daie et al Nature 2016; Chen Kang et al Cell 2021). We 

used longitudinal two-photon calcium imaging to track the same neuronal population in ALM in 

mice learning a motor planning task. Concurrently, we used optogenetics to silence ALM 

activity in the other hemisphere to probe functional coupling across hemispheres. 

Mice learned to discriminate the position of a pole using their whiskers during a sample epoch 

and report choice using a right or left lick during a response epoch. The sample epoch and 

response epoch are separated in time by a delay epoch (3 s), in which mice must use short-term 



memory to report the correct choice. Mice progressed from a naïve state to an expert state over 

weeks, as measured by the proportion of correct trials in a session (from 50% to above 70% 

correct). Learning was accompanied by a gradual increase of task selective neurons in all task 

epochs (sample, delay and response). This was further reflected in an emergence of stimulus and 

choice selectivity during the delay epoch. Functional coupling across hemispheres was altered 

across learning. The two hemispheres became progressively decoupled, or modular, following 

the emergence of persistent activity during the delay epoch. After a transient perturbation to one 

hemisphere, the unperturbed hemisphere was able to progressively better retain its selectivity 

during the delay epoch over learning. Behaviorally, mice also became progressively robust to 

optogenetic perturbations in the expert stage. 

These results outline a learning process in which the frontal cortical networks first establish 

persistent neural representations that link past stimulus and future actions, followed by 

progressive refinement of network coupling that increases the robustness of the representations. 
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Abstract: The brain continuously integrates sensory information from the external world with 

internal representations and states of experience, eventually leading to behavior. To achieve 

higher-order cognitive functions, the brain engages a brain-wide network spanning multiple 

cortical and subcortical areas. Two crucial areas that participate are the cortex and the thalamus. 

It is now thought that the cortex dynamically interacts with the thalamus via recurrent loops that 

encodes high-order processing of cognitive functions such as attention, working memory and 

learning. To date, we do not know what the interactions are between and within multiple 

thalamic and cortical areas during different sensory tasks, and weather there are any critical hubs 

that are especially related to higher-order functions such as choice. Our research goal is to 

simultaneously observe multiple thalamic nuclei and cortical areas as mice perform different 

sensory discrimination tasks. To achieve this, we first combine wide-field imaging and multi-



fiber photometry to simultaneously image the whole dorsal cortex and 13 different thalamic 

nuclei of mice expressing genetically encoded calcium indicators. Mice are imaged during 

skilled performance of two different behavioral go/no-go tasks; tactile (whisker sensation) and 

auditory (tone) discrimination. Tasks are constructed of repeating trials, each trial consisted of a 

uniform prior cue signal, tactile or auditory stimulus period and response period. Among our 

results we observed significant increase in cortical activity during tactile tasks in comparison to 

auditory tasks. Interestingly, this increase appeared on Hit trials (when mice acted appropriately) 

but not on correct rejection trials (CR, when mice avoided action appropriately). Thalamic 

activity differed significantly between tasks as well. Whereas cue periods characterized in 

thalamic inhibition across modalities, stimulus periods showed variation in responses to different 

stimuli; some nuclei responded in a similar inhibition or activation patterns across modalities, 

and some displayed significantly different responses. Interestingly, some higher-order thalamic 

nuclei and cortical areas encoded choice (i.e., Hit vs. CR) similarly in both sensory modalities. In 

summary, our unique experimental system may aid in understanding the wide complexity of 

thalamocortical loops. 
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Abstract: The interhemispheric transfer of information in the cortex plays a significant role in 

the way we perceive the world. The cortex does not only integrate sensoryinformation but is also 

required to retain information in memory for several seconds. This function is defined as 

working memory (WM) and is thought to be encodedacross many brain areas. Whereas the 

process of sensory information and WM in one hemisphere has been broadly investigated in 

previous studies, interhemispherictransfer of sensory information and WM is poorly understood. 

We trained mice expressing calcium indicators across layer 2/3 of the cortex, to match between 

twotextures (smooth or rough sandpapaers) from both sides of their whiskers in a go/no-go task. 

Matching textures required mice to lick for a reward (Hit), and non-matching textures required 



withholding licking (correct rejection; CR). Once the mouse has reached expert level, we 

introduced a delay period in-between texturespresentation. Thus, the WM of the first stimulus 

needs to be retained and transferred to the other hemisphere. Using dual-hemisphere wide-field 

calcium imaging, wecompared cortex-wide neuronal activity to study interhemispheric transfer 

of sensory information and WM. We found involvement of the Barrel cortex (BC) inprocessing 

choice-information, where ‘Hit’ displayed higher activity compared to ‘CR’. Furthermore, BC 

did not encode the type of texture, as there was no discernibledifference in BC activity between 

‘Hit’-smooth and ‘Hit’-rough during the sensation epoch. By introducing a delay period (1-3 sec) 

between texture presentations, weobserved sequential activity across hemispheres in posterior 

areas. Specifically, the left posterior area (P) initially held the sensory and type-information at 

thebeginning of the delay period and subsequently transferred it to the homotopic P area even 

before the arrival of the second texture. Moreover, we found additionalposterior areas such as the 

posterior-medial (VISpm) and the retrosplenial-dorsal (RD) involved in the transfer of WM. To 

further investigate the areas involved inchoice and/or texture information during the WM 

transition, we used a support vector machine (SVM) to classify choice or texture type based on 

neuronal signalsacross the entire cortex. This analysis enabled us to outline which areas 

contribute to the mouse's decision based on the sensory input. Consequently, our dualhemisphere 

behavioral task and imaging approach provide valuable insights into the processing and 

availability of sensory information for daily activities. 
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Abstract: The study of sensory integration in the brain cortex stands at the core of neuroscience 

research, contributing to our understanding of the neural mechanisms underlying cognition. To 

further this understanding, we turned our focus to the whisker system of mice, drawing 

inspiration from the two-stream hypothesis in primates' visual system. In our study, we 

hypothesized analogous pathways in mice, diverging from the Barrel Cortex (BC). Utilizing 

wide-field calcium imaging and body cameras, we assigned mice to perform texture 



discrimination ('what') and location identification ('where') tasks. Our findings revealed varying 

activation patterns that did not completely align with the task type. We also observed alternating 

activity patterns in areas P and M2. To better understand these patterns, we employed various 

analysis methods, including linear modeling, ensemble learning, and regularization, elucidating 

the intricate interplay between sensory input and cognitive processing. The analysis revealed 

minimal impact of the task type variable, while factors such as the mouse's initial training task, 

the first task performed on a specific day, choice, and action planning had significant effects. 

Additionally, unsupervised learning and clustering methods were employed to detect possible 

brain pathways and relate them to behavioral and task-related variables. In summary, our study 

highlights unique processing streams that are influenced by both external task-related factors 

and, importantly, internal processes that may reflect internal states or strategies. This enhances 

our insight into the mechanisms governing brain function. 
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Abstract: Value information representation during stimulus reward-value associative 

learning in primate posterior parietal cortexZiang Liu1, Zhuangyi Jiang1, Yang 

Zhou11School of Psychological and Cognitive Sciences, PKU-IDG/McGovern Institute for Brain 

Research, Peking-Tsinghua Center for Life Sciences, Peking University, Beijing, 100871, 

ChinaCorresponding author e-mail address: yangzhou1@pku.edu.cnAbstractAnimals interact 

with environmental stimuli, attributing varying degrees of importance to them based on 

outcomes, often forming associations between stimuli and value through prior experiences in 

dynamic environments. Survival hinges heavily on animals' ability to swiftly adapt and 

continuously form new associations with valuable information. While previous research has 

identified brain regions like the orbitofrontal cortex involved in predicting rewards and 

representing stimulus value, the neuronal mechanisms underpinning the long-term establishment 

of these associations remain elusive. In this study, we employed two-photon calcium imaging to 



observe over 3,000 neurons in monkey 7a, a subregion of the PPC (posterior parietal cortex) 

crucial for associative processing but not previously linked to associative learning. Monkeys 

engaged in a stimulus-reward association learning task, where various visual cues denoted 

different reward levels after a delay period. We discovered that a significant portion of 7a 

neurons encoded abstract stimulus-reward associations during the delay period preceding reward 

reception. Notably, this encoding was absent initially but became pronounced as monkeys 

learned the associations. Importantly, the encoding of stimulus value was distinct from that of 

stimulus category or reward prediction. Moreover, neuronal representations of stimulus-value 

associations reorganized as monkeys transitioned to learn new associations, evolving gradually 

over multiple learning days. These findings suggest that the PPC may play a crucial role in 

associative learning by maintaining memory traces of stimulus value to guide adaptive behavior. 
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Abstract: The anterior olfactory nucleus (AON) is a central node in olfactory memory circuits. 

It shapes odor-guided behaviours by integrating bottom-up olfactory bulb (OB) inputs with top-

down hippocampal (HPC) inputs. Our previous work demonstrated the necessity of the HPC-

AON circuit for episodic odor memory and established the AON as an odor engram repository. 

Thus, we hypothesize that partial cues reminiscent of prior odor experiences reactivate 

hippocampal engrams, which then reactivate AON odor engrams. However, it remains unknown 

how odor memory is represented in spatiotemporal activity dynamics in AON circuits. We 

coupled in vivo fiber photometry with our novel context-dependent olfactory go/no-go paradigm 

and found that the temporal dynamics of AON activity transform as simple odor memories 

develop into odor-context memories. In particular, the AON preemptively activates in response 

to contextual information alone prior to receiving odor input during the retrieval phase of our 



odor-context memory task (one-way ANOVA, n = 9, F(1.654, 13.23) = 10.29, p = 0.0029). This 

distinction between simple odor memory and odor-context memory processing in the AON 

supports our hypothesis that the AON functions as an odor-context memory repository. Notably, 

whole-brain c-Fos expression mapping revealed no significant differences in the spatial patterns 

of neural activity representing context-independent and context-dependent odor memories in 

olfactory memory circuits, highlighting the need for higher spatiotemporal resolution recordings 

to characterize olfactory memory circuits. We subsequently performed dual-site fiber photometry 

of the AON and the anterior piriform cortex (APCx), both primary olfactory cortical structures 

important for odor memory, to characterize the real-time statistical relationships between AON 

and APCx activity dynamics in odor-context memory. Overall, this study provides novel insights 

into the central role of AON circuits in processing odor-context memory. Our research on the 

temporal dynamics of AON circuit activity will deepen our understanding of how the brain 

processes sensory elements of episodic memory. 
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Abstract: The basolateral amygdala (BLA) is a cortex-like structure known to be involved in 

simple forms of emotional learning such as fear conditioning. Local plasticity in the BLA is 

crucial for associative memory formation. While plastic changes of glutamatergic projection 

neurons (PNs) have been well characterized, little is known about the contribution of 

GABAergic interneurons. Although inhibitory interneurons only constitute around 20% of the 

neuronal population in the BLA, they can tightly control PN activity. Nonetheless, the behavioral 

relevance of different interneuron subtypes and their plasticity upon learning remain largely 

unexplored. The present study aimed to assess how the activity of different subtypes of 

interneurons in the BLA is modulated across fear conditioning and extinction. To address this, 

we performed deep-brain calcium imaging with miniature microscopes and a gradient-index 

(GRIN) lens implanted in the BLA of freely behaving mice. We targeted the overall inhibitory 



interneuron population by injecting a cre-dependent GCaMP6 into the BLA of GAD2-Cre mice, 

and compared it to defined molecular interneuron subtypes using VIP-Cre and SST-Cre mice. 

Interneuron activity was recorded during a discriminative fear learning paradigm and subsequent 

extinction sessions, where a tone (CS+) was paired with a foot-shock (US), while another one 

served as a control cue (CS-). During fear learning, the overall inhibitory population of GAD2 

interneurons exhibited synchronized activity in response to both CS+ and CS- presentations, as 

well as to the foot-shock, displaying a diversity of activity patterns. Moreover, interneurons 

persisted in encoding both CS+ and CS- during extinction sessions. Upon examining distinct 

interneuron subtypes, VIP interneurons exhibited heightened modulation in response to aversive 

stimuli and the predictive cue (CS+), whereas SST interneurons displayed a preference for the 

auditory tone associated with safety (CS-). However, overall, interneuron subtypes showed 

highly diverse activity patterns during both the conditioning paradigm and across days to both 

the CS+ and the CS-, with distinct plastic responses upon fear and extinction learning. In 

summary, our findings suggest that different subtypes of BLA inhibitory interneurons display 

preferential tuning to various aspects of learning, which is crucial for the acquisition and 

expression of fear memories. However, the precise role of these interneurons in associative 

learning remains complex and will likely require a fine-grained analysis of molecular and 

anatomical subtypes. 
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Abstract: Neuronal circuits in the brain that are characterized by a diversity of neuron types can 

appear dauntingly complex. The intricate operation of these circuits depends on the precise 

synaptic connectivity, neuronal nonlinearities, and external contextual signals. Experimental 

research has leveraged tools to probe neuronal circuit dynamics, but despite these advances, a 

comprehensive theoretical framework elucidating the interplay of connectivity, plasticity, 

nonlinearities, and contextual signals in shaping circuit dynamics is notably absent. In this work 



we study an inhibitory circuit model that incorporates somatic and dendritic nonlinearities, 

allowing us to discern the critical parameters influencing circuit dynamics. We organize our 

work around examples of how contextual signals, which define the ‘state’ of parvalbumin (PV) 

and somatostatin (SST) interneurons, influence circuit activity. We demonstrate how the state-

dependency of PV and SST determines the polarity of a rate change (exemplified through PV, 

SST, and VIP paradoxical effects), and circuit gain and stability in response to an input 

perturbation. Furthermore, we elucidate how the state of PV and SST neurons influences the 

gating of synaptic plasticity at the dendrite. By establishing a dendritic plasticity rule, we 

validate experimental findings from the olfactory cortex, where excitatory plasticity at the 

dendrite is induced by activating VIP and deactivating PV or SST neurons. Taken together, our 

study reveals how the state of PV and SST neurons exert control over inhibitory circuit dynamics 

and computations. Hence, we argue that experiments probing circuit dynamics need to be 

carefully interpreted in the context of the states of its components. 
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Abstract: Background. Deep brain stimulation (DBS) of the nucleus basalis of Meynert (NBM) 

has been preliminarily investigated as a potential treatment for dementia. The degeneration of 

NBM cholinergic neurons is a pathological feature of many forms of dementia. Although 



stimulation of the NBM has been demonstrated to improve learning, the ideal parameters for 

NBM stimulation have not been elucidated. This study assesses the differential effects of varying 

stimulation patterns, duration, and timing on learning and memory in a dementia rat model. 

Methods. 192-IgG-saporin (or vehicle) was injected into the NBM to produce dementia in rats. 

Next, all rats underwent unilateral implantation of a DBS electrode in the NBM. The 

experimental groups consisted of i-normal, ii-untreated demented, and iii-demented rats 

receiving NBM DBS. The stimulation paradigms included testing different modes (tonic and 

burst) and durations (1-hr, 5-hrs, and 24-hrs/day) over ten daily sessions. Memory was assessed 

pre- and post-stimulation using two established learning paradigms: novel object recognition 

(NOR) and auditory operant chamber learning. Brain sections spanning through the NBM were 

processed for Choline Acetyltransferase (ChAT) immunostaining. 

Results. Normal and stimulated rats demonstrated improved performance in NOR and auditory 

learning compared to the unstimulated demented group. The burst-stimulation groups performed 

better than the tonic-stimulated groups. Increasing the daily stimulation duration to 24-hr did not 

further improve cognitive performance in an auditory recognition task and degraded the results 

on a NOR task compared with 5-hr. The number of ChAT cells from different rat categories was 

correlated with their performance in auditory operant learning. There was variability in the 

ChAT count in all animals, including normal animals not treated with saporin. In both normal 

and demented rats, the ChAT count was linearly correlated (Correlation coefficient, R = 0.83, p 

< 0.05) with the rat’s ability to improve in the auditory task. In contrast, no such relationship was 

seen in the stimulated rats, where significant improvement was seen in rats with low ChAT 

counts. Further work on evaluating the effects of timing of stimulation is underway. 

Conclusion. The present findings suggest that naturalistic NBM burst DBS may offer an 

effective therapy for treating dementia and suggest potential strategies for reevaluating current 

human NBM stimulation paradigms. 
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Abstract: Background. Deep brain stimulation (DBS) of the Nucleus Basalis of Meynert (NBM) 

is being explored as a treatment for dementia. Its role in cognition and memory has been well 

studied with brief durations of stimulation. A recent primate study reported persistent benefit 

even after the end of stimulation. Our laboratory has identified that NBM-DBS using delta-

gamma burst parameters for 5-hrs/day can providing effective learning improvement in a rat 

model of dementia. This study assesses the long-term effects of this NBM DBS paradigm. 

Methods. Eighteen Long Evans wild-type male rats were divided into three groups: healthy, 

demented, and demented with stimulation. A memory impaired rat model that mimics 

cholinergic denervation of dementia was created with bilateral 192-IgG-saporin injections into 

the NBM. A monopolar DBS electrode was implanted in the NBM, and the stimulated rats 

underwent a total of 50 hours of stimulation over a 2-week period. During the stimulation phase 

and weekly for 6 weeks afterwards, the rats were tested on an audio-cue based learning paradigm 

in an operant chamber. After sacrifice, brain slices were then multiplex stained with BRDU, 

ChAT, NeuN, Nestin, and doublecortin. 

Results. Normal rats demonstrated improvement in accuracy over time (8.39%), whereas the 

demented rats showed significantly less improvement (1.82%). Stimulated rats demonstrated 

accuracy improvement that was significantly better than unstimulated demented rats and 

exceeded normal rats (10.5%, all p<0.05). The improved learning ability in the stimulated rats 

continued post-stimulation. The stimulated group had significantly increased staining compared 

to the demented and healthy groups for BRDU, BRDU + NeuN, and BRDU + Nestin in the 

NBM, hippocampus and SVZ regions. 

Conclusion. NBM-DBS in a rat dementia model cause long-lasting restorative of learning 

capabilities in demented rats. One of the reasons for this persistent restoration could be the 

stimulation induced neurogenesis in the NBM, hippocampus and SVZ regions. 

Disclosures: M. Rajagopal: None. D. Kumbhare: None. K.L. Holloway: None. 

Poster 

PSTR306: Circuit Mechanisms of Learning, Memory, and Plasticity 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR306.20/V25 

Topic: H.10. Human Learning and Cognition 

Support: NSF Grant 2245712 



Title: Embodied Neuromorphic Robot System for Replicating Associative Learning of Rodents 

in Open-Field Maze 

Authors: T. LIU1, Y. ZHANG2, *H. AN3;  
1Electrical and Computer Dept., 2Dept. of Biol. Sci., 3Michigan Technological Univ., Houghton, 

MI 

Abstract: This research emulates associative learning in rodents using a neuromorphic robot 

within open-field maze environments. The neuromorphic robot is constructed by deploying 

computational models of spatial cells, such as place cells, grid cells, head direction cells, in a 

mobile robot for perception and navigation. Various coding schemes, including rate coding and 

population coding, are utilized for different perception signals. The simulations and experiments 

demonstrate that our neuromorphic robot successfully replicates the classic associative learning 

experiments of rodents by memorizing the causal relationship between visual cues and other 

favorable or unfavorable stimulus locations in an open-field maze. The learning process in our 

neuromorphic robot relies on synaptic plasticity. By incorporating excitatory and inhibitory 

synaptic plasticity mechanisms into our neuromorphic system, we emulate the dynamic process 

of synaptic modification observed in associative learning. In addition, our neuromorphic robot 

mirrors the training time of rodents for visual clue association tasks. The robot undergoes 

multiple training sessions over days acquire and consolidate associations. This highlights the 

fidelity of our approach in capturing the temporal dynamics of associative learning processes, 

offering valuable insights into neural mechanisms in learning and forgetting. Through repeated 

training sessions and intervals between trials, the robot will experience a decline in performance 

over time, mirroring the decay of memories as depicted by the forgetting curve. This work has 

two unique contributions. Firstly, the neuromorphic robot offers a new embodied simulation 

platform for studying memory and learning research that does not rely on animal models. By 

embodying computational models within a physical robotic platform, our neuromorphic robot 

enables the study of spatial memory and cognitive processes in a real-world context. 

Specifically, it offers a novel method that can monitor precise neural circuitry and activity 

changes over time during learning, memorizing, and forgetting processes during interactions 

with real-world. Secondly, this research provides a new approach to studying the pathological 

mechanisms underlying degenerative disease in memory and learning. This is accomplished by 

adjusting the controllable parameters in computational models of embodied neuromorphic robots 

in real-world scenarios. By replicating cognitive processes and neural circuits associated with 

these disorders, our embodied neuromorphic robot platform can assist in the development of 

therapeutic interventions and treatment strategies. 
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Abstract: Mathematics is considered to be a crucial but challenging subject in primary 

education. It is associated with multiple cognitive functions, severing as a prominent predictor of 

children’s general academic performance. However, few studies investigate how functional 

organization of large-scale brain networks involved in multi-demand operating systems account 

for the mutual influences between elementary cognitive abilities and math performance. 

Mathematics processing requires various executive functions and subject to affective factors. 

Hence, we investigate how the multiple-demand systems support math academic performance in 

school-aged children. We included 310 typically developing children aged 6 to 12, performing 

four cognitive tasks to assess their attention, working memory, decision-making and emotion 

matching. They also finished two academic tests in both math and reading. Based on task-related 

individual networks with 268 nodes, we utilized Partial Least Squares Regression (PLSR) and 

the Hidden Markov Model (HMM) to identify the multiple-demand system and further examine 

its dynamics across cognitive domains, respectively. Based on these task-specific features, we 

first identified a math-related multi-demand system with 121 common edges across 4 tasks, 

including 78 functional regions. They were summarized at a nodal level by the sum of their 

absolute loading. The top 10% nodes were the regions with the highest loading in the prediction 

overlapped with most multi-demand network regions, which were entered into further analysis. 

Note that six cerebellar areas, serving as the cerebellum’s cognition function cores, were found 

to be related specifically with the math for the first time. Further dynamic analysis with HMM 

showed that four out of six states’ occupancy time was associated with math performance and 

had more variant brain connectivity values. Moreover, the individual level transition 

probabilities between states were associated with math performance. No similar patterns were 

found in the validation analysis with reading performance as the contrast. Our findings 

uncovered the static and dynamic neural mechanisms underlying math performance and 

cognitive functions. Particularly noteworthy is the discovery of cerebellar regions previously 

believed to be solely involved in motor functions. These findings establish a robust foundation 

for future interventions in mathematics education. 
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Abstract: The worldwide double ageing of the population causes a sharp increase in the 

prevalence of ageing-related cognitive decline. Chronic neuroinflammation is increasingly 

recognized as a potential mediator of cognitive decline. In ageing, an overall low-grade 

inflammatory state is commonly seen, which has also been linked to neuroinflammation. The 

Mediterranean-DASH Intervention for Neurodegenerative Delay (MIND) diet has been designed 

to reduce the risk of dementia and loss of brain function in ageing. The mechanisms mediating 

dietary effects on cognition are not completely clear, but inflammatory pathways are likely to be 

involved as the MIND diet includes various food components that have anti-inflammatory 

effects. 

In this study we investigated the currently unexplored relation between MIND diet adherence, 

low-grade systemic inflammation and neuroinflammation in Dutch older adults. Using baseline 

data of the HELI study (NCT05777863), we included 94 older adults (60-75 year) at risk for 

cognitive decline based on modifiable lifestyle-related risk factors. MIND diet adherence was 

assessed using the MIND score, which was calculated via a food frequency questionnaire. Blood 

C-reactive protein levels, white blood cell counts and neutrophil-to-lymphocyte ratio were 

collected via a finger prick and converted into a composite systemic inflammation score. 

Magnetic resonance spectroscopy was used to measure myo-inositol, choline and creatine levels 

within the left dorsolateral prefrontal cortex, which were converted in a composite 

neuroinflammation score. 

Multiple linear regression analysis showed that MIND diet adherence and systemic inflammation 

do not independently predict neuroinflammation (F=1.59, p=0.210). However, the interaction 

between MIND diet adherence and systemic inflammation significantly predicted 

neuroinflammation (β=-0.12, p=0.020), meaning that only in individuals with low adherence to 

the MIND diet, low-grade systemic inflammation positively correlated with neuroinflammation. 

Our findings suggest that MIND diet adherence might protect against the detrimental effect of 

systemic inflammation on neuroinflammation, which should be confirmed in randomised 

controlled trials. 
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Abstract: The current rate of population ageing is unavoidably associated with an increased 

prevalence of age-related cognitive decline. This emphasizes the need for interventions to 

combat established modifiable risk factors. One of these risk factors is physical inactivity, which 

impacts facets of cardiovascular health such as blood pressure. Cerebral blood flow (CBF) - a 

measure closely related to brain health and thereby cognitive functioning - is strongly impacted 

by cardiovascular health, and previous studies have shown positive effects on CBF after short 

physical exercise training programs in elderly. However, the relation between current physical 

(in)activity and cognitive functioning in older adults remain to be further explored. With this 

study, we aim to investigate the link between current physical activity levels and episodic 

memory in a population of Dutch older adults (60 - 75 years old) at-risk of cognitive decline (n = 

156), using CBF and mean arterial pressure (MAP) as potential mediating factors. We used the 

SQUASH and LASA Sedentary Behavior Questionnaire to measure physical activity and 

sedentary behavior respectively, and utilized arterial spin labelling MRI to non-invasively 

quantify CBF. Multiple outcome measures of the Rey Auditory Verbal Learning Test (RAVLT) 

were used as indices of episodic memory functioning, including learning and delayed recall. 

MAP was calculated using averaged readings from multiple electronic blood pressure 

measurements. Multiple linear regression analysis showed no predictive value of physical 

activity or sedentary behavior on learning (physical activity: t = -0.883, p = 0.379; sedentary 

behavior: t = 1.037, p = 0.302) or delayed recall (physical activity: t = -0.623, p = 0.535; 

sedentary behavior: t = -0.704, p = 0.483). CBF and MAP were not identified as mediating 

factors in this model, but predictably blood pressure (MAP) did significantly correlate with 

hippocampal perfusion (β = -0.221, p = <0.001) after correcting for age, sex and education (F(4, 

135) = 7.898, p = <0.001, R2 = 0.166). Although the findings from this observational study 



indicate no apparent predictive value of subjective physical activity and sedentary behavior 

scores on episodic memory, we should further investigate the potential of lifestyle interventions 

(including physical activity) to delay cognitive ageing through potential underlying brain 

mechanisms such as CBF and its relation to blood pressure. We will discuss potential 

explanations for these null findings that contradict our initial hypothesis, such as the 

characteristics of this specific at-risk study population and methods of acquiring physical 

(in)activity scores. 
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Abstract: Chronic stress negatively impacts brain anatomy and function (McEwen & Gianaros, 

2010; Lenart-Bulga et al. 2022), and has been linked to impairments in cognition and behavior 

(Booth et al. 2015). While relationships between stress and the brain have primarily been 

examined in specific regions, the impacts of stress are presumed to alter distributed networks of 

the brain. 

Previous work has demonstrated that increasing age is associated with alterations in functional 

brain network organization (Wig, 2017) and varies according to environmental exposures as 

indexed by measures of socioeconomic status (SES). For example, age-related decline in brain 

network segregation is more rapid in adults without a college degree (Chan et al. 2018; 2021). 

We hypothesized that these education-related brain network alterations may be due to the greater 

impacts of chronic stress on brain network organization among people of lower SES. 

Data from a representative sample of healthy middle-aged adults (40-64y) in the Midlife Brain 

and Environment Study (N=148; 74F; 50% lower income [below 80% of median county 



income]) were used to examine whether functional brain network organization varies with 

allostatic load (AL), a measure of cumulative stress. AL was calculated using 7 measures: 

systolic and diastolic blood pressure, waist-to-hip ratio, total over HDL cholesterol ratio, C-

reactive protein, interleukin-6, & body-mass-index. Sex-specific quintile rank scores for each 

variable were calculated and summed to derive an Allostatic Load Score (ALS). 

We further examined whether this link is moderated by educational attainment. Each 

participant’s brain network was constructed from preprocessed and motion-corrected resting-

state fMRI data. Brain network nodes were defined using resting-state functional correlation 

(RSFC) area parcellations (Wig et al. 2014) and labeled with a priori functional brain systems 

(Power et al. 2011). The RSFC matrix was used to calculate system segregation, a graph measure 

that estimates the degree to which functional systems are segregated from each other (Chan et 

al., 2014). 

Our findings suggest that elevated ALS was associated with less segregated brain systems, 

particularly in adults lacking a college degree. Furthermore, this relationship was primarily 

observed in the association systems responsible for higher-order cognitive operations. These 

results indicate that elevated chronic stress degrades patterns of functional brain network 

organization. These stress-related alterations are particularly prominent in lower SES individuals 

who may have fewer resources to counteract the deleterious impacts of stress on brain aging. 
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Abstract: Listening in difficult, noisy conditions affects the cortical neural circuits that underlie 

speech comprehension. These directional circuits convey neural signals between cortical regions, 

encode information related to processing of the stimulus, and are characterized by their dominant 

frequency band, e.g., delta band or theta band. Here we elucidate how these circuits change as 

listening conditions become increasingly adverse, and we reveal differences in regional 

recruitment between older and younger individuals. We utilize the Network Localized Granger 

Causality (NLGC) framework applied to magnetoencephalography (MEG) data to 

simultaneously estimate neural currents in cortex and the graph network that connects current 

sources to one another. This directional connectivity is analyzed in multiple non-overlapping 

regions that span the entire cortex. Additionally, a Temporal Response Function (TRF) analysis 

is performed on the estimated current sources to probe hierarchical processing of speech features 

among network-connected current sources and to determine to what extent these circuits convey 

signals that temporally track the stimulus. Broadly, we estimate the connectivity of the cortical 

neural circuits in physiological frequency bands that are involved in processing speech, and we 

examine how the circuits change with age and listening difficulty. We also demonstrate how to 

combine these circuits with established TRF analysis to localize hierarchical processing of 

speech. We present results on a listening data set, but note that the methods are widely applicable 

to most MEG data sets. This work was supported by NIH grants R01-DC019394 and T32-

DC00046. 
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Abstract: Age-related differences in amygdala subregion functional connectivity with 

ventromedial prefrontal cortex and dorsolateral prefrontal cortexK. Alemu1,2, K. Nashiro1, H.J. 

Yoo1, P. Nasseri1, M. Mather1,21Leonard Davis School of Gerontology, University of Southern 



California; 2Department of Psychology, University of Southern CaliforniaDespite physical and 

cognitive decline, emotional well-being is well maintained as people get older. There even is an 

age-related positivity effect in which older adults (OA) prioritize positive over negative 

information in attention and memory compared with young adults (YA), leading to age-by-

valence interactions. Relatedly, younger participants show relatively more amygdala activity 

during viewing negative than positive stimuli compared with older adults who show relatively 

more amygdala activity during viewing positive than negative stimuli. The amygdala serves as a 

hub for neural networks involved in emotion processing but is not a single uniform structure. It is 

a complex structure comprising structurally and functionally distinct nuclei that have different 

functional networks. Both the ventromedial prefrontal cortex (vmPFC) and dorsolateral 

prefrontal cortex (dlPFC) are involved in emotion regulation networks that include the amygdala. 

In addition, the anterior (pregenual PFC) and posterior (subgenual PFC) portions of the vmPFC 

are differentially involved in response to positive and negative emotional stimuli, respectively. 

Most studies investigating the positivity effect and age-related differences in amygdala activity 

have predominantly employed task-based paradigms. Therefore, the present study investigated 

age-related differences in resting-state functional connectivity patterns between seven amygdala 

subregions and pregenual and subgenual PFC, as well as the dlPFC in YA (n = 113; ages 18-31) 

and OA (n = 60; ages 65-80). Mixed effects analysis of variance were used to examine age-

related functional connectivity differences. Results revealed stronger functional connectivity 

between the amygdala and subgenual PFC in YA than in OA. Relative to the subgenual PFC, 

amygdala connectivity with the pregenual PFC is maintained in OA. We did not observe age-

related differences in amygdala functional connectivity with the dlPFC. These findings lend 

additional support for task-based studies that have shown increased functional coupling between 

pregenual PFC and amygdala in old age is associated with the positivity effect. 
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Abstract: The cognitive domain of executive function, encompassing higher-level mental 

processes and cognitive control, is particularly susceptible to the effects of aging. Among the 

facets of cognitive decline, working memory (WM) deterioration stands out for its early onset 

and integral role. Extensive research implicates the prefrontal cortex (PFC) in various executive 

functions, including WM, and suggests that its malfunction may be a critical contributor to 

cognitive aging. To elucidate the impact of aging on WM-related neural processing in the PFC, 

we employed a delayed two-alternative forced-choice (d2-AFC) task with mice from young 

adulthood to advanced age. During the task, mice were presented with sensory cues (auditory, 

tactile, or bimodal) and responded after a two-second delay. All age groups successfully acquired 

the task, albeit with an age-related decrement in learning rate. Calcium imaging of the medial 

PFC (mPFC) revealed intriguing age-related alterations: with advancing age, there was a 

decrease in the fraction of action-plan coding neurons and a reduction in the strength of the 

action-plan signal, leading to impaired decoding of action plans at the population level. Further 

analysis of the same mPFC neural population using distinct sensory modalities (auditory vs. 

tactile) in the d2-AFC task uncovered dynamic age-related changes. In young adult mice, 

population activity exhibited dissociable yet overlapping patterns between modalities, facilitating 

concurrent modality-general and modality-dependent coding. However, as mice transitioned to 

middle age, modality-general coding significantly diminished while modality-dependent coding 

persisted, and both forms of coding were disrupted in advanced age. Resting-state functional 

connectivity measurements indicated a decrease in connectivity among action-plan-coding 

neurons as early as middle age. Additionally, optogenetic experiments revealed heightened 

susceptibility to perturbation in the middle-aged mPFC. Our findings collectively demonstrate 

that functional alterations in the prefrontal circuit underlying memory-guided behavior emerge in 

middle age and progress with advancing age, providing valuable insights into the neural 

dynamics of cognitive aging. 
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Abstract: The choroid plexus (CP) is a complex network of capillaries lined by specialized 

cuboidal epithelial cells, which are mainly involved in the production of cerebrospinal fluid 

(CSF). The CP also constitutes the blood-CSF barrier. Furthermore, the CP produces numerous 

neurotrophic factors (NTF), which circulate to different regions of the brain along with CSF. 

Regulation of NTF in the CP during natural aging is largely unknown. Here, we investigated the 

age and gender-specific transcription of NTFs along with the longevity factor klotho. We used 

male and female mice for the study. Age-related transcriptional changes were analyzed using 

quantitative PCR at three different time points: mature adult (5-6 months), middle-aged (11-12 

months), and aged (18-24 months). Transcriptional changes during aging were further confirmed 

with the digital droplet PCR. Additionally, we used immunohistochemical (IHC) and western 

blot analysis for the evaluation of in vivo protein expression. We also determined the cellular 

phenotype of these NTF’S and klotho CP by co-labeling them with the classical vascular marker, 

Isolectin B4, and epithelial cell marker, plectin. Aging significantly altered the NTF's gene 

expression in the CP. Brain-derived neurotrophic factor (BDNF), Midkine, VGF, Insulin-like 

growth factor (IGF1), IGF2, Erythropoietin, and its receptor were reduced in the aged CP of 

males and females. Vascular endothelial growth factor (VEGF) transcription was gender-

specific; in males, gene expression was unchanged in the aged CP, while females showed an age-

dependent reduction. Age-dependent changes in VEGF localization were evident in vasculature 

and epithelial cells. IGF2 was localized in the basolateral membrane of the CP and showed an 

age-dependent reduction in epithelial cells. Longevity factor Klotho transcription in CP showed a 

decline in the aged CP of males and females. Klotho protein was localized in the basolateral 

membrane of epithelial cells, and a significant reduction in the aged CP was observed. Our study 

highlights gene and protein level changes in the CP during aging. The age-related transcriptional 

changes exhibit similarities as well as gene-specific differences in the CP of males and females. 

Importantly, reduction in the neurotrophic factors and longevity factor Klotho can play a role in 

regulating brain aging. Future directions involve the AAV-mediated knockdown of the Klotho 

gene in the CP of adult mice to study Klotho-mediated brain aging. 
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Abstract: Neurocognitive aging studies assess the role of functional network changes in age-

related cognitive decline. Using graph theory, these studies have shown that aging is associated 

with decreased modularity (a decrease in the efficient segregation between networks), decreased 

nodal cluster coefficient (a decrease in the connectivity within networks), and increased path 

length between nodes (selected brain regions from each functional network). One mechanism 

that may underlie such functional network changes is an increase in spontaneous baseline neural 

activity, also known as neural noise. These noise increases would be expected to disrupt neural 

communication and exert deleterious effects on cognitive performance. In this study, we sought 

to examine the effects of neural noise on age-related functional network changes. We collected 

fMRI data from 50 young adults (19-24 yr, Mage=22.34 yr), scanned at rest during a 3T fMRI 

gradient echo planar imaging sequence (TR/TE=2000 ms/30 ms; flip angle=90°; FOV=240×240 

mm; matrix size=64×64; axial slice number=42 with slice thickness=3mm). Average time series 

BOLD signal was extracted from each of the 214 non-cerebellar functional network-based ROIs 

as defined in the Shen 268 Atlas. Based on previous literature, brain regions from six known 

networks (eg, the Visual and Fronto-Parietal networks) were selected for analysis. For each ROI 

time series, in each participant, the time series mean and standard deviation (SD) were estimated 

by fitting the time series to a Gaussian distribution. To simulate age-related reductions in signal-

to-noise ratio, we added Gaussian random white noise with the same mean and varying SDs to 

the ROI time series for each participant. As hypothesized, the addition of this noise successfully 

simulated previously-observed age-related changes in all six functional networks (ie, decreased 

modularity and nodal cluster coefficients, and increased path length), with the Visual network 

showing the most rapid decline. The current study suggests the hypothesis that age-related 

increases in baseline neural activity (ie, neural noise) disrupts communication in functional 

networks, possibly slowing internodal and internetwork transmission, resulting in the processing 

speed declines that underlie cognitive aging. 
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Abstract: Temporal and spatial scales of blood-oxygen-level-dependent signals in functional 

magnetic resonance imaging (fMRI) data reliably and parsimoniously characterize the 

topological structure and temporal dynamics of cortical activity in the human brain. For example, 

timescales of resting-state fMRI signals can predict a significant amount of the individual 

variability in functional connectivity (FC) networks. Nevertheless, little is known about how the 

spatial and temporal scales of resting-state fMRI change across the lifespan. Therefore, in the 

present study, we quantified and compared temporal and spatial scales in resting-state fMRI data 

collected from 2,352 subjects between the ages of 5 and 100 in Developmental, Young Adult, 

and Aging Human Connectome Project (HCP) datasets. We found that the temporal and spatial 

scales varied similarly across different cortical areas throughout the lifespan, with the visual 

cortex and limbic network showing the largest and smallest correlations between them. In 

addition, these two scales displayed similar non-monotonic trajectories during adolescence in 

some cortical regions, peaking around the same time during adolescence, while decreasing 

throughout the rest of the lifespan. By contrast, cortical myelination increased monotonically 

throughout the lifespan, and its rate of change was significantly correlated with the changes in 

timescale across different cortical regions in adulthood. These findings suggest that temporal and 

spatial scales in fMRI signals as well as cortical myelination are closely coordinated during 

development and aging. 

Disclosures: J. Bero: A. Employment/Salary (full or part-time):; Neurogazer USA Inc. Y. Li: 

A. Employment/Salary (full or part-time):; Neurogazer USA Inc. A. Kumar: A. 

Employment/Salary (full or part-time):; Neurogazer USA Inc. C.J. Humphries: A. 

Employment/Salary (full or part-time):; Neurogazer USA Inc. H. Lee: A. Employment/Salary 

(full or part-time):; Neurogazer USA Inc.. M. Shinn: None. J.D. Murray: None. T.J. Vickery: 

None. D. Lee: A. Employment/Salary (full or part-time):; Neurogazer USA Inc.. 

Poster 

PSTR307: Natural Brain Aging: Neural Mechanisms 



Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR307.10/V35 

Topic: H.12. Aging and Development 

Support: University of Minnesota Kunin Chair in Women's Healthy Brain Aging 

University of Minnesota McKnight Presidential Chair in Cognitive 

Neuroscience 

U.S. Department of Veterans Affairs 

NIH Award U01MH109589 

NIH Award U01AG052564 

McDonnell Center for System Neuroscience Washington University St. 

Louis 

Title: Negative association between neurovascular coupling and cortical gray matter volume 
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Abstract: Recent studies have established the moment-to-moment turnover of the blood-oxygen-

level-dependent signal (TBOLD) at resting state functional Magnetic Resonance Imaging as a 

key measure of local cortical brain function. Specifically, TBOLD is heritable and varies across 

cortical brain areas, and corresponds with the distribution of acetylcholine projections (James at 

al. 2022, Christova et al. 2022). Separately, we have shown that gray matter volume changes 

during the lifespan (Christova and Georgopoulos 2023 a, b). Specifically, we found that, during 

both development and aging, cortical brain volumes decreased with age. Here we sought to 

bridge these lines of research and extend findings from prior TBOLD studies by evaluating 

TBOLD with respect to brain volume, age, and sex across the lifespan for 70 cortical areas. We 

analyzed data from 1,344 healthy participants including 633 from the Human Connectome 

Project (HCP)-Development cohort (HCP-D, 294 males and 339 females, age range 8-21 y) and 

711 healthy participants from HCP-Aging cohort (HCP-A, 316 males and 395 females, 36-90 y 

old). In both development and aging groups we found that (a) TBOLD increased with age, (b) 

brain volume decreased with age, and (c) TBOLD and volume were highly significantly 

negatively correlated, independent of age. We evaluated partial correlation coefficients, when 

controlling for age, between TBOLD and normalized volume for the HCP-D and HCP-A groups. 

In the HCP-D group, all correlations, except one, were negative (98.6%), whereas in the HCP-A 

group 88.6% were negative. None of the positive correlations were statistically significant. 

Finally, the 1.5 times higher correlation between mean TBOLD and volume in the development 

cohort relative to aging cohort was documented. Partial correlations between TBOLD and 

volume, when controlling for age, were consistently more negative in males than in females in 

both HCP groups, a difference that attained statistical significance only in the HCP-A group. We 



hypothesized that the strong correspondence between TBOLD and volume across age and sex 

suggest a common influence such as chronic neuroinflammation contributing to reduced cortical 

volume and increased TBOLD across the lifespan. We attribute this association to a possible 

chronic, low-grade neuroinflammation, probably induced by various neurotropic pathogens, 

including latent/reactivated human herpes viruses known to be dormant in the brain in a latent 

state and reactivated by stress, fever, and various environmental exposures. 
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Abstract: Choline is an essential nutrient that, in addition to its role in the brain, has a number of 

critical structural and physiologic roles throughout the body. Aside from dietary intake, the only 

source of choline in the body is de novo synthesis of phosphatidylcholine, catalyzed by 

phosphatdylethanolamine-N-methyltransferase (PEMP) that has several estrogen-responsive 

components in its promoter region and is induced by estrogen. This study used a randomized 

placebo-controlled trial to examine the ability of an acute dose of dietary choline to influence 

brain functioning in health postmenopausal women. This study was a cross-over, placebo-

controlled trial of the effects of choline on brain functioning in 19 healthy postmenopausal 

women. Each woman participated in two study days with choline or placebo administered on 

each day three hours before a functional and structural MRI and MRS scans. Choline was 

administered at a dose of 1650 mg choline bitartrate. Placebos consisted of similar capsules filled 

with microcrystalline cellulose. Structural and BOLD task functional MRI scans of 19 

cognitively healthy postmenopausal women were collected on each choline and placebo day. A 

ROI-to-ROI correlation (bivariate) analysis comparing connectivity on the choline vs placebo 

days during an Nback task was run among the 68 ROIs. Decreased activation was found for the 



choline day compared to the placebo day during the working memory task in the right frontal 

pole (p<.05 cluster corrected). Increased activation was observed for the choline compared to 

placebo day during the working memory task in the central opercular cortex right, insular cortex 

left, and left postcentral gyrus (p<.05 cluster corrected). Decreased connectivity was observed 

for the choline compared to the placebo study during the working memory task in four clusters. 

The most significant cluster (p-FWE=0.034) showed a pattern of decreased functional 

connectivity between inferior parietal (R), and parahippocampus (R), the inferior parietal (R) and 

parahippocapus (L), and the rostral middle frontal (R) and rostral anterior cingulate left. These 

results illustrated the effect of choline on working memory related brain activation and 

functional connectivity. These measures indicate that choline decreased activation and 

connectivity. We propose that choline may increase brain functional efficiency with these results 

that show similar patterns to our prior work with three months of estradiol treatment in 

postmenopausal women. Future studies should examine different doses or length of choline 

administration to observe effects of choline on behavior in postmenopausal women. 
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Abstract: Aging is the primary risk factor for developing neurodegenerative diseases. Since 

moderate neuroinflammation, increased mechanistic target of rapamycin (mTOR) signaling, and 

reduced autophagy can contribute to age-related cognitive and mood impairments, strategies that 

can positively modulate these changes are of interest. Recent studies have shown that 



extracellular vesicles (EVs) released by neural stem cells (NSCs) derived from human induced 

pluripotent stem cells (hiPSCs) carry therapeutic miRNAs and proteins capable of modulating 

neuroinflammation, mTOR signaling, and autophagy. Therefore, in this study, by employing 

C57BL6/J mice, we investigated whether intranasal (IN) administrations of hiPSC-NSC-EVs in 

early middle age (12 months) or at both early and late middle age (12 and 16 months) would 

maintain better cognitive and mood function in old age with modulation of neuroinflammation, 

mTOR signaling, and autophagy. A cohort of mice received IN administrations of either vehicle 

or hiPSC-NSC-EVs (10 x 109) at 12 months only (early middle age) or at 12 and 16 months 

(early and late middle age). These animals underwent multiple cognitive tests examining the 

integrity and function of brain regions such as the hippocampus, medial prefrontal cortex and the 

perirhinal cortex. The tasks included novel object recognition, object location memory, object-in-

place, temporal pattern processing, pattern separation, and delayed alternation Y-maze tests. In 

all these tasks, animals receiving hiPSC-NSC-EVs at 12 months of age or both 12 and 16 months 

of age showed an improved cognitive ability than their counterparts receiving the vehicle. In 

addition, these animals displayed better mood function in the sucrose preference test for 

anhedonia, novelty-suppressed feeding, and elevated plus maze tests for anxiety. Notably, 

enhanced cognitive and mood function in animals receiving hiPSC-NSC-EVs was associated 

with decreased neuroinflammation, apparent from reductions in astrocyte hypertrophy, 

microglial clusters, and microglia exhibiting the NOD-, LRR- and pyrin domain-containing 

protein 3 (NLRP3) inflammasome complexes. Furthermore, animals receiving hiPSC-NSC-EVs 

exhibited diminished mTOR signaling and increased autophagy apparent from decreased pS6 

and increased p62 expression in the medial prefrontal cortex, hippocampus, and entorhinal 

cortex. Additional biochemical analyses are underway to validate the above effects of hiPSC-

NSC-EVs. Thus, IN administrations of hiPSC-NSC-EVs have the potential to be an effective 

treatment to prevent age-related neuroinflammation and cognitive and mood impairments. 
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Abstract: Prior research has shown that cognitive performance profiles of males and females 

may not only differ, but may also be differentially predictable from brain structural data. 

However, as the overall predictive power for age-related cognitive decline based on brain 

structural data is limited for the two sexes, the aim of the current study was to optimize this 

predictive potential by adding non-brain health-related and demographic data. We systematically 

investigated predictability differences across males and females with respect to i) varying input 

modalities, i.e. imaging, health-related and demographic data, and ii) different cognitive 

functions assessed by sixteen standard cognitive tests in 494 older males (N = 247, 67 +/- 7 

years) and females (N = 247, 66 +/- 7 years) from the 1000BRAINS study. Brain summary 

statistics (e.g. total grey and white matter (WM) volume, WM lesion load; 13 features), health-

related (e.g. body-mass-index, diabetes diagnosis and cholesterol levels; 12 features) and 

demographic (i.e. age, sex, education; 3 features) data served as input to predict cognitive test 

scores (e.g. Trail Making Test) using a machine learning (ML) approach. ML performance, i.e. 

coefficient of determination (R-squared), was assessed using a repeated nested 10-fold cross-

validation and four regression algorithms. Sex differences emerged across modalities and 

cognitive tests. Brain imaging data led to higher prediction performance in males (Mean R-

squared: Males: -0.23 to 0.11; Females: -0.22 to 0.03), while demographic data was more 

successful in females (Mean R-squared: Males: -0.23 to 0.21; Females: -0.11 to 0.35). In both 

males and females, health-related data led to the lowest prediction performance (Mean R-

squared: Health-related: -0.22 to -0.03; Imaging: -0.23 to 0.11; Demographics: -0.23 to 0.35). 

Analyses of individual cognitive functions revealed vocabulary test performance to be better 

predicted in females (Mean R-squared: Females: -0.09 to 0.35; Males: -0.09 to 0.07), while 

executive function and attention test scores (Mean R-squared: Males: -0.12 to 0.10; Females: -

0.10 to 0.04) were better predicted in males. Despite rather low overall ML performance, we 

found sex-specific predictability differences across modalities and cognitive tests. While health-

related data led to the lowest ML performance in males and females, sex-specific particularities 

emerged for the importance of brain and demographic data. Sex-specific predictability 

differences in cognitive tests, further, appear to mirror well-known sex differences in cognition. 

Results highlight the importance of considering sex differences in future prediction studies. 
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Abstract: The identification of effective biomarkers for cognitive performance prediction is 

gaining much attention in light of demographic change. Results so far, however, remain 

controversial. While some studies found acceptable prediction results based on (non-)brain 

metrics, others, particularly in older adults, showed non-significant results. These differences 

might be due to the fact that a) age-related cognitive changes are partly non-linear and b) 

demographic and health-related factors might affect cognitive abilities differentially across 

adulthood. Therefore, the current study used a large sample from the German National Cohort 

(NAKO) to systematically examine the predictability of cognitive abilities based on brain, 

health-related and demographic data across the adult lifespan. First, the NAKO sample (N = 

23,863; 48 +/- 12 y.) was stratified into decades: 25-35y.; 35-45y.; 45-55y.; 55-65y.; 65-75y. 

Brain summary statistics (e.g. total grey and white matter (WM) volume; 23 features), health-

related (e.g. body-mass-index, cholesterol levels; 12 features) and demographic (i.e. age, sex, 

education; 3 features) data were used as input to predict four cognitive scores (episodic memory, 

interference, verbal fluency, verbal working memory) using a machine learning (ML) approach. 

ML performance, i.e. coefficient of determination (R2), was assessed using a repeated nested 

cross-validation and four regression algorithms. Regarding the whole sample, results revealed 

adequate predictability for episodic memory (R2: < .21) and interference (R2: < .19) and low 

predictability for verbal fluency (R2: < .06) and working memory (R2: < .08). Moreover, 

prediction power notably decreases when examining each decade separately, with almost no 

differences between decades (R2: -.09 to .09). Regarding the input features, demographic factors 

seem to best predict cognitive performance across functions, with only small added value when 

integrating brain or health-related factors into the models. Current results accentuate 

demographics to outperform both, brain and health-related factors in predicting cognitive 

abilities in a large sample spanning the whole adulthood. Contrary to the hypothesis of a worse 

prediction at older ages, prediction appeared to be similarly low in each decade. Hence, sample 

size seems to matter even more than sample homogeneity. Including a wide age range for 

reaching large sample sizes, though, could come at the cost of predicting a hidden age effect. 

Given the differential predictability of distinct cognitive abilities even in the large sample calls 

for further investigation of the complex relation of various factors with cognition. 
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Abstract: Neural responses to the cardiac rhythms, known as heartbeat evoked responses (HER), 

provides a unique avenue for investigating the interaction between the brain and the heart, 

pivotal for various physiological and cognitive functions. Age is recognised as a significant 

factor influencing this interaction, given its impact on both the structural and functional aspects 

of the brain and the cardiovascular system. However, the precise nature of this interaction during 

the healthy aging process remains elusive. To gain a deeper understanding, our objective in this 

study is to examine how the cardiac rhythms influence spontaneous brain rhythms by utilizing 

HER as a measure, alongside exploring the underlying networks across a healthy aging (N=620; 

Female = 49.52%) cohort and to identify and characterize the workings of brain networks which 

prominently represents the HER. We report that (1) HER exhibit time-locked activity within the 

180-320 ms post R peak of the electrocardiogram (ECG) waveform and the amplitude of this 

evoked activity significantly decreases across lifespan aging for both genders (r= -0.1963; 

p<0.001), (2) assessment of the mechanism behind HER shows the increasing inter-trial phase 

coherence (ITPC) values in the theta frequency band (r = 0.2236; p<0.001) than altering the 

spectral power across the age, (3) neural sources of HER were source localized to the right 

orbitofrontal cortex (OFC), right anterior prefrontal cortex (PFC) and left temporal pole (TP) (4) 

causal functional maps using granger causality (GC) revealed bidirectional interactions between 

OFC and PFC, OFC and TP and unidirectional interaction between PFC to TP. Additionally, GC 

values showed an increase from TP to OFC (r = 0.1728; p<0.001) and from PFC to TP (r= 

0.1530; p<0.001) across age, indicating compensatory mechanisms in play to maintain 

homeostasis. Overall, these findings provide a comprehensive understanding of the interaction 

between heart and brain in healthy aging and present opportunities to identify non-invasive 

markers for characterizing pathological development in neurological and cardiovascular 

functions. 
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Abstract: Aiming at understanding the pathomechanism of white matter lesions (WML), 

decoding their spatial patterns might improve our understanding of their relation to the subject’s 

cardiovascular health. While most studies focus on quantifying WML total burden or visually 

classifying superficial and deep WML, this study aims at identifying WML spatial distribution 

patterns and characterize them based on the arterial blood supply to the white matter. Data, 2 

large population-based cohorts: 1000BRAINS (n=1,040, 18-87 years) & NAKO (n=27,559, 19-

74 years). Total amount, and the center of WML mass were calculated - BIANCA. Risk factors 

for WML development and progression, i.e. age, sex, blood pressure, hypertension medication, 

smoking status, diabetes diagnosis and cholesterol levels were summarizes in a composite 

‘cardiovascular age’ (CA) score. A clustering analysis was applied to all 3 features: WML total 

volume, WML center of mass, and the CA. To characterize each pattern, we assessed WML 

loads in 30 territories of the Digital 3D Brain MRI Arterial Territories Atlas and tested for each 

cluster the mean WML distribution in each arterial territory surpassing 95% bootstrap 

confidence. Analysis was conducted independently in both cohorts. 4 clusters were identified as 

common in terms of WML load, affected arterial territories and CA. In the 1st cluster, 

participants show the youngest CA, lowest overall WML load focused in the frontal lobe, while 

in this stage only the lenticulostriate (LS) territory was affected. With rising CA, patterns seem 

to evolve to wider distributions with heavier load and more affected territories described as the 

2nd and 3rd common cluster: one with frontal WML distribution affecting the medial & lateral 

LS territory, and frontal part of the middle cerebral artery (MCA); and another with occipital 

WML distributions affecting the occipital part of the posterior cerebral artery (PCA). In the 4th 

cluster, participants with the oldest CA showed highest volume of lesions across all lobes 

affecting widespread arterial territories, comprising parts of the MCA and also PCA, and medial 



and lateral LS territory. Specifically in NAKO subjects, one additional cluster was found 

characterizing a stage between clusters 3 and 4, affecting the parietal and temporal parts of the 

MCA and the PCA. We were able to automatically identify patterns that exhibit varying degrees 

of WML accumulation in specific arterial territories, providing valuable insights of the WML 

spatial distribution in relation to the subject’s cardiovascular health. This could help explain 

associated cognitive alterations or used as new markers to characterize WML in cohort studies. 
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Abstract: The neurogenesis-promoting effects of exercise have been extensively studied, yet the 

molecular mechanisms that underlie these responses remain unclear. Here, we propose that this 

is mediated by the exercise-induced vesicular Zn2+ release. Using knockout mouse models, we 

confirmed that zinc transporter 3 (ZnT3), which is a membrane Zn2+ transporter that is 

responsible for concentrating Zn2+ into neuronal presynaptic vesicles, is essential for the 

exercise-induced increase in adult hippocampal neurogenesis. In vivo zinc infusion increased 

hippocampal neuronal progenitor cell (NPC) proliferation and adult neurogenesis. The 

combination of dietary zinc supplementation with exercise restored neurogenesis and reversed 

age-related cognitive decline, suggesting potential therapeutic relevance. These results provide a 

molecular mechanism linking exercise-induced changes in the brain environment to the 

activation of quiescent hippocampal NPCs and their subsequent recruitment into the neurogenic 

pathway. 
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Abstract: COVID-19 has affected over 160 million individuals globally and the long-term 

effects on older adults are still being elucidated, with potential insights into the connection 

between viral infections and Alzheimer's disease (AD) and related dementia awaiting 

exploration. A cohort of 529 older adult Amerindians from Argentina, including 453 individuals 

with confirmed COVID-19 and 76 controls, underwent comprehensive neuropsychiatric and 

cognitive assessments, neurological exams, and T1-weighted anatomical MRI scans. Volumetric 

segmentation of the MRI scans was conducted using MUSE. The neuroimaging volumetric data, 

along with demographic information, COVID-19-related variables such as vaccines, anosmia, 

age, PCR, variants, and risk of hospitalization, and cognitive assessments, were utilized for 

clustering techniques employing Ward’s method with half-square Euclidean distance, allowing 

for the categorization of subjects within each domain of knowledge. Subsequently, clusters were 

co-clustered across domains, and the coincidence rate between domains (co-clustering) was 

assessed using hypergeometric statistics (Fisher’s Exact Test) and regular regressions 

accompanied by T-tests. Four cognitive clusters were identified, assessing different aspects of 

cognitive function, including cognitive processing speed and executive functioning, visual and 

semantic memory, comprehensive attention, memory, and executive function, and semantic 

memory retrieval and category-specific knowledge. Additionally, three volumetric clusters 

indicated reduced brain volumes in regions related to memory, emotion regulation, and sensory 

processing, including the angular gyrus, corpus callosum, amygdala, hippocampus, thalamus, 



and fornix. Significant correlations observed between imaging and cognitive data suggest an 

expected link between clusters, with anosmia analysis possibly indicating olfactory dysfunction 

with both imaging and cognitive clusters. Furthermore, analysis revealed significant associations 

between cognitive data and COVID-19 variables and COVID-19 and imaging data, implying 

potential relationships between different domains, as anticipated. However, the expected decline 

in cognitive functions is significantly influenced by the presence or risk conditions associated 

with COVD-19 variables, highlighting the importance of considering these factors. Our findings 

suggest that all SAR-CoV-2 variants, including those up to the omicron wave, are equally likely 

to contribute to cognitive impairment in older adults, with acute illness severity playing a 

modulatory role. 
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Abstract: Working memory (WM) deficits play a significant role in age-related cognitive 

decline, but the underlying mechanisms remain unclear. The present study explores behavioral 

(n-back performance) and neural (EEG decoding) differences in WM updating between healthy 

younger adults (YA) and healthy older adults (OA). Specifically, this study investigates whether 

YA and OA rely on active or passive retention mechanisms during a WM updating task, and how 

these mechanisms relate to behavioral performance. To address these questions two age groups, 

(YA N=48, Mage=19.9 years; OA N=47,Mage=70.68 years) performed 1-back and 2-back WM 

tasks during EEG recording. Preliminary analyses of the 1-back task revealed significant 



decoding of stimulus representations for both YA and OA during both the stimulus presentation 

and the early delay period, but not the late delay period. This lack of sustained decoding 

throughout the delay period is consistent with hypotheses on passive, “activity-silent” short-term 

retention mechanisms. Additionally, OA showed higher, more sustained delay-period decoding, 

consistent with a compensatory recruitment account of age differences in WM. Preliminary 

analyses of the 2-back task revealed further evidence for passive retention of stimulus 

representations, as both YA and OA failed to show significant decoding throughout the delay 

period of the task. In contrast to the 1-back task, there were no significant differences in 

decoding between age groups for the 2-back task. Interestingly, both age groups showed 

lingering decoding of the 1-back item, as well as “activity-silent”retention of the 2-back item, 

when participants should have been actively processing the 2-back item in preparation for the 

recognition probe. This suggests that participants were not appropriately switching attention to 

actively prioritize maintenance of the relevant item over the potentially interfering item during 

the task. Surprisingly, both younger and older adults appear to rely on passive retention and 

stimulus-driven recognition processes, in place of active maintenance and updating processes, to 

perform the n-back task. This study provides insight into age-related differences in WM 

updating, indicating potential compensatory mechanisms in older adults due to less efficient 

reliance on passive short-term retention and recognition memory processes. 
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Abstract: Advanced aging is associated with robust changes in neural activity. In addition to the 

well-established age-related slowing of the peak alpha frequency, there is a growing body of 

evidence showing that older age is also associated with changes in alpha power and beta power. 

Despite the important progress that has been made, the interacting effects of age, brain region, 

and frequency band have not been directly tested in source space while controlling for aperiodic 

components. In the current study we address these limitations. We recruited 54 healthy young 



and elderly adults and measured neural oscillations using a high-density EEG system during a 

resting-state with eyes closed. After preprocessing the EEG data and controlling for aperiodic 

components, we computed alpha and beta power in both sensor and source space. Permutation 

two-way ANOVAs between frequency band and age group were performed across all electrodes 

and across all dipoles. Our findings revealed significant interactions in sensorimotor, parietal, 

and occipital regions. The pattern driving the interaction varied across regions, with older age 

associated with a progressive decrease in alpha power and a progressive increase in beta power 

from posterior (parietal) to anterior (sensorimotor) regions. Our findings demonstrate that age-

related changes in neural oscillations vary as a function of brain region and frequency band, and 

have implications for better understanding age-related changes in the neural circuits that 

subserve cognitive function and motor performance. 
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Abstract: Tau pathology accumulates in the perirhinal cortex (PRC) of the medial temporal lobe 

(MTL) during the earliest stages of Alzheimer's disease (AD), often appearing decades before 

clinical diagnosis. It has been demonstrated in previous research that the PRC plays a critical role 

in the visual discrimination of novel objects as well as faces. To detect subtle cognitive 

impairment associated with volume changes in the PRC, we assessed visual discrimination of 

computer-generated novel objects (“greebles”) and faces in 70 community-dwelling older adults 

(age range = 60-87 years; mean age = 73.0; mean education = 16.7 years; range = 9-27; 39 

female) who varied in cognitive status as determined by the Montreal Cognitive Assessment 

(MoCA). Furthermore, we examined the relationship between visual discrimination performance 



and MTL subregion volumes, including the PRC, as established by high-resolution structural T2-

weighted MRI scans. In order to determine MTL subregion volumes, we used the Automatic 

Segmentation of Hippocampal Subfields (ASHS) and an atlas that was trained based on the 

Olsen-Amaral-Palombo (OAP) manual segmentation protocol. Detailed quality control was 

carried out on the automated segmentations and manual corrections were made in order to obtain 

the final volumes. Results indicated that age was significantly negatively associated with visual 

discrimination performance on the greeble condition (R =-0.34) and face condition (R=-0.39), 

MoCA score (R=-0.33), and PRC volume (R=-0.26). As expected, we observed significant 

positive correlations between MoCA scores and PRC volumes (R = 0.29). We observed 

significant positive correlations between PRC volumes and visual discrimination for faces (R = 

0.22) but not for greebles (R = 0.01). The significant relationship between PRC volumes and 

MoCA scores, as well as the relationship between MoCA scores and visual discrimination task 

performance, supports the potential use of visual discrimination tasks to detect subtle cognitive 

changes in mild cognitive impairment and AD. 
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Abstract: Background: A key question in neuroscience is the extent to which brain composition 

and structure contribute to cognitive performance. Hence, we explored the influence of two 

features of the cerebral cortex on neuropsychological test performance: its myelination and 

cortical thickness. Myelin found within the cerebral cortex (intracortical myelin) is proposed to 

facilitate the synchrony of neural networks within the brain, contributing to cognition 

(Haroutunian et al., 2014). There is limited information on whether a thicker cortex is linked to 

better cognitive performance, however, cortical thinning has been implicated in cognitive 

decline. We investigated associations between neuropsychological test scores and cortical 

features measured with 3D whole-brain magnetic resonance imaging (MRI). These were: the 

longitudinal relaxation rate (R1) (a proxy measure of intracortical myelin amounts), and cortical 

thickness. Methods: MRIs were obtained from 78 healthy individuals using 3T scanners across 5 

sites, and corrected for inter-site variation. An inversion-recovery gradient-echo T1-weighted 

anatomical image was collected at 1 mm isotropic resolution for registration and segmentation. 

R1 maps were calculated from two inversion-recovery gradient echo images made at different 

inversion times. FSL’s FLIRT tool was used to register the anatomical image and R1 maps into 

the same space. Regions of interest (ROIs) were defined from the anatomical images using 

Freesurfer, Connectome Workbench, and the MMP atlas (Glasser et al., 2016). Participants were 

tested on: the Wechsler Abbreviated Scale of Intelligence-II (WASI-II) Vocabulary and Matrix 

Reasoning subtests, the Weschler Test of Adult Reading (WTAR), the Stroop Adult Colour and 

Word, Trail-Making Test (TMT) A and B, the Brief Assessment of Cognitive in Schizophrenia 

(BACS) Symbol Coding, the Weschler Memory Scale-III (WMS-III) Spatial Span, Letter-

Number Span, and Category Fluency tasks from the MATRICS Consensus Cognitive Battery. 

Pearson’s correlation coefficients were calculated between scores on each task and each of R1 

and cortical thickness. These were plotted across ROIs in surface space. Results: R1 generally 

showed weak positive correlations (r2 = 0-0.17) in most cortical regions for most tests 

administered, suggesting that intracortical myelin might support some aspects of cognition. For 

BACS Symbol Coding, Letter-Number Span, Category Fluency, Matrix Reasoning and 

Vocabulary tasks, the directionality of the correlations varied regionally. Cortical thickness 

showed more regional variation in directionality, and more negative correlations with test scores 

(r2 = 0-0.12). 
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Abstract: Neurocognitive aging studies aim to identify the neural mechanisms underlying 

cognitive decline in aging. Previous studies, including some from our lab, have demonstrated 

that cerebral blood flow (CBF) is integral for effective processing speed (PS) in both younger 

and older adults. As older adults decline in CBF, there is an associated downturn in PS. CBF can 

be estimated as the summation of flow through the left and right internal carotid arteries (ICAs) 

and the left and right vertebral arteries (VAs), and our lab has previously shown that age-related 

decreases in total flux through the four arteries has similarly been associated with PS decline. 

However, it has yet to be investigated (1) whether variance in some arteries contributes more to 

PS variance than others, (2) whether there are hemispheric distinctions in these contributions, 

and (3) whether distinctive contributions are different between age groups. In this study, 74 

younger adults (18-34 yr, Mage = 23.33 yr) and 65 older adults (50-81 yr, Mage = 61.68 yr) 

completed an outside-scanner neurocognitive battery including tasks of PS (i.e., the Digit-

Symbol Substitution Task, the Number Comparison Task, and the Box Completion Task). 

Additionally, while at rest, participants completed four 3T phase contrast (PC) MRI scans. Each 

scan was localized at the level of the neck to left or right VAs and left or right ICAs (single slice, 

flip angle = 15°, TR = 20 ms, TE = 6.9 ms, voxel size = 0.45 × 0.45 × 5 mm, maximum velocity 

encoding (VENC) = 80 cm/s, 4 signal averages, scan duration = 0.5 min). PC MRI utilizes phase 

information to encode the flux, cross-sectional area, and velocity of the venous blood. For both 

age groups, blood flow flux in the left hemisphere (IA + VA) was associated with PS while no 

arterial characteristics were associated with PS in the right hemisphere. In particular, left VA was 

associated with PS in younger but not older adults, while left ICA was associated with PS in 

older but not younger adults. Results suggest the hypothesis of a plausible vascular basis for age-

related PS declines that underlie cognitive aging. 
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Abstract: Phospholipids play a crucial role in brain functions, including neuronal 

communication and synaptic plasticity. Brain phospholipid composition changes in aging and 

neurodegenerative diseases and has been implicated in cognitive decline. The goals of this study 

were to characterize exactly how aging alters the spatially-resolved brain lipidome and to 

determine the degree to which such age changes are modifiable with chronic vagus nerve 

stimulation (VNS) in different brain regions. Brains from young (4 months) and aged (24 

months) Fischer 344 x Brown Norway F1 hybrid rats were processed for spatial lipidomics by 

matrix-assisted laser desorption/ionization mass spectrometry (MALDI-IMS) imaging. Relative 

to young, aged rats had increased long chain highly saturated phospholipid species which are 

typically associated with inflammation and oxidative stress. In contrast, aged rats had reduced 

long chain unsaturated phospholipid species which are generally neuroprotective. We next 

determined the extent to which these age-related changes were modifiable by VNS. A separate 

cohort of aged (24 months) Fischer 344 x Brown Norway F1 hybrid rats were surgically 

implanted with a 4-channel VNS cuff electrode around the left vagus nerve. After recovery, rats 

received 30 days of VNS using stimulation parameters (100 stimulus trains over 1 hr; 30Hz, 120 

µS pulse width, 700 µA, 0.8 s train duration) previously shown to enhance cortical plasticity. 

MALDI-IMS imaging compared the lipidome between VNS and aged rats receiving sham 

stimulation. Overall, VNS mitigated many of the age-associated changes in phospholipid 

composition, indicating both that lipid composition is highly modifiable even in the aged brain 

and that VNS has potential to rewire age-related changes in brain lipid metabolism. Additional 

spatial analysis is ongoing to characterize regionally specific effects of aging and VNS on brain 

lipidome. 
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Abstract: Understanding the Link between Insulin Resistance and Cognition: A cross-

sectional study conducted in an Urban, South Indian cohort-AuthorsThomas Gregor Issac, 

Latha Diwakar; Centre for Brain Research, Indian Institute of Science, Bengaluru, 

IndiaDisclosureThomas Gregor Issac: None, Latha Diwakar: NoneAbstractRecent research 

suggests that metabolic dysregulation caused by insulin resistance (IR) can have a negative 

impact on cognition. Therefore, the objective of this study is to explore the role of IR as an 

independent metabolic risk for decreased cognitive performance. The study included 1072 non-

demented participants aged 45 years and above were recruited from the Tata Longitudinal Study 

of Aging (TLSA). Fasting insulin and blood glucose levels were collected during the baseline 

visit. Homeostatic Model Assessment of IR (HOMA-IR) formula was used to calculate IR. 

Cognition was assessed using Addenbrooke’s Cognitive Examination III (ACE III) and 

COGNITO neuropsychological test battery. Generalized Linear Model (GLM) was performed to 

find the relationship between the IR category and cognition. The brain imaging was conducted 

using a 3 Tesla MRI system. The cortical volumes were acquired using Freesurfer software 

(v7.2.0)12. Further, GLM analysis was performed for MRI variables. The estimated general 

prevalence of IR among study participants is 56.3%. After adjusting for sociodemographic 

characteristics, affective disorders, metabolic risk factors and APOE4, GLM showed that 

participants with IR scored less in ACE attention (β=-0.396, p<0.05) and auditory attention (β = -

0.392, p<0.05) tasks in comparison with healthy participants. GLM analysis for MRI indicated 

that participants with IR had a decrease in the left hemisphere brain volumes like amygdala 

(p=0.0012), inferior temporal lobe (p=0.002), lateral orbitofrontal cortex (p=0.005), superior 

temporal insula (p=0.017), middle temporal lobe (p=0.002), entorhinal (p=0.049), and right 

hemisphere brain volumes like precuneus (p=0.025), and insula (p=0.002). Our study findings 

conclude that participants with IR experienced a significantly poorer cognitive performance 

related to auditory attention. Furthermore, the study also revealed that IR is associated with 

decreased brain volumes in specific regions. With the changes in lifestyle and dietary pattern, 

there is an increased risk of developing metabolic syndrome that can further cause cognitive 

deficits. Therefore, if the metabolic risk factors are addressed at the earliest, progression to 

cognitive decline can be prevented or delayed. 
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Abstract: In this study, we evaluated age-related differences in fMRI activations in cognitive 

control, sensory-motor processing, and practice effects during multi-tasking. This fMRI task is a 

slightly modified version of our previously developed embedded-cue, hybrid-block design, task-

switch fMRI paradigm (Basak et al., 2018; Nashiro et al., 2018), but using a very fast TR (~500 

ms). The task has two single task blocks (one for odd/even judgment and one for higher 

than/lower than 5 judgement) and three dual mixed-task blocks, where the two single tasks are 

randomly mixed. Our sample consisted of 24 younger adults (18-30 years) and 60 cognitively 

healthy older (65 years or more) adults. The age-contrasts of the block design, whole-brain 

analyses showed significant age-differences only in dual, but not single, tasks. Younger adults, 

compared to older, recruited lateralized prefrontal brain regions that serve cognitive control 

processes (left and right middle frontal gyrus; left frontal pole). However, older adults showed 

overactivations in motor processing areas of the brain, viz. left and right cerebellum. We further 

investigated the effects of practice on cognitive control aspects of task-switching by analyzing 

the three dual task blocks separately. For the first dual block, younger adults overactivated left 

frontal pole, right and left middle frontal gyrus, and right occipital gyrus, whereas older adults 

overrecruited cerebellum. In the later dual blocks, younger adults showed consistent 

overactivations of the lateral prefrontal cortices, but older adults showed overactivations not only 

in the cerebellum but also in the precuneus. We therefore conclude that younger adults, in 

contrast to old, show greater neural efficiency in sensory processing of visual information with 

practice, but continue to engage the lateral prefrontal cortex needed for cognitive control during 

task-switching. However, older adults, compared to the young, show greater and consistent 

reliance on motor processing brain regions as well as increased over recruitment of precuneus 

that may be signs of attempted compensation in aging brains. These findings suggest that there 

are age variations in compensatory recruitment, neural efficiency, and consistent over-

recruitment of differential networks with task repetition, which has been overlooked in past 

studies of cognitive control. 
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Abstract: Brain signals, which reflect cognitive and motor functions, often exhibit complex, 

non-linear dynamics. Researchers utilize methods like Higuchi’s fractal dimension (HFD) to 

probe these nonlinear dynamics. However, there are discrepancies in the literature regarding how 

HFD changes with healthy aging, potentially stemming from differences in computational 

techniques and frequency ranges employed across studies. Further, previous studies have shown 

that oscillatory power in alpha and gamma bands reduces with healthy aging, as well as the slope 

of the power spectral density (PSD) becomes shallower. These changes could also influence 

HFD, but the relationship between HFD, oscillatory power and PSD slopes is unclear. To resolve 

this disparity, we studied frequency-dependent changes of HFD with age and its correlations 

with the known age-related changes of PSD oscillations and slope. We analyzed 64-channel 

electroencephalogram (EEG) data obtained from a cohort of 217 elderly individuals aged 50-88 

years, both under baseline conditions with eyes open and during the presentation of an 

achromatic grating stimulus that induced strong gamma oscillations. In the baseline eyes open 

state, with age, HFD increased at frequencies upto 150 Hz and showed opposite trend at higher 

frequencies. Interestingly, this change in HFD was opposite to the age-related change in the PSD 

slope. Furthermore, the stimulus-induced change in HFD exhibited an inverse relationship with 

alterations in oscillatory power within the alpha (8-12 Hz) and gamma (25 - 70 Hz) frequency 

ranges, indicating that the presence of oscillations reduced HFD. Therefore, HFD effectively 

captures changes in the oscillatory signatures such as alpha/gamma oscillations as well as the 1/f 

slope of the PSD, both recognized markers of excitation-inhibition (E-I) balance in neural 

circuits. Consequently, HFD holds promise as a potential biomarker for evaluating E-I balance 

alterations associated with healthy aging as well as various neurological disorders, offering 

invaluable insights into brain function across health and disease states. 
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Abstract: Memory loss is a hallmark of Alzheimer’s disease (AD), which is increasing in 

prevalence due to aging and obesity. Serotoninergic neurons are involved in the regulation of 

memory and body weight in rodents. Here, we find that young adults with severe obesity 

carrying loss-of-function mutations affecting the Serotonin 2C receptor (5-HT2CR) have 

significantly impaired memory. Furthermore, a mouse model of a human 5-HT2CR mutation has 

impaired learning and memory. We demonstrate that midbrain serotonin neurons synapse with 

neurons expressing 5-HT2CRs in the ventral CA1 (vCA1) region of the hippocampus. Disruption 

of serotonin synthesis and of 5-HT2CRs on vCA1 neurons, markedly reduces long-term 

potentiation, a component of synaptic plasticity, essential for learning and memory. Moreover, a 

selective 5-HT2CR agonist, lorcaserin, improves synaptic plasticity and corrects memory loss in 

an AD mouse model. We conclude that 5-HT2CR signaling regulates cognitive function and body 

weight, findings which have implications for the treatment of obesity and AD. 
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Abstract: There are several biomarker and brain changes associated with canine aging that 

parallel neuropathological changes seen in human Alzheimer’s Disease (AD); the canine 

microbiome is no exception. Many inflammatory diseases are linked to the microbiome, often 

with changes in microbial communities preceding the onset of such diseases. This study aimed to 

explore the relationship between cognitive performance of aged dogs and both gut and salivary 

microbiota. The cognitive domain specifically examined in this study was short-term visuospatial 

working memory assessed with a variable delay non-matching to position (varDNMP) task with 

20 and 90-second delays. Sixteen dogs, aged 6 to 15 years, were tested on the varDNMP task. 

Subjects whose accuracy was >60% were classified as cognitively competent, whereas subjects 

with accuracy of 60% or less were classified as cognitively impaired. Fecal and saliva samples 

were collected from all subjects, prepped and fixed in a Zymo DNA/RNA shield, and frozen to 

preserve the bacterial loads. DNA was extracted from the samples using the Qiagen MagAttract 

PowerSoil DNA KF Kit, optimized for automated extractions on the ThermoFisher KingFisher 

robot. Fecal samples were analysed using the shallow shotgun sequencing method, which 

involved sequencing on the Illumina Next Seq (2X 150 BP), targeting an average of 0.5-2 

million reads per sample. Saliva samples were analysed using the shotgun metagenomic 

sequencing method, which involved sequencing on the Illumina Next Seq High Output (2X 150 

BP), targeting an average of 7 million reads per sample. We found that Firmicutes and 

Bacteroidetes were the most abundant taxa in all subjects regardless of cognitive status. Previous 

canine studies identified fewer Actinobacteria in subjects with increased performance on 

memory tasks, and in humans, Actinobacteria is increased with AD. Both Actinobacteria and 

Proteobacteria taxa were found in less abundance overall in our samples, however analyses of 

these taxa exhibited high individual variation. The relative abundance of both Actinobacteria and 

Proteobacteria in this study was inversely correlated with cognitive status. Tracking cognition 

and microbiome composition over time may be a valuable tool in identifying trends that will help 

further establish the relationship between cognitive performance and gut and salivary microbial 

communities. Human gut-brain axis studies suggest that throughout aging, Firmicutes and 

Bifidobacteria decrease, but Proteobacteria increases. A larger sample size across a wider age 

range will help verify if this is a consistent finding in dogs and how such changes relate to 

cognitive function. 
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Abstract: Mammalian evolution has produced a broad diversity of behavioral phenotypes, from 

species that dig and climb to those that sing and speak. Understanding the genomic basis of these 

traits depends on deepening our understanding of the cell types and transcriptomic signatures of 

motor cortex (M1), the primary cortical output for behavior. To address this need, we conducted 

10X single nucleus RNA-seq of mammalian motor cortex (M1) across 25 species, encompassing 

13 primates and 4 rodents, as well as diverse taxa including scandentians (northern treeshrew), 

lagomorphs (European rabbit), carnivorans (cat, coyote, and ferret), artiodactyls (pig), cingulates 

(nine-banded armadillo), and marsupials (short-tailed opossum). Analyzing over 1.5 million 

sequenced cells, we generated a consensus M1 cell-type taxonomy, providing a foundation for 

investigating the genomic evolution of mammalian brains. We identify shifts in the proportions 

of M1 cell types that vary across taxa, transcriptional specializations associated with specific 

lineages and phenotypes, and trace the evolutionary origins of human M1 innovations. We 

anticipate that this multi-species, multi-omic dataset will provide a valuable resource for further 

investigations into the molecular basis of trait evolution. 
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Abstract: Recently generated taxonomies of transcriptomically defined cell types (t-types) have 

revealed fine-grained distinctions between neurons in structures throughout the brain. Spatial 

transcriptomic experiments demonstrate that many of these t-types are found in specific locations 

within brain regions, and continuous transcriptomic variation across related t-types often follows 

spatial gradients. In the basal ganglia, topographic projections into and out of the striatum enable 

the processing of information from different sensory and motor modalities in parallel; in 

addition, there are approximately fifty t-types of medium spiny neurons (MSNs) in the mouse 

striatum that exhibit specific spatial distribution patterns. However, it remains unclear how 

spatial and transcriptomic variation relate to each other and to other intrinsic properties of the 

neurons, such as their electrophysiological characteristics and morphologies. To characterize 

these relationships, we performed Patch-seq experiments on these MSNs as well as other cell 

types of the basal ganglia. We measured their electrophysiological intrinsic properties by a 

standard whole-cell patch-clamp protocol, filled the cells with biocytin for morphological 

reconstruction, and recovered the cytosol and nucleus for single-cell transcriptomic profiling and 

mapping to t-types. We also identified the locations of recorded cells in the Allen Common 

Coordinate Framework to relate the measured properties to spatial location. We find that major 



gradients of transcriptomic expression, electrophysiological properties (such as the shape of the 

action potential), and morphological properties (such as the extent of the dendritic arbor) co-vary 

systematically across MSNs in the striatum. Cholinergic interneurons of the striatum also exhibit 

coordinated variation in transcriptomic expression and electrophysiological properties along 

similar spatial patterns. We also characterize differences across types in transcriptomic 

expression and other properties that do not follow the same spatial gradients. Identification of the 

aspects of cell type variation that do and do not correspond with spatial distributions improves 

our understanding and description of the cell type landscape and its relationship to 

topographically organized circuits across the brain. 
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Abstract: The basal ganglia plays an essential role in associational learning, planning and 

coordination of movement and whose dysfunction results in a myriad of neurological conditions. 

At the Allen Institute, we are building atlases of the human and non-human primate brain and 

have deeply characterized diverse cell types of the basal ganglia across human, macaque and 



marmoset. Using single nucleus multi-omic profiling, we jointly profiled the transcriptomic and 

epigenetic signals from over a million cells from the primate basal ganglia. Leveraging these 

multi-omic profiles, we identified markers and gene regulatory elements that are highly cell type 

specific. We aligned primate and rodent basal ganglia taxonomies to identify homologous cell 

types across species based on conserved gene expression, open chromatin, spatial localization 

from MERSCOPE experiments. These homologous types include conserved regulatory DNA 

sequences that determine cell-type specific molecular properties underlying their unique cellular 

biology. Characterizing this DNA sequence logic will help drive development of cell type-

specific viral genetic tools for functional testing and therapeutic applications. 
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Abstract: The basal ganglia are a set of subcortical nuclei critical for motor selection and 

reinforcement learning, and with relevance to a range of disruptive human disorders, such as 

Parkinson’s disease, Huntington’s disease, and drug addiction. Despite the ancient nature of this 

structure, studies have revealed differences between rodents and primates, suggesting exaptation 

of this ancient design. Recent transcriptomic analyses in primates have pointed to considerable 

diversity of medium spiny neurons (MSNs) in the striatum (He et al., 2021), and primate-specific 

interneuron types (Krienen et al., 2020). While there exists an extensive literature on neuronal 



properties in the rodent basal ganglia, relatively less is known about the electrophysiological and 

morphological properties of primate basal ganglia neurons. In conjunction with efforts to create 

high-resolution basal ganglia taxonomies in non-human primates as well as humans and mice, 

we are can now develop a rich characterization these transcriptomically-defined neuronal types. 

We collected patch-seq data in ex vivo brain slices from Macaca nemestrina and Macaca mulatta 

obtained from the WA National Primate Research Center tissue distribution program to test for 

cell type specific differences in intrinsic membrane and morphological properties. Using 

enhancer based adeno-associated viral vectors, we are able to target rare cell types, such as 

cholinergic interneurons, which comprise only ~1% of the striatal neuronal population. The 

morpho-electric properties of striatal interneuron subclasses were highly diverse, differing in 

electrophysiological properties such as spike width, input resistance, afterhyperpolarization, and 

Ih-related sag. The primate-specific TAC3 interneuron class had unique properties with some 

similarities to fast spiking interneurons. In contrast, MSNs showed graded differences across 

compartments and along anatomical gradients related to the topographical projections from and 

to motor, sensory, associational, and limbic areas. We expect the use of a common circuitry for 

control of these different functional systems to require adaptation of the common elements. 

Intriguingly, D1/D2-hybrid MSNs and a novel group of MSNs not found in mouse both had 

relatively distinct electrophysiological properties from other MSN types. These results will 

contribute to a broad understanding of neurons in the primate basal ganglia and provide more 

accurate data for future modeling explorations. Finally, comparisons with the rodent basal 

ganglia will provide essential considerations for the development of therapeutics as well as for 

the understanding of primate evolution. 
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Abstract: The basal ganglia are a set of subcortical structures critical for motor control, 

particularly in the context of action selection, motor learning and emotional state, whose coarse 

functional organization is well-described in the literature. Molecular studies have further 

revealed the extensive cellular heterogeneity within the basal ganglia, with recent single-nucleus 

RNA sequencing of the striatum emphasizing the extensive transcriptomic diversity present in 

these structures. However, it has been difficult to relate this transcriptomic diversity to the 

existing spatial parcellations - anatomical, neurochemical , and functional- of the basal ganglia. 

Here, we present our progress towards bridging this gap by building a cellular-resolution, spatial 

atlas of transcriptomic diversity across basal ganglia structures in the marmoset as part of the 

NIH Brain Initiative Cell Atlas Network (BICAN). We describe how different elements of our 

data generation and processing pipeline —the spatial transcriptomic platform (MERSCOPE or 

Xenium), cell segmentation algorithm, and the method used to map spatial transcriptomic cells to 

single-nucleus RNAseq reference taxonomies—can impact spatial measurements of cell type 

distributions. In addition to detailing proportions and distributions of RNAseq-defined cell types 

within and across basal ganglia structures, we also focus on data-driven parcellation to identify 

and characterize structures within the basal ganglia based on spatial gene expression data alone. 

Furthermore, the simultaneous generation of complementary spatial transcriptomic atlases in the 

macaque and human, as part of BICAN, has enabled us to explore shared and divergent cell type 

features across marmoset, macaque, and human. This work will provide a detailed framework for 

a wide range of investigations into basal ganglia circuit function with unprecedented molecular 

resolution and the potential for translation of circuit and functional features across species. 
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Abstract: The primate brain is highly complex and composed of many cell types organized into 

distinct regions. Although single-cell RNA-Seq studies have greatly enhanced our understanding 

of cellular diversity in the brain, the exact spatial distribution of cell types within the brain has 

been difficult to determine. Using MERFISH, a method that enables spatial profiling of hundreds 

of genes at subcellular resolution, we assayed gene expression in the macaque basal ganglia. Our 

dataset consisted of approximately 100 coronal sections spaced 1 mm apart, sampling the 

caudate, putamen, nucleus accumbens, globus pallidus, and substantia nigra. To process and 

analyze this large dataset, we created a pipeline consisting of 1) cell segmentation, 2) quality 

control, and 3) assigning cell-type identities. For cell segmentation, we fine-tuned a CellPose 

model on our data, using DAPI as a nuclear stain and total mRNA density to approximate the 

cytoplasm. We successfully applied this model in 3D and across species, which captured more 

realistic cell shapes and substantially improved accuracy compared to 2D methods. We 

performed several quality control steps to filter low-quality cells and doublets. We then mapped 

the remaining high-quality cells onto a reference single-nuclei RNA-Seq taxonomy to identify 

their transcriptomic cell type. The result is a high-quality spatial atlas of cells and their 

transcriptomic identities within the macaque basal ganglia. Our findings recapitulate several 

known patterns of gene expression and cellular organization in the basal ganglia and also 

introduce new ones. In the striatum, we observe clear boundaries between medium spiny neuron 

(MSN) subclasses in matrix and striosome, as expected. At the cluster level, we observe 

additional spatial patterns that suggest more fine-grained organization of cell types within the 

basal ganglia. For example, D1 and D2 striosome clusters exhibit medial-to-lateral gradients. In 

the matrix, D1 and D2 cells exhibit a variety of spatial patterns, with some forming opposing 

spatial gradients. We have also generated similar datasets for marmoset and human basal ganglia 

to enable cross-species comparisons of spatial gene expression and cell-type distributions. 

Together, these high quality spatial transcriptomic datasets will serve as a foundation for future 

whole-brain atlasing efforts and will ultimately shed light on the organization and evolution of 

the primate brain. 
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Abstract: The basal ganglia (BG) are a group of subcortical nuclei extensively studied for their 

roles in motor control, cognition, reward, and emotion. Neurons in the BG have been 

characterized at the molecular, cellular, physiological, and circuitry levels. However, a 

comprehensive, high-resolution taxonomy of cell types has not yet been fully established for the 

human BG, nor is there a consensus taxonomy for primate BG. Here, we conducted 10X single-

nucleus multi-omics sequencing on over half a million nuclei after sorting NeuN+, NeuN-

OLIG2+, NeuN-OLIG2- nuclei isolated from adult human BG. This included nuclei from the 

caudate, putamen, internal and external segments of the globus pallidus (GPi/GPe), nucleus 

accumbens (NAC), subthalamic nucleus (STN), and substantia nigra (SN). More than 400,000 

nuclei passed through our strict quality control, and over 300 clusters were grouped using 

hierarchical, iterative clustering algorithm. Leveraging hierarchical single-cell annotation tools 

and relevant accessible single-cell datasets, we identified each cluster and build the human BG 



taxonomy across class, neighborhood, subclass, and cluster levels. Many clusters exhibited 

pronounced regional specificity, particularly in areas such as the GPi and NAC. Notably, both 

astrocytes and oligodendrocyte progenitor cells were categorized into several distinct 

subpopulations, each displaying unique molecular characteristics and regional preferences. We 

are aiming to integrate our human BG taxonomy with those from macaques, marmosets, and 

mice, creating a consensus cross-species cell type taxonomy. This integration will help us 

identify both conserved and species-specific cell types. Furthermore, by leveraging RNA and 

ATAC modalities, we can precisely identify enhancer elements associated with these cell types, 

facilitating the development of novel genetic tools for studying BG functions and disorders. 
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Abstract: The entorhinal cortex is a crucial structure in the brain known for its role in spatial 

navigation, memory, and the processing and relaying of sensory information. Understanding how 

this structure has evolved over 200 years of mammalian evolution provides key information on 

how these traits have changed to fit a species’ niche, lifestyle, and functional needs. The 

entorhinal cortex is also highly associated with cognitive impairments including Alzheimer’s 

disease, schizophrenia, and epilepsy. Using cross-species comparisons of the entorhinal cortex 

provides a new understanding of how disease-associated traits, cell types, and gene expression 

have changed throughout evolution and provides insight on potential model organisms that better 

reflect human disease phenotypes. 

To generate this dataset, we used 10x multiomic snRNA-seq and snATAC-seq to sample the 

entorhinal cortex (EC) of 14 mammals, comprising six primates, three rodents, and a variety of 

other taxa including scandentians (northern treeshrew), carnivorans (ferret), artiodactyls (pig), 

cingulates (nine-banded armadillo), and marsupials (short-tailed opossum). Using the RNA-seq 

data we created a cross-species EC taxonomy showing conservation of cell types between 

species. We then utilized this taxonomy to observe lineage-specific differences in cell type 

proportions and abundance. We conducted differential gene expression analysis to investigate 

conserved and divergent patterns of gene expression, including primate lineage-, rodent lineage-, 

and human-specific features. This included identifying subclass-level marker genes across 

species, as well as transcription factors driving changes in gene regulatory networks within EC 

cell types. Finally, we provide a comparative analysis across mammals of transcriptional 

regulatory networks disrupted in human Alzheimer’s disease, putting these critical gene 

networks in the broader context of their evolutionary origins. 
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Title: Spatial transcriptomics of macaque brain and relationship to anatomical and functional 

organization 
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Abstract: Understanding the spatial organization of cell types in the brain is crucial for 

unraveling its complex functional and anatomical architecture. Here we present a spatial 

transcriptomic atlas of a macaque hemisphere using the Stereo-seq platform combined with 

structural and functional magnetic resonance imaging (MRI) and histological staining. Together, 

these data offer insight into the spatial distribution of diverse cell types and their relationship to 

anatomical and functional boundaries. Stereo-seq is a commercial spatial transcriptomic platform 

that captures the whole transcriptome at single-cell spatial resolution. Through this high-

resolution spatial transcriptomic profiling, we mapped the expression of thousands of genes 

across distinct anatomical regions of the macaque brain. Using spatial domain detection analysis, 

we were able to identify and align regional boundaries with spatial gene expression. 

Additionally, we used combinatorial gene expression in segmented cells to identify unique cell 

types. This analysis revealed areas of spatially restricted cell types along with broad, 

heterogenous spatial distributions of cell types. Furthermore, spatial patterns of cell types were 

also sufficient to identify regional boundaries. For example, cell types identified as layer 2/3 

intertelencephalic projecting, along with layer 6b corticothalamic cells mark the transition from 

primary visual areas to higher visual areas. Overall, these data provide valuable insights into the 

spatial organization of gene expression and cell types in the macaque brain and offer a 

foundation for understanding how this organization contributes to its complex functional and 

anatomical architecture. 
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Abstract: Building molecular atlases of the human and non-human primate brain requires 

dissecting complex anatomical regions in tiles that contain diverse functional areas and profiling 

with single nucleus multiomic sequencing. This strategy enables comprehensive coverage of 

brain regions but obscures the regional identities of cells that are dissected. Also, targeted 

dissection of brain regions can inadvertently include cells from neighboring anatomical regions 

which can complicate building regional cell type taxonomies. Here, we present a probabilistic 

framework for inferring the anatomical region from which a cell was isolated. Using Bayesian 

statistics paired with a mouse whole brain reference atlas of spatially localized cell types, we can 

infer the likely brain region of origin for cells sampled from other mammalian brains, including 

human and non-human primates. Such a strategy enables the categorization of cells into the most 

likely captured anatomic regions and expected coverage of cellular diversity. 
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Abstract: Single cell and spatial omic technologies continue to inundate the field of 

neurobiology with increasingly complex data investigating cellular states and responses. Each 

dataset produced provides more context into how a particular cell reacts to genetic manipulation, 

the presence of disease-relevant stimuli, and the influence of environmental factors. For 

example, investigation into microglia in neurodegenerative diseases has allowed the discovery of 

several disease-associated cell states that appear to contribute to both protective and detrimental 

effects of the innate immune system. However, the field lacks a singular consensus methodology 

for cell classification that is robust enough to withstand the large batch-, laboratory-, and 

platform-specific noise present in single cell and spatial data. Although many computationally 

intensive pipelines are under development, there is a need to streamline iterative gene-by-cluster 

annotation strategies. We propose a visualization-forward approach to cell classification that we 

call semi-automated hand annotation (SAHA). By creating an easily accessible package in R, we 

have lowered the barrier for entry-level and skilled bioinformaticians alike to 1) compare the 

transcriptional state of clusters within their own data, 2) identify overlap between their own 

clusters and any publicly available database, and 3) implement marker-free cell similarity 

analysis to overcome challenges in targeted or low-sensitivity experiments. SAHA was specially 

designed to be able to run on a desktop or laptop computer, where only summary files of a 

dataset may be accessible. SAHA provides the user with a classification, summaries of how that 

classification was reached, and the flexibility to choose a marker database that is most 

appropriate for their study. The default databases for SAHA are PangloaDB and the Allen Brain 

Atlas; however, any custom annotation databases may be specified given a list of cell states and 

respective markers. In contrast to machine-learning or integration-based annotation approaches 

that are fully automatic, SAHA’s semi-automatic pipeline allows researchers several checkpoints 

to fine-tune their annotations. Instructions for download and a vignette for implementation are 

freely available at www.github.com/neurogenetics/saha. 
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Title: Whole brain, cell type specific transcriptomic profiling of in vivo neurochemical 

perturbation 
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Abstract: The brain is composed of functionally distinct cell types that store and transmit 

information in a context-dependent manner. This interplay dynamically regulates both local and 

global neural activity. Relatively homogenous neuromodulatory networks, such as the locus 

coeruleus-norepinephrine (LC-NE) system, play an outsized role in dynamically regulating 

region- and cell-specific neural states through a host of receptor subtypes. Conventional methods 

lack the resolution or scalability to simultaneously measure receptor gene expression across 

multiple brain regions. Such methods are also unable to multiplex cell state readouts and 

perturbations. To this end, it is now possible to perform brain wide profiling of the 

transcriptomic response driven by selective release or inhibition of an active neurochemical such 

as NE. Until recently, the cost of single cell sequencing prohibited neuroscientists from routinely 

performing large-scale transcriptomic profiling. With the advent of efficient single-nuclei 

combinatorial indexing strategies, researchers can affordably profile millions of cells across the 

brain of intact animals undergoing controlled neural modulation. Here, we show the feasibility of 

this approach. We refine existing protocols for use in typical neuroscience experimental 

workflows and directly compare the impact of tissue dissociation methods and fixatives on 

transcript recovery, finding that the method performs similarly well across a range of conditions. 

To drive in vivo noradrenergic activity, we express excitatory designer receptors bilaterally in 

the LC of mice and administer clozapine-N-oxide for 10 days. Following tissue processing we 

recover the paired-end transcriptomic profiling of nearly 30,000 cells across the whole mouse 

brain. Using references such as the Allen Brain Cell atlas, we can predict individual cell type 

identity and confirm receptor gene expression distribution across cell types. In the cortex, 

adrenergic receptor gene expression is widespread, with a relative over-expression of the Adra1a 

subtype in inhibitory cells and Adra1d in some cortical intratelencephalic cell types. The Adrb1 

gene is most abundant in the cortex and is distributed across numerous cell types. We 

additionally confirm several cell-specific marker genes (including Slc17a7, Gad1, Aldh1l1, Mbp, 

and Pdgfrb) that are preserved in our data as compared to the reference atlas. This approach can 

be used to describe broad transcriptomic changes that occur in response to prolonged 

noradrenergic modulation, resulting in the affordable, flexible, and scalable ability to understand 

the complex role of neuromodulators across the brain. 
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Abstract: Single-cell transcriptomics and proteomics can provide complementary information 

about the form and function of neurons and glia throughout the brain. However, most high-plex 

spatial analyses to date have primarily utilized one of these two modalities to interrogate cell 

activity and cell-to-cell communication. Here, we simultaneously leveraged the detection of 68 

proteins and over 6,000 RNA targets on the same formalin-fixed paraffin-embedded (FFPE) 

human brain sections to perform extended segmentation of neural processes and integrated 

analyses of protein and RNA expression. 

Using a mult-iomic approach with the CosMxTM Spatial Molecular Imager (SMI), first high-plex 

protein panel targets were imaged via cyclic in situ hybridization chemistry. Next RNA targets 

on the same tissue section were exposed then hybridized, and finally RNAs were imaged using 

the same chemistry. The human neuro protein panel targets are particularly well-suited for 

dissecting neurodegenerative disease pathology, including various phospho-tau species and 

amyloid beta variants. Moreover, the protein panel includes markers for diverse neural cell types 

and enables robust cell typing, especially alongside the over 4,900 neuroscience-related genes 

covered by the Human 6K Discovery Panel. RNA targets focus on over 80 pathways, cell typing, 

and key ligand-receptor interactions. To demonstrate the capability of the single-cell high-plex 

multi-omic technique, we collected data from sections of FFPE male human brains, with samples 

derived from frontal, parietal, and occipital lobes, as well as the precentral/ postcentral gyri and 

cerebellum, of healthy individuals and Alzheimer’s Disease patients. 

Drawing on both the protein and RNA data, we achieved unparalleled segmentation of neurons 

and glia and increased transcript counts per cell. We also annotated cells with neuronal, glial, and 

vascular subtypes. By comparing RNA and protein expression, we identified genes and proteins 

with correlated and divergent patterns across our tissue space, highlighting the advantage of 

including the functional readout, protein, in understanding cell activity. Using open-source tools, 



we assigned cells into niches based on protein patterns and then applied differential expression 

models to identify genes and gene sets which varied based on niche for individual cell types. 

Overall, by applying the SMI multi-omic platform to human brain samples, we were able to 

simultaneously probe cell shapes, cell types, cell neighborhoods, and cell activity in one 

experiment on a single slide. 
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Abstract: The epigenetic landscape of the human brain shows changes in DNA methylation 

during malignant transformation. This epigenetic modification has been widely studied using 

traditional techniques like bisulfite sequencing and enzymatic methyl sequencing (EM-seq). 

However, these methods analyze bulk cell populations and lack the granularity of single-cell 

analysis, and although single-cell methylation analysis remains costly and laborious.To address 

these challenges, ScaleBio utilizes the cell itself as a compartment to perform 2-3 rounds of 

sequential barcoding in a plate-based workflow, eliminating the need for complex 

instrumentation. This technology has been successfully adapted to assess DNA methylation at 

the single-cell level offering a robust, affordable, high-throughput protocol that enhances yield, 

diversity, and coverage.In this study we used ScaleBio's single-cell RNA-seq and methylation 

kits to investigate gene expression and DNA methylation patterns during oncogenesis using 

human isocitrate dehydrogenase (IDH) mutant glioma cells. IDH1/2 mutations are present in 

over 80% of low-grade gliomas while IDH-mutant gliomas constitute about 1/5th of all adult 

diffuse gliomas, thus making them one of the most common brain tumor subtypes. As such, IDH 

mutations have emerged as attractive therapeutic targets for glioma treatment. By uncovering 

DNA methylation patterns at the single cell level, we provide here an epigenetic map to better 

understand this complex disease and better inform clinical discoveries.We achieved high cell 

recovery and robust cytosine coverage throughout our analysis of single cell methylomes isolated 

from human glioma tumor tissue. Using this data we generated a ranked list of the top hypo- and 

hypermethylated genomic regions and identified cell type specific clusters seen in different 

pathological states by looking at Differentially Methylated Regions (DMR) uncovering unique 

single-cell methylation profiles that may be obscured by bulk or pseudo-bulk analysis. RNA 

analysis of these cells revealed unique populations that could be identified using transcriptome 

analysis, and comparison of the transcriptional and epigenetic diversity of these samples was 

compared.Together these data show that ScaleBio workflows can be used to profile complex 

samples, offering increased sensitivity, specificity, and accuracy in identifying DNA methylation 

sites and transcriptional profiles and providing insights into cellular heterogeneity and 

trajectories. 
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Abstract: The convergent molecular mechanisms that underlie autism spectrum disorder (ASD) 

remain mostly unknown. White matter abnormalities have been observed in brain imaging 

studies of individuals with ASD as well as mouse models of genetic forms of ASD. These results 

suggest that alterations in white matter may contribute to ASD-relevant phenotypes. White 

matter subregions represent distinct anatomical pathways and functional networks within the 

brain, and whether different subregions have distinict molecular features is unknown. Since the 

brain is composed of highly heterogeneous cell types, we hyptothesize that it is necessary to 

analyze human white matter subregions at cellular resolution to identify potential disease-related 

alterations in molecular pathways underlying ASD. Here, we performed single-nucleus multiome 

sequencing of fresh-frozen tissues from 6 white matter subregions in 10 ASD patients and 10 

controls. Therefore, with these data, for the first time, we will: 1) Analyze regional variation of 

white matter cellular diversity in human brains and 2) Compare this variation between 

individuals with ASD and controls to reveal disease-relevant patterns specific to different cell 

types that may have laid foundations for ASD-relevant features. We identify cell proportional 

and differential gene and chromatin accessibility data in each cell type in each subregions of 

cases compared to controls. These data will provide a valuable public resource, enabling new 

discoveries and insights into human white matter cellular features and relevance to ASD. 
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Abstract: The locations and spatial contexts of individual cells undergoing single-cell RNA-

sequencing (scRNA-seq) critically inform interpretations of their transcriptomic data. However, 

the fragility and complexity of neural tissues has posed challenges to implementing spatial 

transcriptomics into neuroscience. Neural cells are often too delicate to withstand the harshness 

of UV lasers used in laser capture microdissection techniques, while the most conventional 

method of single-cell isolation in neuroscience—flow cytometry—requires a homogenization 

step that makes it impossible to acquire spatial information about cells’ spatial origins. Although 

newer imaging-based single cell methods such as Xenium and Visium from 10X Genomics are 

powerful, their high costs can make access infeasible. Here, we present Spatially-resolved Laser 

Activated Cell Sorting (SLACS) as an affordable and highly effective means of addressing these 

hurdles. SLACS isolates individual cells using an infrared (IR) laser-based punching mechanism. 

The IR laser is both gentle and extremely precise, befitting the technology for the sorting of 

delicate, rare, and difficult-to-capture neural cells. The preservation of transcriptome information 

in SLACS-isolated samples has been, and is continuing to be, demonstrated consistently. A 

mixed cell line sample consisting of 30,000 non-isolated HL60 control cells and 10,000 SLACS-

isolated MCF7 cells, after scRNA-seq and analysis using the Seurat R package for single cell 

analysis, produced clustering that visibly differentiated between the two cell lines. A distinctly 

outlying cluster was confirmed to represent MCF7 cells by its high expression of the estrogen 

receptor alpha (ESR1) gene and negligible expression of the estrogen receptor beta (ESR2) gene. 

This demonstrates the capture and preservation of transcriptomic material in SLACS-isolated 

samples at the single-cell level. The follow-up sequencing of a mixed-species sample containing 

30,000 HL60 control human cells and 10,000 SLACS-isolated spleen cells from mouse tissue 

has evidenced the technology’s high compatibility with both cell line and tissue samples. Current 

confirmatory research involves isolation and sequencing of single-cell samples from a diverse 

range of tissue section types and brain organoids. Broader employment of SLACS can better 

establish avenues of spatial transcriptomics in neuroscience, bringing insights into cellular 

heterogeneity within and across microenvironments; cell-cell interactions and the biological 

structures containing them; and examination of localized diseases and targeted therapeutic 

approaches. 
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Abstract: The emergence of tools enabling researchers to perform high-plex spatial 

transcriptomics with single-cell resolution has revolutionized our understanding of neuronal 

function. However, tissue samples with degraded RNA or extensive crosslinking present 

challenges for gene expression measurements. The majority of human brain samples are archived 

using fresh frozen methodologies, yet many samples cannot be used for deep transcriptome 

analyses due to low RNA quality stemming from variable sample collection conditions. 

Here we introduce the new MERFISH 2.0 chemistry and updated sample preparation workflow 

powered by the MERSCOPE® Platform, which facilitates direct RNA profiling of up to 1000 

genes. The enhanced MERFISH 2.0 chemistry has been developed to maintain MERFISH 

sensitivity in lower quality tissue samples. We showcased its effectiveness in analyzing frozen 

archival human brain tissue previously deemed unusable due to degraded RNA, as well as frozen 

mouse brain tissue. 

For each sample, cells were captured using the updated sample preparation workflow, and their 

spatial information was profiled using a 1000-gene panel containing markers for both cell typing 

and neurodegeneration pathways. We observed a significant increase in gene counts per 100 

micron2 of tissue of the MERFISH 2.0 protocol over the previous version, in some cases 

exceeding 4x. Additionally, we demonstrated increased reproducibility between replicates with 

the streamlined workflow and enhanced MERFISH 2.0 chemistry. Finally, we constructed a 

spatially resolved single-cell atlas across low-quality healthy and diseased human brain tissue, 

mapped and cataloging different neuronal cell types, and performing ligand-receptor analysis to 

identify cell-cell interactions. 

Spatially resolved transcriptomic profiling of low-quality samples at single-cell level offers 

significant opportunities for understanding how cells connect in the brain. These improvements 

will enable new genomic inquiries into previously intractable tissues like frozen brain tissue, 

leading to new biological insights. 
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Abstract: Age and sex contribute to the risk of Alzheimer’s disease (AD), but the underlying 

mechanisms remain elusive. Here, we describe the results of single-cell multiomic analysis of a 

mouse model of AD, focusing on the dorsal hippocampi from male and female mice at young (3-

month old), mid- (9-month old), and old ages (18-month old). Our comparative analysis showed 

that microglia and oligodendrocytes exhibited AD and age-related changes in gene expression 

and chromatin accessibility in the AD mouse model. A degree of these alterations were notably 

more pronounced in female AD mice. In microglia, we observed a progression of gene program 

shifts from tumor necrosis factor production-related programs in young mice to interferon-

associated programs in mid-aged mice and ultimately to gene programs linked to lipid metabolic 

processes in old AD mice. Interestingly, an upregulation of the cGAS-STING pathway was 

observed in the microglia from old AD mice. Inhibition of the STING pathway partially restored 

cognitive function in aged AD mice. Our findings therefore suggest cell types/states-specific AD 



and age-associated changes in gene regulatory programs underlie AD pathogenesis and aging-

associated cognitive decline. 
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Abstract: Understanding the spatial organization of cell types in the brain is crucial for 

unraveling its complex functional and anatomical architecture. Spatial transcriptomics provides a 

method to relate transcriptomic cell types to their anatomical location. To further our 

understanding of cell type distribution within the brain we generated two sex-matched spatial 

transcriptomics dataset covering the entire mouse brain using the commercial MERFISH 

platform MERSCOPE. We created an automatic processing pipeline that consists of a) cell 

segmentation with a custom made Cellpose model, b) filtering of low quality cells, and c) 

mapping of the cell to our most recent version of the whole-mouse-brain RNAseq 

taxonomy.These data offer insight into the spatial distribution of diverse cell types and their 

relationship to anatomical and functional boundaries. One example we present is the habenula. 

Using cell-type maps at different level of taxonomic hierarchy (subclass, supertype and cluster) 

we were able to differentiate different subdomains of the habenula. This approach could 

recapitulate previously known domains as well as identify additional, more fine-grained 



division.We also performed spatial domain detection, which allowed us to identify anatomical 

regions defined by shared gene expression. We are able to integrate the spatial clusters across the 

male and female brain allowing us to investigate sex differences in a region-specific manner. 
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Abstract: Recent studies have highlighted considerable diversity in the function and gene 

expression of ventral midbrain GABA neurons, which are pivotal in modulating motivated 

behaviors. Thus, a deeper understanding of the molecular distinctions among various GABA 

neuron populations and their spatial distribution is warranted. Our research primarily focused on 

two key regions in the midbrain implicated in the regulation of motivated behavior: the ventral 

tegmental area (VTA) and the rostromedial tegmental nucleus (RMTg, also known as the tail of 

the VTA). Notably, about one-third of VTA neurons are GABAergic, which are increasingly 

recognized as heterogeneous. In contrast, RMTg neurons are predominantly GABAergic, yet 

little is known about their potential diversity or overlap with VTA GABA neuron 

subpopulations. To address this, we conducted single-nucleus RNA sequencing on VTA and 

RMTg tissue from four 12-week-old male Sprague Dawley (SD) rat brains. Analysis of these 

datasets supported previous findings, indicating substantial diversity among VTA GABA 

neurons. Furthermore, we confirmed that Foxp1 expression, present in over 90% of RMTg 



GABA neurons, distinguishes RMTg from VTA GABA neurons, consistent with prior 

immunohistochemical (IHC) and fluorescence in situ hybridization (FISH) observations. 

Additionally, we identified several novel markers, including Tll1, Sulf1, Cbln4, and Trpc4, which 

were significantly upregulated in RMTg GABA neurons relative to GABA neurons in the VTA 

and surrounding brain regions. These marker genes were further assessed for their spatial 

specificity to RMTg GABA neurons in both mouse and rat brain slices via FISH. Consistent with 

the sequencing data, Tll1, Sulf1, Cbln4, and Trpc4 exhibited elevated expression levels relative 

to adjacent cells and VTA GABA neurons, however, none of them were entirely restricted to the 

RMTg. Sulf1 exhibited robust expression in both RMTg and VTA GABA neurons. Sox14 

expression was also found to be elevated in the RMTg but was also detected at lower expression 

levels in many adjacent brain regions in the rat brain. Overall, Tll1 expression was the most 

specific to RMTg GABA neurons, however, it is also expressed robustly in dopamine neurons. 

Ongoing analysis, coupled with spatial characterization via a combination of IHC, FISH, and 

emerging spatial transcriptomics methods will further enhance our understanding of distinct 

GABA neuron subtypes within these brain regions. In summary, our current data indicates that 

RMTg and VTA GABA neurons exhibit distinct transcriptional profiles, suggesting divergent 

roles in the regulation of motivated behavior. 
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Abstract: The brain structures of rodents and primates exhibit numerous conserved features, yet 

advanced cognitive functions typically depend on primate-specific characteristics. Previous 

comparisons between rodents and primates have relied on anatomical analogies or single-cell 

RNA sequencing. With the development of advanced 3D in situ sequencing methods 

(STARmap), brain regions defined by spatial transcriptomics features offer a more 

comprehensive and accurate framework for comparative studies of brain evolution. In our study, 

we employed STARmap to analyze the forebrains of mice and marmosets, enabling integrative 

molecular cell type and tissue region identification. We profiled 461 genes in 196,803 high-



quality cells in the marmoset forebrain, and 1,022 genes in 140,779 high-quality cells in the 

mouse forebrain. Our analysis identified a conservative cytoarchitecture of the cortex and septum 

between marmosets and mice, while the striatum, white matter, and ependyma exhibited greater 

divergence. When examining molecular cell types, we found that septum inhibitory neurons and 

cortical excitatory neurons exhibit conserved spatial layout across both mouse and marmoset 

forebrains. However, the marmoset striatum contains unique Tac3-MSN cells, which are absent 

in the mouse striatum. Additionally, we observed that two distinct types of ependymal cells are 

in the outer and inner layers of the ependyma in marmosets, respectively. Comparative analysis 

of molecular tissue regions revealed that the upper layers of the marmoset cortex harbor a greater 

density of interneurons, while in the mouse cortex, it is the deeper layers that exhibit a higher 

concentration of interneurons. The marmoset white matter microenvironment is more complex 

and composed of white matter-specific cells. Among homologous molecular tissue regions of 

mouse and marmoset forebrains, many genes exhibit differential spatial patterns between the two 

species. In summary, our study identifies primate-specific spatial gene expression, cell types, and 

tissue regions, shedding light on the molecular foundations underlying the evolution of the 

primate forebrain. 
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Abstract: Single-cell technologies have provided unprecedented insights into cellular functions 

and heterogeneity, holding great promise for precise mapping of neuron diversity. However, 

current single-cell technologies require cell dissociation, encapsulation into droplets, or handling 

with flow-based microfluidics. These procedures can be detrimental for neurons, perturb their 

transcriptomes, and therefore, reduce confidence in the biological relevance of findings from 

surviving cells. Furthermore, existing technologies do not allow the study of live neurons in 

functional networks, and due to their destructive nature, hinder the ability to conduct the multi-



modal assays needed to correlate physiological properties with molecular profiles. 

To overcome these limitations, we have developed a platform to comprehensively study adherent 

neurons at single-cell resolution in isolation, or from within their functional networks. We 

leveraged a novel technology that can gently capture tens of thousands of individual, live 

neurons without requiring enzymatic cell dissociation or nuclei extraction. Further, this platform 

enables comprehensive multi-modal analysis at the single-cell level, encompassing morphology, 

function, and transcriptome, enabled by live imaging and mRNA capture capabilities, from the 

same cell. 

Using our platform, we successfully demonstrate: 1) long-term culture (>3 weeks) of human 

neurons in adherent state, 2) their ability to form functional neuronal networks validated by 

calcium imaging, and 3) the capability to isolate either whole neurons or somas from 

interconnected networks for single cell multi-modal analysis. Our findings reveal differential 

gene expression between adherent neurons and dissociated neurons in suspension, demonstrating 

that physical context influences neuronal transcriptomic states (Fig 1). In preserving cell 

integrity and function, this technology will unveil previously unattainable insights and become 

an essential tool for exploring the interplay between the transcriptome and cellular behavior. 
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Abstract: In neuroscience, understanding the brain's intricate complexity demands techniques 

that capture neural diversity while preserving spatial integrity. Despite advances in imaging and 

molecular biology, traditional staining techniques and next-generation sequencing (NGS) often 

struggle to integrate spatial and molecular data. This gap hinders our ability to fully elucidate 

cellular behavior in native environments. Addressing this challenge, Spatially Resolved Laser-

Activated Cell Sorting (SLACS) emerges as a transformative methodology. SLACS preserves 

spatial information while integrating spatial assays with molecular assays like DNA sequencing, 

RNA sequencing, and protein profiling. Using a laser on a metal oxide-coated slide, SLACS 

propels isolated cells into PCR tubes for comprehensive analysis. Its dual functionality offers 

automated and manual control, enabling researchers to target cells with high precision based on 

fluorescence characteristics. SLACS’s high throughput allows it to sort multiple targets rapidly, 

enhancing scalability. This technique isolates entities such as bacteria, chromosomes, and neural 

cells from complex biological matrices, providing researchers with a powerful tool for scientific 

investigations. SLACS offers unprecedented integration of molecular and spatial data by 

physically isolating cells within tissue landscapes. This enables mapping molecular profiles to 

anatomical locations, advancing our understanding of neural circuits and neurodevelopment. 

SLACS has already yielded significant insights into neurodegenerative diseases like Alzheimer's, 

where researchers isolated glial cells crucial for homeostasis and signal transmission. By 

analyzing glial cells in their native environment, SLACS unveiled potential treatment strategies 

targeting the broader cellular networks involved in disease. SLACS offers a paradigm shift in 

neuroscience research, revealing the brain's architecture and alterations in disease states to guide 

more effective diagnostics and therapeutics. 
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Abstract: Zika virus (ZIKV) poses a significant neurodevelopmental threat, evidenced by its 

association with microcephaly and other congenital abnormalities. Conventional models have 

failed to elucidate the complexity of ZIKV pathogenesis due to the lack of human 

pathophysiological context and spatial resolution. Recent advances in spatial epitranscriptomics 

hold promise for bridging this knowledge gap. This study aims to dissect the spatial 

epitranscriptomic landscape of ZIKV-infected brain organoids, focusing on the role of 

Adenosine-to-Inosine (A-to-I) RNA editing in modulating host-virus interactions and their 

implications for viral pathogenesis and potential therapeutic interventions. Utilizing iPSC 

technology, we differentiated brain organoids containing distinct neural progenitors and mature 

neuron populations. Upon ZIKV infection, we applied Select-seq to isolate and analyze discrete 

micro-niches. Our approach enabled full-length sequencing of host and viral transcriptomes, 

along with precise RNA editing profiling. Our findings reveal a distinct spatial distribution of A-

to-I RNA editing events within ZIKV-infected organoids, correlating with unique gene 

expression signatures and cellular phenotypes. Notably, A-to-I editing was found to be 

differentially regulated in ZIKV envelope protein-expressing cells, suggesting a potential 

mechanism of viral evasion or adaptation. Furthermore, we identified patterns of host-virus 

interaction that may contribute to the neuropathological outcomes associated with ZIKV. The 

integration of spatial epitranscriptomics into the study of ZIKV infection provides insight into 

the virus-host interplay at a cellular level. Our approach underpins the significance of spatial 

context in understanding viral pathogenesis and opens avenues for the development of antiviral 

therapies. The application of advanced technology in virology enables the dissection of complex 

pathogenetic processes and fostering the development of personalized therapeutic strategies 

against ZIKV and other neuropathogenic viruses. 
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Abstract: Traditional implantable neural technologies have the ability to record from thousands 

of neurons with millisecond temporal resolution. However, they face significant limitations: 

difficulty in achieving cell-type-specific interfacing due to the absence of a genetically encoded 

element, inability to record and stimulate the same neuron chronically due to neural drift, and 

neuronal degradation and gliosis often exacerbated by the high electrical stimulation required to 

bypass the resulting scar tissue. To address these challenges, we developed ElectroGLuE 

(Electropolymer that Genetically Links Neurons to Electrodes), an electropolymer that 

establishes covalent connections between neurons of interest and the electrode surface, creating a 

stable, cell-type specific electrical interface. We harnessed the abilities of the HaloTag 

technology by synthesizing a novel 3,4-ethylenedioxythiophene (EDOT) conjugated with the 

HaloTag ligand (HTL), a small chemical covalently captured by the HaloTag protein (HTP). 

Recordings with first generation PEDOTHTL-coated multi-electrode arrays (MEAs) demonstrated 

a 10-fold increase in spiking amplitude in cultured neurons expressing a functional HTP as 

compared to neurons expressing a control protein. Nevertheless, significant polymer 

delamination and low (10%) covalent capture due to inefficient polymer packing was observed. 

We aimed to improve functionality in the MEA design through surface chemistry optimization of 

the polymer and incorporation of iridium oxide (IrOx), a material shown to form an ultra-stable 

bond with PEDOT. We developed and optimized procedures, including cyclic voltammetry 

(CV), to electropolymerize the EDOTHTL monomer into a conductive PEDOTHTL polymer to coat 

the surface of IrOx electrodes. We then used an enzymatic assay to determine optimal 

polymerization parameters, assessed by the covalent capture efficiency of PEDOTHTL. Our 

results show an enhanced ability of the PEDOTHTL layer to form stable covalent bonds with the 

HTP as a variable of polymerization parameters (concentrations of monomers, voltage ranges, 

duration, frequency). The enhanced polymer nanoarchitecture was able to withstand repetitive 

CV stress scans without delamination and loss of binding. Future work includes neuronal culture 

experiments with custom IrOx-MEAs to further validate ElectroGLuE, and ultimately adapting 

the technology to implantable electrodes for closed-loop recording and stimulation of individual 

neurons. 
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Abstract: Neurons are highly polarized cells with distinct anatomical compartments (axon, 

soma, dendrites, primary cilia). These subcellular compartments are thought to serve distinct 

functions. However, it remains unknown how the same receptor in different subcellular 

compartments impacts circuit dynamics and animal behavior. A prototypical example is in 

regard to the main inhibitory neurotransmitter, GABA, whose receptor (the GABAAR) is present 

throughout all locales of neurons. Each compartment is biophysically positioned to perform 

distinct functions, and receives distinct streams of information. For instance, GABAARs on distal 

dendrites are thought to counterbalance to local excitatory inputs, whereas those on the soma are 

thought to have veto power over action potential output. GABAARs in the axon may decouple 

transmitter release from action potential firing, with potential to individually tune collaterals. 

Beyond these traditional compartments, the primary cilia has recently been shown to be a distinct 

postsynaptic target, raising the tantalizing prospect for specialized GABAAR regulation of 

signaling to the nucleus. A second transmitter implicated in subcellular processing is dopamine, 

for which receptors exists in all these anatomical compartments. Dopamine receptors may have 

particular significance to the primary cilium, where dopamine receptors are enriched. DART 

(Drug Acutely Restricted by Tethering) offers a groundbreaking new way to study native 

receptors, including dopamine and GABAARs, by making it possible to deliver pharmaceuticals 

to genetically defined cells. The cells of interest are made to express a protein that can covalently 

capture and concentrate drugs to levels ~1,000-fold higher than the ambient concentration, 

yielding a localized cell-specific pharmaceutical effect. Here, we describe three novel subcellular 

refinements of the technology. First, we describe a method to deliver DART pharmaceuticals to 

axon projections without diffusion into somatodendritic compartments, enabling axon-specific 

pharmacology. Second, we present novel soma-targeted versions of DART. Finally, we describe 

cilia-targeted versions of DART. Additionally, we develop functional assays to map target 

engagement with subcellular resolution, allowing us to validate the specificity of our novel 

subcellular DART variants. Altogether, these tools are compatible with use in freely behaving 

mice, and should provide a modular foundation for subcellular targeting of virtually any drug. 
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Abstract: Extinction learning is an essential form of cognitive flexibility, which enables 

obsolete reward associations to be discarded. Its downregulation can lead to perseveration, a 

symptom seen in several neuropsychiatric disorders. This balance is regulated by dopamine from 

VTADA (ventral tegmental area dopamine) neurons, which in turn are largely controlled by 

GABA (gamma amino-butyric acid) synapses. However, the causal relationship of these circuit 

elements to extinction and perseveration remain incompletely understood. Here, we employ an 

innovative drug-targeting technology, DART (drug acutely restricted by tethering), to selectively 

block GABAA receptors on VTADA neurons as mice engage in Pavlovian learning. DART 

eliminated GABAA-mediated pauses—brief decrements in VTADA activity canonically thought 

to drive extinction learning. However, contrary to the hypothesis that blocking VTADA pauses 

should eliminate extinction learning, we observed the opposite—accelerated extinction learning. 

Specifically, DART eliminated the naturally occurring perseveration seen in half of control mice. 

We saw no impact on Pavlovian conditioning, nor other aspects of VTADA neural firing. These 

findings challenge canonical theories, recasting GABAA-mediated VTADA pauses from 

presumed facilitators of extinction to drivers of perseveration. More broadly, this study 

showcases the merits of targeted synaptic pharmacology, while hinting at circuit interventions 

for pathological perseveration. 
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Abstract: The ability to manipulate neural circuits with molecular and cellular specificity allows 

for causal interrogation of the connectome. Recently, we demonstrated that our DART.2 

technology (Drug Acutely Restricted by Tethering) is able to antagonize and allosterically 

potentiate excitatory or inhibitory post-synaptic function with thousand fold cellular specificity. 

The DART method works by expressing the HaloTag Protein (HTP) on genetically defined cells 

of interest, enabling these cells to capture and locally accumulate drugs linked to the HaloTag 

Ligand (HTL), which can then act on endogenous neuronal receptors on the membrane. Ideally, 

this unique technology can be extended to pharmaceutical tools to modulate different voltage-

gated ion channels. Specifically, voltage-gated sodium channels are the main mechanism 

supporting action potential (AP) firing in the central nervous system. We developed new 

JHNaVDART.2 variants based on established sodium channel blockers and investigated the cell-

specific effects of these DART variants on voltage-gated sodium channels. Using whole-cell 

patch recordings, we recorded voltage-gated sodium currents and AP firing in cultured 

hippocampal neurons expressing the HTP construct. We found that several new JHNaVDART.2 

variants successfully reduced voltage-gated sodium currents with a broad range of voltage. As a 

result, the APs firings were markedly diminished by these reagents. In contrast, a control DART 

(blankDART.2 ) with no tethered drug resulted in no impact of voltage-gated sodium current and 

APs firings. In summary, our newly created JHNaVDART.2 reagents offer cellular specific 

modulation of voltage-gated sodium channels and neuronal firing, providing a unique approach 

to cell-type and ion channel specificity in future studies on cellular excitability, animal behavior, 

and neuronal disease. 
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Abstract: In neuropharmacology, the Drug Acutely Restricted by Tethering (DART) system 

enables rapid and cell type-specific neuronal manipulation by integrating traditional 

pharmacology and genetically encoded tools. Based on the HaloTag system, DART facilitates 

the covalent capture and accumulation of drugs tethered to the HaloTag ligand on the cell surface 

where the HaloTag Protein (HTP) is expressed. The covalent capture creates a stable local 

concentration difference between HTP positive and HTP negative cells, however, covalent 

capture prevents sequential drug delivery for the same cell or the same animal over an acute time 

frame. Therefore, reversible DART is required for diverse neuro-applications. To achieve 

reversibility, we aim to leverage the inherent ligand hydrolysis from the original HTP enzyme. 

Via N272H mutation, HTP is able to hydrolyze the covalent bond and release the ligand. 

Although reversibility is achieved by the single mutation, this variant only holds the ligand for 

ten minutes, which is too short for some in-vivo applications. To slow down the hydrolysis rate 

of HTP, we used directed evolution to engineer the HTP and select for variants with a longer 

protein-ligand intermediate half-life. We targeted six residues close to the His272 which have 

direct influence on the hydrolysis rate. The protein library was created using site saturated 

mutagenesis on those residue locations. After performing iterative rounds of evolution, the 

selected variants were screened using a bacterial surface capture assay and further characterized 

by Surface Plasmon Resonance. By altering the hydrolysis rate of the HTP, we will be able to 

provide a versatile platform for temporally controlled manipulation of neuronal activity using 

reversible DART, paving the way for innovative therapeutic and neuroscientific applications. 
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Abstract: Recent decades have seen remarkable strides in neural activity recording, driven 

primarily by advancements in tools such as genetically encoded voltage/calcium indicators 

(GEVIs/GECIs). However, the integration of these optical methods faces tradeoffs between 

temporal resolution and spatial scale. Multi-electrode arrays (MEAs) have been introduced to 

address these challenges, but conventional MEAs encounter limitations in cell and cell-type 

specificity, as well as stable long-term cell registration. To overcome these obstacles, we 

introduce Electropolymer that Genetically Links Neurons to Electrodes (ElectroGLuE), a 

genetically encoded coating designed to enhance electrodes for long-term, cell-type-specific 

electrophysiology recordings and single-cell closed-loop stimulation. ElectroGLuE operates by 

establishing a covalent linkage between neurons expressing the HaloTag Protein and implanted 

electrodes coated with novel chemically synthesized HaloTag Ligand (HTL) and EDOT (3,4-

Ethylenedioxythiophene). In this study, we present a systematic investigation, including ex-vivo 

experiments validating the polymerization of ElectroGLuE onto NeuralThread ultra-flexible 

nanoelectronic thread (NET) probes through scanning electron microscopy (SEM) imaging, as 

well as assessing its stability and biocompatibility through impedance spectroscopy and other 

innovative techniques. Additionally, we conducted pilot experiments in the mouse visual cortex 

to confirm the stability of ElectroGLuE in vivo. By addressing the limitations of existing 

methods, ElectroGLuE aims to significantly contribute to the advancement of neural recording 

and manipulation techniques, providing cell specific registration with increased sensitivity and 

long-term stability. 
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Abstract: Brain machine interfaces show promise in restoring neurological function, but current 

neural-recording electrodes are limited by low density, neuronal death, glial scarring, and 

material lifespan (Patel 2023, Sponheim 2022). 8.4 μm diameter carbon fibers (CFs) can be used 

as biocompatible and chronically stable electrodes (Welle JNE 2020), but their subcellular scale 

poses a challenge for mechanical insertion due to fiber buckling and brain dimpling. Our group 

has successfully implanted arrays of up to 16 CFs in rats (Patel JNE 2015), but large mammal 

validation is desired to transition CFs into humans. First, to test if CFs could record in large 

mammal brain, 3 High Density Carbon Fiber (HCDF) arrays of 8 or 16 CFs (8.4 μm diameter, 

blowtorch-sharpened, parylene C-coated, PEDOT:pTS-coated tips, spaced 80 or 160 μm apart) 

were inserted into the right parietal cortex of an anesthetized rhesus macaque. Compared to the 

8-CF array, dimpling was increased in the 16-CF array and decreased after pial dissection. At 

peak-yield insertion depth, 29/35 functional electrodes recorded a minimum of 10 bipolar 

waveforms of 100 μVpeak-peak amplitude, and under 1.5 ms duration. Second, to test if a larger 

array could penetrate large mammal brain through intact pia, we designed a 10 x 10 array (1.5 

mm, 10 μm diameter, at 400 x 500 µm spacing, with 92 CFs after 8 fiber breakages before a 

silicone layer at the base was added for strain relief). CFs were inserted into 0.6% agarose (N=9 

insertions), polyvinyl chloride (PVC, N=8) and ex-vivo sheep cortex (N=14) to an approximate 

depth of 1 mm at 0.1, 1 and 5 m/s insertion rates. Insertion of a 100-shank Utah electrode array 

(UEA) was tested for comparison. The CF array successfully inserted into agarose, PVC, and ex-

vivo sheep with a force (mean ± SD) of 2.9 ± 0.3, 6.4 ± 1.6, and 10.1 ± 1.2 mN at 0.1 m/s and 

4.8 ± 0.2, 6.0 ± 1.8, and 9.4 ± 2.4 mN at 1 m/s respectively with minimal dimpling. The UEA 

inserted into agarose with larger forces of 32.8 ± 4.0, and 43.6 ± 5.6 mN at 0.1 and 1 m/s 

respectively, and did not fully insert into PVC or sheep brain without forces exceeding the 10 g 

load cell capacity and causing significant dimpling. After 101 insertions, the CF array showed 

breakage of 2/92 CFs. These results suggest that CF arrays can penetrate large mammal 

leptomeninges without pneumatic impaction despite their small scale, and validate the recording 

capabilities of CFs. Together, these have implications for a clinically viable, high-channel-count, 



intracortical implant. Future work involves chronic in vivo testing in large mammals, and 

validation of insertion and recording in humans. 
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Abstract: Penetrating polymer-based microelectrode arrays (MEAs) have gained popularity for 

long-term high-quality recordings of dynamic neural activity. Unlike metal wire and silicon 

MEAs, penetrating polymer-based MEAs exhibit improved device-tissue interface stability. 

However, implanting them in deeper brain regions is challenging as they lack axial stiffness. 

This study investigates and compares three insertion methods to achieve accurate implantation of 

polymer MEAs > 5 mm deep (dip coating, lamination, and insertion shuttles). Agarose gels 

(0.6%) were used as brain phantoms. To simplify the study, polymer MEA cutouts (not 

containing electrodes) were used for insertion testing. These shams were attached to a motorized 

frame and lowered into load cell mounted agarose gel blocks, enabling simultaneous force 

measurements. Shams were fabricated using Parylene C and polyimide thin films. Single shank 

and shank arrays (2, 4, 8 shanks) having different designs (5.5 – 20 mm long) were evaluated. 

The dip coating method entailed applying a thin layer of water-soluble polyethylene glycol (16 – 

29 µm and 9 – 23 µm thick on Parylene and Polyimide probes) to shams then removing the 

coating at the tip, leaving up to 2 mm exposed length. Molten polyethylene glycol (PEG; 3350 

MW) was applied with different thickness by controlling the retraction speed (0.1 – 1.5 mm/s). 

This method shortens the exposed length to achieve an increase in buckling force of the shanks 

according to Euler’s equation. The lamination method aligns identical Parylene probes to double 

the overall thickness and increase the buckling force by 8×. Buckling force is further increased 



by dip coating with PEG (3350/8000MW) with a controlled retraction speed (1.5 – 2.6 mm/s) to 

achieve uniform coatings (17 – 156 µm thick). Finally, tungsten wire (81 μm diameter) was used 

as an insertion shuttle and shams were attached using the surface tension of a PEG aqueous 

droplet (10%w/v; 35000 MW). The insertion shuttle was removed after placing the sham 

(retraction speed of 1 mm/s) and the tip displacement caused by shuttle retraction was measured 

(57 – 65 µm). All shams were successfully inserted into gels to their full depth though three 

different methods. Dip coating, lamination, and insertion shuttle methods can each achieve 

accurate placement up to 20 mm deep. 
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Abstract: Peripheral nerve interfaces provide a therapeutic avenue for bioelectronic medicine 

applications and pain management, typically employing small electrodes on a target nerve. 

Minimally invasive interfaces, notably cuff electrodes, wrap around the nerve circumference to 

avoid nerve trauma and extend implant longevity compared to more invasive nerve interfaces 

that breach the epineurium and/or perineurium. However, existing designs produced using thick 

polymer substrates are not suitable for abdominal vagal nerve branches, which are desirable 

therapeutic targets in bioelectronic medicine due to their proximity to and greater selectivity in 

controlling internal organs. 

We developed a thin-film cuff electrode suitable for stimulating sub-millimeter diameter nerves. 

This thin film cuff comprises a metal layer sandwiched between two insulating layers of 

Parylene C polymer and is enabled by advanced microfabrication methods. The structured and 

cut-out thin films are fixtured and thermoformed into a soft-closing and self-sizing cuff 



configuration. We systematically assessed the electrochemical performance of the electrode sites 

with and without PtIr coatings to meet charge injection capacity requirements. 

Concurrently, we developed a novel interconnect component that permits the cuff electrodes be 

mechanically and electrically connected to standard clinical-grade leads for interfacing with 

implantable pulse generators. The interconnect is a rigid substrate consisting of metal pads 

patterned on an adhered patterned platinum foil that allows reliable attachment of the lead wires 

(using welding) and thin film electrodes (using low temperature bonding). 

We designed several cuff placement tools for cuff deployment using different surgical techniques 

(e.g. open surgery and laparoscopic surgery). Placement and stimulation will be evaluated in 

acute experiments using the rat sciatic nerve. Additionally, benchtop accelerated lifetime testing 

will be conducted to evaluate device longevity prior to chronic animal experiments. We report 

current results on cuff development towards the realization of an open-source implantable cuff 

electrode capable of targeting sub-millimeter abdominal vagal nerve branches. 
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Abstract: The Scientific Instrumentation and Process Engineering (SIPE) team closely 

collaborates with and supports scientists at the Allen Institute. Here, we share four hardware 

advancements that we developed for the Allen Institute for Neural Dynamics and are currently 

being used in head-fixed mouse foraging decision-making tasks with in vivo neural recordings. 

The standardized mouse head-fixation system, initially designed for the Allen Institute Brain 

Observatory, has been adapted to accommodate projects in the Allen Institute for Neural 

Dynamics. We present the design process, criteria, and templates for a suite of new headframe 

designs. We also describe how we applied this method to develop new headframes that are used 



for brain-wide electrophysiology and optical physiology in areas outside of the visual cortex. 

These headframes retain key components of the original design for the Allen Institute Brain 

Observatory and utilize new manufacturing techniques that facilitate increased design 

complexity, rapid prototyping, and low-volume manufacturing. 

Closely related to the newly developed brain-wide electrophysiology headframes is a new 

variation of the standard cranial window that consists of a 3D-printed implant, “SHIELD”. We 

extend the SHIELD and manufacture a dual-hemisphere version which allows researchers to 

make simultaneous Neuropixels recordings from multiple regions distributed across the brain. 

We detail how we overcame challenges spanning the sagittal suture with an implant, in addition 

to design and manufacturing guidance for placing holes for probe insertion. 

The new headframes and implants are complemented by a redesigned 6-inch running wheel 

equipped with an integrated encoder, variable resistance brake, and torque transducer that is 

controllable with a new HARP board for data acquisition. We present the apparatus, performance 

characteristics, and design files. 

Lastly, the new foraging tasks required an updated lickspout stage that added a fourth axis for 

accommodating a second lickspout or an odor delivery nozzle. The dual lickspout configuration 

enables real-time and rapid movement (up to 100 m/s), while the odor delivery configuration 

enables the independent adjustment of the lickspout from the nozzle. We present on the stage's 

uses and applications along with performance characteristics and design files. 
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Abstract: Implantable electrodes with recording and stimulating capabilities have proven useful 

in both research and clinical settings. Specifically, differences between normal and pathological 

states can be investigated to determine their utility in therapeutic interventions for various 

neurological disorders and injuries. Following implantation, biological responses (i.e., ‘foreign 

body response’, glial encapsulation of the electrode, neuronal loss) have been observed through 

traditional immunohistochemistry techniques that are thought to be associated with the long-term 

instability of such electrodes. Various aspects of device design (i.e., Young’s modulus, bending 

stiffness, materials, device dimension, architecture) contribute to these responses, but it is 

unclear as to which aspects of device design are specifically associated with which biological 

response(s). Analyzing these biological responses following implantation through 

immunohistochemistry has provided a foundational understanding of how the body responds to 

such devices, but these analyses are limited to a few pre-selected markers in each experiment. To 

build upon these traditional analyses, we propose using single-cell spatial transcriptomics 

alongside immunohistochemistry to characterize the changes in gene expression at a single-cell 

level following the implantation of devices with varying design properties. Specifically, we 

compared the biological responses observed between devices of different material compositions 

(silicon vs. polymer-based electrodes, including devices with state-of-the-art ultraflexibility) 

with different time points of recovery (1 week vs. 6 weeks). It is hypothesized that subcellular 

designs (<10 µm) with ultra-flexibility (i.e., high bending stiffness and a low Young’s modulus) 

will alter the expression of genes associated with more traditional device designs. Through the 

combined use of traditional immunohistochemistry techniques and single-cell spatial 

transcriptomics, we aim to build upon the foundational knowledge regarding the biological 

response following device implantation with the ultimate goals of (1) improving the chronic 

biocompatibility of such devices and (2) informing the development of effective therapeutic 

interventions. 
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Abstract: Neurodegenerative diseases such as Parkinson’s and Alzheimer’s affect millions of 

people globally. Carbon fiber microelectrodes have been extensively utilized using fast-scan 

cyclic voltammetry (FSCV) to measure and quantify both dopamine (DA) and serotonin (5-HT) 

release in real-time. One challenging aspect for microelectrodes for neurotransmitter 

measurements is that they are hand-fabricated individually, a tedious and highly variable process. 

Here, we report on our efforts to use boron-doped diamond (BDD) electrodes for neurochemical 

measurements as an alternative material for long-term chemical measurement. BDD is a versatile 

material that has been shown to have excellent biocompatibility, a wide working potential 

window in aqueous solutions, and has been shown to be an excellent material to study 

electrochemical systems. Through wafer processing, electrode variability is avoided, and batches 

of identical electrodes can be produced reproducibly. We fabricated freestanding BDD 

microelectrodes insulated with polycrystalline insulating diamond, both as single and 

multichannel (4 and 8 channels) single-shank Michigan-style microelectrodes. We characterized 

the impedance and electrochemical response of the electrodes using slow cyclic voltammetry and 

studied the effect of surface termination on electrode response. We studied how etching the BDD 

surface can increase the electroactive area and how the response changes for neurotransmitter 

measurement. We then characterized the electrodes' response to several common 

neurotransmitters, including dopamine, serotonin, and hydrogen peroxide, using FSCV, 

showcasing the linear dynamic range, detection limit, and noise of these electrodes. We also 

report on the usage of these electrodes for physiological measurements as well as circuit 

modifications necessary for FSCV headstages to enable multichannel, individually addressable 

waveforms. Using all-diamond electrodes for neurotransmitter analysis is advantageous as it is 

the gateway towards customized wafer batch fabrication of microelectrodes, thus decreasing both 

errors generated in the traditional hand fabrication methods and building towards a scalable 

batch method for electrode array technologies. 
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Abstract: This work describes 7 µm enzyme-modified carbon fiber electrodes (EM-CFEs) for 

sensing glucose and lactate in vivo. This technology was developed by Dr. Leslie Sombers at 

North Carolina State University and is being commercialized by Pinnacle Technology DE LLC 

(Lawrence, KS). The new electrode is formed on a 7 µm carbon fiber (100 µm length) in a pulled 

glass capillary. Enzyme (glucose oxidase or lactate oxidase) is electrochemically deposited as a 

hydrogel on the electrode surface to functionalize the carbon fiber for measurement of glucose or 

lactate. Enzymatically produced hydrogen peroxide is detected using Fast Scan Cyclic 

Voltammetry (FSCV, -0.2 to 1.4 V 400 V/S, 10 Hz). Glucose and lactate EM-CFEs demonstrate 

a linear response to analyte to over 2 mM glucose and 500 µm lactate (respectively). Glucose 

and lactate sensitivities are 16.7 ± 4.3 nA/mM and 6.6 ± 1.7 nA/100 µM respectively. Both new 

EM-CFEs have been tested to survive shipping and are stable for over 3 weeks. EM-CFEs were 

characterized in vitro using a flow cell and in vivo in anesthetized sprague-dawley rats. EM-

CFEs were implanted targeting the dorsal striatum. A bipolar stimulating electrode was 

implanted in the ventral midbrain. Lactate and glucose (and dopamine) were evoked by electrical 

stimulation (60 Hz, 100 to 400 µA, 1ms pulse width) for 1 to 2 seconds. Voltammetric recording 

and electrode stimulation were controlled using Sirenia FSCV software (Pinnacle Technology). 

Disclosures: D. Aillon: A. Employment/Salary (full or part-time):; Pinnacle Technology DE 

LLC. S. Kaplan: A. Employment/Salary (full or part-time):; Pinnacle Technology DE LLC. D. 

Johnson: A. Employment/Salary (full or part-time):; Pinnacle Technology DE LLC. 

Poster 

PSTR310: Electrical Tools for Neuronal Probing 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR310.08/X16 

Topic: I.04. Physiological Methods 

Support: Paul G. Allen Foundation 

Simons Collaboration on the Global Brain Transition to Independence 

Award (Poo: 863738) 

Title: Lickety-split: a high-speed, noninvasive, capacitive lick detection system for behavior and 

electrophysiology 



Authors: *S. VASQUEZ1,2, B. CRUZ3, T. OÑA JODAR3, Y. I. BROWNING3, X. YIN3, K. 

JUNG3, Z. SU3, H. D. NGUYEN3, G. F. LYNCH3, H. F. RODRIGUES3, J. Y. COHEN3, K. 

SVOBODA3, C. POO3, J. H. SIEGLE3;  
1The Allen Inst., Seattle, WA; 2Neural Dynamics, Allen Institute, Seattle, WA; 3Neural 

Dynamics, Allen Inst., Seattle, WA 

Abstract: Lick detection is a widely used method for measuring decisions and actions in head-

fixed mouse behavior experiments. Concurrently, high-density electrode arrays such as 

Neuropixels offer an unprecedented ability to read out neural activity on a brain-wide scale. 

However, most lick detection methods either create unwanted artifacts in electrophysiological 

signals or make measurement compromises to eliminate these artifacts. Current lick detector 

designs are either (1) spatially cumbersome, requiring substantial real estate for cameras, 

mirrors, or beam-breaking devices, (2) electrically noisy, introducing transient voltages that 

interfere with electrophysiology, or (3) low-speed, requiring integration over cycles of 

mechanical vibrations to trigger a response. To overcome these limitations, we developed a 

novel electronic lick detection system, dubbed “Lickety-Split,” capable of detecting licks within 

1 millisecond while remaining invisible to electrophysiology recordings. We do so by measuring 

changes in capacitance from a 100 kHz, 200 nA excitation signal using a self-contained 

embedded system. Our system requires only that a single wire be attached to a conductive water-

dispensing lick tube. Each lick triggers a TTL signal sent via a BNC connector. Additionally, 

timestamped messages are made available via the Harp (USB serial) protocol. We present device 

performance metrics collected from behavioral experiments both with and without simultaneous 

electrophysiology. Finally, our system hardware and firmware are open-source (CERN-OHL-P 

and MIT, respectively) and can be readily manufactured in single units or at scale for less than 

$500. Lickety-Split is easy to adopt and makes it possible for any lab to combine lick detection 

and large-scale electrophysiology with minimal latencies and zero impact on the quality of 

recorded signals. 
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research 
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Abstract: Observation, measurement, and control of discrete neural and behavioral events are a 

foundational tenet for understanding brain function. Nonetheless, efforts to promote the adoption 

of a common data acquisition framework have been largely unsuccessful. This is due, in part, to 

a lack of standardization across devices, acquisition software, and data formats, which creates a 

substantial overhead for scaling experiments, quality control, and sharing of experimental data. 

Here, we present Harp, an open-source standard for real-time data acquisition and experimental 

control in neuroscience. It addresses key limitations of previous approaches by defining a 

lightweight yet flexible binary protocol for communication between devices, clear conventions 

for hardware-level synchronization, and hardware implementation templates for creating new 

devices. A key advantage of Harp, in comparison to other systems for behavioral control, is the 

ability to synchronize multiple devices to a distributed clock. Harp devices are synchronized at 

the hardware level, allowing temporally precise logging of events with < 64 μs precision. 

Commands and events are hardware timestamped by each device’s microcontroller and relayed 

back to the computer over USB with an average round-trip time of < 2 milliseconds. Thus, all 

data streams are temporally aligned before reaching software, even if they are acquired by 

different Harp devices connected to different computers. Furthermore, this allows Harp devices 

to leverage asynchronous hardware interrupts for efficient control flow, communication, and 

logging. We showcase the power and flexibility of the Harp ecosystem via integration with the 

Bonsai programming language to enable rapid prototyping of multi-modal, closed-loop 

experiments while maintaining precise temporal control and efficient logging of several parallel 

data streams. Because data collected across all devices are automatically aligned at acquisition 

time, and logging formats are standardized, this further eliminates the need for complex post-hoc 

data synchronization and thus greatly accelerates the analysis and exploration of behavioral and 

neural data. Altogether, Harp represents a significant advancement in experimental neuroscience 

instrumentation by providing researchers with a standard and general solution for monitoring and 

controlling behavior apparatuses. Adoption of the ecosystem will facilitate the sharing of 

resources and reproducibility across both experimental and analysis pipelines. 
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Abstract: Implantable neural probes are essential tools in modern neuroscience for effectively 

stimulating and recording neural activity. However, acute tissue damage occurring during 

penetration could trigger foreign body reactions in brain tissue. This tissue damage is attributed 

to the insertion forces experienced during the penetration process. To minimize acute tissue 

damage and enhance compatibility between neural probes and brain tissue, potential strategies 

involve optimizing the insertion parameters (e.g., speed, vibration, etc.) as well as material and 

device designs of implantable neural probes. Herein, the force exerted on brain tissue during 

insertion is utilized as an objective metric for assessing induced tissue damage. This study 

reports a fourth-degree polynomial correlation between insertion speed and insertion force of 

neural probes within a large range of insertion speeds (from 0.01 mm/s to 2 mm/s), with 

inflection points observed around speeds of 0.5 mm/s, 1.2 mm/s, and 1.8 mm/s. Additionally, the 

impact of different materials with varied Young’s modulus (from 1500 kPa to 1200 GPa ), 

including boron-doped diamond (BDD), on insertion force of neural probes was investigated. 

COMSOL finite element simulation results also indicate potential influences of different brain 

micromotion on foreign body reactions. This study addresses the deficiency in prior research by 

supplementing quantitative investigations into acute tissue damage due to a broad range of 

insertion speeds and probe material properties. 
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Abstract: Soft and Multi-functional Hydrogel Probes for Neuromodulation and 

RecordingAuthorsSizhe Huang1, Qianbin Wang1, *, Siyuan Rao1, *.1, *Department of Biomedical 

Engineering, State University of New York at Binghamton,Binghamton, NY 13902, United 

StatesDisclosuresSizhe Huang: None. Qianbin Wang: None. Siyuan Rao: None.AbstractNeural 

circuits rely on the complex interplay of electrical, chemical, and mechanical signals atdifferent 

levels, making it challenging to measure or manipulate these diverse signalssimultaneously in 

vivo. Neural probes with multifunctional capabilities integrated into one devicehelp provide a 

holistic understanding of these complex neural activities. By utilizing semi-crystalline polyvinyl 

alcohol hydrogels, we developed soft optical probes with tunable refractiveindex (RI: 1.37-1.40 

at 480 nm) and high light transmission (>96%). These probes also havetunable mechanical 

properties, including stretchability (139-169%), bending stiffness (4.6 ± 1.4N/m), and elastic 

modulus (2.8-9.3 MPa). The Control of Metamorphic Polymers’ Amorphous-Crystalline 

Transition (COMPACT) strategy maintains the designed dimensions andminiaturization of the 

probes in vivo. Surface deposition of nanomaterials on hydrogel fibersfurther enhanced the 

stability of the hydrogels in vivo, with stable diameter changes (10.2 ± 5.8%)under accelerated 

physiological conditions (45°C, pH=7). By introducing high-aspect-ratioconductive nanofillers 

into a polymer matrix and using external stretching, we created electricallyanisotropic 

percolation pathways in hydrogel microelectrodes (specific impedance: 3.64-7.09kΩ·mm). The 

COMPACT strategy also allows the integration of multiple components into aminiaturized 

device, enabling bidirectional optical and electrical recordings. These soft neuralprobes have 

been validated through in vivo fiber photometry recording and mouse behavioralassays. They 

also facilitate electrophysiological recording of spontaneous neural activity (signal-to-noise ratio: 

3.73) and light-evoked electrical signals in the brain, spinal cord, and hindlimbmuscles. The 

adaptability of these hydrogel neural probes to micro-motion permitted recording innaturally 

behaving mice. 
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Abstract: Recent years have witnessed remarkable strides in neural recording technologies, 

facilitating unprecedented insights into the intricacies of the brain's function. In this framework, 

circuit solutions that not only offer small form factors but also prioritize low-noise performance 

are paramount to access high fidelity neural recording and promote chronic stability. 

Furthermore, to gain insight into distributed neural computations underlying decision making 

and complex behaviors, advancements in experimental methods that also allow manipulation of 

neural population dynamics is necessary. Having the possibility of perturbing neural circuits at 

cellular level with sub-millisecond temporal resolutions would indeed permit to further elucidate 

properties of brain circuits and determine causal circuit roles.To meet these pressing needs, in 

CROSSBRAIN we aim at creating self-standing, microscale devices (µBOTS) measuring 

100x100x100 μm³ that integrate circuits for neural activity sensing, and modulation, as well as 

miniaturized wireless power and communication technologies. Here we will report on ongoing 

activities related to the development of highly integrated front-end CMOS circuits for broadband 

recordings and neuro-modulation that fit the requirements of these microscale wireless µBOTS. 

Key features of our circuit solutions include optimized layout methodologies, and meticulous 

attention to component selection and sizing, resulting in a compact yet highly efficient neural 

frontend. Notably, our solution is characterized by its adaptability to large electrode-tissue DC 

offset (up to 500mV) without the need of large DC blocking input capacitors widely used in 

classical AC coupled architectures.A prototype integrating multiple instances of the proposed 

neural frontend was fabricated in a standard 180nm CMOS technology. We will report 



comprehensive characterization of individual µBOTS. Finally, to assess performances to capture 

and modulate neural activity, a multichannel neural frontend solution was realized and used to 

interface multichannel silicon probes for in-vivo neural recordings in mice. 
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Abstract: Achieving chronic mechanical and electrophysiological recording stability while 

maximizing the information gleaned from multiple brain areas in a single experiment are 

important challenges in the field of neurotechnology. Flexible substrates (e.g. polyimide or 

parylene) demonstrated the capability to enhance the long-term stability of intracortical implants 

by minimizing the mechanical mismatch between the implant and the hosting brain tissue. 

However, these devices display limitations in the maximum electrode density they can achieve. 

CMOS-based active neural probes can drastically increase the number of electrodes per sensing 

area. Further, this emerging technology enables to explore novel layouts of implants with 

optimal size and geometry to minimize acute tissue damage and Blood Brain Barrier (BBB) 

disruption to reduce foreign body reaction (FBR). In particular, SiNAPS probes technology was 



shown to enable continuous recordings from up to 1024 densely packed electrodes (pitch <30 

µm) at 20 kHz/channel. This is achieved by integrating into each electrode-pixel individual small 

area frontend amplifiers and on-probe time-division-multiplexing circuits, while keeping the 

shank width <90 µm.Here, we investigate very small cross-section CMOS-based SiNAPS probes 

with respect to their performances in enhancing chronic stability while maintaining a high 

number of electrodes per implant area. To address this challenge, we developed a “microwire-

like” CMOS-based neural probe named ChroMOS probe. The realized probe prototype has a 

shank width and thickness of 26 µm. Although the very small shank size, we were able to 

integrate 64 electrode-pixels in a single column configuration. We will report chronic recordings 

performed with such ChroMOS neural probe and results of its mechanical stability. A 

comparison with commercial SiNAPS neural probes will also be presented and discussed in 

terms of recording performances and foreign body reaction (FBR) through histological studies. 
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Abstract: Postoperative delirium (POD) is a risk factor for dementia and increased mortality. 

Preoperative prediction of POD would allow early and effective prevention of delirium. Phase-

amplitude coupling (PAC) of electroencephalography (EEG) reflects the efficiency of 



information processing through the interaction of neural activity over different frequency 

rhythms. It has been used to assess brain function in various neuropsychiatric disorders. This 

study investigated whether preoperative EEG PAC could predict POD. The present study was 

approved by Keio University School of Medicine Ethics Committee and was conducted in 

accordance with the Declaration of Helsinki. We recruited 71 patients scheduled for surgery. 

Participants underwent preoperative resting state EEG. EEG signals were segmented into δ to γ 

frequency bands. The modulation index (MI), a PAC indicator, was calculated for 10 phase-

amplitude frequency pairs. The mean MI across 19 EEG electrodes for each pair was calculated 

and statistically analyzed. Corrections were made for multiple comparisons. Significant MI 

values were averaged and modeled using logistic regression to predict POD. The accuracy of the 

model was assessed using a receiver operating characteristic (ROC) curve. We compared MI 

between 18 subjects who developed delirium and 53 who did not. Among background factors, 

only years of education was significantly lower in the delirium group than in the non-delirium 

group. The δ-phase β-amplitude MI (δ-β MI) was significantly lower in the delirium group than 

in the non-delirium group. Further testing was performed on each electrode. A significant group 

difference was found for six of the 19 electrodes. As a result of ROC analysis, a model using the 

mean δ-β MI of these electrodes and years of education was able to predict POD with moderate 

accuracy. Since δ-β coupling may be related to stress and anxiety regulation and time prediction, 

the reduced δ-β MI may indicate a preparatory state for delirium. Significant changes at electrode 

sites Fp1, F3, F4, and F7 may reflect altered dorsolateral prefrontal cortex function, consistent 

with previous functional MRI studies that identified abnormalities in this region as a 

predisposing factor for delirium. The δ-β MI of resting state EEG in the prefrontal area may 

serve as a potential neurophysiological marker to predict POD preoperatively. Further validation 

in larger populations is needed. 
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Abstract: Introduction: Estimating network connectivity is important for studying learning 

because connectivity can change during learning [1] and may influence learning computations 

[2]. However, currently available in vivo measurements are either limited in accuracy or 

statistical power. Correlations of activity across brain areas, for example, suffer from the 

common input problem, leading to inaccurate estimations. Network mapping using stimulation 

improves accuracy by directly measuring whether a signal at one site is received at another. 

However, current measurement techniques using electrical stimulation lack spatial specificity 

and have limited statistical power to detect weak but meaningful functional network connections. 

We address these limitations by introducing a phase-based analysis of micro-electrocoticogram 

(µECoG) activity during optogenetic stimulation. Methods: Two male rhesus macaques were 

implanted with chambers to co-register a 244-channel ECoG array with a 32-site fiberoptic 

assembly over frontal motor cortices. Spatial maps of significant connectivity were revealed 

using repeated optogenetic stimulation at a single site while recording ECoG array activity. To 

quantify connectivity, we introduce stimulation-locked imaginary coherence (SLIC), a phase-

based measurement of directed connectivity. Results: Connectivity at rest was measured from all 

possible stimulation sites, each revealing a network of connected regions spanning multiple 

cortical areas. Significant and spatially non-gaussian connections were observed in most, but not 

all sites where optogenetic activity was present. We compared SLIC with an established method 

that uses signal detection to quantify responses to stimulation with non-zero latency [3]. We 

found clear agreement between SLIC and the signal detection method at sites with strong 

connectivity. We also observed that SLIC could better detect putative connections with fewer 

repeated stimulation or in sites with weaker stimulation-driven responses. We leveraged the 

stability of our setup to take repeated measurements across days, which revealed stable 

connection maps. We then explored the sensitivity of our measurements to changes in brain state. 

Connectivity maps were seen to increase in strength when visual stimuli were presented 

compared to rest. In summary, our method provides accurate and reliable network connectivity 

estimation that we will use to study how learning shapes networks in motor cortex. References: 

[1] Kleim, et al., 2004, J. Neuroscience 24(3), 628-633. [2] Sadtler, et al., 2014, Nature 

512(7515), 423-426. [3] Banerjee, et al., 2010. J. Neurophysiology 104(6), 3705-3720. 
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Abstract: The discovery and development of drugs for central nervous system (CNS) diseases 

remain challenging despite advances in technology. This high attrition is primarily driven by 

failure to show efficacy. Disturbance of neuronal activity, and in particular an imbalance in 

underlying excitation/inhibition (E/I), has been highlighted in multiple CNS disorders (e.g. 

Alzheimer disease), and can be regarded as forming a crucial link between structural brain 

pathology and cellular dysfunction. Although emerging methods aim to probe and influence this 

imbalance, the complexity of human brain dynamics has hindered the identification of an optimal 

approach. In this project, we developed a methodological approach that combines previous 

clinical work in the epilepsy field with event-related potential (ERP) methodology. We designed 

a novel process capable of electrically stimulating and recording mice in different regions of 

interest. This technique allows to infer mechanisms of action of drugs at the system level using 

electroencephalography (EEG) combined with neuropharmacology, such as performed in 

patients with pharmaco-TMS-EEG protocols. 

Wild-type mice were implanted with bipolar intracranial depth electrodes, in the left 

hippocampus and the left ventro-medial prefrontal cortex. Electrical stimulation was applied 

between two electrodes and evoked responses were recorded at the other implanted sites. Data 

were processed offline using a pipeline comparable to human clinical studies. To demonstrate the 

pharmacosensitivity of this signature, we analyzed the effects of NMDA antagonists on evoked 

responses in the time domain but also on time-frequency components such as evoked power or 

inter-trial coherence (ITC). 

We recorded evoked responses with high signal to noise ratio and reproducibility between 

animals. These responses comprised different components, depending on the stimulated and 

recorded sites, like human recordings. NMDA agents induced a temporary delay on several 

temporal components of the evoked response and an increase of the power and the ITC in the 

low frequencies (2-12Hz). 

This project represents a step forward to the development of new tools to accelerate the drug 

development process. Our results indicate that this methodology can be transferred to preclinical 

research and applied to freely moving mice, achieving high translational relevance for future 

preclinical studies. This will be of interest to address various neuroscientific questions such as 

the inclusion of pathological animal models and the identification of impaired brain networks. 
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Abstract: Impulsivity (or impulsiveness) is defined as a tendency to react quickly and unplanned 

to stimuli without considering the consequences. Evidence supports the role of the frontal lobe in 

controlling an individual's impulsive behaviour. Impulsiveness may involve at least two brain 

circuits working together: a circuit supported by the amygdala system responsible for emotion 

management, which is altered when impulsiveness is high, and a prefrontal system responsible 

for inhibitory control. Resting state electroencephalography (EEG) studies report patterns of 

brain activity characterised by increased activity in the slow frequency band (theta) and 

decreased activity in the fast frequency band (beta), a relationship expressed as the theta/beta 

ratio (TBR). The TBR is usually associated with attentional control (AC), but has also been 

proposed as a possible biological marker of impulsive behaviour, particularly in relation to the 

ADHD population. The aim of this exploratory study was to determine whether there are 

associations between TBR and Barratt's impulsiveness scores in a non-clinical population. The 

EEG of 32 neurotypical individuals was recorded during an 8-minute RS protocol. Impulsiveness 

was assessed using the Barratt Impulsiveness Scale (BIS-11). Theta and beta power density 

measures were obtained from three electrodes in the frontal region to calculate TBR. We found a 

significant negative correlation between TBR and BIS-11 "No-Planning" subscale scores. The 

present study provides evidence that TBR during RS could be considered as a biomarker of 

impulsiveness. Further research is needed to validate these findings with cognitive tests assessing 

executive functions related to impulsiveness and to explore their applicability in clinical 

contexts, where they could be useful in the early identification and treatment of impulsiveness-

related disorders. From a translational perspective, our understanding of the neurobiological 

mechanisms underlying impulsive behaviour in the general population may benefit from the 

identification of functional correlates of cortical substrates associated with impulsiveness, which 



is crucial not only from a neuroscientific perspective, but also from a social, clinical and 

therapeutic point of view. 
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Abstract: Understanding of the physiological mechanisms of neurofeedback training (NFT) still 

remains incomplete, partially because of high diversity of approaches and protocols used in this 

field. Brain electrical activity microstate analysis is a promising tool which may add extra light 

in understanding NFT mechanisms. 45 subjects participated in the study. Subjects were 

randomly assigned to one of three groups (15 subjects per group): beta-theta group, where 

subject had the task to increase beta- and decrease theta-EEG activity; theta-beta group, where 

subject had were instructed to increase theta- and decrease beta-EEG activity; and placebo 

(sudoku) group. The feedback stimulation was presented as a ball moving around the screen 

depending of theta- and beta-range spectral power density. Subjects were instructed to keep ball 

close to the goal, located in the middle top of the screen. Solving sudoku was used as a placebo 

activity in placebo group. EEG was recorded during 5 6-minutes sessions with 1 minute breaks 

between the sessions with 21-electrode EEG system, linked ears as reference. Loreta-KEY 

software was used to run microstate analysis for the first 30s of recording of the 1st and 5th 

sessions. 

Most prominent changes were observed mainly in theta-beta group, where the duration of 

microstate 1 significantly increased during the NFT course. Transition rates significantly 

increased between the 1st and the 5th NFT sessions for the following transitions between 

microstates: microstate 2 to microstate 3, microstate 3 to microstate 1, microstate 4 to microstate 

1. This effect was strongly expressed in theta-beta group. The microstate 1 exhibits a right-left 

orientation, corresponding to the conventional microstate B, which is supposed to reflect the 

activity of visual network. In our case, the source analysis of microstate B showed increased 

activity in frontal cortex (superior frontal gyrus). We suppose, that the increase in the 



representation of this microstate in theta-beta group during the course of NFT may reflect the 

higher intensity of processing of visual feedback and stronger top-down control of relevant 

visual information processing in theta-beta group. 
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Abstract: Perceptual decision making involves the interaction of many cortical areas. Studying 

this process in a mechanistic way thus requires to jointly record and manipulate the activity of a 

large cortical network. To address this challenge, we have developed a novel multimodal 

experimental protocol to identify regions of the cortex that show significant responses during a 

perceptual decision-making task using Gabor patches and then optogenetically activate or 

inactivate functionally defined and arbitrarily-shaped portion of Gabor-patch activated neurons 

in the dorsal cortex of head-fixed mice.Our protocol uses wide-field calcium imaging to map the 

dorsal cortex and then enables users to optogenetically (in)activate functionally defined regions 

of the cortex via a projector, all done through a transparent Polydimethylsiloxane (PDMS) 

window. We first developed procedures to synthetize and surgically replace the skull covering 

half of a hemisphere with a PDMS window. This is required to chronically apply imaging and 

optogenetics across the whole dorsal cortex and, at the same time, to perform viral injections and 

electrophysiology through a flexible window. We successfully maintained clear transparency of 

the PDMS window in single mice over several months. Using a wide-field calcium imaging 

setup, we identified which region of visual cortex in GCaMP-expressing mice responds to 

Gabor-patch presentation on a monitor. Once the active regions of visual cortex were identified, 

we generated a binary map to decide which cortical region should be optogenetically 

(in)activated via a laser projector. The binary map consists of two colors: black (no illumination) 



and any preferred color for optogenetics, depending on the opsin(s) being used (e.g., blue). The 

binary map was then projected on the brain across the PDMS window, (in)activating only 

regions where colored laser light was projected. Taking scattering into account, we obtained an 

illumination accuracy of 50 μm resolution. Thus, the precise anatomic subregion containing 

(in)activated cortical neurons can be identified and manipulated in a chronic head-fixed 

preparation via this multimodal protocol.Overall, our multimodal protocol provides a new 

approach to investigate causal roles of functionally defined neural populations by detecting the 

locations and sizes of active cortical regions and flexibly (in)activating them with high precision. 

Importantly, our approach can be applied over the course of several months and can be integrated 

with other techniques such as electrophysiology. 
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Abstract: Peripheral nerve (PN) axon excitation can occur via the electric fields generated by 

MRI gradient coils within the human body. Previous studies have shown that orthopedic 

implants, such as bone plates, can alter the electric field distribution and can potentially affect 

close by nerves’ activation. Although the MRI electric field can affect the PN threshold in the 

presence of implants, little work has been done in this area. This study aims to quantify the 

potential variation in PN threshold due to the presence of orthopedic plate through the combined 

anatomical electromagnetic modeling and physiological neurodynamic simulations. First, 

electromagnetic fields are obtained in the Yoon-Sun human model, both with and without the 

presence of orthopedic plate implanted on the tibia bone. Next, simulated electric fields are 

projected onto nerves axons and integrated along the nerve fiber to obtain the effective electric 

potential along the nerve. Then, utilizing the physiological NEURON model, nerve responses are 

obtained in response to the electric potential along the nerve bundle with different fiber different 



diameters. Finally, the PN activation threshold is captured by increasing the current strength in 

the gradient coils. The results show, that thresholds decrease up to 68% due in the presence of 

plate. One reason could be the rapid change of the electric field derivative on the fiber’s 

positions near the tips of the orthopedic plate. This study provides evidence that orthopedic 

implants can affect the PN threshold during MRI. Metal implants are strongly suggested to be 

considered when evaluating the PNS of the high gradient MRI system to ensure the safety of the 

patients with implants. 
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Abstract: Clinical symptoms of neuropsychiatric and neurodevelopmental disorders arise from 

neurophysiological dysfunction in specific neural circuits. Progress has been made in 

understanding the brain regions and molecular factors responsible for these diseases. However, 

the main challenge in developing new treatments lies in the limited value of behavioral animal 

models. Although changes in behavior may indicate improvement in the clinical phenotype, they 

may not necessarily reflect improvement in the underlying circuit function; instead, they could 

be due to unrelated structural changes. Recent advances in electrophysiology enable the 

monitoring of single-unit activity at large scale and high density in freely behaving rodents, 

which might allow us to identify neural activity patterns under disease-causing circumstances. 

We combined high-density electrophysiology techniques with previously established drug-

challenge assay to test this hypothesis. We used the candidate drug Dizolcilpine (MK-801), an 

uncompetitive N-Methyl-D-aspartate (NDMA) receptor antagonist. Using a single Neuropixel 

2.0 probe implanted over the prefrontal cortex, we routinely record over 250 neurons 

simultaneously over multiple days. While injecting different concentrations of MK-801, we 

quantified how the population of neurons changes their activity over time. We observed 

significant differences between the control and each administered concentration group invariant 



to animal behavior. Then, we asked whether electrophysiological footprints could be used solely 

to predict the administered concentration of dizocilpine. We used time-dependent individual 

neuron spike statistics changes and trained a multiclass classifier. Then, we correctly predicted 

the concentration of the administered drug over 70%. Ultimately, our current platform opens new 

avenues for drug development and personalized medicine. 
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Abstract: Closed-loop, patient-specific neuromodulation with chronically implanted devices 

such as deep brain stimulation (DBS) and responsive neurostimulation (RNS) has become a 

practical and accessible approach for studying and treating an increasingly broad range of 

neuropsychiatric disorders in the clinical setting. Chronic pain is one such pathology affecting up 

to 1.5 billion people worldwide. An emerging body of work suggests that neuromodulation holds 

promise in providing treatment for numerous conditions, including chronic neuropathic pain. 

Given the safety and efficacy of current neuromodulation approaches, there is substantial 

opportunity to utilize closed-loop electrophysiological monitoring and targeted stimulation for 

patients with these conditions. Given constraints on performing high fidelity electrophysiological 

biomarker searches in human subjects, and limitations of retrospective datasets from patients 

with implanted recording devices for a primary cause unrelated to chronic pain, corollary work 

in mouse models presents an important opportunity to increase throughput in identifying 

electrophysiological biomarkers. A main limitation impeding integration of mouse studies into 



human-applicable intervention, is the high dimensionality of neural recordings—including single 

unit spiking activity and broadband local field potential (LFP) recordings—and their poor 

translation to technology-limited clinical devices without prior identification of explicit 

parameters. Another challenge is alignment of subjective experiences in mice with 

electrophysiological readouts. Rapid development of neural control strategies toward clinical 

translatability is thus limited. To address this issue, we have developed a real-time system for 

parallelizing the search for brain state-correlated biomarkers. Using a neuropixels 1.0 probe, we 

are able to perform high temporal resolution recordings of LFP activity and single unit spiking 

activity from multiple brain structures. We then perform probe wide sweeps and characterize 

numerous spectral parameters (e.g. transient changes in oscillatory center frequency or relative 

power) in a region-aware manner to identify features of interest. We also demonstrate the ability 

to extract these features in near-real-time for subsequent closed-loop control strategy 

development. We show that this can be applied to complex neuropsychiatric disorders, such as 

mouse spared nerve injury (SNI) models of neuropathic pain. The result of this work is a method 

to scan hundreds of biomarkers—in parallel, across candidate regions of interest—and their 

latent relationships across multiple regions. 
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Abstract: States of vigilance and sleep have always been a subject of interest in neurosciences 

due to the alterations in sleep architecture seen in many brain disorders, such as psychiatric 

disorders or neurodegenerative dirsorders. Drugs in themself can have positive or negative 

effects on sleep architecture and it is essential to evaluate their potential effects based on clinical 

indications. Increasingly, semi-automated analysis tools based on artificial intelligence are 

becoming available and are being adapted to current technologies to streamline and speed up 

workflows. We leveraged this to develop an analysis pipeline using an in-house EEG platform to 



test drugs for their effects on states of vigilance and the corresponding pharmacodynamic 

modulations of frequency bands for each state, i.e. wakefulness, rapid eye movement (REM) 

sleep and non-rapid eye movement (NREM) sleep. Indeed, EEG is a quantitative and objective 

tool that, when combined with EMG, allows us to distinguish between different states of 

vigilance and to study in detail the frequency bands in each state and their evolution over time. 

This platform can assess different classes of pharmacological compounds and serve as a 

reference for new drugs in development. Mice were implanted with parietal and nuchal 

electrodes to enable EEG and EMG recordings over 8 hours. We tested selected reference 

compounds to evaluate their effect on sleep architecture and on EEG pattern. The compounds 

were administered in a cross-over design, and the recordings were scored in 4-second epochs to 

identify sleep stages. We tested three different compounds from different classes and obtained 

their complete profiles with the platform. The procognitive agent donepezil showed no effect on 

sleep stages but increased power in the gamma band. The hypnotic agent suvorexant, an orexin 

receptor antagonist, had an impact on REM but without consistent modifications of EEG pattern. 

And zolpidem, a sedative agent, promoted both sleep states but differently impacted the 

frequency profiles of Wake, NREM and REM: it induced a shift towards lower frequencies of 

REM peak frequency and a reduction of delta activity (1-4Hz) during NREM. In conclusion, this 

new analysis pipeline based on an EEG-based platform focused on sleep architecture provides a 

tool to more quickly and objectively assess the effects of compounds in development and 

compare them to existing reference drugs for various indications. 
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Abstract: Neuronal circuits in the cortex consist of two main neuronal types, glutamatergic 

excitatory neurons and GABAergic inhibitory neurons (IN). The inputs of IN provide cortical 

networks with the ability to balance spontaneous and evoked excitatory activities, preventing 

runaway excitation. Abnormal IN function and excitatory-inhibitory imbalances are associated 

with various neurological diseases including autism, epilepsy and schizophrenia. Excitatory-

inhibitory imbalances can also occur due to dysfunction of astrocytes as they have a critical role 

in the turn-over of the released glutamate in the synaptic cleft. Scalable approaches are needed to 

generate human in vitro models that can reliably recapitulate excitatory-inhibitory imbalances 

suitable for high-content drug screening to develop therapeutics to treat associated neurological 

diseases. We have used our deterministic cell programming technology opti-ox™ (optimised 

inducible overexpression) to generate the key cell types required to establish a platform for 

studying excitatory inhibitory neuron imbalances, namely GABAergic neurons (ioGABAergic 

Neurons™), glutamatergic neurons (ioGlutamatergic Neurons™) and astrocytes 

(ioAstrocytes™), from human iPSCs. 

ioGABAergic Neurons form a highly pure population of GABAergic neurons that have 

undergone deep molecular characterisation by immunocytochemistry, RT-qPCR and single-cell 

RNA-sequencing, revealing cultures that consist of over 99% pure GABAergic neurons 

expressing the classical markers GAD1, GAD2, VGAT, DLX1, as well as DLX2 and are 

positive for GABA. Remarkably, SST was the only GABAergic subtype specific marker that 

was detected, further highlighting the purity of the ioGABAergic Neurons. Moreover, three 

independently manufactured ioGABAergic Neurons lots displayed highly equivalent 

transcriptomic profiles, confirming the consistency and scalability of the opti-ox technology. 

Functional assessment by MEA assays showed that ioGABAergic Neurons inhibit the excitatory 

activity of ioGlutamatergic Neurons in a ratio dependent manner, and that the inhibitory and 

excitatory balance can be further modulated by drugs targeting GABAergic signalling. Thus, the 

developed opti-ox driven co-culture platform can be used to accurately model complex CNS 

interactions in vivo, to study the principles underlying excitatory-inhibitory neuron imbalances to 

empower research and drug discovery for devastating neurological disorders, such as epilepsy. 
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Abstract: Intracellular ion channels are known to play an essential role in various signaling 

pathways in health and disease. Over 80% of transport processes take place across intracellular 

membranes. Among the variety of organellar channels and transporters the proton leak channel 

transmembrane protein 175 (TMEM175), the transient receptor potential cation channel, 

mucolipin subfamily TRPML1, and the lysosomal two-pore channel (TPC) have received 

increasing attention in the field. This interest was sparked by genetic association of the 

corresponding transporter genes suggesting lysosomal (dys-)function to be a pathophysiological 

driver of conditions such as Parkinson’s disease and cancer. Consequently, there is an increased 

interest in exploring intracellular ion channels and their pharmacology also by means of high-

throughput electrophysiology. To this end, either patch clamp or solid supported membrane 

electrophysiology (SSME using the SURFE2R 96SE), present the methodologies of choice. Until 

now, however, high-throughput patch clamp has lacked the possibility to collect data from native 

lysosomes. In this study, we describe two electrophysiological techniques for studying ion 

channels in native lysosomes. Lysosomes were isolated from WT or HEK293 cells stably 

expressing TMEM175 and recorded using both high throughput APC (SyncroPatch 384) and 

SSME (SURFE2R N1 and SURFE2R 96SE). Using different pH conditions currents were 

enhanced by DCPIB in both techniques. TPC2 was also recorded from lysosomes isolated from 

HEK293 cells and recorded using high throughput APC where currents were activated using the 

specific activator TPC2-A1-P. Last but not least, TRPML1 was activated by addition of K+-

containing solution, enhanced by PIP2 and further enhanced by ML-SA5 using SSME. 



Altogether these results demonstrate the potential to use high throughput electrophysiological 

techniques to record lysosomal ion channels in intact lysosomes or lysosomal membranes, using 

SyncroPatch 384 and SURFE2R, respectively. 
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Abstract: The use of human induced pluripotent stem cells (hiPSCs) is becoming commonplace 

in biomedical research. Culture conditions for maturation of hiPSC-derived neurons are 

continuously being optimized, but these can be long in duration, and are not yet standardized. 

We have used hiPSC-neurons cultured under different conditions and compared the presence of 

different ion channels, along with their biophysical properties such as current amplitude and 

Vhalf using high throughput automated patch clamp (APC). We found that hiPSC-derived 

neurons could be used on APC with success rates exceeding 75% in some conditions and culture 

conditions had little effect on seal resistances and success rate. However, when hiPSC-neurons 



were co-cultured with astrocytes, NaV currents were detected in more neurons (100% when co-

cultured, 59% when cultured alone) and amplitudes were significantly larger compared with 

those cultured alone (-3.3 ± 0.29 nA (n = 96) versus -1.0 ± 0.2 nA (n = 37)), whereas the Vhalf of 

activation and inactivation remained the same regardless of culture conditions. Similarly, KV 

currents were detected in more cells (85% when cultured with astrocytes versus 57% when 

cultured alone) and amplitudes were also larger in hiPSC-neurons co-cultured with astrocytes 

compared with neurons cultured alone (1.5 ± 0.1 nA (n = 81) versus 0.85 ± 0.08 nA (n = 56). We 

also investigated the presence of different ligand-gated ion channels and could detect responses 

to acetylcholine, GABA, glycine and glutamate in neurons cultured in all conditions. A 

concentration response curve to GABA revealed an EC50 of around 20 µM. In summary, we 

show that co-culturing hiPSC-neurons with astrocytes does not affect sealing properties of cells 

on APC, but does affect the expression of NaV and KV channels. Co-culturing hiPSC-neurons 

with astrocytes, therefore, may be a reliable method for maturation of hiPSC-derived neurons for 

biomedical research and drug discovery. 
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Abstract: Analogous to having a conversation amid the noise of a crowded room, the signal-to-

noise ratio (SNR) is a pivotal feature in electrophysiological studies for discerning meaningful 

neuronal activity from background noise. In our experience, traditional methods for SNR 

calculation are challenged by the fact that variations in resting membrane potential or holding 

potential greatly distort signal or noise power. To circumvent these limitations, we present a 

novel methodological approach that utilizes the Poisson power spectrum excluding the zero hertz 

(0 Hz) bin to yield more accurate SNR measures in neuronal subpopulations. Visually guided 

whole-cell recordings (WCRs) were made from CA1 neurons from 400 µm hippocampal slices. 

Schaffer collateral stimulation was used to induce EPSPs and action potentials. To validate the 

sensitivity and reliability of this method in reflecting signal-to-noise ratio, we will apply a series 

of pharmacological agents known to modulate synaptic transmission (picrotoxin for GABAA 

receptor antagonism, CNQX for AMPA receptor antagonism, baclofen for GABAB receptor 

antagonism, and S-AMPA for AMPA receptor agonism). SNR is recorded before and after bath 

application of the various agonists/antagonists. The predictability of SNR changes in response to 

these drugs offers insights into the validity and reliability of this signal-to-noise measure. The 

resulting SNR is then compared to that obtained using other Fourier analysis approaches. This 

novel application of a Poisson power spectrum analysis excluding the 0 Hz bin substantially 

refines SNR calculations in whole-cell patch clamp studies. Initial experiments indicate that SNR 

predictably increases following bath administration of 10μM picrotoxin. Preliminary data 

indicate that this methodology proved sensitive to pharmacologically induced changes in signal 

and noise, validating SNR as a reliable measure of individual neuronal responses. This approach 

may have significant implications for understating the primary drivers of neuronal signal power 

and the excitatory/inhibitory balance in subpopulations of neurons. 
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Abstract: Overweight and obesity are mainly triggered by eating disorders such as binge-eating, 

which consists of an excessive consumption of high-calorie foods such as sugar and fats in a 

short period of time, approximately 2h (Corwin, 2006; DSM-V, 2013; Corwin et al., 2016). One 

of the nuclei that participate in the modulation of salience of stimuli such as palatable food is the 

nucleus accumbens (NAc). 95% of neurons of this nucleus are medium spiny neurons (MSNs). 

However, it is not known how binge eating can modulate the activity of MSNs. The objective of 

this study was to investigate the changes in the excitability of MSNs using a binge intermittent 

model in mice and electrophysiological registers with patch clamp. All experiments were 

conducted following the official Mexican standard of technical specifications for the production, 

care, and use of laboratory animals (NOM-062-ZOO-1999) and in accordance with the 

regulations of the Internal Committee for the Care and Use of Laboratory Animals (CICUAL) of 

the National Autonomous University of Mexico. The subjects were housed individually under 

controlled environmental conditions: a 12-12 h light-dark cycle, temperature 21 ± 2 ºC and 

humidity 70 ± 10%. The subjects were randomly assigned, and their initial weight was 

controlled. 21 C57BL/6 mice weighing between 19 and 22 g were used. Binge-type intake was 

evaluated using an intermittent model. Subjects were separated as follows: control group (CG) 

(n=7), intermittent group (IG) (n=7) and continuous group (COG) (7). For 28 days all subjects 

had ad libitum access to standard food and water. IG with binge-intake had access to palatable 

food 12 days (Monday, Wednesday, and Friday, for 4 weeks). COG had ad libitum access to 

M&M´s, standar food and water. We measured water consumption, standard foods, palatable 

foods, and weight every 22 and 24 h. The animals were deeply anesthetized with isuflurane and 

immediately decapitated. The brains were removed and placed in cold (5°C) artificial 

cerebrospinal fluid (ACSF). Coronal brain slices (250 μm thick) containing the NAc were 

obtained with a vibratome (Pelco 102, Ted Pella. INC) and stored in oxygenated ACSF at room 

temperature for at least 1 h before recordings. For the statistical analysis we used the Mann 

Whitney and Kruskal Wallis U trials. Meaningful differences were observed when p < 0.05. We 

found differences in the excitability of MSNs. IG had less excitability than CG and COG. Based 

on these data, we suggest that the projections of MSN in subjects with binge send fewer 

GABAergic projections to the VTA and therefore receive more dopamine, increasing the reward 

response to palatable food. 
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Abstract: Brain-computer interfaces (BCIs) hold promise for treating neurodegenerative 

diseases yet face challenges due to declining signal quality over time. Previously, our lab showed 

that depleting oligodendrocytes (OL) leads to a loss of recording performance but is rescued after 

pro-myelinating Clemastine administration. To decouple the effects from OL and off-target drug 

effects, we investigated the electrode recording performance of mice with Fused in Sarcoma 

conditional knock-out (FUScKO) of Fus proteins only in OL. These mice have thicker myelin, 

especially on small caliber axons relative to wild-type (WT) mice. FUScKO and WT mice (n=6 

per group) were chronically implanted with 16-ch Michigan-style electrodes in the visual cortex. 

Response latency to visual stimulation and evoked signal-to-noise firing rate ratio (SNFRR) were 

quantified through electrophysiological recordings during drifting grating stimulation for 16 

weeks and analyzed with two-way ANOVAs and Bonferroni corrected t-test. Given that myelin 

is correlated with higher neuronal signal conduction velocity, we hypothesized that FUScKO 

mice, would have lower response latency to visual stimuli than WT mice. No significant or 

consistent trends in response latency were observed among genotypes in the young cortex. 

However, aged FUScKO mice showed consistently higher latencies compared to aged WT mice, 

with a significant increase noted on day 77 (p < 0.05). While the differences in latency were not 

significant, the observed trend suggests that knocking out Fus in OL contributes to higher 

response latency and lower signal conduction velocity during aging. Previous studies show 

enhanced myelination improves SNFRR stability, so we next asked if SNFRR would increase in 

FUScKO mice. We anticipated higher ratios in FUScKO mice as myelin is associated with 

enhanced neuronal metabolic support. Surprisingly, SNFRR did not differ significantly between 

genotypes in young mice. The aged WT mice had greater SNFRR than the aged FUScKO mice 

at all time points, with significant increases at days 1, 4, 6, 8, 42, 63, 70, and 77 (p < 0.05). These 

findings propose a potential relationship between myelination and SNFRR stability. Future 

studies should investigate if this is related to metabolic exhaustion in aging or improved signal 

transduction efficiencies. Our findings showed that Fus conditional knock-out in OL does not 

significantly affect the latency or SNFRR value in young mice. In the aged group we only 

observed significantly greater SNFRR in WT mice compared to FUScKO mice. Future work 

aims to quantify chronic functional recordings from CA1, where preliminary analyses suggest 

longer recording performance.  
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Abstract: Pattern visual evoked potentials (pVEPs) are an electroencephalography (EEG) 

recording from the visual cortex in response to patterned visual stimuli. Anesthetic drugs 

influence various stages of visual processing involved in pVEP. Simultaneous recording of 

pattern electroretinograms (pERG) during pVEP recording can differentiate between signal 

reception in the retina and the optic nerve to brain response. This study aimed to assess the 

nervous system effects of anesthetics on pVEPs by comparing pERGs from male cynomolgus 

monkeys anesthetized under different conditions. Three male cynomolgus monkeys (2-3 years 

old, 2-4 kg) were anesthetized using three different protocols: ketamine/xylazine (8.75 mg/kg, 

0.5 mg/kg, i.m.), ketamine/medetomidine (10 mg/kg, 0.08 mg/kg, i.m.), and propofol (10 mg/kg, 

i.v.). Disc electrodes were attached to the scalp with gel and positioned according to the 

International 10-20 system (Oz for the active electrode and Fz for the reference electrode). 

Checkerboard pattern stimuli were presented at spatial frequencies of 1, 3, and 10 cycles per 

degree (cpd). Animals were placed so that their eyes were 55 cm in front of the monitor, and 

ERG contact lens were used to measure pERG, covering one eye with an eye patch. ERG 

parameters (implicit time and amplitudes of P50 and N95) and VEP parameters (P1, N1, and P2 

latencies, as well as P1N1 and N1P2 amplitudes) were analyzed. Comparisons of pERG data in 

anesthetized monkeys by 3 protocols revealed no significant differences in the P50 or N95 

latencies between the anesthetic conditions, indicating the anesthetic drugs have little effects on 

transmission speeds inside the retinal circuits. In pVEP results, however, propofol showed 

shorter P1, N1, and P2 latencies in pVEP than ketamine/xylazine or ketamine/medetomidine. 

The pVEP latencies under propofol were closed to those in awake monkeys or clinical standard 

values (P1: 75 msec; N1: 100 msec; P2: 135 msec), suggesting that ketamine/xylazine and 

ketamine/medetomidine anesthesia may delay nerve transmission in the pathway from the optic 

nerve to the brain. In both pERG and pVEP, larger amplitudes were found at 1 cpd in recording 

under ketamine/xylazine anesthesia than under other anesthetics. At 3 and 10 cpd, however, 



pVEP amplitudes were larger under propofol than other anesthetics. Ketamine/xylazine 

anesthesia may be acceptable for specific condition such as visual stimulation at lower spatial 

frequency, but propofol may be useful for pVEP in a wider range of conditions. 
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Abstract: Objective: This study aimed to evaluate the impact of violet light exposure on 

testosterone levels, testicular size, and sperm motility in cynomolgus monkeys. Methods: Eight 

monkeys were divided into two groups: those exposed to violet light for two hours each morning 

and a control group without exposure. Over approximately one year, we measured testosterone 

77 times from day 32 to day 298, and testicular size 43 times from day 1 to day 298. For 

correlation analyses between testicular size and testosterone, we used data from day 31 to day 

277, adjusting for differences in measurement timings. Results: Monkeys exposed to violet light 

exhibited significantly higher testicular sizes and testosterone levels compared to both their 

baseline measurements and the control group. Sperm motility was also enhanced in the violet 

light group, correlating with testosterone changes. The correlation analysis was adjusted for 

differences in measurement schedules and only included matched data points within a maximum 

5-day lag between testicular and testosterone measurements. Conclusions: Exposure to violet 

light significantly affects reproductive parameters in monkeys, indicating potential benefits in 

reproductive health management. Further studies are required to explore the mechanisms and 

applicability of phototherapy in reproductive medicine. Significance: These findings underline 

the potential of light exposure as a non-invasive method to enhance reproductive health, 

providing insights into its effects on hormonal and testicular adjustments. 
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Abstract: The prefrontal cortex (PFC) plays an important role in executive functions including 

stress control and emotions. In the PFC, higher electroencephalography (EEG) frequencies (beta 

band) represent concentration and nervousness, whereas lower EEG frequencies (delta, theta, and 

alpha bands) represent a tranquil state. Anxiolytics including 5-HT reuptake inhibitors and 

benzodiazepines have been used for decades to treat depression by reducing nervousness and 

anxiety. However, the impact of these anxiolytics on the EEG frequencies is not well understood. 

The present study examined the effects of anxiolytics on the PFC EEG patterns in cynomolgus 

monkeys. EEG electrodes, according to the international 10-20 system (Oz for the reference 

electrode and Fpz for the active electrode), were implanted and EEGs were recorded after oral 

administration of vehicle, paroxetine (5-HT reuptake inhibitor, 10 mg/kg) or etizolam 

(benzodiazepine, 1 mg/kg) in 6 male monkeys (5-8 years old). Both paroxetine and etizolam 

treatments decreased beta bands (paroxetine:22-24Hz, etizolam :22 and 24Hz) compared to the 

vehicle, indicating that both drugs reduced concentration and nervousness. The etizolam 

treatment also increased delta-theta bands (3 and 4Hz) compared to the vehicle, indicating that 

etizolam also induced a tranquil state. The present study demonstrates that paroxetine and 

etizolam affect the EEG patterns in cynomolgus monkeys by inducing a tranquil state and/or 

reducing concentration and nervousness, and indicates that the PFC EEG patterns may be a 

useful biomarker for evaluation of the efficacy of anxiolytics. 
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Title: Single-trial decoding of somatosensory evoked potentials: Effect of stimulation frequency 
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Abstract: Objective: Single-trial decoding of somatosensory evoked potentials (SEPs) is 

important for developing Brain Computer Interface applications for rehabilitation post brain 

injury. However, it is unclear how SEP decoding is affected by stimulation parameters such as 

the stimulation frequency. We assess this with tibial nerve electrical stimulation at frequencies of 

0.2 Hz, 1 Hz and 2Hz. Method: Nine healthy people (50.4+18.8y, 6m/3f) participated with 

informed consent (IRB #1584762). Referential electroencephalography (EEG) was acquired at 

300 Hz (DSI-24, Wearable Sensing; BCI2000). Bipolar electromyography was measured from 

the soleus muscle (3200 Hz, AMT-8; EPOCS software). Biphasic 1-ms electrical stimuli were 

delivered to tibial nerve with a constant current stimulator, controlled with our EPOCS software. 

At each stimulation frequency, the soleus M-wave and Hoffman-reflex recruitment curves were 

obtained, followed by SEP measurement (75 trials), at a current intensity that elicited an M-wave 

of 10-20% Mmax. The 3 stimulation frequency blocks were repeated after a short break, 

presented randomly. EEG was notch and bandpass filtered (0.2 - 40 Hz) and denoised with 

independent component analysis. Preprocessed data were epoched (-50 to 400 ms); noisy epochs 

were removed using trial statistics. The SEP was obtained by averaging baseline-corrected 

epochs. The Friedman Test was used for repeated measure comparisons. Single trial 

classification was assessed with linear discriminant analysis (LDA) and 5-fold cross-validation. 

Classification performance was assessed with AUC (ROC curves). Decoding generalization was 

assessed by applying LDA models from set-1 recordings, to predict the SEPs in set 2. Results: 

SEP N70 latencies remained similar across stimulation frequencies (p>0.05), while the N70 peak 



amplitude was significantly different (p= 0.0084); higher stimulation frequency elicited a smaller 

N70 peak. The N70 classification accuracy was 0.89, 0.79 and 0.80 for 0.2 Hz, 1 Hz and 2 Hz 

respectively. Generalization AUC scores were 0.81, 0.76 and 0.77 for 0.2 Hz, 1 Hz and 2 Hz, 

respectively. Conclusion: Results show an excellent classification accuracy for SEP N70, elicited 

by tibial nerve stimulation at 0.2Hz, with a slight decrease in accuracy at higher stimulation 

frequencies. This may be attributed to attenuated SEP N70 at higher frequencies, possibly due to 

desensitization. Generalization scores show an expected decrease of accuracy at all frequencies, 

with the largest decrease at 0.2 Hz. Most importantly, all three frequencies appear to be able to 

support single-trial SEP decoding and may be usable for an SEP-based brain computer interface. 
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Abstract: Glutamatergic neurons, astrocytes, and microglia are involved in many 

neurodegenerative and non-neurodegenerative conditions including Alzheimer’s disease (AD), 

Parkison’s disease (PD), amyotrophic lateral sclerosis (ALS), epilepsy, schizophrenia, anxiety, 

and pain. However, their roles in these disorders have not been fully elucidated. Current 

preclinical screening platforms, although informative, are insufficient in that non-human primary 

models exhibit differences in key genomic and proteomic abundance and expression levels when 

compared to human counterparts. Immortalized cell lines become senescent and inadequate in 

expressing complex pathological pathways. The availability and viability of human cadaver 

tissue is limited. However, human induced pluripotent stem cells (hiPSCs)enable personalized 

medicine while also offering a more relevant and scalable screening assay. hiPSC scan be 

integrated into high-throughput mono-, co-, and tri-culture HTS screening platforms for novel 

drug discovery and development as well as molecular cell signaling studies. Here, we have 

developed atri-culture screening platform on Cytoview MEAs (Axion Biosystem) with our iPSC-



derived cortical glutamatergic neurons (GN), cortical astrocytes (CA), and microglia (MG) in 

two different medium recipes. GN and CA were cultured simultaneously over the electrode area 

as a co-culture and maintained for eight days. MG were seeded, on the eighth day directly over 

the co-cultures of GN and CA. Recordings were taken every other day for 29 days, and the 

neurons exhibited a robust mean firing rate (MFR), active electrode yield (AEY), bursting 

frequency (BF), and synchrony index (SI). Starting on Day 28, tricultures were incubated in 

lipopolysaccharide (LPS) and interferon-gamma (INF-ƴ) for 24 hours. MEA recordings showed 

an increase in neural activity in response to LPS and INF-ƴ. We then used an ELISA assay on 

the MEA plate to show cytokine levels in response to LPS INF-ƴ. Immunocytochemistry 

confirmed morphology of GN, CA, and MG of both the neural and neural inflammatory tri-

culture models on the MEAs. This tri-culture model is a powerful tool that could be used to 

investigate neural responses to novel therapeutic compounds, molecular mechanisms involved in 

cell-cell signaling, neurodegenerative diseases, and non-neurodegenerative disorders. 
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Title: Flexible 3D microelectrode arrays for measuring electrophysiology of cortical organoids 

in vitro 
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Abstract: Cortical organoids are revolutionizing the neuroscience field as models of brain 

development and dysfunction and offer promise as platforms for personalized drug screening, 

biological network analysis, and disease modeling. The primary benefit of organoids’ complexity 

compared to 2D cultures comes from their 3D morphology. However, conventional 

electrophysiology devices were built to measure planar 2D cultures and are therefore not able to 

capture the entirety of organoid cellular activity. Here, we created a flexible 3D mesh which can 

deflect under organoid weight and encompass the organoid. This conformational, tight contact 

with organoids allows for thorough, longitudinal recordings of neural network electrophysiology. 

Serpentine shaped wires and thin-film parylene C encapsulation allow for high flexibility of 

mesh arms without any breakage. Characterizations of the array demonstrate low electrode 

impedances capable of capturing high SNR recordings. PDMS ports placed alongside the mesh 

recording chamber allow for perfusion of media and chemical exchange for drug studies with 

minimal perturbation to the organoid adhesion to array. When combined with two-photon 

imaging of organoids transduced with a calcium indicator, the mesh arrays permit simultaneous 

recordings which yields high-resolution information of the population and single-cell dynamics. 

This novel, multimodal recording setup for allows for holistic analysis of organoids in vitro and 

will yield insights into organoid network development and activity, furthering our understanding 

of the brain. 
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Abstract: Human neurons and neural networks generated from human induced pluripotent stem 

(iPS) cells are greatly expected for wild applications including safety assessments, toxicity and 

side effect, in vitro disease modeling, and drug screening/discovery. However, it is necessary to 

evaluate functional maturity of cultured iPS neurons and networks before clinical translation. In 

the present study, we characterized the changes in electrophysiological and pharmacological 

properties of individual human iPS cortical neurons and neuronal networks using the field 

potential imaging technology. This method uses a high density complementary metal-oxide 

semiconductor microelectrode array (HD-CMOS-MEA) with 236,880 electrodes, which provides 

a cell-by-cell basis for functional analysis of iPS neuronal network. As a result, we successfully 

detected the response of both synaptic network bursts and single neuron bursts to seizurogenic 

compounds. Furthermore, we evaluated the synaptic connection strength between single neurons 

to show the difference between each compound. Therefore, the current field potential imaging 

provides considerable potential for accurate assessment of drug effects on iPS neuron cultures. 
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Abstract: Human induced pluripotent stem cell (hiPSC)-derived neural models have emerged as 

invaluable tools for studying neurological disorders, such as epilepsy, Alzheimer’s, and 

Parkinson’s disease. Real-time, label-free measurement of electrical activity in self-organizing in 

vitro cellular models provides critical insight into the complexity of their neuronal networks. 

High-density microelectrode arrays (HD-MEAs) enable non-invasive electrophysiological 



recordings from various electrogenic samples, including iPSC-derived neurons, retinal explants, 

brain slices, and neural organoids.In this study, we used MaxOne and MaxTwo high-density 

MEA platforms (MaxWell Biosystems AG, Switzerland), with 26,400 electrodes per well to 

record extracellular action potentials in neural organoids at different scales, ranging from cell 

population networks to single-cell resolution and subcellular levels. We showcased the flexible 

selection of electrodes for recording neural activity, increasing the reproducibility and statistical 

power of the data collected. Key metrics such as firing rate, spike amplitude, and network burst 

profile were extrapolated in a parallelized manner to capture even the smallest neuronal signals. 

Furthermore, we characterized axonal function and structure using the AxonTracking Assay, 

which allows measurement of action potential conduction velocity, latency, axonal length, and 

branching. This automated assay facilitates high-throughput characterization of disease models 

targeting axon initial segments, axonal branching, development, and conduction. MaxWell 

Biosystems’ HD-MEA platforms, along with automatically generated plots and extracted 

metrics, provide a unique, user-friendly approach to identifying and isolating functionally active 

regions in 3D cultures. These powerful platforms enable long-term in vitro disease modeling and 

compound testing in acute recordings and/or longitudinal studies. 
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Abstract: Advances in the development of microelectrode arrays (MEAs) for in-vitro 

electrophysiological recordings have enabled the characterization of multi-scale behavior in 

neuronal networks, ranging from subcellular level to network dynamics. Such devices are 

fundamental for studying the phenotype of neurological disorders and for drug discovery, 



providing unique insights into the complexity of neuronal networks. Electrode density, spacing, 

and size influence the signal quality, noise level, and sensitivity. To properly characterize the full 

behavior of neuronal networks, MEAs must combine single-cell and subcellular resolution with 

high-throughput assays, while maintaining sensitivity to small extracellular action potentials to 

describe the full range of network dynamics. In this study, the MaxOne and MaxTwo high-

density (HD) MEA systems (MaxWell Biosystems, Switzerland) were used to record activity 

from induced pluripotent stem cell derived neurons, demonstrating the advantages of having 

26,400 electrodes per well, which is key to increasing the statistical power of data collected 

longitudinally. HD-MEA recordings were compared with simulated low-density recordings, in 

which larger, low-density electrodes were mimicked by clustering adjacent electrodes on HD-

MEAs. Additionally, the AxonTracking Assay, an automated tool for recording and analyzing 

individual axonal arbors from many neurons in parallel, was used to characterize the function 

and axonal structure of recorded cultures. Results indicated that higher density and smaller 

electrodes provided greater sensitivity, enabling the detection of smaller spikes, and covering the 

full spectrum of network behavior. The high-resolution analysis of network dynamics, coupled 

with the AxonTracking Assay's subcellular insights, provide powerful insights into drug 

screening and disease modelling. 
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Abstract: The functional relationship between malignant glioma cells and non-neoplastic cells, 

including neurons, has been shown to modulate tumor proliferation and glioma growth. Various 

models have been developed to demonstrate the dynamics of this complex microenvironmental 

interplay. However, there is a growing preference for a high-throughput three-dimensional (3D) 



cell culture model that could recapitulate intra-tumoral heterogeneity and the 

microenvironmental interactions involved in glioma cell invasion, resistance, and recurrence. In 

this study, an in vitro, self-assembled, scaffold-free, neuron-glioma spheroid fusion model was 

developed and used to investigate the electrophysiological and functional interplay between 

glioma and the brain. Primary mouse cortical neurons (MCN) were isolated from prenatal brain 

tissues and were cultured at 500,000 cells/spheroid on ultra-low attachment plates. Glioma 

organoids (WHO Grade 2-4) were developed from primary patient-derived tissue samples and 

were allowed to self-assemble for at least two weeks. After spontaneous spiking activity was 

detected in MCN spheroids, they were combined with glioma organoids in culture and allowed 

to fuse. Multielectrode array (MEA) was used to characterize the electrophysiological properties 

of the fusion model. Structural and functional characterizations were performed using 

immunofluorescence staining of proliferation, microglial, astrocytic, synaptic markers. 

Electrophysiological analysis of glioma-neuron co-cultures using MEA demonstrated a 

significantly increased network synchrony and firing rate in the fusion model when compared 

with the neuron-only condition, consistent with 2D models in the past. In correlation, the fusion 

model also demonstrated a significant increase in the Ki67 proliferation index across WHO 

grade 2-4 when compared to the glioma organoid-only condition. Although MCN neurospheres 

were established in an unguided protocol, they developed mature astrocytes, reactive microglia, 

and neuronal differentiation, as evidenced by the expression of GFAP, Iba1, and MAP2, 

respectively. Strikingly, the microglia integrated into the fusion neurosphere in a mosaic pattern. 

Together, these results offer a high-throughput 3D model for recapitulating the tumor-brain 

microenvironment for low and high-grade gliomas. The presence of active microglia is 

representative of the later stages of brain development, which may be an advantage for modeling 

the microenvironment of glioma, a generally late-onset disease. Future studies will focus on the 

use of this model for drug screening and the exploration of malignant transformation in glioma. 
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Abstract: Alzheimer’s disease (AD) is an inheritable brain disorder that gets worse over time 

and is the most common form of dementia. Both glutamatergic neurons and astrocytes have been 

implicated in AD but their roles have not been fully defined. The development of human induced 

pluripotent stem cells (hiPSCs) has enabled disease modeling with specific cell types containing 

specific genotypes. While there have been several genes linked to AD, the most common gene 

variant linked to an increased risk for developing late-onset AD is apolipoprotein (APOE E4). 

However, there is more to developing AD than just having the genes; lifestyle and environment 

have been known to also play a role. Chronic inflammation can also contribute to AD 

development. Current established disease models typically involve only single cell monocultures 

or disorganized cocultures. Established in vitro cell culture plates struggle to accurately mimic 

physiologically relevant connectivity found in vivo and are unable to record phenotypic signaling 

activity. This is due to the plates lacking both microfluidic chambers while simultaneously 

housing microelectrode arrays (MEAs). In this study we utilize a DuaLink MEA (a 3-channel 

microfluidic MEA device from NETRI) with genetically modified astrocytes containing the 

APOE E4 gene variant, healthy astrocytes, and healthy glutamatergic neurons. The 

compartmentalized MEA device enabled cocultures of hiPSC derived healthy glutamatergic 

neurons with APOE E4 mutant astrocytes to synapse onto cocultures of healthy glutamatergic 

neurons with healthy cortical astrocytes. Recordings were taken every other day for 30 days. The 

cocultures with APOE E4 cells received 100ng/ml of LPS and 20 ng/ml of INF-ƴ to induce 

chronic inflammation. The cocultures showed a robust spontaneous mean firing rate, active 

electrode, bursting frequency, network bursting, and synchrony index. Immunocytochemistry 

confirmed the morphology of neurons and astrocytes. This disease modeling system of DuaLink 

MEA with hiPSCs is a robust tool that enables noninvasive live cell monitoring for the life of the 

culture and can be used as a toxicity screen, novel drug screening platform, and cell-cell 

signaling studies. 
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Abstract: In vitro neurological models enable precise manipulation and high throughput 

screening of therapeutic compounds, advancing treatments for disorders such as Alzheimer's, 

Parkinson's, and epilepsy. A significant challenge in this area has been the lack of measurement 

systems for electrophysiological readouts of neural activity at scalable throughputs. Moreover, 

most systems can solely assay neural activity, in essence ignoring the contribution of structural 

changes in neurons and of supporting cells to disease and/or toxicity. CytoTronics’ Pixel 

electrical imaging platform fills this crucial gap by offering non-invasive, label-free, live cell 

multiparametric readouts at scale. The platform comprises a high-density electrode array with 

12.5 µm spatial resolution capable of electrophysiological recordings providing functional 

assessments of electrogenic cells. In addition, the same electrodes capture over 20 functional and 

morphological parameters, including tissue barrier integrity, cell-surface attachment, cell 

flatness, and motility via unique field-based impedance measurements. The platform facilitates 

real-time measurements at intervals ranging from minutes to hours, enabling the creation of 

electrical images and time-lapsed videos, providing longitudinal insights. Electrophysiological 

measurements facilitate spike detection and monitoring of network activity, crucial for 

understanding neuronal function. Furthermore, electrical imaging enables assessment of 

morphological features of cells at the population level. Alternately, spatial data can be utilized to 

evaluate single-cell behavior and assess cellular heterogeneity and multi-cellular system 

responses. The Pixel’s high throughput capacity makes it well-suited for toxicity screening and 

disease modeling applications. Here, we show that the integration of impedance measurements, 

scalability, and high throughput capabilities presents a powerful combination for advancing 

neurological assay readouts. Utilizing impedance, morphological changes in neurons can be 

accurately detected, offering insights into cellular structure alterations. Moreover, the platform 

enables the identification of individual cell populations through impedance measurements 

combined with electrophysiological recordings, particularly in co-culture and tri-culture systems. 

CytoTronics’ Pixel platform emerges as a versatile tool for advancing assay readouts in drug 

discovery, offering comprehensive insights into cellular behavior critical for therapeutic 

development. 
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Abstract: Neuroscience is a notoriously difficult therapeutic area - neuropharmacology 

programs have the lowest success rate within therapeutic approvals by the FDA. One of the key 

factors is the dearth of relevant disease models for testing and investigating pathophysiological 

mechanisms. Dissociated primary mice neurons are excellent modelling systems for 

neurobiological, biophysical, and pharmacological evaluations. The presence of a wide variety of 

ion channels and receptors ensures a physiologically relevant analysis of cell response and 

signaling. To date, patch clamp is the only technique that provides direct functional, temporal 

and spatial information of a cell’s electrical and signaling properties. In addition, the Qube 

automated patch clamp (APC) platform enables the possibility of a high throughput screening 

(HTS) for thousands of compounds by recording 384 cells simultaneously. In this study, isolated 

primary hippocampal neurons from mice were patched on the Qube 384 APC system. Using an 

optimized cell dissociation protocol to obtain healthy cell membranes for patch-clamp, we 

obtained a whole-cell success rate of 65% ± 6.5%. Among these cells, 69% ± 21% expressed 

sodium (Nav) currents and out of the latter group, 44% ± 6% of cells showed a >100 pA response 

to 100 µM GABA. Furthermore, action potential firings were recorded from 31% of the cells that 

passed the quality criteria filtering using the current-clamp mode of the system. Finally, in the 

GABA-responsive cells, we characterized the effect of 12 GABA receptor modulators on 

responses to sub-µM GABA concentrations (0.5 µM GABA). 
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Abstract: This study utilizes holographic optogenetic stimulation to understand how group-to-

group neuronal interactions enhance STDP compared to sequential stimulation of individual 

neurons. The hypothesis posits that STDP intensifies in group stimulations due to the redundancy 

of multiple pre-synaptic neurons increasing the likelihood of post-synaptic firing. Employing our 

open-source software platform NeuroART, we identify neurons for photostimulation under three 

criteria: selecting highly active neurons, those most correlated with the population, and a random 

selection uncorrelated with the group. The study progressively examines the impact of pairwise 

stimulation in neuronal groups ranging from pairs to trios, aiming to elucidate the influence of 

neighboring neurons' cooperative interactions on synaptic strength. This exploration extends to 

understanding the role of redundant pre-synaptic neurons in bolstering post-synaptic response 

efficacy. Utilizing real-time imaging and photostimulation facilitated by NeuroART (real-time 

processing up to 30Hz), the research promises insights into the complex dynamics of synaptic 

modulation within neuronal networks, highlighting the significance of cooperative neuronal 

activity. We have conducted our experiments in-vitro, imaging the calcium activity of primary 

rat embryonic hippocampal neuronal cells that were transduced using the bicistronic lentiviral 

vector, pLV[Exp]-Bsd-SYN1-jGCaMP8s-P2A-ChrimsonR-ST, that provides robust co-

expression of the Calcium indicator (jGCaMP8s) and the opsin (stChrimsonR) used for 

holographic optogenetic stimulation. Furthermore, we study neural networks composed of 

mixtures of neurons and astrocytes, that provide insights into the complex dynamics involving 

both neurons and astrocytes during learning. The group to group photostimulation paradigms 

were tested on two different photostimulation setups, one which utilizes a Spatial light modulator 

(SLM) with voltage overdrive (with switching rates up to 1kHz), while the second setup utilizes 

a Digital Micromirror Device (DMD). Both of these setups operate at physiologically relevant 

timescales that enable millisecond precision control of neuronal activity to study STDP of living 

neuronal networks. 
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Abstract: Astrocyte Ca2+ signalling is crucial for neurovascular coupling and synaptic 

transmission, and it is disrupted in the central nervous system diseases. Nevertheless, 

deciphering the biophysical mechanisms that underpin the diverse nature of astrocyte Ca2+ 

dynamics has remained a significant issue. In this study, we exploit the unique properties of 

graphene-oxide (GO) and reduced GO (rGO)-coated electrodes for controlling Ca2+ signalling in 

astrocytes via electrical stimulation. Using qRT-PCR, we determined the effect of electrical 

stimulation on GFAP expression on primary rat cortical astrocytes grown on indium tin oxide 

(ITO) coated with GO or rGO films. We found that GO/rGO are biocompatible coating 

interfaces, promoting astrocyte development while exhibiting no detrimental gliotic reactivity, 

even after electrical stimulation. Ca2+ imaging analyses performed in vitro and in brain slices 

obtained from GFAP/EGFP transgenic mice show. Unexpectedly, we discovered that electrical 

stimulation can cause distinct intracellular Ca2+ responses in astrocytes in vitro and ex-vivo, 

depending on the electrical properties of rGO/GO interfaces. Astrocytes stimulated by insulating 

GO electrodes show a slow, sustained Ca2+ response, mediated by external Ca2+ influx, mainly 

though TRPV4 and TRPA1 channels and involving IP3 and Gq G-Protein Coupled Receptor 

(GPCR) signalling pathway. Conversely, astrocytes stimulated by conductive rGO electrodes 

exhibit a fast, oscillatory Ca2+ response, exclusively due to Ca2+release from intracellular stores 

through IP3Rs and Gi/o GPCR. Notably, comparative analyses in neurons and astrocytes 

revealed that astrocytes respond earlier and more strongly to the electrical stimulation than 

surrounding neurons. Accordingly, we propose a bioelectrical model, assuming that the different 

conductivity of the substrate influences the electric field at the cell/material or cell/electrolyte 

interfaces, depolarising astrocytes with different onset and respectively driving extracellular Ca2+ 

influx or Ca2+ release from cytoplasmic stores The model was validated by pharmacology, patch-

clamp and voltage sensive dye imaging, calcium imaging and pharmacology. In conclusion, we 

present a simple tool for selectively activating distinct Ca2+ pathways in brain astrocytes1, 

without the need of genetic modification2. 
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Abstract: Imaging neurological samples is a vital step for understanding fundamental 

mechanisms associated with physiological processes, differentiation and functionality. For 

biological applications, the molecular fingerprint region in the mid-infrared (mid-IR, 3 µm - 12 

µm) has attracted interest since it contains characteristic vibrational resonances of many 

biophysically relevant compounds, including proteins, lipids, and nucleic acids. In mid-IR 

photothermal microscopy, targeting these resonances leads to imaging with high specificity and 

sensitivity with sub-diffraction limited resolution smaller than 1 µm. Intracellular signatures of 

neural cells can overlap with other mid-IR resonances, including their physiologically relevant 

environments, making their detection challenging. Unlike direct spectroscopy methods that 

solely investigate the absorption characteristics, our photothermal microscope can extract 

additional information for differentiation based on thermal diffusion properties, molecular 

structure and chemical content. With VIPPS (Vibrational Infrared Photothermal and Phase 

Signals) imaging, areas with different thermal diffusion properties can be detected with high 

contrast. Boxcar detection further enables time-resolved imaging to quantify the local transient 

thermal dynamics. This technique was applied to imaging axon bundles extracted from the main 

motor axon of the crayfish leg in a saline solution. Protein clusters and their characteristic 

thermal decay constants were identified, and were shown to vary between isolated axon bundles 

and those embedded in a neural tissue environment [1]. In addition, primary rat neocortical 

astrocytes were studied in vitro. Protein-rich areas and lipid accumulations were characterized as 



well as membranous features consisting of alpha-helices or beta-sheets. This structural 

information provided insights into the differentiation processes and their corresponding 

molecular structure and morphology for cells on various substrates including poly-D-lysine and 

nanostructured hydrotalcite-like compounds capable to provide a molecular and functional 

differentiated astrocytes phenotype in vitro [2],[3]. Overall mid-infrared photothermal 

microscopy is a versatile and emerging technique that can shed more light on the biochemical 

content of neural cells and help address important neuroscience questions associated with the 

brain environment and its morphology, and the mechanisms through which neuroglia maintain 

homeostasis. [1]. Anal. Chem. 95, 45, 16514-16521 (2023). [2]. Sci Rep. 6, 31226 (2016). [3]. 

Cell Physiol Biochem. 55(S1),196-212 (2021). 
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Abstract: Implantable electrode arrays are optimized for different use cases to improve 

parameters such as device performance for increased signal-to-noise or lifetime, capabilities like 

adding sensing elements for biomarker detection or modified electrode surfaces for better 

stimulation, durability for post-fabrication assembly, and size. Here, we have optimized process 

steps and utilized new techniques to advance capabilities that were previously otherwise difficult 

or inconvenient. Thus far, we have designed, fabricated, and distributed microelectrode arrays 

for a variety of species: rat, mouse, chinchilla, songbird, non-human primates, and human. The 

general process flow of our flexible implantable devices, fabricated using thin-film 

microfabrication techniques, is similar, allowing us to leverage process improvements on all of 

our designs. As our implantable technology moves towards higher channel densities and 

electrode counts, we are optimizing our processes to enable finer features while maintaining a 

small footprint and high yield. For example, a defining step in our process flow to achieve higher 

channel densities is the metal patterning step. To pattern a thick metal stack layer with relatively 



tight pitch, we optimized the resist profile for our plasma etching process. We have also 

incorporated electron beam lithography into our process to achieve submicron features further 

pushing our capabilities to achieve more electrodes in a given volume than previously possible. 

Overall, optimizing process steps, introducing new fabrication techniques, exploring other device 

platforms, and producing high yield arrays are a few ways we seek to improve implantable 

technology development to better understand neural processes. Prepared by LLNL under 

Contract DE-AC52-07NA27344. 
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Abstract: Introduction:Understanding seizure initiation and its propagation remains a critical 

goal of epilepsy research. Exploring the properties of seizure-initiating circuits may enable 

efficient seizure control. To this end, we have utilised a genetic knock out mouse model of 

Lafora disease (LD), a rare and fatal neurodegenerative disorder, that manifests with epileptic 

seizures, myoclonus, ataxia, and cognitive decline. To gain a comprehensive understanding of 

the electrographic signatures underlying epileptogenesis in LD, we have used custom-developed, 

flexible neural probes to optimise spatial resolution, increase longevity, while providing high 

signal quality, for precise identification of seizure initiation zones. 

Methodology:We performed acute and chronic (up to 14 days, n=6) electrophysiological 

recordings to characterise the epileptiform signatures of the LD mouse (C57BL/6). We employed 

three levels of recording from the brain using screw EEG from frontal and temporal cortices, and 

customised flexible 32 channel ECoG electrodes and 32-channel depth electrodes (flexible 

electrodes were provided by EYWA NEURO PVT. LTD, INDIA) to determine epilepsy onset 



and spread in LD mice. 

Results:In this study, we used flexible polyimide depth electrodes to elucidate neuronal firing 

properties during spontaneous seizures in LD mice across several days. The utilization of flexible 

polyimide electrodes at various levels of invasiveness, with high signal-to-noise ratio and 

continuous chronic recording capability, represents a significant advancement in the localization 

of epileptogenesis zones. Our preliminary results revealed age-dependent variations in the 

occurrence and frequency of spontaneous epileptiform discharges - like spike and wave 

discharge, polyspikes, sharp waves, and giant spikes. Notably, regional disparities were evident 

in the initiation of ictal events. Future investigations, incorporating chronic neural recordings 

with 32-channel depth electrodes, hold promise for deeper insights into unique neuronal firing 

dynamics in epileptic zones such as the penumbra, potentially paving the way for more effective 

seizure prediction strategies in LD and other forms of epilepsy. Multi-level neural recordings can 

reveal aberrant network connectivity patterns and identification of critical nodes of epileptic 

network by enhancing spatial and temporal resolution. 
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Abstract: Large-scale brain mapping through brain-machine interfaces is important for 

deciphering neuron dynamics, addressing neurological disorders, and developing advanced 

neuroprosthetics. Ultimately, brain mapping aims to simultaneously record activities from 



millions, if not billions, of neurons with single-cell resolution, millisecond temporal resolution 

and cell-type specificity, across three-dimensional (3D) brain tissues over the course of brain 

development, learning, and aging. In this talk, I will first introduce flexible and soft 

bioelectronics with tissue-like properties that can track electrical activity from the same neurons 

in the brain of behaving animals over their entire adult life. Specifically, I will discuss the 

fundamental limitations of the electrochemical stability of soft electronic materials in 

bioelectronics and present our strategies to overcome these limitations, enabling a scalable 

platform for large-scale, long-term, stable brain mapping. Then, I will discuss the creation of 

“cyborg organisms”, achieved by embedding stretchable mesh-like electrode arrays in 2D sheets 

of stem/progenitor cells and reconfiguring them through 2D-to-3D organogenesis, which enables 

continuous 3D electrophysiology during the development of human stem cell-derived brain 

organoids and animal embryonic brains. Next, I will highlight our current efforts that merge 3D 

single-cell spatial transcriptomics, machine learning, and electrical recording, enabling cell-type-

specific brain activity mapping. In conclusion, I will envision the fusion of soft and flexible 

electronics, spatial transcriptomics, and AI for a comprehensive brain cell functional atlas to 

enhance future brain-machine interface applications. 
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Abstract: Micro-electrocorticography (μECoG) is a minimally invasive intracranial 

electrophysiological technique that holds promising potential for chronic applications in the 

clinical and prosthetics space. Existing devices, however, require connection to bulky, often 

external electronics which incurs surgical overhead and increases the risk of infection and tissue 

damage. Here, we developed a wireless, battery-free, mechanically flexible μECoG device that 

monolithically integrates electrodes, signal processing, data telemetry, and powering onto a 

single thin chip. The device has an array of 256×256 microelectrodes covering an area of 

6.8mm×7.4mm and provides 65,536 recording and 16,384 stimulation channels, from which we 

can simultaneously record up to 1024 channels at a given time. At a thickness of less than 50 μm, 

the device can be fully implanted in the subdural space. A relay station positioned over the 

implant provides wireless powering and bi-directional communication to the implant from 

outside the body. Our device was validated through a series of proof of concept in-vivo 

recordings from different cortical regions of a porcine and non-human primate (NHP) models. 

From the porcine model, we took subchronic recordings of somatosensory evoked potentials 

(SSEPs) in response to peripheral stimulation. In the NHP, we took acute recordings from motor 

cortex while the subject performed asynchronous reach-and-grab tasks. In addition, we took 

chronic (up to two months) recordings from the visual cortex while the subject was presented 

with multiple sets of visual stimuli of different nature. In our presentation, we show the rich 

spatiotemporal dynamics of the recordings collected from each experiment. Some notable 

features of our recordings include resolving temporal dynamics of high-gamma band activity in 

the motor cortex and capturing long-term stable, high spatial resolution retinotopic map in the 

visual cortex. We also present the sensory, motor, and visual decoders trained from our 

recordings that yielded highly predictive models, indicating the high fidelity of the recorded 

signals. Our device is a brain-computer interface that delivers a high spatiotemporal resolution 

μECoG technology while making orders-of-magnitude improvements in volumetric efficiency 

and channel count over existing approaches. 
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Abstract: Electrophysiology and optical imaging are two complementary methodologies for 

acquiring multi-region neural activities across the wide cortex. Optical imaging provides high 

spatial resolution, while electrophysiological tools offer direct recordings with high temporal 

resolution. However, each method has its limitations, such as limited temporal resolution in 

optical imaging and relatively low throughput in electrophysiology. Combining these techniques 

through multimodal recordings can provide a more comprehensive understanding of neural 

activity. In this study, we introduce the development and implementation of our Whole-Cortex 

Optical-Electrical Multimodal (WHOM) neural interface. As the optical recording component, 

the WHOM neural interface enables acquiring neural activity of ~10,000 neurons from whole 

mouse cortex at a speed of 10Hz by integrating our previous reported RUSH imaging platform 

and calcium imaging technology. As for the electrical part, we developed a 32-ch transparent 

ECoG electrode array to complement the limitations of optical imaging in capturing the rapid 

propagation of neural activity without obstructing the imaging. Contributed from this 

combination, high temporal and spatial resolution recordings of whole-cortex neural activity is 

achieved. This multimodal recording setup can be maintained for over a month. Through the 

implementation of the WHOM neural interface, we studied the process of consciousness loss and 

recovery in mice under anesthesia, revealing the coupling of individual neurons to populations 

across a wide cortex. This work represents the first demonstration of such a comprehensive 

approach, opening up new possibilities for understanding neural activity in the cortex. 
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Abstract: Every year millions of neurosurgeries are performed to treat a variety of conditions 

such as drug resistant epilepsy or glioma. A key element of these procedures is the determination 

of surgical boundaries, but the techniques for doing so have a coarse resolution and do not relay 

information to the surgeon in an efficient manner. We have addressed these shortcomings in 

surgical brain mapping by combining high resolution electrocorticography (ECoG) grids with 

LED microdisplays capable of displaying neural activity in real time. In our previous work, a 

proof-of-concept system composed of a 1024 channel ECoG grid and a dual color 2048-pixel 

LED array was successfully validated in a pig model. We have since pushed this technology 

forward by adding a surgical flap allowing the display to remain on the brain throughout the 

surgery, by scaling up the resolution to match the state of the art in display technology, and by 

implementing additional safety features critical for the eventual translation of this system into the 

operating room. In the proof of concept design the microdisplay covers the brain and would need 

to be removed during surgery. To further tailor this technology toward its neurosurgical 

application we have adjusted the design to incorporate a flap allowing the central portion of the 

LED array and ECoG grid to be folded back, exposing the brain. By optimizing the 

microfabrication techniques we developed for producing flexible LED arrays, we have achieved 

a pixel count of 102,400 resulting in a 423-dpi resolution comparable to that of a modern 

smartphone screen. Critically, our scaled up microdisplay is capable of capturing the data 

provided by our group’s 4096 channel ECoG grids while being adaptable to the ongoing 

improvements in the channel count of our ECoG technology. The scaling of our display has also 

been accompanied by a full redesign of its backend circuitry. The updated LED driver board 

serves to accommodate the larger array by utilizing improved LED driver chips and 

connectorization scheme while adding live monitoring of leakage current from the microdisplay. 

This leakage current monitoring is accomplished by comparing the current being provided by the 

LED driver chips to the measured current returning from the microdisplay 1200 times a second, 

giving our system the capability to shut down immediately following the onset of current leakage 

out of the display. The implementation of these advancements to our microdisplay technology 

has maximized the potential utility of the system and lays the ground work for us to validate its 

efficacy in improving surgical outcomes through planned experiments in animal models. 
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Abstract: Epilepsy diagnostic tools seek to identify hyper-synchronous neural substrates that 

form the seizure onset zone. Greater resolution of activity in putative foci and network nodes has 

the potential to help surgeons create more efficacious treatment plans and accelerate our 

understanding of the disease’s etiology. As a technology demonstration, we have utilized a novel 

high-density stereo-electroencephalography (sEEG) electrode array in a rat kainic acid (KA) 

seizure model during status epilepticus to provide a direct comparison with virtual ring 

electrodes, which are the clinical standard of care. We implanted ECoG bone screws and high-

resolution devices - directional and scalable (DiSc) electrode arrays - in a rat KA seizure model. 

Two DiSc arrays were implanted ipsilaterally into rat hippocampus and used to record electrical 

activity in vivo following a kainic acid injection into the anterior basolateral amygdala (BLA) 

sufficient to cause status epilepticus (n = 6). Magnetic Resonance Imaging (MRI) confirmed the 

location of the injection site and the trajectory of each device through the brain. 

We previously demonstrated that an insulating substrate 0.8mm in diameter provides high-

resolution circumferential information of neural activity in the rat barrel field and now 

hypothesize that DiSC can also reveal the seizure progression in sub-hippocampal regions. We 

have compared our signal-to-noise ratio to that of the virtual ring electrodes and demonstrate 

multiple, distinct sources that develop dynamically before and during status epilepticus. Current 

efforts include source localization via inverse modeling in BrainStorm software. The hardware 

and software tools developed here will allow epileptologists a means to study the pathogenesis 

and network connections in epilepsy models 
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Abstract: Increasing our understanding of our most critical organ is tantamount to providing 

clinicians with the appropriate information to adequately diagnose, monitor, treat and rehabilitate 

patients in a variety of care settings. One way to achieve this is by creating new bioelectronic 

tools that work not only in the lab but, have also been rigorously tested to be reproducibly used 

http://files.abstractsonline.com/CTRL/7E/3/375/105/CEE/435/DB7/293/CCD/D44/4FC/01/g9115_2.jpg


in real-world scenarios, for example, during neurosurgery. These tools can help us monitor the 

spread and progression of a range of neurological injuries, diseases and disorders, enabling 

clinicians to provide the best standard of care for their patients. The development of such tools 

can result in better outcomes for a large patient population, especially those severely injured in 

neurocritical care. Crucially, with the development of such tools for monitoring, we can better 

understand the progression of diseases and injuries and better characterize the ailment and the 

best support/therapies needed. Driving forward this understanding is vital due to the growing 

global burden of neurological disorders. Neurological disorders are the second leading cause of 

global mortality and the leading cause of disability worldwide. The emergence of COVID-19 and 

its long-term impact on vasculature is also exacerbating the relative risk of neurologic injury. 

Here, I present my work on creating and integrating devices to monitor various brain injuries: 

including traumatic brain injury, stroke and glioblastoma. I focus on the use of physical, 

electrical and chemical modalities within brain implantable devices, emphasizing a concerted 

push to clinically translate such efforts for patient benefit. 
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Abstract: The current pre-clinical regulatory framework regarding the approval of intracortical 

neural probes is marked by a notable lack of depth, posing significant challenges in effectively 

addressing the multifaceted obstacles associated with their sustained performance over time. 

Existing guidelines exhibit considerable deficiencies in offering the comprehensive criteria 

required to adequately confront issues, such as conductive interface degradation and scarring, 

both of which profoundly affect the long-term functionality of neural probes. Moreover, the 

absence of standardized methodologies within these regulatory frameworks not only impedes a 

systematic comparison of emerging probe designs and materials but also creates substantial 

barriers to progress within the field, hindering innovation and slowing down advancements. 

While the primary regulatory focus predominantly revolves around biocompatibility 

assessments, there remains a gap in enabling a comprehensive understanding of neural probe 

performance over extended durations. Recognizing and acknowledging this limitation, ongoing 



efforts to establish standardized quality assessments for neural implants are gaining significant 

traction. This entails the imperative to delineate and define clear and comprehensive quality 

criteria for material and device characterization, probe implantation and explantation procedures, 

as well as protocols for histological tissue analysis, electrical recording and stimulation 

experiments, and the subsequent analysis of collected data. In response to this need, we aim to 

bridge the regulatory deficit by laying the groundwork for a robust and expansive framework 

aimed at thorough evaluating the long-term performance of intracortical electrodes. This can 

pave the way for paradigm shift beyond conventional assessments, also striving significantly to 

reduce the reliance on animal testing by aggregating and standardizing vast repositories of data 

and facilitating the development of high-fidelity computational simulations. This in turn can 

reduce the need for laboratory animals, can refine the use of each animal that is still needed and 

can replace tests that then can be done in vitro instead. Through these efforts, the overarching 

objective is to significantly advance the long-term treatment outcomes for patients in need, 

thereby fostering a more comprehensive, ethical, and effective approach to the regulation and 

innovation of neural probes. This work was supported by the EU Horizon 2020 programme (GA 

814654) and by the BMBF. 
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Abstract: Ultraflexible polymer dense electrode arrays can allow chronic single-neuron 

recording and stimulation in multiple brain areas with good electrode-tissue integration. Due to 

the high flexibility of such electrodes and their resulting deflections during insertion into the 

brain tissue, purely stereotaxic implantations do not allow the precise localization of the 



electrodes post implantation. Therefore, it is important to identify the exact brain structures 

extracellularly recorded and/or stimulated. However, due to the material properties and 

dimensions of ultraflexible electrodes (i.e., 2um thick polyimide), it is challenging to localize 

them by standard noninvasive imaging techniques such as magnetic resonance imaging (MRI) or 

computed tomography. To address this challenge, we developed MRI-visible superparamagnetic 

ultraflexible electrodes. A thin film of superparamagnetic iron oxide nanoparticles (IONP) was 

deposited in between two polyimide layers of individual electrode wire segments, where the 

pattern and amount of IONP deposited were optimized to achieve specific MRI contrast patterns 

with high localization accuracy. Our electrode arrays were easily localizable (up to 60µm 

resolution) with a 7T MRI, while standard arrays without IONP-deposition were invisible. Two 

64-channel multielectrode arrays with and without IONP-deposition were implanted bilaterally 

through the dorsal hippocampus (dHPC) and thalamus of rats (n=3). To validate the positions of 

electrode channels localized in MRI, we used electrophysiological landmarks of the dHPC (i.e., 

laminar amplitude profile of sharp-wave ripples, and theta oscillation). The positions of the 

IONP-deposited electrode channels could be measured immediately after implantation and were 

trackable in vivo over several months. Our electrodes were visible and easily localizable also 

with a clinical 3T MRI (300µm isovoxel). Our approach of making ultraflexible electrodes MRI-

visible can enhance the interpretability of neural recordings and stimulation in clinical and 

preclinical studies by precisely identifying their localization even in minute brain structures such 

as sub-cortical nuclei or distinct cortical layers. 
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Abstract: Functional MRI (fMRI) infers neural activity via hemodynamic changes, yet the exact 

relationship between these changes and neural signals remains unclear. While simultaneous 

electrophysiological recordings and fMRI can reveal insights into neurovascular coupling, 

electromagnetic noise poses significant challenges. To address this, we developed an MR-

compatible microelectrode array and a combined singular value decomposition and fully 

convolutional neural network (SVD-FCNN) to effectively reduce magnetic susceptibility 

artifacts and eliminate electromagnetic noise (EN) while preserving neural signal integrity. We 

evaluated the magnetic susceptibility artifacts of the microelectrode array both in vitro and in the 

brain of a rhesus monkey by using 7T MRI system. The SVD-FCNN, trained using simulated 

and tactile-evoked neural signals, demonstrated its ability to significantly reduce EN while 

maintaining consistent spike waveforms and retaining local field potential signals. In an 

experiment involving a rhesus monkey undergoing fMRI scanning, no significant loss of blood 

oxygen level-dependent (BOLD) signals was observed around the microelectrode array, and the 

SVD-FCNN showed superior performance. The spike loss rate was only 3% for SVD-FCNN, 

compared to 11% for FCNN and 77% for SVD, underscoring the SVD-FCNN's efficacy in 

restoring neural signals. Furthermore, SVD-FCNN accurately recovered tactile-evoked neural 

signals, which correlated with BOLD signals in beta-band neural oscillations. This research 

introduces a novel MR-compatible microelectrode array and a robust denoising solution using 

SVD-FCNN for simultaneous fMRI and neural recordings, providing a valuable tool for studying 

neurovascular coupling and brain function. 
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Abstract: A major neuroscience challenge is the lack of a method for recording brain activity 

across the entire brain during spontaneous behaviors. Primate experiments with animal restraints 

have yielded crucial findings, though they restrict access to neural mechanisms in their natural 

settings. Here, we developed a wireless cortical-wide electrocorticography (WicE) to 

simultaneously record animals’ behaviors and neural activities over a hemisphere. WicE 

successfully collected data over 2 years from freely moving marmosets with stable data qualities. 

We investigated event-related neural activities for spontaneous movements in a cortical-wide 

manner. Classification of animal behaviors identified 6 types of behavioral states: sitting, 

standing, clinging, moving, scratching, and food manipulation. We focused on clinging states, 

since they involve goal-directed actions, jumping up (Jump Up) and jumping down (Jump 

Down), whose mechanisms are difficult to investigate on restrained animals and remain unclear. 

We proceeded to investigate the spatiotemporal neural activity across the cortex by mapping 

significant signal changes surrounding the onsets of actions. We found that the frontal, parietal, 

and temporal association areas exhibited notable neural activity prior to the onsets of both 

actions. Furthermore, we observed action-dependent patterns of neural activity in the frontal 

association areas; dorsal activation preceding 'Jump Up' and ventral activation preceding 'Jump 

Down'. Moreover, we identified pronounced pre-action signal changes in visual areas, 

particularly preceding 'Jump Up,' which were characterized as sustained suppressions. WicE 

provides a way to investigate cortical-wide neural mechanisms in freely behaving primates. 
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Abstract: Around 50 million people live with epilepsy worldwide, and over a quarter of all 

epilepsy patients experience drug-resistant epilepsy where the most effective paradigms for 

treatment become surgical intervention or electrical stimulation. Electrocorticography (ECoG) is 

the gold-standard mapping technique to identify epileptogenic zones and to delineate boundaries 

between pathological and healthy tissue. High spatiotemporal resolution with broad cortical 

coverage is crucial for precise localization to enhance our understanding of epilepsy, improve 

patient outcomes and reduce functional impairments and potential side effects of surgery. 

However, current clinical ECoG electrodes have low spatial resolution and channel count where 

individual contacts are from 2 to 3 mm in diameter and up to 10 mm in intercontact spacing. 

Building upon our first-in-human intraoperative brain mapping with 1024-channel 

microelectrode arrays on pathological tissue, we further scaled up micro-ECoG technology and 

advanced it toward wireless human implantation. To demonstrate stable, high-channel recording, 

we developed an ECoG grid with 4224 channels to cover a single hemisphere of the pig brain 

(3.2 x 1.3 cm2), with a higher resolution grid (31 µm spacing) embedded within sparser contacts 

(130 µm horizontally; 600 µm vertically). Novel platinum nanorods (PtNRs) were utilized as 

electrode contacts for low impedance and long-term stability with parylene-C as the insulating 

material, which is transparent to the brain surface and conformal to its movements. By utilizing 

advanced multi-layer parylene-C fabrication methods, we achieved over 90% yield of recording 

contacts, with average impedance of 20 kΩ for 30 µm diameter contacts. In addition, we 

developed a fully wireless system that records and streams all 4224 data channels through WiFi 

to a recording desktop. The acquisition system and software were custom designed with IMEC 

chips and Open Ephys respectively. We used this fully wireless 4224-channel system in the 

anesthetized pig brain model to perform sensory mapping of the rostrum gyrus and to explore the 

functional limit of what can be resolved from the brain’s surface. Contralateral sensory mappings 

were obtained through somatosensory evoked potential measurements by air-puff stimulation in 

precise locations on the pig’s snout controlled by a programmable XYZ stage. 

Overall, our results advance the scaling and development of high-channel clinical grids for a 

semichronic epilepsy monitoring platform with fully wireless data and power transfer, and also 

pave the way toward other applications in responsive neurostimulator systems and brain-machine 

interfaces. 
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Abstract: The need for long-term, stable electroencephalogram (EEG) monitoring in sleep 

medicine and neuroscience research underscores the necessity for advancements in more 

advanced EEG electrodes. Standard EEG gel (Gel) often suffers from issues such as poor 

adhesion and signal degradation over a short time. To address these challenges, we have 

developed AIRTrode, a novel hydrogel designed for prolonged and high-quality EEG recording. 

Our approach utilizes a unique blend of 2-acrylamido-2-methylpropane sulfonic acid, poly(3,4-

ethylenedioxythiophene) polystyrene sulfonate, dimethyl sulfoxide, and glycerol to create 

AIRTrode. It is an injectable and self-adhesive hydrogel that spontaneously cross-links at room 

temperature without the presence of curing agents and treatments, allowing easy and direct 

application to the scalp. Thus, it achieves high signal fidelity and stability. Our study also 

demonstrated Airtrode’s superior mechanical and electrical properties. AIRTrodes can record 

sleep EEG on hairy scalp regions with low impedance for > 8 hours of prolonged recording. The 

high adhesiveness of 0.92 N cm-1 with repeated attachment capability and long-term wearability 

are achieved. We applied AIRTrode to overnight sleep recordings and compared its performance 

with that of Gel. AIRTrode demonstrated a superior signal-to-noise ratio (SNR of 24 dB versus 

18 dB for Gel). The robust adhesion of AIRTrode exhibited significantly reduced noise over 

extended monitoring periods. Furthermore, sleep stage classification using AIRTrode and Gel 



have high correlation coefficients (Pearson’s r = 0.91 ± 0.06) and Cohen’s Kappa values (κ = 

0.84 ± 0.06), confirming AIRTrode’s reliability for research applications. The development of 

AIRTrode marks a significant step forward in EEG technology, providing a robust tool for sleep 

medicine and related fields. AIRTrode enhances the quality of EEG monitoring and expands its 

application in various long-term recording settings. 

Original paper DOI: 10.1016/j.device.2023.100182 
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Abstract: Wireless technology is transforming the practice of electroencephalography (EEG), 

but adoption of the technology is contingent upon uncompromised data quality. Therefore, 

technical validation of the reliability of measurements made by a new type of device is critical to 

proving the non-inferiority of new devices relative to conventional ones. We report four key 

results from testing the signal quality of the Zeto WR19 EEG system against a conventional EEG 

system conducted on patients in a clinical setting. We performed 30-minute simultaneous 

recordings using the Zeto WR19 (zEEG) and a conventional clinical EEG system (cEEG) in a 

cohort of 15 patients. We compared the signal quality between the two EEG systems by 

computing time domain statistics, spectral density, and signal-to-noise ratio. All the statistical 

comparisons resulted in signal quality non-inferior relative to cEEG. (I) Time domain statistics 

and the Hjorth parameters showed equivalence between the two systems, except for a reduction 

of sensitivity to electric noise in zEEG relative to cEEG. (II) The point-by-point waveform 

correlation between the two systems was acceptable (r>0.6; P<0.001). (III) Each dataset showed 

a high spectral correlation (r>0.99; P<0.001) and overlapping spectral density across all 

electrode positions, indicating no systematic signal distortion. (IV) The mean signal-to-noise 

ratio of the zEEG system exceeded that of the cEEG by 4.82 dB, equivalent to 16 % 

improvement. We concluded that the signal quality of the zEEG system is non-inferior to 

conventional clinical EEG systems concerning all relevant technical parameters that determine 

EEG readability and interpretability. 
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Abstract: Large-scale connectomics studies have extensively revealed the connectivity of the 

neural circuit in the Drosophila early visual system. While the underlying mechanisms have been 

studied, a comprehensive characterization of the circuit’s functional logic within this system 

remains elusive. Previous research, primarily relying on simple visual inputs and basic 

behavioral metrics, falls short in accounting for the complexities of Drosophila’s visual 

environment and have yet to assess the system’s capabilities and robustness. Moreover, divisive 

normalization, a canonical model of neural computation, suggests a more effective method of 

uncovering the functional logic of this system. 

We modeled and evaluated the early vision system of Drosophila from phototransduction in the 

retina to motion detection in the Medulla and Lobula. We employed a unified theoretical 

framework known as divisive normalization processors (DNPs) to model the system as four 

cascading stages: phototransduction, contrast gain control, ON-OFF processing, and local phase 

information extraction in four cardinal directions. These stages collectively form an input/output-

driven architecture that enables us to easily adjust the models and circuit configurations and 

visually evaluate the end-to-end capabilities of the model system in real-time. We employed high 

frame rate natural scenes as visually inspectable stimuli that capture the rapid changes and 

diverse luminance conditions arising in Drosophila’s visual environments. The end-to-end 

responses are visual representations of detected motion in the ON and OFF pathways that reflect 

both the motion direction and velocity magnitude. In particular, contrast gain control from 

photoreceptors and amacrine cells interactions reliably improved motion detection by making it 

virtually luminance-independent, while the ON-OFF separation significantly enhanced the 

alignment of detected motion with the actual contours of moving objects in the visual field. 

Together, these cascading processing stages enable motion detection that is consistent and 

directionally precise, effectively extracting global and local motion patterns under varying 

velocities and lighting conditions. 

We demonstrated that DNPs can efficiently process visual information in complex visual 

environments and robustly detect motion. The DNP architecture supports the flexible exploration 

of the functional logic of the Drosophila early vision system. By providing an open source 



platform, we offer a valuable novel methodology for the theoretical and computational 

explorations of the functional logic of fruit fly brain circuits and beyond. 
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Authors: *D. POSPISIL1, M. ARAGON2, S. DORKENWALD5, A. MATSLIAH6, A. 

STERLING7, S.-C. YU3, C. E. MCKELLAR9, M. COSTA10, K. EICHLER11, G. JEFFERIS12, 

M. MURTHY4, J. W. PILLOW8;  
1Princeton, Princeton, NJ; 2Princeton Neurosci. Inst., 4Neurosci. Inst., 3Princeton Neurosci. Inst., 

Princeton, NJ; 6Princeton Neurosci. Inst., 5Princeton Univ., Princeton, NJ; 7Princeton Univ., 

Somerville, MA, ; 8Princeton Univ., PRINCETON, NJ; 9Janelia Res. Campus, Ashburn, VA; 
10Univ. of Cambridge, Cambridge, ; 11Dept. of Zoology, Univ. of Cambridge, Cambridge, United 

Kingdom; 12MRC Lab. of Mol. Biol., Cambridge, United Kingdom 

Abstract: A long-standing goal of neuroscience is to obtain a causal model of the nervous 

system. This would allow neuroscientists to explain animal behavior in terms of the dynamic 

interactions between neurons. The recently reported whole brain fly connectome specifies the 

synaptic paths by which neurons can affect each other but not whether, or how, they do affect 

each other in vivo. To overcome this limitation, we introduce a novel combined experimental 

and statistical strategy for efficiently learning a causal model of the fly brain, which we refer to 

as the ‘effectome’. Specifically, the effectome is the dynamics matrix, Wr, specifying the 

strength and sign of the causal effect each neuron has on every other neuron. We propose a 

consistent estimator of this dynamics matrix that uses stochastic optogenetic perturbation data to 

accurately estimate causal effects and the connectome as a prior on the effectome to drastically 

improve estimation efficiency. Even so, it would be infeasible in the fly—and most organisms—

to independently stimulate and record from all neurons at once. The effectome thus would need 

to be gradually constrained across many experiments. It is unclear how to order experiments 



such that insight into whole brain dynamics are achieved efficiently. We take the approach of 

analyzing the connectome to propose circuits that have the greatest total effect on the dynamics 

of the fly brain. Specifically, we perform the eigendecomposition of the matrix of the number of 

pre-synaptic contacts and inferred sign (inhibitory or excitatory). We discover that, fortunately, 

the dominant circuits (top eigenvectors) significantly involve only relatively small populations of 

neurons. Intriguingly, we find that this approach also re-discovers known circuits and generates 

testable hypotheses about their dynamics. Overall, our analyses of the connectome provide 

evidence that global dynamics are generated by a large collection of small circuits. This in turn 

implies that a causal model of a brain can be feasibly obtained in the fly. 
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Abstract: Insects evolved the ability to robustly detect small moving objects such as other 

insects and predators using visual cues. How the underlying neural circuits account for diverse 

natural lighting conditions and suppress background movement induced by complex mid-flight 

egomotion remains elusive. 

In this work, we use the FlyWire connectome to analyze the connectivity graph of small moving 

object circuits in the fruit fly brain with (i) LMC neurons (L1, L2) in the lamina receiving 

retinotopic photoreceptor (R1-R6) inputs (ii) small-field CB neurons that receive LMC inputs in 

the lamina and project their outputs into the lobula (iii) wide-field mALC local neurons in the 

lobula that receive CB inputs (iv) LC21 neurons with inputs from CB and mALC neurons in the 

lobula, and have been experimentally demonstrated to detect small moving objects. We use the 

obtained insights to propose a three-stage model: (i) contrast gain control to account for both 

local and global lighting variations and increase motion sensitivity (ii) a novel phase based 

approach for background motion suppression and foreground motion enhancement (iii) a size-



tuned ON-OFF circuit for small moving object detection. 

We then instantiate the proposed model end-to-end using divisive normalization processors 

(DNPs) and benchmark the DNP circuit on the (i) PESMOD drone videos dataset (ii) VISO 

satellite videos dataset. The datasets present challenging examples with multiple tiny (less than 

10 square pixels) moving objects, local lighting changes due to specular reflections, and complex 

background motion due to 3D camera movement. We benchmark small moving object detection 

rates (precision and recall) and processing speed (frames per second) across both datasets, 

improving on previous fly-inspired models that do not perform contrast gain control and precise 

background motion suppression. 

We thus demonstrate a DNP-based computational approach to exploring the functional logic of 

massively parallel and recurrent small moving object detection circuits in the early visual system 

of the fruit fly brain. Our large-scale computational model motivates the design of experimental 

methods to simultaneously record from large populations of neurons in the fruit fly brain, 

towards testing the functional predictions proposed in this work. 
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Abstract: Neural responses are influenced by both external stimuli and internal network states. 

While network states have been linked to behavioral and stimulus states, little is known about 

how sensory inputs are filtered by whole-brain activity to downstream motor neurons. Using 

calcium imaging in a Zeiss Airyscan 880, we recorded whole-brain activity of Caenorhabditis 

elegans (C. elegans) experiencing bacterial food stimuli and modeled how sensory inputs affect 

sensory and motor neurons in a network state dependent manner. We classified active neurons 



into six functional clusters: two sensory neuron clusters (ON, OFF), and four motor/command 

neuron clusters (AVA, RME, SMDD, SMDV). We proceeded to analyze our multi-dimensional 

calcium trace data without losing the distance measures between points using a hyperbolic 

embedding technique, Hyperbolic Multidimensional Scaling (HMDS). We determined that there 

was a hierarchical structure among the neuronal populations. Bayesian information criteria 

analysis showed that our data can be optimally represented in 8-dimensional space. These 

dimensions correspond to the axes of 4 different sets of complementary neurons corresponding 

to the cell types we identified. Although neural computations performed by sensory neurons are 

linear due to their direct exposure to stimuli, the downstream neurons are often non-linear as they 

integrate inputs from multiple neurons. This non-linearity poses a challenge in interpreting 

downstream neural responses that correspond to their original input stimuli. Our goal is to 

analyze how input stimuli and sensory neurons affect downstream motor neural populations. We 

used low rank second order maximum noise entropy, which recapitulates the nonlinear filter 

dynamics within neural populations allowing us to identify specific states of the network that 

links sensory neuron activity with downstream motor neurons. Collectively, we present an 

interpretable approach for modeling network dynamics of neural populations. 
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Abstract: “Control energy” quantifies the effort needed to transition between different brain 

activation patterns based on the individual's connectome (Pasqualetti et al., 2014). This study 

aims to understand its variation across the human lifespan. Using the NKI-RS dataset (N = 458 



with low-motion MRI data, 7-85 y/o; Nooner et. al., 2012), we reconstructed subject-specific 

connectomes from diffusion MRI (Tournier et al., 2019) and processed resting-state fMRI using 

fMRIprep (Esteban et al., 2019). Brain states were estimated by identifying amplitude peaks in 

brain-wide activity, clustering them using k-means (k = 6), and labeling each frame accordingly. 

The energy required to transition between each pair of states was calculated using subjects' 

connectomes and correlated with age after accounting for covariates (Fig 2c). The 6 clusters 

corresponded to activation and deactivation of known resting state functional networks, with 

control energy negatively correlated with activation pattern similarity (r = -0.93; Fig. 1). 

Regional and whole-brain control energies showed age-related correlations, particularly in 

sensorimotor systems (Fig 2), suggesting age-related differences in cognition/behavior may stem 

from navigating brain state transitions. 
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Abstract: Pathological bipedal locomotion is affected by variety factors-including environment, 

complex neural control, and compensatory behaviors. Although quantitative measurements of 

such locomotion are difficult and basic data are limited, various investigations are needed to 

prevent falls and other potential problems. For example, the pathogenesis of ‘freezing of gait’ 

observed in neurological diseases remains unclear, which limits development of a consistent 

treatment method. To tackle this issue, seamless investigation of both nervous system processing 

and bipedal motor control is required. In this study, we implemented a computer simulation of 

bipedal locomotion using a two-dimensional neuromusculoskeletal model. This model was 

driven by 18 muscle models triggered through activity of spiking neural models in a brainstem 

and spinal cord. The brainstem contained the pedunculopontine nucleus and cuneiform nucleus, 

which consisted of two leaky integrate-and-fire (LIF) model neurons. The spinal cord combined 

12 LIF model neurons to generate the basic gait pattern. After optimizing 39 unknown 

parameters with a genetic algorithm, this model acquired a bipedal locomotion. Such 

computational simulations may provide insight into the pathogenesis of pathological bipedal 

locomotion caused by the nervous system, such as the brainstem and spinal cord. 
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Abstract: Aging impacts multiple scales of brain organization, ranging from microscopic level 

alteration in neurotransmitter levels, degradation in long-range white matter tracts, or, gray 

matter volume, to the macroscopic level changes in functional coordination causing cognitive 

and behavioral impairments. Because of such multiscale interactions, the effects of ageing on 

neural activity become complex, e.g., some functions of a healthy aging brain deteriorate largely, 

in contrast, others remain intact or even improve with age. We addressed whether the age-related 

markers can be captured by a framework considering multiple scales, e.g., large-scale brain 

dynamics and neurotransmitter kinetics. 

Earlier studies have proposed that the dynamic working point is defined by the dynamics of 

constituent brain areas exhibiting metastability- resistance to convergence towards a single stable 

state. Building upon this concept, we hypothesized that healthy ageing, where fluid intelligence, 

language and other higher order cognitive functions are typically preserved, must also underlie 

an invariance of optimal dynamic working point indexed by metastability despite age-related 

structural decline. We identify the patterns of invariance in topological features, segregation and 

integration, applying graph metrics on empirical structural and functional connectivity (FC). 

We deploy a biophysically inspired multiscale dynamic mean field model (MDMF) that 

incorporates the properties of empirically derived brain connectivity to simulate global brain 

dynamics at rest while preserving excitatory-inhibitory (E-I) balance. The two adjustable 

parameters, glutamate and GABA concentrations are estimated by constraining spatio-temporal 

features such as metastability and distance between simulated and empirical FC. The observed 

patterns of GABA/ Glutamate across healthy ageing was validated in three big data sets 

CamCAN, Berlin and NKI. Model performance is evaluated qualitative comparisons of 

topological characteristics between empFC and simFC. 

The GABA/ Gutamate shifts extracted by MDMF reveal the compensatory mechanism behind 

preservation of various cognitive functions across lifespan ageing. Specifically, MDMF model 

inversion suggests that aging brain reduces glutamate level, without altering GABA 

significantly, to support network dynamics and shift dynamic working point of the brain. Thus, 

often observed re-organized functional connectivity with age is an outcome of this adaptive 

process. 
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Abstract: Recent work [1,2] has emphasized the ubiquity of higher-order interactions in brain 

function. These interactions can be characterized as being either redundancy or synergy-

dominated by the heuristic O-information [3]. Though the time-averaged O-information can be 

decomposed into local values to measure the synergy-redundancy dominance at each point in a 

time series, no such analysis of fMRI dynamics has yet been carried out. Here we analyze the 

moment-to-moment synergy and redundancy dominance of the fMRI BOLD signal during rest 

for 95 unrelated subjects from the Human Connectome Project. At the whole brain level, we find 

that synergistic moments are exceedingly rare, making up only 0.08% of time points. Randomly 

sampling subsets of 3-25 brain regions revealed that time-averaged redundancy-dominated 

subsets have the greatest dynamic range of local O-information values, and so experience both 

the most synergistic and most redundant time points. We calculated the most synergistic and 

most redundant triad and tetrad (set of three and four brain regions) at every time point. Both 

synergistic and redundant triads and tetrads are highly recurrent, and the synergy/redundancy 

dominance of the triad at a particular moment can be predicted by its relation to the long-term 

behavior of the triad. In particular, we show that a strongly synergistic moment is expected when 

a triad that spends a majority of time integrated becomes briefly disintegrated. Finally, we use a 

simulated annealing algorithm to find larger (n>4) subsets. This analysis indicates that 

synergistic subsets of many different sizes can be found at all time points, and that subsets of 

different sizes show distinct regional participation. We conclude that higher order interactions 

(both synergy and redundancy-dominated) are not only ubiquitous, but dynamic, existing at 

many subset sizes and incorporating almost all brain regions throughout the length of a scan. 

[1] Varley and Pope et al. (2023). Nat. Comm. Biol., 6(1), 451. [2] Varley et al. (2023). PNAS, 

120(30), e2300888120. [3] Mediano et al. (2019). Phys. Rev. E, 100, 032305.  
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Abstract: The Apteronotus leptorhynchus or ghost knife fish, is a weakly electric fish that hunts 

by emitting an electric field and detecting distortions caused by prey. As in many sensory 

systems, this process works because the fish can predict and filter out expected disturbances to 

the field, e.g., those due to its motion as it swims. Previous studies have shown that an important 

filtering mechanism relies on parallel fibers feedback inputs from the cerebellum onto primary 

sensory neurons [1]. The strength and relative timing of this feedback pathway is learned through 

local plasticity mechanisms, enabling the fish to adapt this pathway when its environment 

undergoes a persistent change, e.g., changes in body size as it grows. Our goal is to apply the 

mechanism of parallel fiber’s cancellation function to other models of sensory processing, both 

to better understand how the cerebellum functions and to endow a robot with adaptive sensory 

processing. Because we are interested in robotic applications, we want our model to be tractable 

to analyze and fast to simulate. As a result, we have abstracted the system into a bank of 

resonators, each of which has a different resonant frequency. The frequency content of the 

sensory signal determines the relative activity of each resonator, each of which feeds back onto 

the sensory signal with a frequency-specific delay, canceling much of the sensory signal. 

Uncanceled transient information is sent to a higher-level decision center; ongoing uncanceled 

information triggers a behavioral change. This should enable a robot to determine what motor 

control is needed for a specific environment and adjust the force output necessary to overcome 

any perturbations it experiences without any adjustments from the user. 

Disclosures: S. Johnson: None. G. Marsat: None. N.S. Szczecinski: None. 

Poster 

PSTR314: Network Computation: Theory and Modeling II 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR314.10/Z10 

Topic: I.06. Computation, Modeling, and Simulation 

Support: NSF Graduate Research Fellowship DGE2140743 

NIH/NIGMS Grant T32GM008313 

NIH/NINDS Grant R01NS116753 

Title: The role of feedback in dynamic inference for spatial navigation under uncertainty 

Authors: *A. CHEN, J. DRUGOWITSCH;  

Dept. of Neurobio., Harvard Med. Sch., Boston, MA 



Abstract: Efficient behavior in our noisy and ambiguous world calls for the strategic use of the 

arising uncertainty by probabilistic inference. Whereas such strategic use has been demonstrated 

by humans and animals in static environments, we have less evidence for it in dynamic 

environments. Probabilistic inference in complex dynamic environments is particularly 

challenging because it not only requires tracking all the relevant latent variables coherently but 

also necessitates accounting for the interactions among them. As a result, a neural circuit 

encoding these variables would need to be recurrently wired to relay information between them 

via feedback connections. Given the additional cost of evolving and maintaining these feedback 

connections, we sought the circumstances under which the brain could get away with simpler 

circuits that omit some of the feedback connections necessary for optimal probabilistic inference. 

One example of inference in a dynamic environment is navigation, in which self-motion and 

landmark cues inform estimates of our velocity and position in space, respectively. Crucially, we 

can estimate our own velocity not only from observations of self-motion cues but also from 

successive observations of landmark cues, which are both considered by optimal dynamic 

inference. However, it remains unclear whether humans and animals use the latter in their 

estimation of velocity during navigation. 

To assess the importance of a potential feedback connection relaying position information to 

velocity-coding brain areas, we developed a mathematical framework that allows us to compare 

the performance of optimal dynamic inference to that of scenarios where communication 

between some of the encoded variables is lacking. Applying this framework to navigation, we 

found that restricting feedback from position to velocity only causes non-negligible performance 

loss when the noise in observing self-motion is high but the noise in observing landmarks is low. 

By benchmarking inference performance against neural decoding accuracy from past rodent 

navigation studies, we further found that this performance deficit is, in fact, negligible at most 

biologically realistic noise levels. Therefore, across wide biologically relevant regimes, 

restricting feedback information flow from position to velocity has only a negligible impact on 

the nervous system’s ability to accurately track position and velocity. Overall, our results suggest 

that simple circuits without all the necessary components for optimal inference could 

nevertheless support efficient navigation at lower developmental and energetic costs. 
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Abstract: Spontaneous waves are ubiquitous across many brain regions during early 

development. Activity from waves occurring in the retina are propagated to downstream areas 

such as the thalamus and primary visual cortex (V1) and are hypothesized to drive the 

development of receptive fields (RFs). Disruptions to this pathway during development have 

been shown to underlie neurodevelopmental diseases and activation of this pathway can 

ameliorate symptoms of developmental deformation. 

Different stages of retinal spontaneous waves coincide with the development of the retinotopic 

map, ON-OFF segregation, and orientation selectivity in the early visual pathway of mammals. 

However, the mechanisms underlying the influence of each retinal wave on RF refinement are 

not well understood. In this work, we build a biologically-constrained mathematical model of the 

development of the feed-forward RF of neurons in the primary visual cortex. These feed-forward 

synapses are driven by retinal waves using a spike-timing-dependent triplet plasticity rule. Using 

this model, we propose a possible mechanism that underlies a pruning process leading to 

different RF spatial structures. In particular, we quantify how key characteristics of the retinal 

wave, such as wave speed, width and presentation angle, affect the simulated pruning result and 

shape of the receptive field. We further elucidate potential mechanisms of learning through 

analysis of a reduced rate model. In particular, we find mechanisms for the formation of a 

periodic RF, which may help to understand related periodic RF development in other brain areas 

such as grid cells under spontaneous waves in the entorhinal cortex. 
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Title: In vitro electrophysiology demonstration, exploring continuum oscillator dynamics with 

spatiotemporal variance to design near-critical behavior 

Authors: *K. KAZEMI1, S. KIM1, G. UPADHYAY2, Z. DOU2, X. ZHANG3, H. GRITTON4, 

M. GAZZOLA2;  
1Univ. of Illinois, Urbana-Champaign, Urbana, IL; 2Mechanical Sci. and Engin., Univ. of 

Illinois, Urbana-Champaign, Urbana, IL; 3Mechanical Sci. and Engin., Univ. of Illinois, Urbana- 

Champaign, Urbana, IL; 4Comparative Biosci., Univ. of Illinois, Urbana-Champaign, Urbana, IL 

Abstract: The versatile and rich computational capability of biological neural networks likely 

stems from their ability to embed complex features within their dynamical states. According to 

the theory of criticality, an optimal network state can be achieved when neural activity is 

balanced during information encoding, transformation, and transmission. This physical 

phenomenon that has emerged from existing brain criticality studies provides hints on how in 

vitro neuronal cultures could be modulated to maximize computing capabilities. However, 

engineering guidelines to implement such systems are far from clear. Here, we present a 

framework for designing and manipulating near-critical population behavior in vitro. In this 

study, we primarily utilize the oscillator neuron model within large-population simulations, to 

provide a qualitative overview of the collective dynamics: macro-scale emerging behavior 

derived from the synchronization of micro-scale neurons. Our extended oscillator model 

incorporates spatial variance, connection topology, transmission delays, background 

stimulation/perturbation, and population-wise interactions to bring the simulated environment 

closer to experiments. Informed by our simulation, we develop key strategies for monitoring and 

fine-tuning criticality metrics and the population behavior. Further, we use in vitro neuron 

cultures to demonstrate the implementation of near-critical behavior in electrophysiology. 

Cultures are prepared from differentiated mouse embryonic stem cells grown on custom-made 

micro-electrode arrays (MEAs). To include controlled perturbation, we use genetically modified 

neurons that express Channelrhodopsin-2 (ChR2), enabling optical stimulation. By carefully 

designing culture layout, electrode configuration, and media chemical composition, we 

reproduce key characteristics and metrics that align with simulations. 
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Abstract: Spinal cord stimulation (SCS) is an electric stimulation therapy that helps manage 

intractable chronic pain by implanting electrodes in the epidural space near the spinal cord. 

However, because we do not understand the mechanisms of action of SCS, it is difficult to 

optimize patient selection - leading to variability on effectiveness across patients. Therefore, we 

used a patient-specific computational modeling approach to investigate the variability of neural 

activation across patients. 

To characterize neural activation profiles across patients, we constructed patient-specific 

computational models that accounted for inter-patient variability in anatomy, lead placement, 

and stimulation parameters. We used preoperative magnetic resonance imaging (MRI) and 

postoperative compute tomography (CT) imaging data, and co-registered them to build finite 

element method (FEM) models of the participant's unique anatomy and lead placement. We then 

used the FEM models to calculate the extracellular potentials to multi-compartment axon models 

distributed throughout the spinal cord. We compared model predictions of neural activation with 

each patient's clinical SCS settings and quantitative sensory data (QST), and patient-reported 

outcomes to investigate potential correlations. 

We constructed patient-specific models for ten participants. Although the stimulation settings 

varied significantly across participants, the computational models predicted activation thresholds 

that mimicked the trends in participant-reported sensory thresholds and paresthesia coverage. We 

also observed that patient-specific characteristics, such as the amount of cerebrospinal fluid 

(CSF) and lead location, affected the pulse amplitudes required to activate dorsal column axons 

as well as the stimulation selectivity. 

Patient-specific computational models are an effective tool for comparing neural activation 

profiles across patients. We are continuing to investigate the neural sources of stimulation-

induced paresthesia and discomfort, and investigate how spatiotemporal neural activation 

profiles change in response to different forms of SCS (e.g., burst, 10 kHz). We will use the 

model predictions to establish potential correlations in the model-based neural recruitment 

profiles with the patient-reported outcomes and QST data. These correlations may provide 

insight into outcome variability as well as the mechanisms of action of SCS. 
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Abstract: As the field of neuroscience continues to explore the connectivity and dynamics of 

regional and whole-brain networks, it’s increasingly important to also develop models that can 

test theories, replicate experiments, and make predictions. Similarly, the need to run simulations 

and computational analysis on such models, which is common with most physical sciences, is 

becoming an increasingly crucial goal for neuroscientists. To assist with such endeavor we have 

developed a suite of software tools for modeling, simulation, analysis and visualization of large-

scale, realistic and heterogeneous brain network models; including the Brain Modeling Toolkit 

(BMTK) and Visual Neuronal Dynamics (VND). 

In particular we will focus on the numerous additional features and improvements made in these 

tools in the past year. One particularly important enhancement is added integration with the 

Neurodata Without Borders (NWB 2.0) format, facilitating the merging of in-vivo recording and 

in-silico modeling and simulation. Additionally we have developed methods for incorporating 

even more diverse and realistic types of network stimuli, as well as enhanced abilities to record, 

visualize and analyze network dynamics across a range of different modalities. Both BMTK and 



VND are open-source and free-to-use, and can be used along-side a wide-range of other 

neuroscience software and data formats. 
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Abstract: Spiking activity in neocortex constitutes computations which transform sensory inputs 

to appropriate behavioral outputs. Here we investigate the underlying mechanisms and ask how 

the specific structure and spiking dynamics of a recurrent network of excitatory and inhibitory 

neurons can yield circuit computations. We train spiking neural network (SNN) models of 

neocortex on a binary state change detection task, then identify the dynamical and architectural 

changes which yielded task computations. The two states of the task are defined by motion 

entropy, and the task mirrors behavioral paradigms that mice can perform. The models are 

composed of excitatory and inhibitory units with connection likelihoods and strengths matched 

to mouse neocortex. Throughout training, SNNs are constrained to maintain neocortical structure 

(sparse connections with lognormal weight distribution) and dynamics (low-rate, asynchronous 

spiking). After training, we discover that SNNs selectively adjust firing rates depending on 

motion entropy state, and that connectivity of the input and recurrent layers changed according to 

this rate modulation. Input channels that exhibit bias to one specific motion entropy level 

develop stronger connections to recurrent excitatory units during training, while channels that 

exhibit bias to the other entropy level develop stronger connections to inhibitory units. 

Furthermore, recurrent inhibitory units which positively modulated firing rates to one input 

strengthened their connections to recurrent units of the opposite modulation pattern. This scheme 

of cross-modulation inhibition emerged as the optimal solution when imposing Dale’s law during 



training; removing this constraint led to the absence of this architectural solution. Our work 

highlights the critical role of interneurons and the specific architectural patterns of inhibition in 

shaping dynamics and information processing within neocortical circuits. By combining 

neurobiologically realistic network features and optimization of these network models on 

meaningful tasks, our approach can provide mechanistic insights into neocortical circuit 

computations. 
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Abstract: Much work in theoretical neuroscience has been dedicated to understanding how noise 

affects ongoing processing. For example, the effects of noise have been analyzed in tasks such as 

integration of evidence, maintenance of working memory, judging timing, or combating error in 

motor control. However, a generalized understanding of how noise propagates over time through 

the dynamics of biological or artificial neural networks has remained elusive. Here, we derive a 

general solution. We begin by generalizing a recent idea we term ‘task manifold distortion’ - a 

description of how a parametric representation of a behavioral task is distorted in its 

representation by a neural population. Using this perspective, we derive coupled stochastic 

differential equations (SDEs) that predict how task information is degraded by firing rate noise. 

These SDEs describe three ways that noise can affect ongoing computations: perturbing the 

neural population state along the neural manifold, via dynamics shunting noise in off-manifold 

dimensions back on to the neural manifold, and influencing output dimensions directly. We 

present an analytic solution for these SDEs, and numerically demonstrate its predictive ability on 

recurrent neural networks (RNNs) trained on a variety of tasks. Finally, we derive general 



predictions from these SDEs about how RNNs should optimize their activity and readouts to 

achieve noise-robust computations, and show that our predictions hold in RNNs trained with 

firing rate noise. This method opens the door to formal analysis of how neural networks are 

influenced by noise, and therefore both understanding network solutions and designing better 

artificial networks. 
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Abstract: Cortical neural rhythms in the gamma and beta bands are thought to be generated 

intrinsically by distinct microcircuits. These microcircuits involve different cell types and 

synaptic mechanisms that are engaged differentially by extrinsic inputs. We consider the 

pyramidal-interneuron gamma (PING) microcircuit that has been implicated in both gamma and 

beta rhythms, but with distinct interneurons and synaptic mechanism types. For instance, the 

gamma microcircuit has been linked to fast-spiking (FSI) interneurons and depressing synapses 

that are preferentially engaged by bursty or fluctuating extrinsic inputs. On the other hand, the 

beta rhythm has been linked to low-threshold (LTS) interneuron and facilitating synapse types 

that are engaged by steady or stable extrinsic inputs. Computational models have explored the 

role of the circuit parameters to the characteristics of neural rhythms (e.g., Cannon et. al, 2014). 

These studies have revealed that the strength of the extrinsic drive and of the connections, and 

the synaptic rise/decay times were all important in setting the peak frequency and bandwidth but 

their relative contributions have been difficult to parse in realistic conditions. Furthermore, 

although the peak frequency and bandwidth of these rhythms are known to vary across brain 

regions, the reasons are unclear. Here, we explored the mechanistic underpinning of the intrinsic 

gamma and beta rhythms using large-scale biophysical network models of rodent M1 and V1 

cortices. These included multi-compartmental single cells with the intrinsic and synaptic 

channels constrained by neurophysiology data. The model local field potential trace revealed the 



following spectral bands that matched in vivo data for both the regions: M1center frequency 

(bandwidth) - gamma 37 (±7) Hz, and beta 19 (±4) Hz; V1 - gamma 48 (±12) Hz, and beta 22 

(±5) Hz. Naturalistic drives that fluctuated resulted in increased model gamma power in the LFP 

in both regions, while drives that were stable were seen to increase the beta power. Preliminary 

analysis of the underlying mechanisms revealed that the intrinsic excitability of the two 

interneuron types, convergence of the excitatory drives onto the FSI and LTS populations, the 

decay time constant of the PN-ITN connection and the strengths of the FSI-FSI and LTI-LTS 

connections were predictors of the variation in spectral peak for both rhythms across the regions. 

Ongoing work focuses on sensitivity analyses, and comparisons with three other regions. 

Quantifying the dependence of the rhythms on the microcircuit parameters and extrinsic drive 

has potential relevance to understanding inter-areal. 
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Abstract: A persistent challenge in the analysis of extracellular electrophysiology data is the 

interpretation of spike sorting results. What thresholds should be set on quality metrics to select 

acceptable units? Would manual curation have a significant impact on the yield of acceptable 

units? The answers to these questions are specific to the data (brain region, conditions of the 

recording and pattern of electrodes on the probe) and the analysis path (sorting algorithm and 

manual curation protocol); in this work, we present results from diverse datasets and illustrate 

protocols for assessing the impact of curation. We compare the unit sets identified by Kilosort 2 

plus filtering with quality metrics, Kilosort 2 plus manual curation, and ‘consensus’ runs of 

Kilosort 2 and Kilosort 4. ‘Consensus’ refers to running the sorter’s fit step from different 

starting template sets. The intersection of units found across these runs are easily isolated units. 

The union of all units found across runs can be interpreted as a broader exploration of template 

space. The datasets examined are all from awake mice, 14 recordings from Neuropixels 1.0 and 

2.0 probes, spanning five brain regions, and a set of > 40 Neuropixels Ultra recordings from 



seven brain regions. We compare unit yield, distributions of unit quality metrics and characterize 

the differences (extra merges/splits; false positives/negatives) between approaches. We find that 

quality metrics are a good predictor of which units are consensus units. In some recordings, 

manual curation with corrections yielded up to 30% more potential good units than simple 

filtering by quality metrics. However the gain was very variable, covering the full range of 0-

30% in the set of NP1.0 and NP2.0 recordings we examined. Using the larger set of Neuropixels 

Ultra recordings, we characterize the correlation of gains from curation with brain region and 

unit density. 
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Abstract: The specialized field of neuroscience research characterized by extensive financial 

prerequisites occludes underrepresented students. Several studies have developed more 

accessible tools to spike sorting analysis in electrophysiology (Torres et al., 2021). While those 

are still locked behind significant costs of entry, the development of a free and open-source script 

for spike sorting analysis still remains. In this particular study we create a script in the open-

source programming language Python, to offer an alternative for extracellular spiking data 

analysis in research programs lacking financial capabilities. We obtained electrophysiological 

recordings of mechanical stimulation from the hissing roach, Gromphadorhina portentosa, 

ventral nerve cord and femur through low-cost Backyard Brains Neuron SpikerBox amplifiers 

and the accompanying SpikeRecorder. Our analysis script requires the user to define parameters 

for spike sorting analysis including a voltage threshold, beginning, and end time interval. Next, 

our program filters the data to contain only spikes that both surpass the voltage threshold, and 

represent biphasic extracellular action potential waveforms. Feature extraction is done on each 

individual spike in the analysis interval to extrapolate a subset of characteristics. The spikes are 

subsequently scored through principal component analysis dimensionality reduction to group and 



cluster similar neuron spikes in a two dimensional clustering algorithm. We find our resulting 

script, available for free and open-source through Python, to successfully spike sort by 

distinguishing between different units in a two dimensional clustering space. The interspike 

interval and frequency of each neuron are calculated and displayed along with a waveform 

comparison for in-depth analysis and consideration in students’ studies. The accessibility of this 

script detracts from the significant financial inequality in neuroscience burdened by 

underrepresented rural communities (Ramadan & Ricoy, 2023), providing a meaningful avenue 

for neurophysiological research across a widened span of backgrounds. 
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Abstract: Performing post-acquisition image processing for volumetric microscopy is a complex 

and resource-intensive endeavor. To mitigate this complexity, at UCLA BRAIN we developed 

Isadora, an image-processing task orchestration pipeline that adds flexibility and remote 

execution to the post-aquisition workflow. Isadora leverages the Prefect task orchestration 

development libraries to implement a deployment framework. Specifically, Isadora provides the 

means for managed execution of image processing on available computational infrastructure, 

including command line interaction, and launch via a website. 

Isadora is agnostic to the underlying back-end image processing workflow, and could interface 

any code running on the desired architecture. In this work Isadora has been instantiated with 

SmartSPIM Post Processing (SmartSPIMPP) software libraries in collaboration with Life Canvas 

Technologies. UCLA BRAIN extended SmartSPIMPP by porting it to Linux, and adding support 

for parallel GPU execution. Isadora specifically instantiates SmartSPIMPP objects inside a 

Prefect deployment, which can be run remotely. 

Key contributions of Isadora include: 

1) Providing a microscopy lab with the means to execute the SmartSPIMPP workflow on Linux 

in addition to Windows. 

2) Facilitating utilization of all available hardware, removing idle times. 



3) Providing a computational lab functionality for collaborating with a microscopy lab to process 

an otherwise dormant image archive -- Isadora greatly eases the mechanics of a computational 

lab performing image processing for a microscopy lab -- ideal for institutional academic 

collaboration. 

UCLA BRAIN has released Isadora as free and open-source software. 
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Abstract: Neurons display remarkable diversity in their anatomical, molecular, and 

physiological properties. While stereotypy across features in subsets of neurons, such as their 

morphology, projection targets or proteins they express, has been a pillar of neuroscience since 

its early days, a key complication is high variability, in particular in the spatial distribution of 

cells. This obscures the extent to which neurons can be classified into a discrete number of cell 

types. In the retina, a laminated and spatially extended tissue, it is known that neuronal cell types 

avoid close proximity to each other. The extent to which this holds in neocortex remains 

unknown. 

We provide evidence for such a non-random spatial distribution by developing a statistical point 

process framework for spatial transcriptomic data. We studied a recent whole-brain MERFISH 

dataset in the laboratory mouse where over 1000 genes are profiled in space and the 

transcriptomic identity and location, within the common coordinate framework (CCF), of more 

than two million cells have been determined. We examined the sources of noises in this dataset 

for neocortical brain slices and conducted formal statistical tests to assess spatial randomness. To 

analyze local organization in the point pattern of soma locations in a 2-D slice, we first identify a 

set of regions covering the points belonging to the transcriptionally defined cell type of interest, 

to avoid falsely assigning significance to unstructured patterns. We carefully designed our test 

for complete spatial randomness to consider exclusion zones that account for the fact that cell 

bodies are non-penetrating with finite size. 



We demonstrate self-avoidance behavior within pure cell types and its disappearance in cell type 

mixtures for 16 selected excitatory and 10 inhibitory types. At the cell type level, we observe cell 

distribution patterns that can be well captured by point processes with soft-core repulsion zones, 

with an interaction range of around 20 microns for excitatory types, and around 60 microns for 

inhibitory types. On the other hand, we observe segregation effects for excitatory clusters at the 

subclass level, and clustering effects at near distances for inhibitory subclasses. Our findings 

elucidate a long-standing hypothesis concerning the organization of neocortical circuitry and 

could potentially offer gold standard metrics for evaluating the purity of cell types. 
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Abstract: Magnetic Resonance Imaging (MRI) is important in comparing neurodevelopment 

across species for its non-invasive nature and detailed insights into brain structure and function. 

A critical component of MRI data processing is the segmentation of whole brain tissue. The 

development of an automated brain segmentation tool allows the high-throughput processing of 

MRI datasets. However, tools currently tailored for humans fall short in their ability to generalize 

across different species, ages, and imaging modalities. Deep learning-based approaches have 

demonstrated impressive performance in numerous biomedical image analysis problems, with 

the ability to identify complex patterns from multidimensional imaging data. This study proposes 

a novel deep learning-based framework for the automated segmentation of whole brain tissue 

from MRI data across species, age, and modalities. Our approach involves stacking three 

adjacent slices into the RGB channels of an image, which permits usage of encoders pre-trained 

on large public datasets of natural images, as well as spatial correlation from adjacent slices. We 

propose a trio of 2D U-Nets with EfficientNetB5 encoders, each dedicated to the segmentation of 

slices along one spatial orientation. Predictions from all three models were combined using a 



voxel-wise majority voting ensemble technique to generate the final brain mask. This 2.5D 

method offers a tradeoff between the extensive spatial information of 3D and the constraints of 

data scarcity. We initially trained our base model on a dataset comprising 144 domestic pig 

MPRAGE volumes. Utilizing transfer learning, we retrained models on MRI data across various 

ages, species, and modalities, including 34 MPRAGE volumes from 8-week-old pigs, 162 DTI 

volumes from 4-week-old pigs, and 28 MPRAGE and 28 DTI volumes from adult humans, 

sourced from the MGH HCP diffusion dataset. Our preliminary results demonstrated high dice 

coefficients: 0.957 for adult human T1-weighted images, 0.963 for adult human diffusion tensor 

images, and 0.971, 0.966, and 0.968 for pig T1-weighted images at 4 weeks, 8 weeks, and pig 

diffusion tensor images at 4 weeks, respectively. Additionally, the intersection over union scores 

were equally robust, with values of 0.929 for adult human T1-weighted, 0.937 for adult human 

diffusion tensor images, 0.943 for 4-week-old pig T1-weighted, 0.935 for 8-week-old pig T1-

weighted, and 0.939 for 4-week-old pig diffusion tensor images. This framework demonstrates 

the viability of a generalizable unified framework for MRI brain tissue segmentation. 
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Abstract: The recent proliferation of multimodal neuronal datasets has fueled demand for 

models that can integrate different physical profiles of a cell into a consistent, low-dimensional 

representation. A promising model type for this task is the multimodal autoencoder, which 

assigns an encoder-decoder pair to each modality and then connects them via a correlated latent 

space. Leveraging data from the Patch-seq platform, we construct a multimodal autoencoder 

model that incorporates joint transcriptomic, electrophysiological, and morphological 



measurements of individual cells. In contrast with previous work, this model assigns distinct 

latent variables to each modality and links them together via conditional distributions that are 

variationally optimized. These probabilistic mappings allow for the quantification of cross-modal 

uncertainties and can provide insight into the variance that exists within latent cell-type clusters. 

To support the inclusion of morphological data, which is often absent in other multimodal 

models, we utilize an arbor density featurization that transforms the raw neuronal images into 

coarse-grained histograms. We demonstrate the utility and robustness of this representation by 

performing cross-platform inference on unimodal morphological data taken from high-resolution 

electron microscopy images. 
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Abstract: Magnetoencephalography (MEG) measures the magnetic fields generated by neural 

activity. MEG is a powerful tool for understanding brain dynamics due to its high temporal and 

spatial resolution. Because of its focus on brain activity, other biopotentials, including muscle 

artifacts and heart signals, are typically filtered or rejected. However, heart rate analysis may 

relate to the state of the brain in several cognitive conditions, such as posttraumatic stress 

disorder (PTSD). In the current study, we explored the feasibility of extracting heart signals from 

MEG data, which is termed “Magnetoencephalographic Electrocardiogram” (M-ECG; in contrast 

to the electrocardiogram, or ECG). Using the publicly available Brainstorm MEG auditory 

dataset - CTF, we developed a novel algorithm that combines independent component analysis 

(ICA) and MEG reference gradiometer sensors to accurately extract M-ECG signals and 

compute heart rate variability (HRV), including metrics such as RR intervals (the time between 

successive heartbeats), from MEG data. We employed signal processing methods, analytical 

tools, and statistical techniques to demonstrate the similarities between the computed M-ECG 

and HRV from MEG data with those from the recorded ECG signal across time, frequency, and 



time-frequency domains. Our results indicate significant alignment in RR intervals (Pearson's 

correlation = 0.99; Kolmogorov-Smirnov test p-value = 0.99; Mann-Whitney U test p-value = 

0.99) and frequency power characteristics between M-ECG and ECG signals, suggesting a 

promising degree of similarity and correspondence. Our findings highlight the feasibility of 

extracting M-ECG and HRV directly from raw MEG data. These insights hold the potential to 

enhance multimodal neuroimaging methodologies and further elucidate the intricate interplay 

between brain activity and cardiovascular function. Furthermore, the potential of HRV as a 

biomarker for brain disorders could improve diagnostic accuracy, prognostic assessment, and 

therapeutic strategies, especially in disorders affecting the autonomic nervous system, such as 

epilepsy, PTSD, Parkinson’s disease, and certain mood disorders. 
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Abstract: Background: Neuroimaging techniques offer valuable insights into the structural 

characteristics of the brain. A salient feature of the cerebrum is the distinct transition of voxel 

intensity at the gray matter-white matter interface (GWI). Leveraging this inherent difference in 

tissue composition - lower gray matter (GM) and higher white matter (WM) signal on T1-

weighted (T1W) MRI--we introduce a novel metric and demonstrate its efficacy in capturing 

age-related effects. Methods: 169 participants (98 female; mean age 55.6; SD 21.5; range 18-91 

years) were studied between 2019 and 2023. Each participant underwent 3 Tesla MRI including 

field map and 3D T1W whole brain MRI (MP-RAGE, 1mm3isotropic voxels). We first 

performed whole-brain extraction and segmented the GWI region into orbitofrontal, frontal, 

occipital, temporal, parietal, and cingulate subregions within 5mm of the Freesurfer-defined 

cerebral GWI. Next, we quantified peak distance, computed as the difference in means of two 

fitted Gaussian distributions of T1-weighted voxel intensities, scaled by their common standard 

deviation. For each participant, whole-brain peak distance using all brain voxels was calculated. 

The mean peak distance was then computed for each subregion. We fit a linear model to the 



whole brain and each peak distance as a function of age, with biological sex included as a 

covariate. Results: Greater whole-brain peak distance was associated with older age (estimate = 

-.07 ± 0.0083 per decade, p-value = 8.89e-15), indicating a decline in WM-GM distribution 

sharpness with advancing age . Among the six regions, the cingulate region exhibiting the 

sharpest decline with age (effect size = -0.12 per decade, p-value = <2e-16 ). Similarly, peak 

distance at the GWI declines with age in the orbitofrontal (effect size = -0.07 per decade, p-value 

=2.93e-14), frontal (effect size = -0.07 per decade, p-value = 9.27e-15), parietal(effect size = -

0.07 per decade, p-value =<2e-16), temporal (effect size = -0.05 per decade, p-value = <2e-16) 

and occipital(effect size = -0.04 per decade, p-value = 1.35e-13) regions. Conclusion: GM-WM 

peak distance derived fromT1W MRI is sensitive to age-related changes across the whole brain 

and serves as a marker of cerebral GWI sharpness, with implications for understanding 

neurodevelopmental trajectories and identifying pathological deviations from expected aging 

processes 
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Abstract: Since 2013 the Neuroscience Gateway (NSG) has been providing a platform for 

software developers to disseminate their software and for the neuroscience community to do 

large scale modeling and data processing on high performance computing (HPC), high 

throughput computing (HTC) and accelerator (GPU) computing resources. NSG is free and open 

to any academic institution and non-profit organization. NSG provides a software dissemination 

page where description of the disseminated neuroscience software is provided along with input 

and corresponding output files or results generated from running the software on NSG; 



description of science and HPC/HTC parameters needed for the software are also showcased on 

this webpage from NSG’s GUI form that users use to specify these parameters. These allow new 

users of a neuroscience software to get started with using the software on NSG. NSG provides an 

easy to use web interface and a programmatic REST interface to run jobs or process data on 

compute resources. Many of the computational neuroscience work requires HPC for large scale 

neuronal modeling. Neuroscientists involved in data processing are also utilizing the NSG and as 

a results NSG provides multiple new features related to data transfer, data management, data 

sharing and HTC. The neuroscience software is optimally installed on supercomputers located at 

multiple national academic supercomputer centers. The NSG team acquires over 30,000,000 core 

hours per year (in recent years) on these academic supercomputers, via a peer reviewed 

allocation proposal process and the supercomputer time is fairly used by the NSG user 

community for modeling and data processing using the neuroscience software and tools provided 

by NSG. NSG is used in large number of training activities by software developers and also used 

in classroom teaching of neuroscience and biology by faculties. The NSG team hosts yearly 

workshops at SfN, Organization of Computational Neuroscience and other neuroscience 

conferences where software developers and users of NSG give presentation on their software and 

research. Use of NSG results in large number of MS and PhD thesis work and publication and 

presentations in prestigious journals and conference. NSG is also used by BRAIN Initiative 

funded projects such as NeuroElectroMagnetic data Archive and tools Resource (NEMAR) and 

the Human Neocortical Neurosolver (HNN). This poster will describe the NSG platform and 

how it is enabling dissemination of neuroscience software and neuroscience research, education 

and training. 
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Abstract: The tree-like morphology of neurons and glia is a key cellular determinant of circuit 

connectivity and metabolic function in the nervous system of essentially all animals. To elucidate 

the contribution of specific cell types to both physiological and pathological brain states, it is 

important to access detailed neuroanatomy data for quantitative analysis and computational 

modeling. NeuroMorpho.Org is the largest online collection of freely available digital neural 

reconstructions and related metadata and is continuously updated with new uploads. The 

database currently contains over 264,000 cell reconstructions from 94 species and more than 70 

brain regions. These data are openly accessible both by humans through a user-friendly web 

portal and by machines via an Application Programming Interface (API). Advances in imaging 

resolution, new labeling techniques, and automated tracing algorithms, together with improved 

disposition towards data sharing, have together resulted in a rapid increase in the potential 

availability of neural reconstructions, creating the need to process more data in less time. We are 

continuously refining and automating our pipeline to improve efficiency and release datasets 

without delay. Neural reconstructions downloaded from NeuroMorpho.Org have yielded 

hundreds of published research results by independent labs in diverse scientific fields. The 

overall scientific impact of NeuroMorpho.Org is summarized by ~4000 peer-reviewed 

publications: 2264 describing data available through the database, 864 using downloaded 

reconstructions, 54 publications about the project itself, and 894 additional references citing 

NeuroMorpho.Org, often as an exemplary resource in neuroscience data sharing. 
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Abstract: Introduction: Psychosis, a severe mental health disorder, affects millions of people 

worldwide. However, the prognostic prediction of psychosis remains a challenge due to the 

reliance on singular data types, leading to misclassification and suboptimal treatment outcomes. 

Objective: I aim to examine whether the combination of heterogeneous data types (clinical 

assessments, sociodemographic factors, patient and medical histories, and genetic data) and 

supervised and unsupervised machine learning (ML) algorithms could improve clinical risk 



prediction and personalize treatment decisions for individuals with psychosis. 

Methodology:This work will leverage data from the NeuroGAP-Psychosis Cohort. Data types 

will include demographic data (age, gender, ethnicity, and family history of mental illness), 

biomarker data, genetic data (variants previously associated with psychiatric outcomes, and 

genetic risk scores aggregated from variants), previous diagnosis of other mental disorders 

(presence or absence of bipolar disorder, schizophrenia), clinical assessments (measurements of 

cognitive functioning and symptoms of psychosis), and history of physical health problems 

(hypertension or cardiovascular disease history). I will train unsupervised ML (PCA, UMAP, t-

SNE) models to identify clusters of individuals who share characteristics, and supervised ML for 

prognostic prediction. The target variable of interest will be clinically diagnosed psychosis. 

Logistic regression will be used to assess statistical associations between the resulting clusters, 

and the outcome. I will utilize algorithmic fairness approaches to mitigate model biases and 

ensure fair prediction across population subgroups based on sensitive attributes (e.g., biological 

sex and age). For model interpretability, I will employ the SHapley Additive exPlanations 

(SHAP) technique to investigate various features’ contributions to the predictive models. In 

predictive modeling, I will adhere to the TRIPOD-AI statement.Outcome:Findings from this 

study will offer insights into psychosis subtypes and the practical clinical implications of 

machine learning in psychosis diagnosis and treatment. 

Disclosures: M. Nakabuye: None. 

Poster 

PSTR315: Computational Tools: Analytical II 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR315.12/Z27 

Topic: I.06. Computation, Modeling, and Simulation 

Title: Molecular Dynamics Characterization of Connexin-47 and the Pathogenesis of Two 

Amino Acid Variants 

Authors: *D. GONG1, D. KUMAR3, Y. L. LUO4, M. FREIDIN5, C. K. ABRAMS2;  
1Biomed. Engin., 2Neurol. & Rehabil., Univ. of Illinois at Chicago, Chicago, IL; 3Dept. of 

Biotech. and Pharmaceuticals Sci., 4Biotech. and Pharmaceut. Sci., Western Univ. of Hlth. Sci., 

Pomona, CA; 5Neurol. & Rehabil., Univ. of Illinois At Chicago, Chicago, IL 

Abstract: Connexins comprise the family of gap junction-forming membrane proteins which 

provide electrical, chemical, and metabolic coupling between apposed cells. Genetic variants of 

connexin-47 (Cx47), specifically expressed by oligodendrocytes, are implicated in hereditary 

leukodystrophy (Pelizaeus–Merzbacher-Like Disease 1) and spastic paraplegia-44. However, the 

mechanisms of pathogenesis of these disorders are not well understood. We performed molecular 

dynamics simulations of the wild-type Cx47 hemichannel and two disease-causing mutants, 



p.Gly40Ser and p.Arg244Pro, in order to probe for biophysical etiologies of disease while also 

gauging the utility of molecular dynamics for variant effect prediction. Our trajectory analyses 

reveal that p.Gly40Ser introduces a secondary structure disturbance in the pore-lining α-helix, 

TM1. In addition, the N-terminal helix, suspected to be an integral component of the connexin 

gating mechanism, shows increased occupancy of the channel lumen. This would result in 

channel permeability reduction which is in agreement with our electrophysiological 

measurements. In contrast, our simulations of p.Arg244Pro demonstrate the forgoing of 

electrostatic interactions between the Arg244 side chain and lipid headgroups in the plasma 

membrane as well as the prohibition of β-sheet formation for multiple residues in Cx47's 

extracellular domains. The resulting conformational changes may inhibit docking of apposed 

hemichannels which could explain the experimentally observed loss of gap junction plaque 

formation which is specific to p.Arg244Pro. Our results show that molecular modeling is capable 

of differentiating between distinct mechanisms of pathogenesis, raising the possibility of using 

molecular dynamics as a prognostic tool for classifying undetermined connexin variants. 
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Abstract: Animal behavior results from the interplay of many neural computations spread across 

brain regions, and understanding how a behavior is generated requires delineating these 

computations from one another. Traditionally, identifying these ‘computational building blocks’ 

requires that researchers impose structure on the data: different task periods are analyzed 

separately or population-level structure is encouraged using supervised dimensionality reduction 

methods. While these approaches can be successful, they have obvious shortcomings - behaviors 

cannot always be separated into distinct epochs, and it is often unclear, particularly in 

exploratory data analyses, what type of structure to look for in neural data. Unsupervised 



methods, like principal component analysis (PCA) identify large neural signals, yet often do not 

provide interpretable low-dimensional representations of the data. Moreover, existing approaches 

fail to dissect the role separate brain regions play within a given low-dimensional computation. 

Here, we present multi-region sparse component analysis (mSCA), an unsupervised 

dimensionality reduction method that produces interpretable, low-dimensional representations 

within and across neural populations. Our method builds upon the finding that distinct neural 

computations are dissociable in time from one another, and thus aims to find sparsely occurring 

latent factors. We first demonstrated the power of encouraging sparse factors within a single 

neural population across diverse datasets, including monkey motor cortex during reaching and C. 

elegans during mating. Our approach found not only structure previously reported using 

supervised methods, but also novel structure, such as posture-related signals distinct from 

movement-related signals. We then examined how mSCA, when applied to recordings from 

primary motor cortex and supplementary motor area during a cycling task, found interpretable 

factors that were unique to, or shared across multiple neural populations. We further validated 

mSCA using realistic synthetic datasets generated using trainable spiking neural networks. 

Finally, mSCA accurately learns time-delays at which individual factors affect different neural 

populations, allowing users to demix neural computations into interpretable factors, and 

understand their flow across populations. 
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Abstract: Patterns of BOLD response can be decoded using the population receptive field (PRF) 

model to reveal how visual input is represented on the cortex (Dumoulin & Wandell, 2008). The 

time cost of evaluating the PRF model is high, often requiring days to decode BOLD signals for 

a small cohort of subjects. We introduce the qPRF, an efficient method for decoding that reduced 



the computation time by a factor of 1436 when compared to another widely available PRF 

decoder (Kay et al., 2013) on a benchmark of data from the Human Connectome Project (HCP; 

Van Essen et al., 2013). With a specially designed data structure and an efficient search 

algorithm, the qPRF optimizes the five PRF model parameters according to a least-squares 

criterion. To verify the accuracy of the qPRF solutions, we compared them to those provided by 

Benson et al. (2018). Both hemispheres of the 181 subjects in the HCP data set (a total of 

10,753,572 vertices, each with a unique BOLD time series of 1800 frames) were decoded by 

qPRF in 23.2 hours on a 3.50GHz Intel Xeon E5-1650 v3 CPU. The absolute difference in R2 

reported by Benson et al. and achieved by the qPRF was negligible, with a median of 5.8x10-4 

(R2 units being between 0 and 1). The qPRF yielded a better fitting solution on 46.2% of 

vertices. Based on the time savings, we show that statistical characterizations of the PRF model 

(e.g., confidence intervals) are possible using numerical methods. With the qPRF, more 

advanced models can be built atop the PRF framework and novel clinical applications can be 

explored. 

 

 

Disclosures: S.C. Waz: E. Ownership Interest (stock, stock options, royalty, receipt of 

intellectual property rights/patent holder, excluding diversified mutual funds); Patent interest. Y. 

Wang: E. Ownership Interest (stock, stock options, royalty, receipt of intellectual property 

rights/patent holder, excluding diversified mutual funds); Patent interest. Z. Lu: E. Ownership 

Interest (stock, stock options, royalty, receipt of intellectual property rights/patent holder, 

excluding diversified mutual funds); Patent interest. 

Poster 

PSTR315: Computational Tools: Analytical II 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR315.15/Z30 

Topic: I.06. Computation, Modeling, and Simulation 

Support: NIH Grant NS107148 

Title: Complementing EEG with Piezoelectric Motion Signals for Improved Seizure Detection 

and Characterization in Mouse Epilepsy Models 

Authors: *M. LAVIN1, D. HUFFMAN2, S. SUNDERAM3;  
1Univ. of Kentucky, Lexington, KY; 2Signal Solutions, LLC USA, Lexington, KY; 3Dept. of 

Biomed. Engin., Univ. of Kentucky, Lexington, KY 

http://files.abstractsonline.com/CTRL/DF/5/2F4/D4F/A0B/4C9/0B7/2F5/1F0/AD7/9FF/42/g6285_1.jpg
http://files.abstractsonline.com/CTRL/DF/5/2F4/D4F/A0B/4C9/0B7/2F5/1F0/AD7/9FF/42/g6285_2.jpg


Abstract: Electroencephalography (EEG) is an invaluable tool in preclinical epilepsy research. 

However, it does not by itself convey explicit information about seizure-related motor behavior, 

which is commonly used to grade seizure severity. Non-invasive motion measurements can help 

but are likewise limited in the information they convey about epileptiform activity in the brain. 

Here we examine EEG measurements in combination with piezoelectric (‘piezo’) motion signals 

to correlate patterns of cortical activity with overt behavior. Mice (n=6; 1-2 months old) were 

treated with pilocarpine to induce acute status epilepticus and then monitored for several weeks 

for signs of spontaneously recurring tonic-clonic seizures using surgically implanted EEG 

hardware (Pinnacle Tech.) and piezoelectric pressure sensors on the cage floor (Signal Solutions, 

LLC). All procedures were approved by the Institutional Animal Care and Use Committee of the 

University of Kentucky. Piezo signal analysis and manual video review were used to find a 

preliminary sampling of seizure events (n = 161). The provided figure shows EEG and piezo 

signals for a sample episode that has been split into three stages based on the observed EEG 

patterns: Stage 1, is the baseline pre-seizure state associated with sleep, corelated with low 

amplitude, rhythmic piezo signals; Stage 2 is most likely the tonic phase of seizure characterized 

by large population spikes that evolve in time and frequency and correlates with intense rhythmic 

piezo signals; Stage 3 is the clonic phase of the seizure, with variable high-frequency spiking in 

the EEG and less rhythmic piezo signals related to convulsive behavior. These qualitative 

observations will be verified through video review and the piezo behavior patterns modeled 

using Long-Short Term Memory neural networks and Hidden Markov Models to produce 

noninvasive seizure detection algorithms with higher specificity to seizures. Such models will 

also increase the value of motion measurements as sources of objective quantitative descriptions 

of seizure severity in preclinical epilepsy models. 
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Abstract: Alzheimer's Disease (AD), a complex neurodegenerative condition, demands precise 

monitoring and analysis across its severity spectrum, particularly at early stages like Mild 

Cognitive Impairment (MCI). In response to this need, our study leverages the innovative 

machine learning approach OPTIVIS to construct Digital Twins for AD patients. These Digital 

Twins, built on OPTIVIS algorithms, are virtual replicas of patients, encapsulating detailed 

clinical outcomes based on initial patient data and standard care scenarios. Our approach utilizes 

a comprehensive dataset from both observational studies and control arms of clinical trials, 

marked by a diverse array of both present and missing data points—a common challenge in AD 

research. Through a newly developed OPTIVIS model architecture, we adeptly handle this data 

variability, offering a robust tool for predicting disease progression. The efficacy of OPTIVIS is 

validated against an external test set, illustrating its remarkable capability to accurately reflect 

the progression of critical endpoints in clinical trials for a range of AD severities, from MCI to 

mild-to-moderate AD. This work not only enhances our understanding of AD progression but 

also opens new avenues for optimizing clinical trial strategies and patient care. 
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Abstract: Inferring detailed cortical microcircuit connectivity is essential for uncovering how 

information is processed in the brain. A common method in vivo uses short-lag spike correlations 

to derive putative monosynaptic connections, but inactive neurons and correlated firing can 

hinder the derivation accuracy. Previous studies that developed derivation methods from cross-

correlations in ground-truth simulated data used simplified or small network models that did not 

address these key confounds of physiological large-scale networks. We tested connectivity 

derivation methods on ground-truth spiking data from detailed models of human cortical 

microcircuits in different layers and between key neuron types. We showed that physiological 

oscillations in the large-scale microcircuits imposed confounds on derivation, and we developed 

methods to overcome the confounds. We then showed that connection derivation was poor in 

cortical layer 2/3 microcircuits compared to layer 5, due to low firing rates and inactive neurons. 

General activation strategies for layer 2/3 microcircuits led to only a moderate improvement in 

derivation performance, due to a trade-off between the proportions of inactive neurons and 

overactive neurons, indicating the need for more refined strategies. Lastly, we showed that 

inhibitory connections from somatostatin interneurons targeting distal dendrites required 

derivation over a longer timescale of cross-correlation lags. Our results elucidate key 

physiological challenges and methods to improve accuracy in deriving connections from spiking 

activity in large-scale neuronal microcircuits. 
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Title: A large-scale computational exploration of cervical transcutaneous spinal cord stimulation 
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Abstract: Transcutaneous spinal cord stimulation (tSCS) applied over the cervical spine 

facilitates upper limb motor function after paralysis. Given significant variations among 

commonly applied tSCS protocols, there is no clear consensus on the definition of effective and 

safe stimulation parameters. Here, we present an extensive in-silico exploration of tSCS 

stimulation parameters on newly established efficacy and safety metrics. We investigated the 

activation of axon fibers present in the dorsal column, peripheral nerves and spinal roots 

extending over the brachial plexus and down to the muscles using a newly developed 

anatomically accurate, multi-scale computational model of the cervico-thoracic body. A model 

variant including an osteosynthesis implant, commonly implanted after spinal cord injury, was 

developed to assess the implant’s impact on efficacy and safety. Our simulations reveal that 

commonly applied tSCS protocols differ substantially in their neural activation sites, ranging 

from the spinal root entry zone to the brachial plexus and down to the peripheral nerves. Safety 

assessments revealed concerns, notably vagus nerve co-activation with neck anode placements, 

while the neck anode performing exceptionally well in efficacy across tested configurations. The 

inclusion of osteosynthesis implants generally reduced the predicted efficacy while 

simultaneously reducing co-activation of the vagus nerve, resulting in improved safety metrics. 

We provide guidelines for adjusting stimulation polarity and pulse width to optimize spinal 

segment recruitment order and selectivity between afferent and efferent fibers. While targeting 

specific spinal segments remained challenging across tested tSCS protocols, our results indicate 

that precise activation of individual brachial plexus nerves is feasible through strategic electrode 

configuration over the ventral clavicle region. 
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Abstract: Functional ultrasound imaging (fUSI) is an emerging neuroimaging technology that 

measures changes in cerebral blood volume (CBV) with high spatiotemporal resolution, high 

spatial coverage, and sensitivity. This novel technology has been employed in preclinical drug 

development studies to elucidate the mechanisms of action of various drugs targeting the central 

nervous system. However, previous studies predominantly focus on predetermined regions of 

interest (ROIs), potentially ignoring relevant neural activity outside these specific areas and 

leading to biased results. In the current study, we combined convolutional neural networks 

(CNNs) with fUSI to understand the pharmacokinetic process of MK-801 (Dizocilpine), a potent 

and selective NMDA receptor antagonist, in the mouse brain (n = 10). Mice receiving saline 

vehicle injection were used as a control group (n = 13). This approach allows for a 

comprehensive analysis of drug effects on the entire brain, without the reliance on predetermined 

region specification. The results show that CNNs, combined with class activation mapping 

(CAM), reveal the spatiotemporal effects of MK-801 in the brain and the influence of anesthesia. 

CNNs successfully captured the dynamic changes in neural activity induced by MK-801 

administration, which initiated in the prefrontal cortex and propagated to the hippocampus, 

demonstrating its ability to detect drug effects over time. We also assessed the impact of 

anesthesia on mouse brain spatiotemporal hemodynamics throughout the recordings using CNNs 

and CAM. CNNs revealed distinct patterns of hemodynamic changes during the earlier and later 

stages of anesthesia. The combination of fUSI and CNNs offers a powerful tool for gaining 

deeper insights into the spatiotemporal dynamics of drug action in the brain, thereby accelerating 

the development of new therapies and providing a more comprehensive and unbiased assessment 

of drug effects on brain function in neuropharmacological studies. 
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Abstract: The intricate role of microRNAs (miRNAs) in the pathology of ischemic stroke has 

been a focal point of research. In this study, we explore the significance of highly regulated 

miRNAs, shedding light on their pivotal roles through structural modeling. To achieve this goal, 

computational tools such as RNAfold, miRBase, 3DRNA and miRnet were used to elucidate 

precursor and mature miRNAs 2D and 3D structural information. We identified 40 highly 

regulated miRNAs and 60 genes associated with ischemic stroke using a network-based 

approach. These genes span various classes, including BDNF, Caspase, Redox Enzymes, 

Chemokines, interleukins, TNF-Receptor superfamily, MAP-kinases, Transcription factors, and 

matrix metallo-proteins. Further, the miR-mRNA molecular hybridization interaction mechanism 

to form a thermodynamically stable miR-mRNA hybrid complex suggest that the seed sequence 

complementary, canonical base pairing, absence of G-U pairings and minimum free energy were 

the essential key parameters that determine the efficacy of the hybrid complex in the disease 

condition. This structural analysis provides insights into their stability, interactions with target 

mRNAs, involvement in regulatory gene cellular networks which would help foster develop 

small therapeutic molecules. Understanding the structural intricacies of highly regulated 

miRNAs unveils their pivotal roles in influencing crucial pathways implicated in ischemic 

injury, neuroinflammation, and neuroprotection during stroke condition. In conclusion, this 

approach facilitates the rational design of miRNA-targeting therapeutics, fostering the translation 

of novel interventions from bench to bedside. 

Referenceshttps://mirbase.org/http://rna.tbi.univie.ac.at/cgi-

bin/RNAWebSuite/RNAfold.cgihttps://www.mirnet.ca/Secure/MirNetView.xhtmlhttps://bibiserv

.cebitec.uni-bielefeld.de/rnahybridhttp://biophy.hust.edu.cn/new/3dRNA 

Figure 1: Secondary Structure of miR-34a pre and mature sequence. 
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Title: Fast and accessible morphology-free calcium imaging analysis 
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Abstract: Optical calcium imaging is a versatile modality for recording neural activity, enabling 

data capture from the micron scale of dendrites and spines to cortex-wide images through two-

http://files.abstractsonline.com/CTRL/97/A/1A2/457/F2E/45F/09E/E86/074/6F3/EC1/AB/g8407_1.png


photon and widefield microscopy. The analysis of functional calcium imaging hinges on the 

extraction of temporal fluorescence fluctuations from neuronal components such as cell bodies, 

dendrites, or brain regions in video data. Current methods heavily rely on spatial information, 

such as the compact shape of somas, to extract regions of interest and their corresponding 

temporal traces. This dependency can bias time trace estimation and limit generalizability across 

different morphologies and spatial scales. 

Our approach shifts the focus from spatial to temporal analysis in favor of identifying the 

temporal traces present in the dataset. We map each pixel (and its time trace) to a node in a 

graph, where graph edges represent temporal correlations between pixels. Thus, neighboring 

pixels on a graph are likely to represent the same component regardless of spatial morphology. 

By casting the problem of extracting time traces, we can apply a dictionary learning framework, 

where the dictionary comprises the temporal traces and the spatial mappings are represented as 

sparse coefficients. While our Graft Filtered Temporal Dictionary Learning (GraFT) algorithm 

enables effective segmentation at different scales, the added computational cost of the graph-

regularized l1 optimization can be prohibitive for larger datasets. 

We build on the foundation of GraFT and introduce a more efficient solver for the l1 

optimization that accelerates spatial coefficient calculations. We also further enhance its parallel 

processing capabilities by integrating principles of compressive sensing through the employment 

of random projections. Through these advancements, we reduce the computational demands in 

optimizing weighted lasso spatial coefficients and updating the temporal dictionary, which 

enhances the algorithm's speed and broadens its utility across increasingly complex and 

voluminous datasets. Finally, to ease access to the GraFT algorithm, we offer a stand-alone 

graphical user interface for easy data preprocessing and GraFT execution, improving user 

accessibility and efficiency. 

Disclosures: A. Estrada Berlanga: None. G. Kang: None. G. Mishne: None. A. Charles: 

None. 

Poster 

PSTR315: Computational Tools: Analytical II 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR315.22/Z37 

Topic: I.06. Computation, Modeling, and Simulation 

Support: NIBIB R01EB026549 

Title: Representational geometry, not topography, best characterizes human neural function in 

transmodal brain areas 



Authors: *B. PETRE1, H. JUNG1, M. LINQUIST2, T. D. WAGER3;  
1Dartmouth Col., Hanover, NH; 2Johns Hopkins Univ., Baltimore, MD; 3Psychological and 

Brain Sci., Dartmouth Col., Hanover, NH 

Abstract: At fine scales in the human brain coarse functional gradients and boundaries give way 

to highly idiosyncratic functional topographies. Multiple studies argue these are different 

implementations of common representations and computations shared across individuals. This 

rests on the superiority of high dimensional (hyper)alignment of topographies, approximately a 

spatial shuffling of signals that preserves latent category distinctions, relative to 2D and 3D warp 

alignments. However, no study has directly performed a controlled systematic comparison of 

these models. Here we compare representational correspondence between individuals to 

isomorphic correspondence of functional topographies throughout the brain. 

Using unrelated participants (N = 278) from the Human Connectome Project (HCP), we 

estimated functional connectomes from resting state BOLD activity and sequentially 

diffeomorphically warped and hyperaligned pairs of connectomes (N = 139). Both alignments 

were estimated on matched data, and hyperalignment was performed parcel-wise without model 

averaging, enabling a nested model comparison. Alignments were applied to independent data 

from 7 tasks (emotion, language, motor, theory of mind, gambling, working memory and abstract 

feature matching) and evaluated by comparison of pairwise between subject correlations (BSC) 

of aligned evoked responses. 

Warping significantly (α = 0.05, Holm-Sidak corrected) and consistently improved BSCs 

throughout the neocortex and cerebellum (24%-32% over baseline anatomical alignment). 

Further reprojecting common representations between subjects using hyperalignment also 

yielded significantly and consistently improved correspondence of task evoked responses in 

these structures (23%-32% over diffeomorphic alignment). Changes in BSC were small (Δr = 

0.01-0.03), but so were baseline BSCs (r = 0.05-0.1). However, improvements systematically 

increased from established unimodal to transmodal areas (p < 1e-30, t138 = 15.3, mixed effects 

Satterthwaite df), and the largest changes in transmodal brain areas were more dramatic, 

revealing representations that were several times more similar than topographies would 

otherwise suggest (e.g. original, warped and hyperaligned BSCs for left Area 46: r = 0.03, 0.10 

and 0.22; for left TPOJ2: r = 0.02, 0.07 and 0.14; HCP MMP labels). 

These results attribute substantial interindividual variability in functional topographies to 

spurious but predictable implementation differences that obscure shared representations and 

computations. This motivates direct study of representational geometry over topography, 

especially in transmodal brain areas. 
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Abstract: Laboratory rat is a model organism in neuroscience research, often favored over 

mouse for specific experimental procedures owing to their larger brain size, greater behavioral 

complexity, extended lifespan, and metabolic resemblance to humans. Until recently, acquiring 

high-resolution and high-quality datasets of molecular markers in intact rat brains posed 

significant challenges. However, recent advancements in tissue clearing protocols for large 

organs and improvements in the working distance of light sheet microscopes (LSFM) have 

opened an opportunity to explore disease pathologies and therapeutic outcomes within the whole 

central nervous system of rats in unprecedented detail. Presently, the Waxholm Space atlas 

version 4 stands as the most advanced rat atlas, featuring 222 annotations of anatomical 

structures. This atlas is built upon a structural and diffusion-weighted magnetic resonance 

imaging (MRI) dataset acquired from a single Sprague Dawley rat brain. To facilitate analysis 

and integration of datasets from diverse 3D brain imaging modalities, as well as to standardize 

the reporting of experimental findings, we have developed a multimodal 3D rat brain atlas 

framework. This framework comprises population-averaged structural MRI and LSFM brain 

templates, population-based tractography featuring connectivity, delineations of regions 

according to the Waxholm atlas, and a stereotaxic coordinate system derived from the micro-CT-

imaged skull. Acknowledging morphological disparities between MRI and LSFM-imaged brains 

resulting from tissue-clearing agents, the brain templates are maintained in their respective 

morphological spaces, with accompanying deformation fields provided for translating 

experimental data between atlas spaces. The rat brain atlas framework aims to enrich 

opportunities in neuroscience research by offering a versatile resource for multifaceted 

applications. It not only bridges the gap between the in vivo and ex vivo rat brain imaging but 

also facilitates data collection, sharing, and comparison across multiple various experiments 

within the same space. This framework enables the utilization of signal contrasts from multiple 

modalities and markers to enhance the precision of region delineations of the atlas. Integrated 

skull-derived coordinates ensure precision during stereotaxic surgeries, informed by findings 

from previous 3D imaging experiments. Moreover, the framework is designed to accommodate 



extension, allowing for the inclusion of additional brain templates based on different signal 

generation mechanisms, as well as representations of diverse ages, strains, or genetic phenotypes. 
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Abstract: Neurodata Without Borders (NWB) is a data standard that packages neurophysiology 

data with the metadata necessary for reanalysis. The NWB format allows data to be human- and 

machine-readable and enables data to be aggregated across many labs. The neuroscientists who 

want to use NWB have diverse data formats, and many of them have limited programming 

experience. To approach this problem, we have developed the NWB Graphical User Interface for 

Data Entry (GUIDE) to provide a simple entrypoint to the NWB ecosystem for any lab interested 

in adopting the standard. 

Researchers must often convert their data from common proprietary formats such as Intan, 

SpikeGLX, TIFF, etc. It can be challenging to map these different data formats, each with its 

own unique structure, to NWB. This challenge has been overcome with the use of NeuroConv, a 

library for automatically handling the data mapping for 40+ proprietary formats spanning the 

modalities of intra- and extra-cellular electrophysiology, optical imaging, and behavior. 

However, the use of NeuroConv requires experience with Python and is poorly suited for those 



unfamiliar with programming. 

The first official release (v1.0.0) of NWB GUIDE is now available as a cross-platform desktop 

application that walks users through all the requirements for converting their data to the NWB 

format and uploading datasets to the DANDI Archive. NWB GUIDE streamlines the data 

conversion experience, walking users through input file specification, metadata extraction and 

curation, efficient handling of large datasets, synchronizing between multiple data streams, 

intuitive configuration of file compression parameters, and finally uploading to the DANDI 

Archive. We look forward to working with members of the NWB community to test and improve 

the platform based on user needs and feedback. 
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Abstract: NWB continues to serve as a widely adopted data standard and software ecosystem to 

store complex neurophysiology data, allowing for data sharing and data reuse. Benefiting from 

the modularity of the NWB framework, the research community has adapted NWB technologies 

to create an expanding collection of community software, providing a variety of data exploration, 

analysis, and management tools. With the increasing integration across neurophysiology domains 

and applications, we have developed NWB GUIDE as a user-friendly graphical user interface for 

creating NWB files that supports converting data from 30+ neurophysiology data formats to 

NWB and uploading data to the DANDI data archive. We are also developing a C++ API to 

more easily store data with NWB by enabling researchers to record data directly into the NWB 



format during data acquisition. 

With the number of public neuroscience datasets growing, it has become increasingly important 

to have standardized methods to attach contextual metadata for relating datasets. We have 

expanded the HDMF External Resources Data (HERD) standard to encompass a spectrum of 

tools to more easily create and manage NWB data compliant with controlled sets of terms, 

ontologies, and external resources. 

As researchers extend the boundaries of neuroscience, NWB needs to adapt to meet the 

requirements of the community. We have worked with the community to help them build NWB 

extensions to support the storage of events, probes, pose estimation, and multichannel volumetric 

imaging from C. elegans. In addition, we have worked to integrate NWB with the Behavioral 

Task Analysis & Building Language (BAABL) to store behavioral task programs and the states, 

events, and actions recorded by such programs. 

As more and more NWB data are stored in the cloud, e.g., on the DANDI Archive, there is a 

need to evaluate the performance of reading NWB data from the cloud and optimize it. We have 

developed a new framework, “nwb_benchmarks”, for running timing, memory, and network 

benchmarks for accessing NWB data using various interfaces and stored in various file formats, 

such as HDF5 and Zarr. We have also developed LINDI (Linked Data Interface), a new JSON-

based representation of NWB data where the large data chunks are stored separately from the 

main metadata and can be accessed efficiently on demand. 

Overall, these advancements to the NWB data standard and infrastructure enable researchers to 

convert neurophysiology data and metadata to NWB more easily, represent metadata more 

precisely, store a broader variety of data types, and interact with data stored in cloud repositories 

more efficiently. 
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Abstract: As an NIH BRAIN Initiative project, DANDI aims to provide data contributors, data 

explorers, scientists, and engineers with the tools to share and reuse data from scientific studies. 

DANDI is intended to play a central role in projects to manage data throughout the research 

lifecycle from data acquisition to publishing complete datasets alongside manuscripts. 

Importantly, DANDI allows users to explore and access over 800 TB of raw and processed data 

together with associated metadata. The open-source architecture leverages a cloud object storage 

which is supported by the Amazon Web Services (AWS) Open Data Program. DANDI’s cloud 

storage allows for data access to scale as usage increases while maintaining performance. 

DANDI also includes a Web interface, an application programming interface (API), a 

JupyterHub instance, DataLad-versioned datasets, and a WebDAV interface. Data is shared on 

DANDI according to community-driven data standards such as NWB, OME-Zarr, and BIDS. 

Using the API, the neuroinformatics community has additionally integrated applications for data 

upload, visualization, analysis, and tutorials. This ecosystem includes tools such as NWB 

GUIDE, Neurosift, Neuroglancer, Dendro, and OpenScope Databook. In this work we present 

the open-source design, describe how data sharing follows the FAIR (Findable, Accessible, 

Interoperable, Reproducible) principles, provide examples of how the community has extended 

DANDI, and discuss new features of DANDI. 
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Abstract: The Brain Imaging Data Structure (BIDS) is a community standard that defines how 

to organize and describe neural data and associated metadata. Initially designed to facilitate 

easier sharing, analysis, and preservation of anatomical and functional MRI data, BIDS has 

expanded organically to multiple data modalities (e.g., EEG, MEG, DTI, microscopy) through 

numerous BIDS Extension Proposals (BEPs), continuously incorporating community-driven 

improvements while maintaining backward compatibility with previous versions. Given the 

expanded scope of BIDS resulting from its success and adoption for multiple data modalities, 

some of the fundamental concepts initially developed for MRI data will need to be changed. 

With the introduction of BIDS 2.0, we are preparing to implement significant modifications to 

further enhance the structure’s functionality and user experience. The forthcoming version 

proposes changes such as 

- support for dataset-specific layouts, allowing for a directory hierarchy that best suits each 

dataset; 

- enhanced modularity, enabling for instance individual subject session folders to function as 

fully-fledged BIDS datasets that can be processed or shared independently; 

- addressing several quirks that have emerged over time, like having “participants.tsv” but “sub-” 

entity, etc. 

These changes aim to streamline data management in neuroscientific research and ensure that 

BIDS remains at the forefront of data standardization efforts. We will present the core concepts 

of BIDS 2.0, discussing the rationale behind the pivotal updates and the expected impact on the 

neuroimaging community, and to seek feedback. 
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Abstract: Spike sorting is a critical process in neural data analysis that aims to identify and 

classify the actional potential activity (“spikes”) of individual neurons from extracellular 

electrophysiological recordings. Traditional recordings might last 8 hours, but to capture long-

term brain changes critical to mental health, multi-day or multi-week recordings will be 

necessary. Current spike sorting methods such as KiloSort rely on processing whole recordings, 

making the processing of longer recordings very computationally expensive - thereby preventing 

sorting of the longest recordings. We present a novel method for spike sorting that utilizes 

KiloSort's template-matching algorithm while introducing subsampling to allow the handling of 

larger datasets. In particular, rather than spike-sorting multiple individual segments of 12-24 

hours, followed by subsequent spike-matching, which can introduce error, we sought a means to 

sort across the full span of a recording to avoid this post-hoc processing. To do this, we spike 

sort on only sections of the data that are spaced evenly across the full recording - for example, 

one minute out of every ten. Initial findings indicate that this approach yields high-quality 

replications of full dataset spike sorting. Detailed quantifications of optimal parameters are 

ongoing. In a second approach, we seek to select data segments that are optimal for spike 

template development due to having the highest information content. We then plan to focus 

computational resources on these selected data segments. Overall, these approaches open the 

door to reliably and efficiently spike sorting datasets spanning days or weeks. 
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Abstract: Introduction. Recent advances in high-density neural probes, such as Neuropixels, 

have revolutionized electrophysiology. However, they produce large, complex datasets that 

require extensive quality control. This is typically done through manual curation, which is time-

consuming, subjective, and lacks standardization. 

Methods. Here we introduce Bombcell (https://github.com/Julie-Fabre/bombcell) , an open-

source, user-friendly toolbox that streamlines quality control for spike sorting outputs. Bombcell 

integrates five established and ten novel quality metrics, becoming the first toolbox to address 

the wide range of errors that can arise, including noise, non-somatic waveforms, multi-unit 

activity, and drift. 

Bombcell employs a multi-step algorithm that first removes noise and non-somatic units based 

on waveform shape. It then divides units into time chunks to assess stability and remove periods 

of excessive drift or contamination. Finally, it applies stringent thresholds on isolation metrics to 

classify units as single or multi-unit activity. 

The toolbox offers interactive visualizations and a graphical user interface (GUI) for exploring 

metrics and adjusting thresholds. It seamlessly integrates with popular manual curation software 

like Phy, enabling a flexible semi-automated workflow. Bombcell is optimized for efficiency, 

with rapid runtime and automatic plot generation at each stage. Users can quickly adjust 

parameters based on their specific needs using summary plots and the GUI. Bombcell's outputs 

are saved in a simple format, allowing users to easily modify classification criteria without 

recomputing metrics, promoting unbiased threshold selection. 

Conclusion. Bombcell aims to standardize and democratize quality control, improving 

reproducibility across labs. As high-density recordings continue to evolve, it provides an 

essential tool for maintaining data integrity and enabling scientific discoveries. 
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Abstract: Systems neuroscience is advancing, in part, through studies of neural circuits with 

higher resolution, longer duration, and advanced behavioral and closed-loop experimental 

paradigms. This progress requires advanced neural probes, high-performance hardware and 

software, and robust models and algorithms for neural analytics. Fast, precise, and accurate spike 

sorting is a common issue across most paradigms and workflows. This study aims to create a 

high-performance spike sorting system that can operate in real-time or near real-time for large-

scale neural recordings to support closed-loop experiments.We have developed a machine 

learning-based solution for unsupervised feature extraction from neural spike snippets extracted 

from high-bandwidth, multi-channel extracellular recordings. This approach is tailored explicitly 

for distinct neural probe geometries and site spacing, transforming raw neural signals into an 

informative feature space. It enables efficient and accurate spikes clustering into distinct 

neuronal activities, all without prior knowledge of the neuron count or specific waveform 

characteristics. We have rigorously trained and validated our model using simulated datasets 

with neurons of varying types and firing rates, ensuring its invariability and scalability to various 

site architectures and recording environments. The software system is highly concurrent and runs 

on a multi-core CPU. Results show that our approach meets or exceeds comparable spike sorting 

algorithms in accuracy and processing speed techniques, especially in complex scenarios typical 

of modern high-channel recording devices. In simulations running on a quad-core CPU, average 

latencies remain primarily constant regardless of the number of sites/spikes up to a realistic 

upper bound of about 1024 sites. In a simulation with 130 neurons with an average firing rate of 

13 spikes/sec on a 256-site probe (aggregate average rate of 1,700 spikes/sec across all sites), the 

average latency/spike is about 85.20 μs for both spike detection and classification and 

approximately 60.73 μs for just spike classification. This translates to an end-to-end spike sorting 

efficiency, defined as 1-time_chunk/processing_latency, of about 0.6. These results suggest that 

this system will support near or real-time spike sorting of large-scale neural recordings for the 

latest generation of neural probes. 
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Abstract: The rapid adoption of high-density neural probes with thousands of electrodes, such as 

Neuropixels, is rapidly increasing the yield of extracellular electrophysiology experiments. The 

resulting massive datasets require automated and efficient processing pipelines. As an example, 

the Allen Institute for Neural Dynamics (AIND) alone, using acquisition rigs with up to 12 

simultaneous Neuropixels probes, generates hundreds of TB of raw electrophysiological data per 

month. 

To meet our demanding requirements in terms of scale and reproducibility, we have developed a 

standardized and efficient pipeline for spike sorting of large-scale electrophysiology data. The 

modular pipeline is implemented using the Nextflow scientific workflow system and deployed in 

the cloud using the Code Ocean computing environment. 

We use the SpikeInterface API to: preprocess the traces, with filtering, bad-channel removal, 

denoising, and motion correction; run spike sorting using Kilosort2.5; postprocess the sorting 

results to remove duplicated units, perform additional computations (e.g., PCA scores, spike 

amplitudes, unit locations, correlograms, and more), and calculate over 20 quality metrics for 

each unit; curate the spike sorting output using a combination of quality metrics and a decoder 

built on previously labeled units; visualize the results with web-based technology; and finally 

collect the results and export them into NWB format. 

Each step corresponds to a GitHub repo containing both the code and the Docker image to run it, 

ensuring full reproducibilityThe Nextflow implementation orchestrates the individual 

components and allows us to specify and tune computational resources for each step. As an 

example, expensive GPU machines are only requested to run Kilosort2.5, which is the only step 

that requires GPU capabilities. 

In addition to our cloud solution with the Code Ocean platform, Nextflow seamlessly enables 

deployments on various platforms, such as local workstations and SLURM clusters. 

The pipeline and each of its steps are open source and available on GitHub at 

https://github.com/AllenNeuralDynamics/aind-ephys-pipeline-kilosort25/. The documentation 

includes detailed step-by-step guides to deploy it on different platforms. So far, we have 

processed over 1000 sessions at AIND and we hope that this resource will be broadly adopted 

and used by the neuroscience community. 
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Abstract: Precise implantation of brain recording and stimulation probe technologies requires 

knowing how rotations and translations within a stereotaxic frame map onto an individual 

subject’s brain anatomy. Such knowledge is especially important for neurosurgical procedures in 

studies with large animal models. Over the years, Monkey Cicerone, which is based on a Tcl/Tk 

platform, has been an important software package for many researchers to both plan out 

neurosurgical instrumentation procedures and track positions of neural probes as they advance 

through a microdrive. Here, we augmented this software in two important ways: 1) porting the 

code into python to enable open-source development by the broader neuroscience community, 

and 2) integrating the functionality of Monkey Cicerone into a module within 3D Slicer, which is 

a commonly used image computing platform. This platform now has the advantage of seamless 

integration to co-register subject MRI and CT data, segment and visualize a subject’s brain 

nuclei and axonal pathways, as well as import and transform digital models of hardware 

associated with the brain implants. This integration now enables researchers to conveniently plan 

stereotactic neurosurgery within 3D Slicer, enhancing accuracy in chamber placement and 

subcortical targeting while leveraging its other modules for broader analysis and visualization. 
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Abstract: In vivo neural imaging experiments often face a significant challenge: the laborious 

analysis process can take weeks to yield even preliminary conclusions. While numerous tools are 

available for data processing, such as converting image stacks into neural signals or calculating 

ΔF/F signal from raw fiber photometry signals, there is little to no solutions that address the 

complexity of subsequent analysis steps. There is especially no solution which integrates neural 

and behavioral data, nor one that considers experimental design. We propose two unique file 

structures, one for individual neural recordings and one for entire experiments, to greatly 

simplify data management at each analysis stage. Despite variations in initial processing steps 

between different data types, such as fiber photometry signals and mini-microscope images, the 

overall processing pipeline for in vivo neural recordings is remarkably similar. Our proposed file 

structure, utilizing the Hierarchical Data Format (HDF), comprises four main sections: 

acquisition, behavior, processed data, and analyzed data. Each section corresponds to a key 

analysis step and includes relevant metadata, such as algorithm names, parameters, linked data, 

etc. The experiment’s file structure, also in HDF, outlines the experimental design, links all 

associated recordings, and groups analyzed data according to the experimental design. We 

illustrate the benefits of these file structures using a fiber photometry experiment as an example. 

The experiment comprises 789 recording sessions of 3 biosensors from 95 animals of 2 strains, 7 

different batches and 3 treatments recorded in 15 various behavioral tasks. We demonstrate that 

our file structures allow us to easily keep track of all these neural recordings, related behavior 

data and their analysis pipelines, as well as quickly compare results according to the experiment 

design. This approach streamlines the analysis process and facilitates comprehension of the 

process. Overall, our file structures facilitate data management, ensure reproducibility, and 

enhance the efficiency of data analysis in in vivo neuroscience experiments. 
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Abstract: The Allen Institute for Neural Dynamics (AIND) has embarked on the challenge to 

explore the brain’s activity, at the level of individual neurons and the whole brain, to reveal how 

we interpret our environments to make decisions. Central to this mission is sharing and 

distributing the data and tools that we are creating to facilitate community collaboration and 

equip scientists throughout the field to answer these fundamental questions. To this end, we have 

built a cloud-based data platform that makes our data and tools available to the community as we 

conduct our science in the open. This infrastructure was designed to support reproducible and 

scalable analysis and to provide both transparency and access to our data and tools. We have 

built several data systems within AIND to collect electrophysiological, optophysiological, 

behavioral, and light sheet imaging data to support diverse research projects. Shortly after data 

acquisition, data is uploaded to a public S3 bucket in the AWS Open Science Registry, where it 

is publicly available, along with detailed metadata that documents the source and provenance of 

the data to support data reuse. Reproducibility and re-use are core to AIND’s mission and 

platform. Data processing and analysis are performed Code Ocean (CO), a cloud-based tool for 

data science that automatically encapsulates and versions the data, code, and software 

environment for all analyses and their results. CO leverages open-source data science tools, 

lowering the barrier of entry to modern cloud computing for scientists and ensuring our tools can 

be re-used outside the platform. We have developed several automated data pipelines to process 

electrophysiology, population calcium imaging, light sheet imaging, and behavioral videos. 

These pipelines build upon existing open-source software and leverage community data 

standards including NWB and OME. These pipelines are available in public GitHub repositories 

and can run both on our cloud platform and on-premise computational infrastructure. AIND’s 

data platform for AIND has been built to support doing science in the open, centering 

reproducible analysis, transparency into data provenance and analysis, community collaboration, 

and flexible reuse. 
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Abstract: Recent open science efforts have led to an increase in data sharing, yet the re-use of 

shared data remains stymied by the challenge of understanding exactly what a specific shared 

data asset is, how it was obtained and packaged. Metadata that documents the features, context, 

provenance, and reliability of the data are critical to enable the re-use of that data. While this is 

usually relegated to the methods section of an accompanying paper, this has been shown to often 

be insufficient as efforts to reproduce notable results from published methods usually fall short 

(Errington et al. 2021). Here, we present the Allen Institute for Neural Dynamics (AIND) 

metadata schema to describe systems neuroscience experiments. We define a set of classes to 

document the experimental and analytical provenance of each data asset. These include: (1) a 

data description class that documents high level administrative and funding information; (2) a 

subject class that documents the subject used in the experiment, including species, date of birth, 

breeding background, sex, and housing information; (3) a procedure class that documents any 

procedures performed to the subject, or tissue removed from the subject, prior to data collection, 

including surgeries, injections, perfusions, tissue processing, antibody stainings, etc.; (4) an 

instrument class that documents the instrument used to collect data and the devices that are part 

of it; (5) an acquisition class that documents how the data was collected, including device 

configurations, experimental parameters, and behavior tasks; and (6) a processing class that 

documents how derived data have been processed following collection, including compression, 

annotation, and other forms of data processing and analysis.This schema has been defined using 

Pydantic, a Python based data validation library, that we use to generate JSON files to 

accompany each data asset. This Python integration allows us to develop additional tools for 

ingesting and visualizing metadata. We have built a GUI to support manual entry of data and 

have created mappers to automatically ingest metadata from the data acquisition platforms used 

within AIND.As systems neuroscience is an evolving field where experimental techniques and 

paradigms are continuously developing, it is crucial that this schema be expandable and flexible. 

To this end, the schema is version controlled to permit the addition of new concepts and classes 



when needed. Maintaining this schema independently from our data collection and processing 

pipelines further supports this flexibility. 
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Abstract: With recent advances in neuroscience data production, the need for robust and 

efficient data sharing methods is becoming more apparent. The gold standard for data sharing is 

the FAIR (Findability, Accessibility, Interoperability, and Reusability) guidelines (Wilkinson et 

al., Scientific Data, 2016). EBRAINS is a digital research infrastructure, developed with 

European Union funding, to accelerate collaborative brain research between organizations and 

researchers across neuroscience and brain-related fields. The data sharing service of EBRAINS 

provides support to researchers in preparing their data and computational models for sharing, and 

in annotating them with appropriate metadata. This curation service aims to provide the 

necessary stewardship and workflows for sharing neuroscience data in a FAIR-compliant 

framework. Having rich and reliable metadata is one of the methods to improve the compliance 

of the data with FAIR principles. The EBRAINS curation service proposes multiple tiers of 

metadata richness, with higher tiers being more time-consuming but increasing the FAIRness of 

the shared data. The highest tier is in-depth curation, which aims to capture detailed, modality-

dependent metadata. In this poster, we present the in-depth curation process. At the moment, we 

support electrophysiology and neuroimaging experiments, and computational workflows. The 

curation process organizes and captures information about device settings, experimental 

protocols, specimen preparation, chemicals used, as well as stimulation procedures and the 

stimuli used. Similarly, for computational workflows, we capture metadata for simulation, data 



analysis, and visualization. This aids in tracking the provenance of the computational process 

and facilitates reproducibility. 
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Abstract: Modern neuroscience produces increasing amounts of raw data, e.g. multi-channel 

electrophysiology or functional imaging. These data often originate from individual experimental 

sessions, each resulting in one dataset that is self-contained in the sense that it includes all the 

information for subsequent processing. Thus, these datasets are independent except on the 

conceptual level imposed by the experiment. Processing in this context refers to each step in the 

analysis pipeline, automatic or manual, which can be performed on datasets prior to pooling or 

cross-referencing them. Examples include: spike detection and spike sorting, or extracting 

downsampled local field potentials in electrophysiology; in functional imaging, regions of 

interest are defined and fluorescent signals saved as simple time series. In many cases, the 

extracted relevant data is much smaller than what was originally recorded. Therefore, it is 

desirable to keep only the smaller and processed datasets for final analysis on a local computer, 

while the original raw data and intermediate datasets can be stored on suitable server 

infrastructure. Maintaining the integrity of datasets throughout this process, including the 

relationship across phases, is crucial for reproducibility of analysis workflows and becomes 

increasingly challenging with the amout of data. We propose a framework to leverage well-

established software tools, namely Git and Git LFS (large file storage) to solve the outlined 

challenges. Datasets in uniquely named directories are originally added into separate Git 

branches, following a customizable naming scheme, to allow independent retrieval and 



processing of each dataset. Git's history with a common ancestor commit allows pooling of the 

fully-processed datasets using simple merge stategies, while maintaining a traceable record of 

each dataset's history. Leveraging Git LFS for storage and transfer of large files ensures binary 

data integrity and prevents several scenarios of accidental data loss. We also present a new 

command line tool "didg", under active development, to facilitate the use of this framework, 

especially for users less familiar with Git. We aim to make didg a helpful and easy-to-use 

companion for neuroscience labs to manage the processing flow and integrity in a world of 

increasing data volumes. 
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Abstract: When scientific datasets evolve or are reused to create derived datasets, it is crucial to 

securely preserve the integrity, metadata, and provenance to prevent unintended or malicious 

alterations during the process. Providing a secure method to efficiently share and verify the data 

as well as metadata is essential for the reuse of the scientific data. Open Science Chain (OSC) 

project utilizes consortium blockchain to provide a cyberinfrastructure solution to maintain 

integrity of the provenance metadata for published datasets and provides a way to perform 

independent verification of the dataset while promoting reuse and reproducibility. The NSF and 

NIH funded Neuroscience Gateway (NSG) provides an easy-to-use web portal that allows 

neuroscience researchers to execute computational and data analysis pipeline on high 

performance computing resources. Combined, the OSC and NSG platforms form an efficient, 

integrated framework to preserve and verify the integrity of the artifacts used in research 

workflows while using the NSG platform. This poster describes the integration of OSC-NSG 

frameworks to track the provenance of neurophysiological signal data analysis to study brain 



network dynamics using the Neuro-Integrative Connectivity (NIC) tool, which is deployed in the 

NSG platform. Description of methods to identify analogous files that could have been 

previously used in an experiment is also presented. 
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Abstract: BrainSTEM (Brain STructured Experimental Metadata) is a collaborative electronic 

lab notebook for experimental neuroscience. It has a customizable web interface and a 

standardized yet flexible data model and is designed to capture a range of electrophysiology, 

imaging, and behavioral data. Granular permissions, including one-click public sharing, promote 

collaborations and open science. BrainSTEM is designed with ease of adoption and use as a 

primary consideration and facilitates compliance with NIH and other data-sharing requirements. 

BrainSTEM provides three key benefits as an electronic notebook solution for experimental 

neuroscience: 

1. It has a very low barrier to use 

- Data can be entered through web-based intuitive forms and organized in a user-friendly UI. 

- Data can be shared with collaborators or publicly with a single click. 

2. It is centralized 

- It requires no technical knowhow to use or set up. 

- Keeps metadata from becoming fragmented across various sources. 

- Easily discover and organize data through the relational data structure. 

3. It is standardized- A standardized yet flexible language applies to current methods and 

techniques and is ready to accommodate future requirements. 

- It promotes a rich level of metadata making experimental data more interpretable. 



- Programmable access via an API allows for machine readability and for tools to be built around 

it. 

BrainSTEM has the potential to become the standard metadata model within neurophysiology, 

make data FAIR, promote standardization, data sharing, and provide better integration across 

datasets, both within and across collaborative labs and for published datasets. 

We are looking for pilot groups - please come by our poster or visit our website 

www.BrainSTEM.org to learn more. 
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Title: Embedding Reader-Accessible, Transparent and Thorough Data into Publications - Schol-

AR 
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Abstract: Although neuroscience is a digital field, it is primarily communicated through static 

text and images in PDF-based articles. Problematically, this format is prone to hand-selected 

snapshots of the best research results and excludes the majority of quantitative and qualitative 

data generated in a project. Many attempts have been undertaken to make more study data 

accessible to readers, such as through the addition of online supplementary materials. However, 

metrics show that supplementary materials are accessed less than .04% of the time,1 indicating 

they are largely ignored by readers. As a result, modern data is absent in standard article 

communication.2,3 This widely acknowledged inadequacy limits our ability to effectively and 

transparently communicate neuroimaging research. Our project, termed ‘Schol-AR,’ aims to 

address this gap by directly embedding various forms of scientific data into standard PDF articles 

as ‘augmentations,’ seamlessly integrating them as interactive digital entities within a paper. 

Articles augmented with Schol-AR are widely accessible, journal and platform agnostic, and can 

display both an article and its associated augmented data simultaneously through a single-click 

on laptops, computers, tablets, and mobile devices. For readers who prefer printed materials or 

conference posters, Schol-AR also supports ‘point and view’ augmented reality (AR) to augment 

printed works. Critically, all Schol-AR augmentations are automatically compatible with every 

journal and publisher, as evidenced by augmented articles published across numerous publishers 

including Elsevier, Nature Publishing Group, Wiley, IOS Press, and IOP Publishing. Here, we 

demonstrate advances in the Schol-AR framework including the support for additional data 

formats that authors can directly include as augmentations in their articles. All capabilities are 

openly accessible to authors and readers. Ultimately, we aim to improve the thoroughness and 

transparency of scientific articles by providing seamless reader accessibility to research data 

associated with publications. 

1. Flanagin, A. et al. Editorial Evaluation, Peer Review, and Publication of Research Reports 

With and Without Supplementary Online Content. JAMA 319, 410 (2018). 

2. D. Shotton, Semantic publishing: The Coming Revolution in Scientific Journal Publishing. 

Learned Publishing.22, 85-94 (2009). 

3. N. M. Sopinka, L. E. Coristine, M. C. DeRosa, C. M. Rochman, B. L. Owens, S. J. Cooke, 

Envisioning theScientific Paper of the Future. FACETS. 5, 1-16 (2020) 
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Title: Automatic post-processing and angle calculation for hind-limb clasping: A DeepLabCut 

extension 
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*T. JANJUA;  

H Lundbeck, Copenhagen, Denmark 

Abstract: Hind-limb clasping can be used as a marker of disease progression in several 

neurodegenerative mouse models. However, the typical subjective 0-3 scoring of the clasping 

response in rodents presents a challenge for consistent and efficient analysis, as such manual 

scoring is prone to both human error and biases. Additionally, by reducing the variability 

observed across a trial to one value on a 4-point scale, one risks losing both inter-trial variability 

and subtle differences between animals due to its limited scale. To address this, we developed a 

python-based post-processing tool that automates the analysis of hind-limb clasping data by 

calculating frame-by-frame angle estimations after utilizing machine learning through 

DeepLabCut (DLC) on videos. Once the user has utilized DLC to obtain the pose estimation 

files, the tool restructures the files, applies quality control filters, calculates angles for each video 

frame, and excludes frames where the animal’s movement may distort the analysis. Using DLC, 

we tracked the left hindlimb, right hindlimb and anus with a respective average accuracy of 80%, 

85% and 93%. The model was trained on 300 frames with 400,000 iterations and had a mean 

pixel error of 2.11 for training and 7.17 for test. Results from our post-processing tool indicate 

that it streamlines the analysis, although the 2D limitation necessitates careful interpretation of 

the data. The development of this tool fills a practical gap in the field by providing an automated 

solution for hind-limb clasping analysis, thereby increasing efficiency, consistency, and the level 

of overall variability. Future work will aim to enhance the tool’s capabilities by incorporating 

inputs from multiple cameras to mitigate the current 2D limitation. This advancement will 

further improve the accuracy of the solution, reinforcing its utility in neurodegenerative disease 

research. 
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Title: Advanced computer vision models enable Annolid to automatically segment and track 

multiple animals from single labeled video frames 
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Abstract: Accurate analysis of animal behavior relies on innovative methodologies to overcome 

challenges in segmenting and tracking multiple individual animals, particularly in visually 

complex environments. To address this, we present a novel approach that integrates three 

cutting-edge computer vision models into Annolid, a deep learning-based software package 

designed for the segmentation, labeling, and tracking of research targets within video files, with 

a primary focus on animal behavior analysis. Our strategy combines the following elements: 

First, we utilize Grounding DINO for text-based object detection, enabling users to specify 

keywords or phrases to automatically detect animals or other objects of interest in a video frame. 

The candidate bounding boxes then are input into High Quality Segment Anything (HQ-SAM), 

based on Meta AI's Segment Anything Model. HQ-SAM generates masks based on the bounding 

box prompts of visually discrete objects via zero-shot generalization. Finally, we employ Cutie, a 

state-of-the-art video object segmentation model, to predict and segment multiple instances 

across video frames. This process can be based either on the initial frame labels generated with 

Grounding DINO and HQ-SAM or on a frame labeled manually with polygons in the Annolid 

GUI. 

The addition of these new tools to Annolid enables end users to easily specify and track animals 

and objects of interest, significantly reducing manual annotation efforts while achieving accurate 

results in multiple animal tracking experiments. We demonstrate the efficacy of our approach on 

selected idTracker.ai datasets with videos containing multiple mice, zebrafish, or other animals, 

including a video of 80 interacting fruit flies, as well as on diverse naturalistic videos comprising 

our own Multiple Animal Tracking & Behavior (MATB) dataset. These examples showcase 

Annolid’s robustness in tracking individual animals amidst complex interactions and temporary 



occlusions in rich environments. Annolid is open-source research software, freely available at: 

https://cplab.science/annolid. 
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Title: Markerless dexterous hand function analysis system: evaluating hand functions in spinal 

cord injury 

Authors: *A. SHON, J. VERNAM, X. DU, W. WU;  

Neurolog. Surgery, Indiana Univ. Sch. of Med., Indianapolis, IN 

Abstract: Spinal cord injuries, particularly at the cervical level, substantially impair daily 

functions, emphasizing the need for advanced rehabilitation methods and precise evaluations. 

While motion capture has been utilized to assess locomotor functions, accurately evaluating hand 

dexterity remains a complex challenge in experimental animals. Our study introduces a 

markerless hand function analysis system that incorporates two high-speed cameras and 

innovative Deeplabcut 2.3.9 to accurately evaluate critical aspects such as finger separation, 

speed, and dexterity. This detailed kinematic analysis enables us to reveal significant disparities 

in motor control between individuals with spinal cord injuries and healthy controls. We validate 

the system's capacity to track changes in hand function during a pellet retrieval task in both intact 

and injured mice models. Through quantifying dynamic hand movements, we believe that the 

system and methods developed in this study can assess therapeutic effectiveness and refine 

rehabilitation strategies in terms of hand function following spinal cord injuries. 

Disclosures: A. Shon: None. J. Vernam: None. X. Du: None. W. Wu: None. 

Poster 

PSTR316: Software Tools: Neurophysiology, Behavior, and Tools for Data Integration and 

Curation 



Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: PSTR316.21/AA21 

Topic: I.07. Data Analysis and Statistics 

Support: NIH 1R34DA059513-01 

Title: Benchmarks and Calibrated Neural Networks for Localizing Vocalizations in Social 

Interactions 

Authors: *A. TANELUS1, R. E. PETERSON2, V. IVAN3, D. M. SCHNEIDER2, D. H. 

SANES2, A. H. WILLIAMS4;  
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Abstract: Social animals congregate in groups and communicate with vocalizations. To study 

the dynamics of natural vocal communication and their neural basis, one must reliably determine 

the sender and receiver of the vocal signal. Existing approaches to address this problem rely on 

estimating source positions using time delays between microphones in an array (e.g. 

beamforming), or by surgically affixing miniature microphones to the animal. Although effective 

in some contexts, these approaches are not robust to reverberant environments (beamforming) or 

not scalable to large social groups (mini microphones). Thus, there is considerable interest in 

developing non-invasive sound source localization and vocal call attribution methods that work 

off-the-shelf in typical laboratory settings. To this end, we developed (1) a supervised deep 

learning framework with calibrated uncertainty estimates that achieves state-of-the-art sound 

source localization performance in reverberant environments, (2) novel hardware solutions to 

generate benchmark datasets for training/evaluating sound source localization models across 

labs, and (3) curated and released the first large-scale benchmark datasets for vocal call 

localization in social rodents. In addition, we detail a procedure to generate synthetic training 

data with acoustic simulations for pre-training sound source localization models. 
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Title: Development of a rodent virtual reality system for measuring reward 
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Abstract: The goal of the current project was to develop innovative tools for investigating 

effects of drugs of abuse on motivation related circuitry (via optical functional imaging) while 

measuring behavioral indices of reward, reinforcement and aversion in a highly versatile virtual 

environment (VR). Thus, hardware and software VR tools were developed for administering and 

analyzing behavioral tasks, and imaging tools made for performing multiphoton microscopy 

experiments in behaving mice. The VR software includes tools for creating simple linear mazes, 

more complex mazes for measuring learned regional associations, regional assignments for 

operant conditioning, whisker-based haptic feedback for simulating physical structures (walls, 

virtual objects, etc), external device control for triggering stimuli (e.g. TTL pumps, stimulators, 

etc) and measuring activity (e.g. optical imaging tools), audio control for pairing tones with VR 

regions, analyses tools for measuring global and regional defined locomotor activity and 

preference performed with single files or in a batch file analysis. The imaging tools include a 

novel form of multiphoton microscopy that uses interferometric optical backscatter (double 

barreled oblique back scatter microscopy) for locating endoscopic lenses, measuring cell/tissue 

morphology and movement (e.g. microglia motility). Hardware tools include a 360 degree mouse 

treadmill, a headfixed apparatus with optical shielding for multiphoton recordings with the long 

working distance cousa objective on a customize multiphoton microscope. We demonstrate use 

of the developed tools for measuring psychostimulant effects in behavioral tasks while 

performing functional imaging. 
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Title: High-resolution volumetric 3d pose tracking: a novel approach for 3d selectivity of neural 

coding of egocentric boundary cells 
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Abstract: Pose estimation has become a well-established research problem in cross-disciplinary 

computer vision. 2D and 3D pose estimation techniques are integral in a range of neuroscience 

research domains, such as neuro-inspired robotics, behavioral or clinical neuroscience, human-

computer interaction, and neural circuits. Although the accuracy of recent works on benchmark 

datasets has improved significantly, this improvement rarely translates to real-world applications 

where quality 3D ground-truth data are scarce. To address this issue, the recent research trend in 

pose estimation has shifted toward developing markerless self-supervised or weakly-supervised 

methods that do not rely on 3D ground truth data. We use a novel end-to-end high-resolution 

volumetric architecture that utilizes a modified multi-view constraint to provide weak 

supervision for 3D pose reconstruction. Pairing this with calcium imaging of retrosplenial 

neurons as mouse forages in an open field environment, we present our analysis of 3D tracking 

of behaviors and egocentric boundary cells (EBCs). Using 3D tracking, we detect the selectivity 

of neural coding in EBCs for different levels of head elevation. By tracing the 3D head direction 

vector to barriers, we examine EBCs with varying amounts of selectivity for the top versus the 

bottom of the barrier as the mouse interacts with the barrier. Furthermore, we present our 

analysis for correlations between several quantified behaviors and the firing of cells. 
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Title: Advancements in EthoML/VAME, an unsupervised machine learning pipeline for 

analyzing behavior in spontaneously behaving mice 

Authors: S. R. MILLER1, *P. NAMBIAR1, S. BANGERA1, K. LY1, E. BRADY1, J. SHIN1, R. 
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Abstract: Recent advancements in machine learning (ML) and computer vision have led to the 

emergence of several unsupervised algorithms for automated analysis of spontaneous animal 

behavior (VAME, MoSeq, etc.). These algorithms can leverage a variety of supervised pose-

estimation tools (e.g. DeepLabCut, SLEAP, LightningPose) to identify behavioral patterns across 

time. These methods can empower experimenters by analyzing full frame-by-frame sequences of 

spontaneous behavior and assessing sex, genotype, and treatments interactions. We have 

developed EthoML/VAME (www.github.io/EthoML/VAME), which has been validated in 

transgenic and knock-in mouse models of Alzheimer’s disease (Miller, 2024). Here, we provide 

further validation of the approach by comparing variations on the EthoML/VAME methods, 

specifically exploring the effectiveness of different egocentric alignment strategies, hierarchical 

clustering cost functions, and correlation clustering methods. We also describe new summary 

measures of ML behavioral features capturing intersubject variability in motif usage, motif 

speed, and motif-motif transitions. To evaluate the performance of our method, EthoML/VAME 

outcomes are benchmarked against standard measures using a logistic regression classifier. We 

conclude that s EthoML/VAME outcomes of spontaneous behavior effectively captures age-, 

sex-, and disease-dependent manifestations with highest sensitivity and specificity than standard 

behavioral approaches. 
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Title: A Standardized 3D Ethological Observatory for high throughput Behavioral Analysis 

Authors: *J. M. ROACH1, S. S. LIM2, J. WU1, A. SABATH2, J. R. RAVENEL3, A. 
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Abstract: Unique imaging conditions necessitate specific ground truth datasets, hindering data 

comparability across labs. Efforts for data transparency, such as the NIH Data Commons, aim to 

address these challenges but require careful oversight. The Standardized 3D Ethological Open-

field-arena (ST3DEO) is an effort to standardize the acquisition of 3D kinematic behavioral data, 

enabling high-throughput behavioral analysis with enhanced accuracy and reproducibility. 

Through precise optimization of lighting conditions and mirror utilization, the ST3DEO 

facilitates standardized behavioral context and imaging quality allowing for high throughput 

behavioral studies to be run at scale. By standardizing the arena design, orchestration of data 

analysis and automation of pose estimation using the DANNCE AI system were facilitated, 

minimizing dependencies on imaging backgrounds. Key adaptations were made to the DANNCE 

Center of Mass network (COM), including leveraging mirrors and exploiting symmetrical 

imaging environments to enhance network convergence and augment training datasets 

effectively. Fine-tuning of network weights reduced errors, quantified through metrics such as 

mean per joint position error (MPJPE), percentage of correct keypoints (PCK), and standard 

deviation of bone lengths. An ensemble model, averaging predictions from multiple models, 

showcased potential to outperform human annotators in prediction variance. Furthermore, 

models finetuned on one arena demonstrated maintained performance across others, ensuring 

stability and reproducibility of results. The development of a user-friendly graphical interface 

(GUI) simplified recording initiation, ensuring proper data formatting without requiring 

programming experience. Data organization and standardization, facilitated through structured 

schemas ensured transparency for researchers and met standards for orchestration engineers. 

Efficient data pipeline management, including advanced video compression techniques, 

facilitated real-time processing without sacrificing accuracy. High-frequency camera acquisition, 

coupled with calibration using a checkerboard pattern, ensured accurate data capture and 

calibration application. Overall, this project represents a meticulous integration of advanced AI 

techniques with careful hardware and software considerations, culminating in a robust 

markerless pose estimation system for murine subjects. 
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Title: Deciphering spontaneous behavioral alterations and treatment effectiveness in 

Alzheimer’s disease mouse models with machine learning 
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Abstract: Computer vision and machine learning (ML) approaches are being developed to 

provide scalable, unbiased and sensitive methods for assessing mouse behavior. Here, we used 

DeepLabCut and the ML-based VAME segmentation platform to assess spontaneous behavior in 

knock-in and transgenic models of Alzheimer’s disease (AD) and to test the role of AD-related 

neuroinflammation in these behavioral manifestations. We found that the organization of 



behavioral sequences is markedly altered in AppNL-G-F and 5xFAD mice, including age-

dependent changes in motif utilization and increases in transitions and randomness. Notably, 

blocking fibrinogen-microglia interactions in 5xFAD-Fggγ390-396A mice largely prevented 

disorganized behavioral sequences, indicating that AD-related spontaneous alterations are 

amenable to therapeutic interventions and driven by neuroinflammation. Classifier analyses 

revealed that VAME outcomes had higher specificity and sensitivity than standard behavioral 

outcomes. We conclude that spontaneous behavior effectively captures age- and sex-dependent 

disease manifestations and treatment efficacy in AD models. 
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