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Abstract: Movement of the nucleus is critical for the proper positioning of neurons in the 

developing brain. During neuronal migration, nuclear movements are generated by cytoskeletal 

motor moelcules, among which dynein is widely recognized as the major player. Our previous 

study found that both dynein and kinesin-1, a pair of opposing microtubule motors, are required 

for forward nuclear movements in mouse cerebellar granule neurons, but the mechanism remains 

unknown. Here, we propose that dynein and kinesin-1 function in a coordinated manner for 

nuclear transport via a nuclear-membrane protein Nesprin-2. We demonstrated that Nesprin-2 

serves as a cargo-motor adaptor by recruiting kinesin-1 and dynein-dynactin-BicD2 complex 

onto the nuclear envelope through independent but physically close motifs. Loss of function of 

Nesprin-2 in vivo caused delayed nuclear migration in cerebellar granule cells and impaired 

cerebellum layer formation. Intriguingly, both motors are indispensable for rescuing the impaired 

nuclear movements in Nesprin-2 mutant granule cells, supporting a co-dependent relationship. 

By reconstituting cargo dynamics using an intracellular cargo trafficking assay, we found that 

Nesprin-2 drives continuously active bidirectional movements along microtubules. Furthermore, 

while keeping the nucleus at a mobile state, Nesprin-2 physically links the nucleus with the 

forward-moving peri-nuclear microtubule tracks to facilitate forward nuclear translocation 

during neuronal migration. These results reveal the role of Nesprin-2 in mediating coordination 

between opposing motors as well as coupling of nuclear-microtubule movements. 

Disclosures: C. Zhou: None. Y.K. Wu: None. T. Fujiwara: None. M. Kengaku: None. 
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Title: Low protein diet intake during pregnancy and lactation promotes differential cellularity 

differences in dentate gyrus cells of hippocampus in male and female offspring 

Authors: *M. NAVARRO MEZA1, D. E. ALMARAZ2, D. P. OCHOA3, P. C. BELLO-

MEDINA4, M. DIAZ-MUÑOZ5;  
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salud. Ciencias Clínicas, Univ. de Guadalajara, Jalisco, Mexico; 3Promoción, preservación y 

desarrollo de la salud. Ciencias Clínicas, Univ. of Guadalajara, University of Guadalajara, 

Mexico; 4Inst. de Educación a Distancia IDEAD, Univ. del Tolima, Ibagué, Tolima, Colombia, 

Tolima, Colombia,, Univ. del Tolima, Ibagué, Tolima, Colombia, Colombia, Colombia; 5Inst. de 
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Abstract: Brain development during pregnancy and lactation depends on factors such as 

mother’s diet and postnatal development is necessary for proper execution of cognitive 

processes. The dentate gyrus (DG) is a gyroconvolution in cortex and temporal lobe of the 

hippocampus; and participates in consolidation and recovery of memory. Few studies have 

evaluated the effect of maternal diets on the neurodevelopment of DG within the progeny. 

Mother rats (Wistar) were divided in two groups: control (18% protein diet) and experimental 

(6% protein diet), food and water intake were quantified until day 10 of lactation; brain slices of 

male and female pups were obtained and used to detect 4’,6- diamidino-2-fenilindol (DAPI) and 

neural nuclear protein (NeuN) in the DG by immunohistochemistry as markers of cellularity and 

mature neurons. The images obtained by fluorescence microscopy were assessed in ImageJ 

Software using double-blind method; two-way ANOVA and post hoc Bonferroni tests were 

performed. Offspring male in experimental group showed a 45% increase in DAPI area ratio 

hilus versus control male; a 71% increase in DAPI signal in experimental males versus 

experimental females; an increase of 35% in the number of cells (DAPI+) in females compared 

to males in infrapyramidal layer. Data indicate that male pups under low protein diet at day 

PND10 show more cells in DG hippocampus pyramidal area versus male of control group as 

well as female, as a sex-dependent compensatory mechanism to ensure the correct development 

of DG. Acknowledgements:The Authors would like to thank the following persons and 

institutions for their assistance and support of this study: José Martín García Servín, MVZ, for 

the handling and care of the experimental model; the Animal Care Facility of the Neurobiology 



Institute, UNAM; Nydia Hernández in the Microscopy and PhD, Luna Moreno D, Vázquez-

Martínez O for expert technical support, GA Reynaga-Macias and GS de la Cruz Rivas for their 

support in databases and to make figures, and expert technical support. 

Disclosures: M. Navarro Meza: None. D.E. Almaraz: None. D.P. Ochoa: None. P.C. Bello-

Medina: None. M. Diaz-Muñoz: None. 
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Abstract: Motopsin, also known as neurotrypsin (PRSS12), is a serine protease secreted from 

excitatory neuronal cells in some brain regions (Brain Research 66, 141, 1999). A truncating 

mutation in motopsin gene is associated with intellectual disability (Science 298, 1779, 2002). 

Motopsin knockout mice exhibit prolonged social interaction and reduced spine density in 

hippocampal CA1 (Eur J Neurosci 30, 2368, 2009). Recently, using a Tet-off system, we 

reported that motopsin overexpression (OE) enhances neurogenesis in the dentate gyrus of adult 

mice (Mol Neurobiol 61, 4929, 2024). In this study, we investigated cognitive functions of 

motopsin OE mice. Motopsin OE mice (male, n =6, female, n = 6) were created by crossing 

C57BL/6 Tg(Camk2a-tTA)1Mmay/J mice and C57BL/6 TRE-motopsin mice. Administration of 

doxycycline (DOX) for over 3 weeks suppressed motopsin overexpression to the basal level in 

these mice (motopsin SO mice, male, n =6, female, n = 6). Wild-type (WT) mice given water 

(WT, male, n = 5, female, n = 5) or DOX (WT-DOX, male, n = 6, female, n = 6) served as 

controls. A subject mouse (16.1 ± 4.2 week old) was placed in an open field (50 × 50 × 50 cm) 

for 10 min to explore (open field test, OFT), which was repeated over three consecutive days for 

habituation. Novel object recognition test (NOR) and novel location recognition test (NLR) were 

each conducted in the open field with a 72 h intersession interval. Brains were collected 24 h 

after intraperitoneal injection of 5-bromo-2'-deoxyuridine. In the OFT, motopsin OE mice 

showed significantly decreased total distance traveled compared to other groups (p=0.010), 

though no significant differences were observed in center time. In the NOR, all experimental 

groups exhibited no preference for the novel object. In the NLR, motopsin OE mice showed a 



trend towards preferring to investigate the object in the same location as in the previous session 

(p = 0.051), while the other groups showed no location preference. Our results suggest that 

motopsin overexpression may affect locomotor activity and spatial memory. Further 

measurement of adult neurogenesis in the dentate gyrus will be presented. 

Disclosures: Y. Tanaka: None. F. Yokoi: None. S. Mitsui: None. 
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Abstract: Embryos and newborns are highly sensitive to a variety of stimuli, and they are 

protected by maternal molecules that cross the placenta. One such molecule thought to be 

important in preventing infection is immunoglobulin (Ig). However, the transfer of maternal Igs 

to the brain is fraught with risk: for example, maternal brain-reactive antibodies such as anti-

contactin-associated protein-like 2 (Caspr2; CNTNAP2) and collapsin response mediator 

proteins 1 and 2 (CRMP1, CRMP2), and Y-box-binding protein 1 (YBX1) have been identified, 

and maternal brain-reactive antibodies are present in 10-20% of mothers of children with autism 

spectrum disorders. Therefore, we hypothesized that there might be an unknown benefit to the 

offspring brain that outweighs these risks because embryos are nearly sterile and lack infection 

and inflammation during the normal development. Using an IgG production deficient model 



(Rag2 mice) and IgG transport impaired model (Fcgrt KO mice), we found that IgG in the 

developing brain is of maternal origin, and the amount of IgG is high in embryonic stages and 

just after birth, but it decreases dramatically after birth and almost disappears by 3 weeks 

postnatally because maturation of blood-brain barrier blocks the entry of IgG. They accumulate 

at the meninges and axon bundles, and P2RY12-positive microglia and CD206-positive border-

associated macrophages (BAMs) are strongly stained for IgG. Using Fcer1g KO mice, we found 

that microglia and BAMs use FcγR to take up IgG, but deposition of IgG on the meninges and 

axon bundles is FcγR-independent. We examined the phenotype of maternal IgG-deficient 

mouse models and found that the number of interneurons were decreased in Fcgrt KO mice and 

pups from Rag2KO dams raised by ICR wild-type mice to eliminate the potential influence of 

the maternal genotype after birth. These results suggest that maternal IgG is important for the 

postnatal maintenance of interneurons. 

Disclosures: K. Morimoto: None. R. Takahashi: None. G. Takahashi: None. M. Miyajima: 

None. K. Nakajima: None. 
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Title: Genetically Unstable Single-Neuron Genomes During Human Brain Development 

Authors: *D. SHAO1, Y. ZHAO4, U. GHOSH2, J. BREW4, P. PARK4, C. A. WALSH3;  
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Abstract: The conventional view that genome fidelity is paramount for neurons has been 

challenged by recent findings showing that both neuronal progenitors and post-mitotic neurons 

accumulate somatic single-nucleotide variants (SNVs) with aging and neurodegenerative 

diseases. During neurodevelopment, the human brain undergoes cellular expansion more rapidly 

than in other tissues of the body, and more so than during brain development of any other 



species. Such rapid expansion has been shown to be a key driver of genetic instability in other 

systems, such as during early post-zygotic development and in cancer.To explore genome-level 

effects in individual neurons during human brain development, we conducted single-cell whole 

genome sequencing on over 1,500 neurons derived from human fetal and postnatal human 

brains. Individual fetal neurons or postnatal neurons were isolated using florescence activated 

nuclear sorting, after dissection of the cortical plate or NeuN-staining, respectively, and single-

cell whole genome amplification was performed using Tn5-transposase. We developed a novel 

analytical method to detect copy-number alterations (CNAs), leveraging molecular overlap 

patterns created by Tn5 to improve call accuracy. Our findings reveal that fetal neurons 

frequently exhibit multiple CNAs. These aberrant genomes reflected recurrent patterns of 

genomic instability as evidenced by the mutational spectrum of CNAs and 

immunohistochemistry identifying micronuclei in neurodevelopment, a biological indicator of 

genetic instability.Genomic instability affected a significant subset of fetal neurons, but 

surprisingly, this proportion is reduced in postnatal neurons. Postnatal neurons show fewer 

aberrant genomes and a reduced percentage of CNAs compared to their fetal counterparts. 

Moreover, postnatal neurons are less likely to show CNAs affecting genes crucial for neuronal 

function, suggesting a selection process that eliminates mutated genomes. Additionally, using 

single-cell DNA/RNA multiomic methods, we observed that neurons with pronounced 

aneuploidy exhibit alterations in gene sets associated with apoptosis. These findings reveal a 

complex etiology of CNA during brain development and highlight an unexpected mechanism of 

genetic diversity. This study suggests that cellular mechanisms for genetic control are crucial in 

shaping the final neuronal complement in the human brain, impacting both neurodevelopment 

and potentially long-term cognitive health. 

Disclosures: D. Shao: None. Y. Zhao: None. U. Ghosh: None. J. Brew: None. P. Park: 

None. C.A. Walsh: None. 
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Abstract: The medial ganglionic eminence (MGE)-derived GABAergic neurons of great 

diversity are essential for the operation and function of all brain areas of the mammalian 

telencephalon, including the cortex and various subcortical nuclei; however, the mechanisms that 

control the diversification and distribution of these GABAergic neurons remain elusive. In this 

study, we systematically investigated the production and diversification of MGE-derived 

GABAergic neurons by integrating scRNA-seq, spatial transcriptomics, and genetics across the 

entire MGE neurogenic phase in the mouse brain. We found that different types of GABAergic 

neurons progressively emerge from distinct spatiotemporal niches of MGE. The diversification 

process proceeds in a hierarchical manner, with the major types specified in the progenitor stage, 

while the fine subtypes further defined in the post-mitotic stage. In particular, we identified the 

progenitor origin and developmental path of striatal Parvalbumin (PV)+ and Thyrotropin-

releasing hormone (TRH)+ interneurons. Genetic ablation of these interneurons leads to 

obsessive-compulsive disorder (OCD)-like behavioral defects. Together, these findings provide a 

comprehensive developmental framework for the organized generation and distribution of highly 

diverse GABAergic neurons in the mammalian telencephalon. 

Disclosures: Z. Li: None. X. Li: None. D. Mi: None. S. Shi: None. 
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Abstract: The nuclear factor one (NFI) transcription factors are a family of transcription factors 

consisting of the genes NFIA, NFIB, NFIC, and NFIX. Haploinsufficiency of NFIA, NFIB, or 

NFIX in people causes neurodevelopmental syndromes characterized by similar phenotypes, 

implying that they function similarly to regulate cortical development. These phenotypes include 

macrocephaly, intellectual disability, corpus callosum dysgenesis, and enlarged lateral ventricles. 

In mice, NFIA, NFIB, and NFIX are highly expressed in most cell types during cortical 



development and in the adult cortex. Previous studies using mouse models have shown that Nfi 

genes regulate progenitor cell differentiation, but the underlying molecular mechanisms remain 

unclear. Aside from being expressed in most cell types, single-gene mouse mutants have 

overlapping phenotypes making it difficult to determine their cell type-specific functions. To 

address this, we utilized a single-cell multiomics approach coupled with detailed histological 

analyses of an Emx1-Cre-driven conditional mouse model where we removed Nfia, b, and x in 

different combinations in the dorsal forebrain. Focusing our current study on radial glial cells 

where these genes are first expressed, we found that upon Nfi deletion, radial glial cells divided 

symmetrically to give rise to more radial glial cells at the expense of generating intermediate 

progenitors and postmitotic neurons. Our single-cell data further demonstrates that NFIs regulate 

this process by binding at distal regulatory elements, resulting in the subsequent activation or 

repression of complementary gene regulatory networks underlying the switch between 

symmetric and asymmetric cell divisions. Whilst further work is required to determine how NFI 

binding at distal regulatory elements result in different outcomes on gene expression (activation 

versus repression), this study uncovers the molecular mechanisms through which NFI 

transcription factors regulate radial glial cell differentiation. 

Disclosures: J.W.C. Lim: None. N.A. Mundell: None. E. Hossen: None. S. Pal: None. J. 

Bunt: None. L.J. Richards: None. 
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Abstract: Astrocytes account for a fundamental population of cells in the neocortex and play 

numerous essential roles in neocortical development and function. Accumulating evidence 

suggests that neocortical astrocytes are diverse in morphological, molecular, and functional 

features; yet, little is known about the developmental program underlying neocortical astrocyte 

diversity. Here, by integrating systematic single-cell RNA-seq analysis across species, in vivo 

lineage tracing, and mouse genetics, we show that the evolutionarily conserved ventral program 

drives the progressive ventralization of dorsal radial glial progenitors (RGPs) and the generation 

of diverse astrocytes in the neocortex. Astrocytes or astrocyte-like glia represent a highly 

conserved cell type with an enrichment of smoothened signaling, the major ventralizing 



signaling of the telencephalon. Interestingly, in the developing mouse neocortex, systematic 

reconstruction of the developmental trajectory atlas of RGPs reveals a progressive ventralization 

and detachment of RGPs from the ventricular zone at the late stage to generate diverse grey 

matter astrocytes as well as oligodendrocytes, whereas the remaining non-ventralizing RGPs 

preferentially give rise to ependymal cells and adult neural stem cells. Moreover, upon 

generation, astrocytes exhibit distinct differentiation patterns. While many astrocytes 

downregulate ventralization gene expression and become enriched with brain-blood barrier-

related genes, others maintain ventralization gene expression and are enriched with synaptic 

function-related genes. Notably, similar astrocyte generation and diversification programs also 

exist in primates and is linked to glioblastoma formation. Together, these results define an 

evolutionarily conserved developmental program for the generation of diverse astrocytes in the 

neocortex. 

Disclosures: X. Yu: None. Q. Zhang: None. J. Ma: None. S. Shi: None. 
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Abstract: Neonatal white matter injury (NWMI) is a major cause of motor and cognitive 

abnormalities in infants born pre-term, as well as in full-term births with complications such as 

intrauterine growth restriction, placental abruption, and birth asphyxia. Cerebral hypoxia and 

altered fetal circulation cause myelination defects in these conditions. However, the underlying 

mechanisms that disrupt the myelination by oligodendrocytes in hypoxic injury are not 

completely clear. Here, we found that neonatal hypoxia leads to a reduction in oligodendroglial 

stearoyl-CoA desaturase (Scd1) expression levels in a HIF-signaling dependent manner. 

Stearoyl-CoA desaturase is a rate-limiting enzyme in the synthesis of monounsaturated fatty 

acids, which are highly important for the formation and maintenance of the myelin membrane. 

Using inducible conditional knockout models of Scd1, we tested its functional impact on 



oligodendroglial survival and maturation. We found that oligodendrocyte progenitor (OPC)-Scd1 

cKO (PDGFRa-CreERT2/Scd1 (fl/fl)) mice showed developmental hypomyelination with reduced 

myelin protein levels and mature oligodendrocyte cell numbers in various CNS white matter 

tracts. Additionally, systemic administration of a Scd1-specific pharmacological antagonist 

during neonatal development also resulted in a similar oligodendrocyte maturation deficit and 

hypomyelination in normoxic conditions and exacerbated the hypomyelination phenotype in a 

hypoxic injury setting. Interestingly, loss of mature oligodendrocyte specific-Scd1 (in PLP-

CreERT2/Scd1 (fl/fl)) did not result in any myelination defects or outward behavioral deficits, 

suggesting a stage-specific role for OPC-Scd1. We are currently investigating the downstream 

mechanism through which Scd1 regulates oligodendrogenesis and myelination. 

Disclosures: I.N. Farnum: None. M. Chavali: None. 
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Abstract: Within the hippocampal neurogenic niche, nestled beneath the dentate granule cell 

layer, neural progenitors tirelessly generate newborn neurons in the adult brain. These fledgling 

cells face a pivotal early phase of competitive selection, characterized by active tangential 

migration and exuberant neurite extension towards the granule cell layer. However, in contrast to 

the well-characterized intrinsic molecular and circuit mechanisms governing this integration 

process, how these newborn neurons compete for their energy supply in this competitive 

environment remains unknown. Astrocytes are recognized as crucial conductors of brain glucose 

metabolism. Whether and how astrocytes regulate glucose metabolism and affect the activity-

induced survival of newborn neurons remains unknown. To investigate the role of glucose 

metabolism in the activity-dependent survival of newly born neurons, we first performed single-

cell RNA profiling and observed a marked reduction in glycolytic capacity in newborn neurons 

compared to neural progenitors and mature neurons. To examine the dynamics of cellular 

glucose metabolism during enriched contextual exploration (EE), a behavior that can specifically 



affect the survival of newborn neurons, we established an optical glucose imaging technique with 

a genetic glucose sensor. We analyzed astrocytic glucose dynamics during EE, and found a rapid 

decrease in astrocytic glucose levels during exploration, with a quick return to baseline upon 

returning to the home cage. Importantly, when genetically depleted glucose transporter 1 from 

astrocytes, the EE-induced survival was impaired. To further explore how astrocytic glucose 

metabolism affects newborn neuron survival, we measured both extracellular and intracellular 

dynamics of lactate, an energy metabolite that can be shuttled between cells. Interestingly, 

intracellular and extracellular lactate levels initially increased during EE and can quickly recover 

to baseline. To elucidate the functional role of lactate, we genetically depleted Ldha (impairing 

lactate production) or MCT1 (impairing lactate shuttle). Both manipulations compromised the 

activity-induced survival of newborn neurons. Importantly, disrupting MCT1 in newborn 

neurons, thereby blocking lactate uptake, also impaired their survival. This groundbreaking 

discovery unveils a captivating link between environmental stimulation, astrocyte metabolism, 

and hippocampal neurogenesis, paving the way for understanding how brain activity shapes 

neuronal survival. 

Disclosures: X. Wang: None. S. Ge: None. 
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Abstract: Adult neurogenesis, which takes place in both vertebrate and invertebrate species, is 

the process by which new neurons are born and integrated into existing functional neural circuits, 

long after embryonic development. Most studies in mammals suggest that self-renewing stem 

cells are the source of the new neurons, although the extent of self-renewal is a matter of debate. 

In contrast, research in the crayfish Procambarus clarkii has demonstrated that the neural 

progenitors producing adult-born neurons are capable of both self-renewing and consuming 



(non-self-renewing) divisions. However, self-renewing divisions are relatively rare, and therefore 

the production of adult-born neurons depends heavily on progenitors that are not replenishing 

themselves. Because the small pool of neural progenitors in the neurogenic niche is never 

exhausted throughout the long lives of these animals, we hypothesized that there must also be an 

extrinsic source of these cells. It was subsequently demonstrated that the neural progenitors 

originate in hemocytes (blood cells) produced by the immune system that travel in the circulation 

before ultimately integrating into niches where the neural lineage begins. The current study 

examines the developmental lineage of the three hemocyte types — hyaline (HC), semigranular 

(SGC) and granular (GC) cells — with the goal of understanding the origins of the progenitor 

cells that produce adult-born neurons. Longstanding qualitative metrics for hemocyte 

classification were validated quantitatively. Then, in a longitudinal study, proliferation markers 

were used to label the hemocytes in vivo, followed by sampling the circulating hemocyte 

population over the course of two months. Hemolymph samples were taken at intervals to track 

the frequencies of the different hemocyte types. These data reveal sequential peaks in the relative 

frequencies of HCs, SGCs and GCs, which were identified using qualitative and quantitative 

measures. These findings suggest that the three hemocyte types comprise a single cellular lineage 

that occurs in the circulation, with each type as a sequential progressive stage in hemocyte 

maturation beginning with HCs and ending with GCs. When combined with previously 

published data, this timeline provides additional evidence that HCs serve as the primary neural 

progenitor during adult neurogenesis in P. clarkii. 

This work has been peer-reviewed and was published in Neural Development on June 20, 2024. 

It can be found at the following link: 

https://neuraldevelopment.biomedcentral.com/articles/10.1186/s13064-024-00185-3. 
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Abstract: Amyotrophic Lateral Sclerosis (ALS) is a progressive neurodegenerative disease 

characterized primarily by the loss of motor neurons (MNs), leading to muscle weakness and 

eventual paralysis. Other cell types are also affected, including Schwann cells, which are 



responsible for trophic support and myelination of peripheral nerves, as well as modulation of 

neuromuscular junction transmission. People with ALS typically die within five years of 

diagnosis, and there is currently no effective treatment that can reverse or halt the progression of 

ALS. In 2024 alone, two clinical trials to treat ALS failed due to lack of efficacy. This presents 

an urgent need to expand and improve current models for the study and treatment of ALS. We 

report here the development of a fully human induced pluripotent stem cell (hiPSC) based co-

culture system to study the effects of Schwann cell precursors (SCPs) on MN pathology in ALS. 

Utilizing rapid directed differentiation protocols, hiPSCs from both a mutant TDP-43 ALS 

patient and healthy control donor were differentiated into SCPs and MNs. Healthy MNs, ALS 

MNs, healthy MN/SCPs, ALS MN/SCPs, healthy MN/ALS SCPs, and ALS MN/healthy SCP 

co-cultures were seeded on commercially available microelectrode arrays and spontaneous and 

evoked activity measured. In healthy co-cultures, MNs are spontaneously active within 7 days in 

vitro (DIV) and SCPs rapidly align with MN axons. ALS MNs show decreased spontaneous 

baseline activity compared to healthy MNs. Co-culture with SCPs increases spontaneous ALS 

MN activity and may also promote a hyperactive phenotype reported by similar ALS models, 

based on significant increases in spiking and bursting activity compared to healthy co-cultures. 

Evoked activity as measured following application of glutamate agonists/antagonists 

demonstrates altered functional activity in ALS co-cultures. These results demonstrate that 

integration of Schwann cell precursors into ALS models offers a unique opportunity to study 

mechanisms of TARDBP mutation in ALS and screen for therapeutic agents. Human models 

provide a promising avenue for the study of degenerative diseases, drug screening, and tissue 

engineering applications. 
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Title: Dose-dependent effects of supernumerary sex chromosomes on brain organoid 

architecture and function 

Authors: *A. ADAMO1, V. ASTRO3, G. HERRERA-LÓPEZ4, P. J. MAGISTRETTI2, A. R. 

MUOTRI5;  
2BESE, 1King Abdullah Univ. of Sci. and Technol., Thuwal, Saudi Arabia; 3King Abdullah 

Univ. of Sci. and Engin., Thuwal, Saudi Arabia; 4KAUST, Thuwal, Saudi Arabia; 
5Pediatrics/Cellular Mol. Med., UCSD, La Jolla, CA 

Abstract: Klinefelter syndrome (KS) is the most prevalent aneuploidy in males and is 

characterized by a 47,XXY karyotype. Less frequently, higher-grade sex chromosome 

aneuploidies (HGAs) can also occur. KS and HGA patients display a broad spectrum of neuronal 

clinical manifestations, including cognitive deficits, seizures, autistic traits, and delays in motor, 

speech, and language skills. The severity of cognitive impairment directly correlates with the 

number of additional sex complements. Despite the significant incidence of sex chromosome 

disorders, there has been a sustained demand for cellular models that elucidate the transcriptional 

and epigenetic consequences of X chromosome aneuploidies and their implications for human 

health. We previously generated a paradigmatic cohort of KS and HGA iPSCs to investigate the 

transcriptional consequences of X chromosome overdosage in 49,XXXXY, 48,XXXY, and 

47,XXY patients. Leveraging this cohort, we modeled the impact of sex-chromosome 

aneuploidies during early neurodevelopment using iPSCs-derived X aneuploid cortical brain 

organoids. Intriguingly, X aneuploid brain organoids retain the epigenetically determined 

inactivation status of supernumerary X chromosomes during extended differentiation periods 

thus serving as an ideal 3D neurodevelopmental model. Through a comprehensive analysis 

integrating morphological, transcriptomic, and functional assessments, we demonstrated that 

supernumerary sex chromosomes detrimentally affect neural patterning, cortical architecture, and 

electrophysiological properties of brain organoids in a dose-dependent fashion. Thus, our study 

underscores the use of brain organoids as a valuable platform for modeling the molecular and 

cellular consequences of X chromosome overdosage during early neurodevelopment. 

Disclosures: A. Adamo: None. V. Astro: None. G. Herrera-López: None. P.J. Magistretti: 

None. A.R. Muotri: None. 

Late-Breaking Poster 

LBA001: Theme A Late-Breaking Posters 

Location: MCP Hall A 

Time: Sunday, October 6, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: LBA001.014/LBA14 

Topic: A.03. Stem Cells and Reprogramming 

Support: FAPESP 2014/50931-3 

 FAPESP 2020/09702-1 



 CNPq 465355/2014-5 

 CNPq 404134/2020-3 

Title: Distinct Immunological Profiles in Centenarian iPSC-Derived Astrocytes Reveal Potential 

Mechanisms of Resilience to SARS-CoV-2 Infection 
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Abstract: One of the main challenges in science is to understand the diverse cellular and 

molecular mechanisms underlying resistance and susceptibility to SARS-CoV-2 infection and 

the significant clinical variability of COVID-19, which ranges from asymptomatic to lethal 

cases. Notably, the oldest individuals and those with comorbidities have been at the highest risk 

of developing severe COVID-19. However, there have been reports of unvaccinated centenarians 

worldwide who had asymptomatic infections or recovered from mild COVID-19. In this study, 

induced pluripotent stem cell-derived astrocytes were generated from Brazilian centenarians who 

recovered from COVID-19 before vaccination (n=4) and from young adults who recovered from 

critical COVID-19 (n=4). Astrocytes were infected with SARS-CoV-2 (Wuhan strain and 

Gamma P1 variant) at a multiplicity of infection (MOI) of 1.0 for 48 hours. All experiments were 

conducted in a biosafety level 3 laboratory. Consistent with previous findings, astrocytes were 

permissive to SARS-CoV-2 infection. Interestingly, although our data showed that the rate of 

cell-free infection of SARS-CoV-2 was similar in both experimental groups under the same 

conditions, the levels of CXCL8 (IL-8) and CXCL10 (IP-10) in the medium were significantly 

reduced following infection only in the centenarian group. The reduction in CXCL8 and 

CXCL10 levels in the centenarian astrocytes suggests that these individuals may possess unique 

immunological characteristics that enable them to better resist the excessive inflammation 

typically caused by SARS-CoV-2. Understanding these mechanisms could be crucial for 

developing new therapeutic strategies focused on modulating the immune response in COVID-

19 patients, especially those at risk of developing severe forms of the disease. By uncovering 

these distinctive immune profiles, we can potentially identify biomarkers for resilience to 

COVID-19 and inform the design of treatments that could enhance immune regulation, thereby 

improving outcomes for patients across different age groups and clinical severities. The study 

was approved by the committee for ethics in Research of the Institute of Biosciences at the 

University of São Paulo (CAAE 34786620.2.0000.5464) and supported by the São Paulo 

Research Foundation (grant numbers 2014/50931-3, and 2020/09702-1), the National Council 

for Scientific and Technological Development (grant numbers 465355/2014-5 and 404134/2020-

3). 
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Abstract: Oligodendrocytes (OLs) are the myelinating cells in the central nervous system. By 

ensheathing axons, OLs enhance the action potential conduction velocity. OLs arise from 

oligodendrocyte precursor cells (OPCs) during pre- and postnatal development. The death of 

OLs and the impairment of differentiation of OPCs into OLs is a major pathological 

characteristic in demyelinating diseases. 

The development of therapies that promote myelination in neurological conditions, particularly 

demyelinating diseases, is hampered by the limited translatability of existing preclinical animal 

models, and the lack of reliable in vitro models. Human induced pluripotent stem cells (hiPSCs) 

can be used to generate OLs for in vitro applications, however, current differentiation protocols 

are often lengthy, challenging to reproduce, and are difficult to scale. Our proprietary opti-ox™ 

(optimised inducible overexpression) technology enables highly controlled expression of 

transcription factors, deterministically programming hiPSCs into specific cell types of interest, to 

provide a robust, consistent, and reliable source of human cells for in vitro applications. 

We have used opti-ox to rapidly program hiPSCs into oligodendrocyte-like cells 

(ioOligodendrocyte-like cells), a population of oligodendroglial cells resembling a pre-

myelinating oligodendrocyte state. By day 1, the cells present an OPC-like morphology and are 

positive for oligodendroglial lineage markers OLIG2, SOX10 and O4. By day 8, the cells show 

increased complexity with an OL-like morphology, and increased expression of other mature 

oligodendrocyte markers such as MBP, MAL, CNP and MYRF, seen by qRT-PCR, bulk RNA 

and scRNAseq. Furthermore, whole transcriptome analysis demonstrates equivalent expression 

profiles between three different manufactured lots indicating consistency and experimental 

reproducibility. 

ioOligodendrocyte-like cells provided a relevant, consistent, and scalable source of human cells 

that can be used for investigations into novel therapeutics and molecular mechanisms that 

regulate this critical glial cell type that is implicated in various human diseases. 



Disclosures:  M. Herrera Vaquero: A. Employment/Salary (full or part-time):; bit.bio. L. 

Foulser: A. Employment/Salary (full or part-time):; bit.bio. S. Milde: A. Employment/Salary 

(full or part-time):; bit.bio. C. Aruthan: A. Employment/Salary (full or part-time):; bit.bio. G. 

Belli Valletta: A. Employment/Salary (full or part-time):; bit.bio. J. Hundling: A. 

Employment/Salary (full or part-time):; bit.bio. V. Yianni: A. Employment/Salary (full or part-

time):; bit.bio. B. Haugen: A. Employment/Salary (full or part-time):; bit.bio. I. Ferreira: A. 

Employment/Salary (full or part-time):; bit.bio. B. Newman: A. Employment/Salary (full or 

part-time):; bit.bio. T. Oosterveen: A. Employment/Salary (full or part-time):; bit.bio. G. 

Mastrogiovanni: A. Employment/Salary (full or part-time):; bit.bio. W. Bernard: A. 

Employment/Salary (full or part-time):; bit.bio. E. Metzakopian: A. Employment/Salary (full or 

part-time):; bit.bio. M. Kotter: A. Employment/Salary (full or part-time):; bit.bio. 

Late-Breaking Poster 

LBA001: Theme A Late-Breaking Posters 

Location: MCP Hall A 

Time: Sunday, October 6, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: LBA001.016/LBA16 

Topic: A.03. Stem Cells and Reprogramming 

Support: AMED JP20gm1410001 

 Kakenhi 20K20643, 20H05786, 24H02307 

Title: Network modifications and enhanced output segregation in connected organoids following 

repetitive spatiotemporal stimulation 
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Abstract: Neural circuits are the fundamental basis underlying brain functions. The complex 

three-dimensional structure of organoids provides an intrinsically complex neural network, 

however, it lacks the hierarchical macroscopic circuit structures. We have previously 

demonstrated that compared to single organoids, connected organoids produce more complex 

activity and demonstrated short-term plasticity following optogenetic stimulation. In this 

research, we cultured connected organoids on high-density multielectrode arrays. With time, 

axons grew from the organoids and connected with each other to form a neural circuit with 

synchronized activity. We repetitively stimulated and recorded the connected organoids using 

two distinct spatiotemporal patterns to monitor the changes in response to the two stimulations 

over an extended period of time. To investigate output signal segregation, multiple machine 

learning algorithms were tested. We found that the connected organoids showed different 

response to stimulation compared to the non-connected organoids. Network analyses before, 



during and after stimulation showed network alterations following long-term stimulation of the 

organoids. This result highlights the importance of circuitry in functionality of organoids and 

demonstrated the potential of connected organoids in future applications. 
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Abstract: Transcription factor (TF)-mediated cellular reprogramming has introduced a novel 

paradigm in developmental biology, challenging traditional methods and facilitating scientific 

innovation. 

Due to a lack of standardised, easy-to-use, and readily accessible human cell models, scientists 

often rely on animal models, primary cells, and/or cell lines that considerably differ from human 

biology. Induced pluripotent stem cell (iPSC)-derived cells are an alternative to these, offering a 

human model for disease research. Directed differentiation to generate the desired cell types 

from iPSCs through signalling with growth factors and small molecules involves lengthy, 

complex protocols that are challenging to reproduce, difficult to scale, and lead to heterogeneous 

populations. Moreover, despite the benefits of forward programming, several challenges remain 

associated with conventional vector-based methods of transgene expression impacting the 

efficiency, consistency and purity of the resulting cell populations, as the random integration of 

TFs can result in gene silencing. 

The use of these models makes it difficult to generate consistent data from a scalable source of 

cells, with experimental variability often preventing scientists from being able to reproduce 

results over time or replicate other scientists’ experiments. 

Genomic safe harbour (GSH)-mediated optimised inducible overexpression (opti-ox) of cell 

type-specific TFs enables highly controlled, consistent and scalable manufacturing of human 



iPSC-derived cells, addressing these challenges. This technology has been used to 

deterministically cell program iPSCs into different cell types, including ioGlutamatergic 

Neurons, ioGABAergic Neurons, ioMotor Neurons, ioSensory Neurons, ioMicroglia, 

ioOligodendrocyte-like cells, and ioAstrocytes. The resulting cell types are highly defined and 

consist of homogeneous populations, confirmed by ICC and RT-qPCR. Moreover, whole 

transcriptome analysis reveals consistent expression profiles across manufactured lots, 

demonstrating consistency of the cells. 

The availability of consistent lots of human iPSC-derived cells has the potential to address the 

lack of experimental reproducibility seen across research, allowing scientists to accelerate their 

studies and enhance the reliability of their findings. 
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Abstract: Olfactory Ensheathing Cells (OECs) are proposed as a potential therapeutic strategy 

for invasive lesions; these cells share properties with Schwann cells and astrocytes. OECs 

express the p75 neurotrophic receptor (p75NTR) and glial fibrillary acidic protein (GFAP). They 

modulate the local environment and support repairing neural connections by forming permissive 

glial bridges in the injured area when transplanted into a spinal cord injury. However, their role 

after transplantation into the retrosplenial cortex is unknown. This preliminary study analyzes the 

safety of OEC transplantation on a brain area. Our objective was to investigate the effects of 

OEC transplantation into the retrosplenial cortex on the mobility of mice after 21 days post-

surgery. We used adult CD1 mice as donors of olfactory bulbs; this tissue was processed by cell 

culture to generate the OEC transplant (n=3). Adult mice were injected into the retrosplenial 

cortex with the OEC transplant (n=8). Sham received an injection of a vehicle (n=8). After 21 

days post-surgery, mice did an open field test (OFT) to measure traveled distance, immobility, 

velocity, and time in the center and periphery. Post-surgery follow-up included daily visual 

inspections to observe the absence of infection, bleeding, or naso-oral secretions. No subjects 

were excluded, and no deaths were related to the procedure. Neither group exhibited aggression, 

seizures, or breathing problems. Our data suggest that OEC transplantation into the retrosplenial 

cortex did not affect any variable of OFT. Future studies need to analyze glial scar extension, 

pro- and anti-inflammatory cytokines expression, neurite outgrowth, and myelination. 

Developing new treatments that promote and accelerate the regeneration process in brain regions 

such as the retrosplenial cortex is essential for advancing biomedical research. 
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Abstract: Transplantation of human pluripotent stem cell (hPSC)-derived neurons to replace lost 

neurons and repair neural circuits has proven to be a valuable avenue for treating neurological 

disorders including Parkinson’s disease, Alzheimer's disease, Huntington's disease, which are 

characterized by neuronal loss. However, it is still not known whether the engrafted cells can 

integrate into endogenous neural networks and be used to treat the neuropsychiatric disorders, 

like Major depressive disorder, which are associated with neural dysfunction instead of neuronal 

loss. Here we report an efficient differentiation paradigm for hPSCs to generate VTA A10-like 

mDA neurons and found that post-mitotic patterning by Notch inhibitor, GDNF and AA induced 

the specification of A10 subtype. These hPSC-derived mDA neurons exhibited important 

characteristics of A10 subtype mDA neurons including expression profiles and 

electrophysiological properties. Moreover, grafted A10-like mDA neurons specifically project 

axons to endogenous-A10-target brain regions such as nucleus accumbens, olfactory tubercle and 

amygdala. The grafted A10-like mDA neurons were able to reconstruct mesolimbic dopamine 

pathway and induced the anxiolytic phenotype in transplanted normal mice or antidepressant-like 

phenotypes in transplanted depression mice model. These results indicate the grafted A10-like 

mDA neurons reconstructed specific circuit similar with the endogenous neural networks and 

restore the function of dysfunctional circuit, highlighting the promising application of hPSC-

derived neuron subtypes in treatment of neuropsychiatric disorders. 
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Title: Calretinin as a marker to track developing olfactory tracts 
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Abstract: The olfactory system is interconnected by projection neurons through an intricate 

circuit of axonal pathways. From the periphery in the olfactory epithelium (OE), the olfactory 

sensory neurons (OSNs) send their axons to the olfactory bulb (OB) via the olfactory nerve (ON) 

where they synapse with mitral and tufted cells (M/Tc) who project their axons to different 

olfactory cortical areas via the lateral olfactory tract (LOT). Some subpopulations of OSNs and 



M/Tc express calretinin (CR), allowing us to use this marker as a proxy to tract the development 

of these pathways in the OB and piriform cortex (PC). To label CR, we cross-mated Calb2-Cre-

ERT2 x Ai14 mice where CR+ cells express tdTomato after induction with 4-hydroxy-tamoxifen 

(4OH-Tx) at the embryonic day 11 (E11). In the OE, the first evidence of CR+ cells was seen at 

E14 around the septum, where some ON axons were visible. From E16 onwards, an increase in 

both the number and amount of CR was evident in the OSNs that were observed extending axons 

towards the OB to synapse with M/Tc in the glomeruli. Additionally, we used electron 

microscopy to follow synaptogenesis of LOT axons as they reach the PC along the anterior to 

posterior axis. The number of LOT-CR+ axons innervating the PC increased gradually as the 

embryonic development progressed in an anterior to posterior gradient. This increase in axonal 

directions matched the number of synapses occurring in layer 1 of PC. Interestingly, most CR+ 

axons run in the inner part of the LOT, separated from the surface. Collectively, these findings 

help to better understand the development of the cortical olfactory circuitry at embryonic stages. 
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Abstract: A critical regulator of binocular vision is the establishment of the proper ratio of 

retinal ganglion cells (RGCs) that cross the midline (contralateral RGCs) in the brain, and ones 

that do not (ipsilateral RGCs). 

We show that in the absence of the LIM-homeodomain transcription factor, ISL1, there is an 

expansion of the ipsilateral RGC domain in the retina. In Isl1-null mice, there is a central 

expansion of Zic2 expression, which is normally restricted to the ventrotemporal crescent (VTC) 

of the retina. In addition, the expression of Isl2, a transcription factor required for contralateral 

RGC axon guidance, is markedly down regulated. Results from retrograde DiI labeling of RGCs 

from the superior colliculi show that RGCs in the contralateral domain of the Isl1-null retina 

project ipsilaterally at the optic chasm. Interestingly, whole eye injection of cholera toxin subunit 

B (CTB) shows that ipsilaterally projecting RGCs from the contralateral domain of the retina in 



Isl1-null mice nonetheless project to regions of the dorsal lateral geniculate nucleus and superior 

colliculus that are targeted by contralateral projections in wild type mice. 

The expression of genes in the diencephalic midline that play a role in correct guidance of the 

ipsilateral and contralateral optic tract such as EphrinB2 and Nrcam, are unchanged in Isl1-null 

mice. RNA sequencing as well as gene expression analyses demonstrate significant changes in 

the expression of genes involved in RGC axon pathfinding in Isl1-null retinas relative to 

controls. We propose that Isl1 acts upstream of Isl2 and Zic2 in specifying contralateral versus 

ipsilateral RGC domains in the retina. 

Please note: Data was obtained from male and female embryonic and neonatal (P0) mice. 
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Abstract: Axon initial segments (AISs) initiate neuronal action potentials. Voltage-gated Kv1 

potassium channels (Kv1) are highly enriched at the AIS and regulate the repolarization phase of 

the action potential. However, the mechanisms responsible for the AIS clustering of Kv1 

channels and its associated proteins (e.g. PSD93 and ADAM22) remain poorly understood. Here, 

based on a proteomic dissection of the AIS that we performed, we screened potential AIS Kv1 

channel binding proteins. We identified the PDZ-domain containing scaffolding protein SCRIB 

at the AIS and found that it maintains AIS Kv1 channel clustering. Using a variety of 

experimental approaches including knock-out, cell surface clustering and co-

immunoprecipitation, we show that SCRIB both directly clusters AIS Kv1 channels and links 

AnkG and the AIS Kv1 channel protein complex. Together, these results define a new AnkG-

dependent scaffolding protein complex that functions to cluster AIS Kv1 channels, ADAM22, 

PSD93, and other components of the AIS Kv1 channel protein complex. 
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Abstract: Proper development and function of neurons requires tightly regulated microtubule 

(MT) -based transport of various cargo from cell bodies to synaptic terminals. Improper transport 

is implicated in various neurological diseases. Neurons have elaborately branched axons creating 

complex connections. Intracellular transport at axon branch junctions requires tight regulation of 

cargos, as suggested by recent discovery of selective transport in cultured dorsal root ganglion 

(DRG) neurons. Anterograde transport of lysosomes displayed preference for longer branches or 

branches with a dynamic growth cone. Furthermore, this selectivity is differentially regulated for 

various cargos and mediated by kinesin-3 motors. However, it is unknown what local 

mechanisms at branch junctions are mediating selectivity. Interestingly, MAP7 is a MT 

associated protein enriched at branch junctions in embryonic DRG neurons. In vitro, MAP7 

recruits kinesin-1 to MTs but inhibits kinesin-3 from MT binding. Transport of cargos such as 

lysosomes when MAP7 is overexpressed displayed increased run time but decreased velocity 

indicating kinesin-3 MT binding is blocked. Therefore, we hypothesize that MAP7 coordinates 

motor recruitment and transport selectivity at branch junctions via phosphoregulation. To test 

this hypothesis, we first examined MAP7 knockout neurons. Preliminary data showed an 

increase in the anterograde transport velocity of lysosomes, consistent with the idea that MAP7 

normally inhibits kinesin-3 but favors kinesin-1 transport. Currently, we are using these neurons 

to determine the requirement of MAP7 on transport selectivity. Next, we examined the role of 

MAP7 phosphorylation by mutating 13 SP/TP sites in the P-domain, a highly unstructured region 

that is involved in MT binding and axonal localization. Based on fluorescence recovery after 

photobleaching (FRAP) analysis, we found that that the phospho-mimetic mutant displays 

decreased MT binding compared to the phospho-null mutant. Intriguingly, the phospho-mimetic 

mutant is not localized to the branch junctions as the wildtype or the phospho-null mutant, 

instead it appears in the distal axons as well as the growth cones, which are normally avoided by 

MAP7. These data suggest phosphorylated MAP7 is readily removed from MTs, which could in 

turn increases kinesin-3-mediated transport at branch junctions. To test this possible mechanism, 

we are currently testing the role of the phosphomutants on selective transport. By parsing out the 



relationship between the regulation of MAPs and intracellular transport we will begin to 

understand how regulated transport supports axon development and maintenance. 

Disclosures: E. Moese: None. S. Tymanskyj: None. L. Ma: None. 
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Abstract: Neuropeptides are known to act as modulators of development and a variety of 

behaviors, but the mechanisms and events controlling their release are not as well understood. 

One such key event is the bidirectional transport of neuropeptide-containing dense core vesicles 

(DCVs) along the axon tract. While many studies of DCV transport in Drosophila have been 

conducted in motor neurons, here we use the pigment dispersing factor (PDF)-releasing 

peptidergic lateral ventral neurons (LNvs) as a model system to study the regulation of axonal 

DCV transport. Using fixed staining, live imaging, and behavioral analysis, we found that, as 

shown previously in other peptidergic neurons, Unc-104 and Dhc64c, are required for 

anterograde and retrograde transport of PDF, respectively. However, we also found additional 

motors that may play a role in DCV transport in the LNvs, such as the kinesins Klp68D and Khc-

73, and most interestingly, the axonemal dynein subunits CG9313 and Dhc93AB. While 

axonemal dyneins typically do not contribute to cytoplasmic transport, we hypothesize that these 

subunits may nevertheless act as regulators of axonal DCV transport in the LNvs. These findings 

may further our knowledge of mechanisms regulating axonal transport, particularly of 

neuropeptides. 
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Abstract: Despite the importance of inhibition for regulating developmental plasticity, the 

emergence of inhibitory neocortical innervation and synapse formation have not been well 

characterized. Inhibitory somatostatin (SST) neurons, which innervate pyramidal dendrites, play 

a key role in cortical signal processing but are particularly understudied in the context of 

developmental plasticity. While it is known that cortical excitatory neurons follow a deep to 

shallow developmental progression, and that excitatory synapses show exuberant postnatal 

synaptogenesis followed by pruning, it is unknown whether inhibitory innervation follows the 

same developmental trajectories. Here, we use a genetic labeling strategy to visualize SST 

boutons and their resident synapses in the mouse visual cortex, beginning before eye opening 

and continuing into adulthood. We show that robust depth differences in SST innervation density 

as reflected by bouton formation emerge during development, with the highest density in Layer 1 

and the lowest density in Layer 6. SST innervation fills in across all cortical layers 

simultaneously, with the sharpest increase occurring after eye opening and during the opening of 

the cortical critical period for ocular dominance plasticity. Surprisingly, SST bouton density is 

unaffected by dark-rearing, suggesting that SST bouton formation and maintenance do not 

require visual experience. We further investigated whether bouton formation indeed goes hand in 

hand with synapse formation, using epitope-preserving Magnified Analysis of Proteome (eMAP) 

to visualize individual synapses on each SST bouton. We found that before eye opening, many 

boutons are present without resident inhibitory synapses, and the number of synapses per bouton 

increases across development. These eMAP results indicate that early in development, boutons 

may be structurally present without their full complement of synaptic proteins, and that there is 

then a steady developmental increase in both bouton density and synapse number per bouton. 

Our results show that in contrast to the developmental trajectory of excitatory circuitry, which 

follows a deep to shallow progression and goes through an exuberant growth phase followed by 

pruning, inhibitory innervation emerges concurrently across layers and progresses steadily 

without subsequent pruning. Further, unlike excitatory circuit development, inhibitory SST 

innervation and synapse formation appear independent of visual experience. These findings 

suggest that inhibitory innervation follows fundamentally different rules than excitatory 

innervation during development. 
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Abstract: INTRODUCTION Maternal obesity is a growing public health concern and poses 

significant health risks to offspring later in life. The perinatal period is a vulnerable stage in the 

nervous system's development because neuronal connections are extensively refined and may be 

influenced by the intrauterine environment during fetal programming. Several studies have found 

that feeding female mice with obesogenic diets is associated with offspring’s central nervous 

system impairment. However, little is known about how maternal high-fat diet (HFD) affects the 

stability of peripheral synapses during development, specifically, the neuromuscular junction 

(NMJ), a vital synapse. In this study, we investigate the role of maternal HFD on the structure 

and function of the offspring’s NMJ. METHODS We used Non-Swiss Albino mice (CF1), from 

postnatal day 0 (P0) to P21. We used females fed with an HFD during pregnancy and lactation. 

We used a battery of behavioral tests to evaluate whether maternal HFD affects postnatal motor 

function. To analyze the effect of maternal HFD on the NMJ postsynaptic structure, we used 

fluorescent labeling techniques to assess the distribution, density, and dynamics of acetylcholine 

receptors (nAChRs) at various postnatal ages. To investigate the effect of maternal HFD on the 

NMJ presynaptic components, we analyzed the motor neuron and the Schwann cell. We 

visualized offspring muscles in both upright and confocal microscopes. We performed 

transmission electron microscopy to visualize subcellular structures in postnatal muscles. 

RESULTS In the motor skills tests, we found that neonatal mice exposed to HFD performed 

significantly worse than their age-matched SD pups at any postnatal day tested (from P2 to P13). 

Perinatal exposure to an HFD suggests behavioral disturbances in the offspring such as increased 

limb clasping behaviors, higher muscle weakness, lower motor coordination, and lower trunk 

control than the SD group. Furthermore, maternal HFD affects the distribution, density, and 

dynamics of nAChRs in the postsynaptic apparatus, and affects the innervation of the NMJs. 

Analysis of the electron micrographs of skeletal muscle from the HFD group revealed a higher 

number of intramyocellular lipid droplets compared to the SD group, and the HFD group showed 

disrupted peri-droplet mitochondria in the first and second postnatal week. CONCLUSIONS 

These results suggest that perinatal exposure to an HFD correlates to motor deficits in the 



offspring and that developmental milestones may be delayed in pups exposed to maternal HFD. 

Maternal HFD affects both presynaptic and postsynaptic components of the offspring NMJs. 
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Abstract: Introduction: Bisphenol A (BPA) is an environmental xenoestrogen compound 

associated with attention and memory impairments. According to previous studies, BPA 

exposure during gestation and lactation impacted neurodevelopment more than other stages, as 

this phase is considered a critical brain developmental window with high synaptic plasticity. 

Methods: This study investigates the effects of prenatal BPA exposure on the synaptic markers 

(synapsin I and PSD-95) level in the prefrontal cortex of male adult Sprague Dawley and the 

neurobehavioral outcomes. The pregnant rats were given a daily oral dose of 5 mg/kg of BPA 

with 0.1% Tween 80 (n=3), starting from pregnancy day 1 until 21. The control group was 

treated the same, except the daily oral dose was 0.1% Tween 80 (n=3). The mothers were 

observed daily until the spontaneous delivery. The male foetuses (n=4) were identified and 

assessed with neurobehavioral tests to evaluate the attention and working memory function when 

reaching adolescent age, postnatal day 40 (PND40). Then, the male rats were sacrificed to collect 

the prefrontal cortex of the brain. The expression of synaptic markers, synapsin I (Syn I) and 

Postsynaptic Density-95 (PSD-95) were determined by ELISA. Results: The findings showed 

that prenatal BPA exposure at 5 mg/kg/day significantly reduces the level of Syn I and PSD-95 

in the prefrontal cortex of the male SD rats at PND40. Consequently, the rats manifested 

attention and working memory impairments when reaching PND40. Conclusion: The findings 

suggested that prenatal BPA exposure reduced the Syn I and PSD-95 levels in male rats' 

prefrontal cortex, leading to attention and working memory deficits when reaching adolescence. 
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Title: Devatlas: a reporter system for mapping of circuit maturation in the developing brain 
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Abstract: Brain development is a highly dynamic and asynchronous, marked by the sequential 

maturation of functional circuits across the brain. This process is highly influenced by neuronal 

activity. However, the timing and mechanisms driving circuit maturation remain elusive due to 

an inability to identify and map neuronal populations as they mature. Importantly, while 

impaired circuit maturation is often the leading cause in many neurodevelopmental disorders 

(NDDs), it is still challenging to pinpoint when and where circuit maturation is affected by the 

genetic and environmental factors in NDDs. To address these challenges, we have created a 

reporter system, DevATLAS (Developmental Activation Timing-based Longitudinal Acquisition 

System), which is based on the activation of an immediate early gene (IEG), Npas4, to capture 

neurons undergoing activity-dependent circuit maturation. Npas4 is known to be selectively and 

robustly induced by neuronal activity and functionally involved in establishing circuit E/I 

balance, a critical step during activity-dependent circuit maturation. Neurons are permanently 

labeled by tdTomato when they are activated to express Npas4 for the first time during early 

development to initiate activity-dependent circuit maturation. Using an established whole-brain 

imaging and analysis pipeline, we have constructed the first longitudinal, spatiotemporal map of 

whole-brain circuit maturation during development. Furthermore, DevATLAS can be used to 

uncover mechanisms that drive circuit maturation in vivo. We have identified a cellular 

mechanism by which early experiences accelerate the development of hippocampus-dependent 

learning by amassing synaptically mature granule cells in the dentate gyrus. Additionally, 



convergent molecular pathways driving synaptic maturation in multiple circuits in vivo have 

been identified, facilitated by DevATLAS. Most importantly, DevATLAS proves to be a 

powerful high-throughput to pinpoint when and where circuit maturation is disrupted in mouse 

models of NDDs. Finally, we have established a web-based open resource to share our existing 

and future whole-brain imaging datasets with the neuroscience community freely. In summary, 

DevATLAS will have a wide impact on our understanding of in vivo circuit maturation during 

early brain development, by (1) providing a systematic blueprint of whole-brain circuit 

development, a much-needed resource for the neuroscience research community; (2) facilitating 

the identification of fundamental mechanisms underlying in vivo circuit maturation; and (3) 

accelerating the discovery of disease etiologies of many neurological disorders such as NDDs. 
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Abstract: Fear is the emotion that is elicited when danger or threat are perceived or recognized. 

Maladaptive fear is common in anxiety disorders. Fear responses are orchestrated by the 

activation of stimulus-specific neural circuits that converge in the periaqueductal gray (PAG). A 

risk factor for increased fear is increased 5-HT in early life, for example due to SSRIs use in 

pregnancy. In rodent postnatal day 2 to 11 (P2-11) fluoxetine causes enduring changes in 5-HT 

function and increased anxiety. Yet, it remains unknown if changes in developmental 5-HT 

signaling alters adult 5HT PAG circuit function to increase innate fear. We adopted a cross-

species approach to show how increased developmental 5HT signaling impacts innate fear 

behavior and underlying neural circuits including the PAG. We adopted a cross-species 

approach: 1) we used chemogenetic (Pet1Cre::Hm3d) or pharmacologic (fluoxetine, 10mg/kg) to 

increase 5-HT signaling during P2-11 in mice, 2) we used in utero SSRIs exposed or unexposed 

individuals from the ABCD study, and 3) we used fiber photometry (FP) to measure 5-HT 

(iSeroSnFR) input onto GABAergic (JRGeco1a) output in VgatCre mice injected with fluoxetine 



or saline during P2-11. We investigated fMRI imaging and innate fear responses during predator 

odor exposure in mice and BOLD response to fearful compared to neutral faces as well as CBLC 

scores in humans. Using projection-specific excitatory and inhibitory optogenetics 

(Pet1Cre::Ai32 or Ai39) we explored the necessity of adult dlPAG input that impacts innate fear 

responses in mice. Using FP we established a direct relationship of 5-HT in controlling GABA 

signaling during fear responses. In mice, increased developmental 5-HT signaling exacerbated 

innate fear responses and activation of fear brain regions (i.e., amygdala and PAG). Human 

adolescents exposed to SSRIs in utero showed hyper activation of fear brain structures (i.e., 

amygdala, thalamus) and exhibited higher anxiety symptoms than unexposed adolescents. In 

adult mice 5-HT in dlPAG is pivotal for disinhibiting innate fear responses via increased GABA 

signaling. Increased 5HT levels, i.e. SSRI, in early life enhances innate fear responses and fear 

brain circuit activation that are conserved across species. Understanding the modulation of PAG 

by 5-HT will provide insight into pathophysiology and etiology of anxiety disorders. 
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Abstract: Integrin β3 (Itgb3) mutations are associated with autism spectrum disorder. Itgb3 is 

required in forebrain excitatory neurons and astrocytes for normal social and grooming behaviors 

in adult mice. Recent evidence from our lab shows that postnatal Itgb3 expression is highest in 

cortical layer 5 and that it is developmentally regulated. Specifically, layer 5 Itgb3 expression is 

strongest in the motor and somatosensory cortex between P0-P21, peaking around P7-P14. The 

early developmental regulation of Itgb3 in the motor and somatosensory cortex led us to 

hypothesize that Itgb3 is required for the normal development of early somatomotor behaviors. 

We tested conditional Itgb3 KO mice (floxed Itgb3 line crossed with the Emx1-Cre driver line) 

and control mice (floxed Itgb3 line) every day from P1-P21, utilizing a battery of sensorimotor 

and other behavioral tests. Both mouse lines were confirmed to have the same C57BL6/J genetic 

background via SNP-based genetic monitoring assays. Experimenters were blinded to the 



genotype of the mice. Individual mice within litters were identified by microtattoo. Behaviors 

were quantified and analyzed via statistical testing that accounted for litter-to-litter variations. 

Almost all behaviors tested were validated in controls, and the onset of most sensorimotor 

behaviors occurred between P7-P15. Conditional Itgb3 KO were highly delayed in the onset of 

somatomotor behaviors such as body and air righting (~4 d delay), cliff avoidance and vibrissa-

induced forelimb placing (~2 d delay), and whisking (~1 d delay). Although the onset of 

forelimb grasping was similar between the two groups (~P10), within a week, control mice were 

able to maintain their grip for approximately 6 times longer than conditional Itgb3 KO mice. The 

weight of both groups was similar in the first two weeks of postnatal life, but at P16-P21, 

conditional Itgb3 KO mice were ~15% heavier than control mice. Other developmental 

milestones, such as eye opening and auditory startle reflex, were not delayed in conditional Itgb3 

KO. We conclude that forebrain Itgb3 is required for the normal development of early 

somatomotor behaviors. 
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Abstract: Episodic memory networks involve interactions between the hippocampus regions. 

This study employed Dynamic Causal Modeling (DCM) using intracranial EEG (iEEG) data 

acquired during episodic encoding to examine the directed influences within hippocampal 

networks. We focus on effective connectivity estimates between the left anterior hippocampus 

(LAH) and the left posterior hippocampus (LPH) during successful vs unsuccessful encoding 

events. Using DCM, we explored how connectivity patterns between these hippocampal regions 

are modulated during memory encoding and further predict success. DCM for induced responses 

was investigated, revealing significant cross and intra-frequency directed coupling (effective 

connectivity). We also report which coupled frequencies are modulated by successful vs 

unsuccessful encoding. Bayesian inversion techniques enabled the inference of model parameters 



and the comparison of different hypotheses regarding connectivity patterns. These insights into 

hippocampal connectivity provide a deeper understanding of the neural mechanisms underlying 

successful memory encoding using a novel application of DCM to intracranial EEG data. 

Keywords: Intracranial EEG, Dynamic Causal Modeling, Episodic Memory, Hippocampus, 

Induced Responses 
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Abstract: Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized by 

deficits in social communication, as well as restricted, repetitive patterns of behaviors and 

interests. (5th ed.; DSM–5; American Psychiatric Association, 2013) Moreover, autistic 

individuals commonly suffer from hypersensitivity or hyposensitivity to sensory stimuli – a 

diagnostic criterion of ASD -- as well as various types of sleep disturbances. (Ben-Sasson et al. 

2019, Weissenkampen et al. 2024) Sex differences in sensory sensitivities (female vs. male 

assigned at birth) have been understudied. In a sample of 252 autistic adults (94 male, 158 

female), many of whom had various sleep difficulties, we assessed sensory hypersensitivity and 

hyposensitivity using the Glasgow Sensory Questionnaire (GSQ), a 42-question survey 

evaluating valence of 7 different sensory domains. (Robertson and Simmons, 2013) Through 

analysis of GSQ scores using two-sample t-tests, we found that females reported higher levels of 

sensory sensitivities than males (F: 78.5 ± 24.9, M: 62.5± 27.9, p <0.001, t-value: 4.70) and 

reported more sensitivities in all domains than males (auditory, visual, gustation, olfaction, 

vestibular, and tactile). These results highlight another understudied sex difference in ASD 

behavioral phenotypes. In future studies, we will study underlying mechanisms of this sex 

difference and test for relationships between sensory sensitivities and sleep / wake / activity 

disturbances. 
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Abstract: Autism Spectrum Disorder (ASD) is a heterogeneous neurodevelopmental disorder of 

which the etiology is unknown. ASD is thought to result from altered brain development caused 

by genetic and/or environmental factors. As such, many different factors have been identified 

and consequently studied in a variety of genetic and environmental animal models. Recently, the 

mammalian target of rapamycin (mTOR) pathway has been implicated in synaptic remodeling, a 

process strongly associated with ASD. To investigate whether differentially regulated mTOR 

signaling is a shared mechanism in this heterogeneous neurodevelopmental disorder, we 

performed a systematic review and meta-analysis of 156 studies that investigated this pathway in 

a large variety of genetic and/or environmental animal models for ASD. Using a random-effects 

model we found that, compared to controls, expression of several mTOR pathway-related 

proteins was consistently increased or decreased across ASD models. Using subgroup analyses, 

we further specified the results and found that expression of other mTOR pathway-related 

proteins varied depending on species, sex, age, or brain region. Our results support involvement 

of mTOR pathway-related proteins in ASD, but also demonstrate a high degree of variability in 

mTOR regulation across animal models. These findings contribute to our understanding of 

common mechanisms in ASD development that will require further investigation. 
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Abstract: Down syndrome (DS) and autism spectrum disorder (ASD) are two common 

neurodevelopmental disorders with some similarities as well as characteristic differences in 

symptoms. While abnormal neocortical development and organization have been implicated in 

DS and ASD, the exact nature and origin of the defects remain largely elusive. Here we show 

that opposite dysregulation of the fine structural and functional organization of neocortical 

excitatory neurons are associated with these two disorders. In Ts65Dn mice, a commonly used 

DS model, clonally related excitatory neurons originated from the same radial glial progenitor 

(RGP) become laterally compact with an elevated synaptic connectivity. In contrast, in three 

well-characterized mouse models of unrelated ASD high-risk genes, including Chd8, Fmr1, and 

Dyrk1a, clonally related excitatory neurons originated from individual RGPs become laterally 

dispersed with a reduced synaptic connectivity. Interestingly, in concordance with these defects, 

the expression of clustered protocadherins (cPcdhs) is oppositely affected in DS and ASD 

models, restoration of which rescues the defects. Together, these results suggest that exquisite 

organization of neocortical excitatory neurons is a crucial converging point of 

neurodevelopmental disorders. 
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Abstract: Autism spectrum disorder (ASD) affects approximately 1 in every 36 children in the 

United States and can influence social interaction and daily functioning. Within autism’s broad 

range of symptoms, disproportionate megalencephaly—a condition characterized by abnormal 

brain overgrowth—is a commonly cited characteristic of autism and has been shown to be 



associated with increased intellectual disability and cognitive impairment in autistic individuals. 

Clinically, disproportionate megalencephaly often serves as an early indicator of ASD, 

highlighting the critical need to understand the underlying mechanisms of brain overgrowth to 

develop targeted interventions. However, few studies have been conducted to elucidate the 

cellular mechanisms underlying disproportionate megalencephaly, likely due to challenges in 

accessing developing human brain tissue. Our work uses human induced pluripotent stem cells 

(iPSCs) to generate neural progenitor cells (NPCs) from individuals with autism who exhibit 

disproportionate megalencephaly (ASD-DM), individuals with autism who have normal brain 

size (ASD-N), and neurotypical individuals with normal brain size as the control group (TD-N) 

to investigate the mechanisms contributing to disproportionate megalencephaly. Our results 

indicate increased cell viability and reduced apoptosis in ASD-DM NPCs compared to ASD-N 

and TD-N NPCs, prompting further investigation into cellular pathways associated with cell 

survival and apoptosis. The findings in this study underscore the promising potential of iPSC 

research in advancing our understanding of DM in autistic individuals and shed light on potential 

therapeutic targets. 
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Abstract: Neurodevelopmental disorders often cause severe lifelong impairments and can lead 

to a reduced lifespan. With a prevalence of about 1%, autism spectrum disorder (ASD) is one of 

the most common neurodevelopmental disorders. It has previously been shown that the 

excitation/inhibition (E/I) balance in cortical networks may be altered in autism. In addition, 

dysregulations in the assembly of the earliest circuits of the cerebral cortex have been reported in 

ASD model systems. However, ASD is a complex polygenic disorder so that it remains 

challenging to find convergent abnormalities. Further complicating investigations of ASD’s 



pathophysiological mechanisms is the fact that circuit structure and activity influence each other 

during development and should be investigated in parallel. Therefore, we studied the interplay 

between network activity and circuit topology during development to identify shared circuit 

abnormalities in multiple mouse models of ASD. We used acute brain slices of common ASD 

mouse models at different neurodevelopmental time points. In such ex-vivo preparations, the 

local to mid-range neuronal circuitry is mostly preserved. This preservation allows for a 

comprehensive investigation of network activity and mesoscale circuitry with high-precision 

tools, such as high-density microelectrode arrays (HD-MEAs). 

To assess alterations in network spiking dynamics, circuit topology, and E/I balance, we 

combined patch clamping with our in-house-developed state-of-the-art HD-MEA. The 

complementary-metal-oxide-semiconductor (CMOS)-based HD-MEA features 59’760 electrodes 

and 2’048 channels for simultaneous read-out at 20 kHz sampling rate. The large sensing area of 

4.5 x 2.4 mm2 and the small electrode pitch of 13.5 µm enables a detailed study of neuronal 

networks across scales - from subcellular compartments through single cells to full networks. 

The combination with patch-clamp recordings, which allow for detection of sub-threshold 

events, enables a comprehensive network characterization. 

Here, we introduce our new platform and report first results characterizing (i) the development of 

connectivity motifs within S1, focusing on cortical layer 5, (ii) cell-type specific changes in 

spiking dynamics across all cortical layers, and (iii) the evolution of the E/I ratio during 

development in multiple autism mouse models in comparison to wild-type animals. 
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Abstract: Elevated perinatal interleukin-6 modifies hippocampal physiology and produces 

cognitive and behavioral changes. Rouba Y. Houbeika, Sidra Ali, Naia Marcelino, Fernando 



Janczur Velloso, Ozlem Gunal and Steven W. Levison 

Autism (ASD) spectrum disorder is a neurodevelopmental disorder characterized by difficulties 

in communicating and interacting with other people. Successful social interaction requires 

acquiring information and reconstructing those memories to behave accordingly, highlighting the 

importance of the hippocampus. Epidemiologic studies have demonstrated that maternal 

infections stimulate the production of interleukin-6 (IL-6), which can cross the placenta and fetal 

blood brain barrier to alter brain development. To model the effects of increased levels of IL-6 at 

the end of the second trimester of human development which hasn't been studied before we have 

injected male and female mice with PBS or with 75 ng IL-6 twice daily, from post-natal day 3 

until post-natal day 6. Our published studies have shown that this IL-6 treatment paradigm alters 

patterns of ultrasonic vocalizations, reduces social interactions and increases self-grooming in 

male mice. Since many individuals with ASD have intellectual disabilities, the goal of this study 

was to evaluate performance on a memory test and evaluate the changes in hippocampal 

physiology. Here we show that contrary to our expectations, when tested at 5 weeks of age, the 

IL-6 treated males spent more time exploring the object at the new location as compared to the 

controls while the IL-6 treated females spent the same amount of time exploring the object at the 

old and novel location. Correspondingly, after inducing LTP in the CA1 with 2 sets of 4 trains of 

tetanic stimulation (100 Hz) with 20s intervals male mice showed a 30.4 % increase in the 

acquisition of LTP induction. The male mice also showed larger depression of the field EPSP by 

26.04 % after LTD was induced by 900 pulses at 1 Hz for 15 min. By contrast, female mice 

showed no significant changes in LTP. While total apical dendritic spines were reduced by 25 % 

in the CA1 region of the IL-6 treated males there was a 69% increase in thin spines. Western blot 

analysis of the NMDA and AMPA receptor subunits, GluN2A, GluA1 and GluA2 at 6 weeks of 

age showed no changes in hippocampal homogenates of IL-6 vs control mice. Taken altogether, 

these data show that a short increase in circulating IL-6 is sufficient to causing lasting changes in 

hippocampal synaptic plasticity and function. Supported by NS116828-04 awarded to SWL. 
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Abstract: Sleep disturbances and their underlying neurophysiology are of high interest in autism 

research given their reported high prevalence and deleterious clinical impact. Previous studies 

utilizing questionnaires, actigraphy, or polysomnography (PSG) have demonstrated large 

heterogeneity across autistic individuals who exhibit different sleep disturbances and alterations 

in neurophysiology. The goal of the SSP was to establish a comprehensive open science resource 

for studying mechanisms of sleep in autism using multiple digital phenotyping techniques and 

for assessing their relationship with parent reported core autism symptoms and common co-

occurring symptoms (e.g., sensory problems and irritability). 

Data was collected from 99 families recruited from the Simons Powering Autism Research 

(SPARK) cohort. Each family had an autistic child and non-autistic sibling, both 10-17 years old, 

who had previously completed whole exome sequencing that did not reveal any clinical findings 

(i.e., idiopathic autism). Parents completed multiple questionnaires and received a Dreem3 EEG 

headband (Beacon Biosignals Inc.), EmbracePlus smartwatch (Empatica Inc.), and Withings 

Sleep mat (Withings Inc.). Simultaneous data was collected from all devices along with a sleep 

diary for 2-3 weeks from each child. In total, over 3200 nights of data were recorded. Raw EEG 

and actigraphy data from the Dreem3 were harmonized with raw actigraphy, electrodermal 

activity, skin temperature, and photoplethysmography data from the EmbracePlus, and pressure 

data from the Withings mattress sensor. 

We describe the data repository along with preliminary analyses of the EEG data that were 

processed using automated algorithms to identify participants with at least five nights of high-

quality sleep data that contained at least three hours of sleep per night. Sleep staging analyses 

with the POPS, YASA, and Dreem algorithms revealed that, contrary to previous reports from 

single night PSG studies, there were no significant differences across autism and sibling groups 

in percentage of sleep in any sleep stage (N1, N2, N3, or REM), apart from the YASA algorithm, 

where REM sleep was longer in the autism group (t(170)=3.17, p=0.006). 

SSP data will be openly available from the Simons Foundation Autism Research Initiative 

(SFARI) starting October 2024 and offer an unprecedented opportunity for the research 

community to study sleep and other aspects of autism with objective digital phenotyping 

techniques. 
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Abstract: Motivation Alterations in auditory and speech processing have been widely described 

in autism spectrum disorder (ASD), which may contribute to social and attentional impairments. 

In this work, we utilized brief auditory stimuli at a repetitive frequency to evoke an auditory 

steady state response (ASSR), to evaluate the neurophysiology of auditory entrainment in ASD 

compared to typically developing (TD) children. ASSR in ASD has largely been studied using 

MEG and yielded conflicting results. Here, we evaluated ASSR in a relatively large sample of 

ASD and unaffected siblings using more accessible EEG techniques. This work aims to provide 

insight into the mechanisms behind altered auditory processing and entrainment in ASD. 

Methods Participants were 8-12 years, with full-IQ >80. Mean age and percent females (F) by 

group are as follows: ASD (n=46): 10.8 years, 16% F; TD (n=26): 10.2 years, 46% F; unaffected 

siblings (n=23): 10.5 years, 59% F. Stimuli were 500 ms trains of binaural clicks at either 27 or 

40 Hz. EEG recordings were collected from 70 active BioSemi channels. Dependent measures 

included: ASSR power at stimulation frequency during the steady-state response (from 200-500 

ms); the broad-band response leading into the steady-state response (BB); and PLA, the 

difference in phase angle from the expected angle (TD mean). Group differences in BB and 

ASSR power were assessed by ANOVA; PLA was assessed by Watson-Williams test. Results 

ASD demonstrated a delayed BB response compared to TD in the early negative window (180-

250 ms) for 40-Hz (R-side only) and 27-Hz stimulation, which negatively correlated with IQ. 

Spectro-temporal analysis suggested this reflected low frequency neural activity, as group 

differences in BB amplitude held true after low-pass filtering to include only delta and theta 

bands (0.5-8 Hz). There were no significant group differences in ASSR power or PLA. Siblings 

did not significantly differ from either ASD or TD in any measure. Discussion Group differences 

(ASD vs. TD) in ASSR response predominate in the negative slope of the BB, which may reflect 

reduced efficiency in the initial auditory cortical entrainment to an external stimulus. We 

identified the BB delay in ASD for both 27/40 Hz stimulation, suggesting the deficit is likely not 

specific to rate coding, as previously theorized, but may reflect a broader impairment in 

instantiation of steady state entrainment. Failure to identify differences in BB amplitude between 

siblings and either ASD/TD group is consistent with an intermediate response, which would 

suggest that the BB response is endophenotypic, although this requires further investigation. 
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Abstract: Encoded by the FMR1 gene, the FMRP protein is one of the most crucial RNA-

binding proteins in the developing brain as it regulates the translation of hundreds of mRNAs, 

many associated with synaptic function. FMRP contains three main RNA-binding motifs: K-

homology (KH) domains KH1 and KH2, and an RGG box. Human FMR1 (hFMR1) mRNA 

undergoes alternative splicing to produce over 20 unique isoforms. It is unknown whether these 

isoforms have distinct functions; however, alternative splicing of exons associated with RNA-

binding regions suggests possible differences in RNA-binding affinity and/or specificity between 

isoforms. The largest alternatively spliced region directly linked to an FMRP RNA-binding 

domain is exon 12, which encodes the KH2 domain variable loop. Exon 12 is absent in nearly ¼ 

of known protein-coding isoforms of hFMR1. Given the KH2 domain’s role in translational 

regulation, we hypothesize that the presence vs. absence of exon 12 leads to differential FMRP-

RNA binding interactions, resulting in distinct roles for exon 12-containing and exon 12-lacking 

isoforms. To investigate this, we first compared the ratio of exon 12-containing FMR1 isoforms 

to total FMR1 isoforms throughout development in control organoids and human cortex (age 0-

45+, both sexes) using exon 12-specific qPCR primers. Exon 12-containing isoforms were most 

abundant during development and were considerably reduced with age. We then utilized known 

exon 12-containing hFMR1 ISO13 and exon 12-lacking hFMR1 ISO17 sequences to generate 

two new humanized, inducible mouse lines that allow us to further investigate the role of exon 

12 in the developing brain. Our novel hFMR1-ISO13flox and hFMR1-ISO17flox mice differ solely 

in their inclusion vs. exclusion of exon 12, allowing the function of the KH2 variable loop region 

to be directly studied. Both lines were crossed with B-actin-Cre+ mice to induce Cre-mediated 

recombination during embryogenesis. Human FMRP was detectable in the cortex of both 

hFMR1-ISO13f/y/B-actin-Cre+ and hFMR1-ISO17f/y/B-actin-Cre+ mice as early as E15, while 

endogenous mouse FMRP was absent. Both isoforms normalized the Fmr1 KO hyperactivity 

phenotype in male ~P40 mice; however, only ISO13 rescued Fmr1 KO deficits in fear-



conditioned memory acquisition at ~P80, indicating that these isoforms may serve overlapping 

yet distinct roles during brain development and maturation. Further analysis of RNA binding 

specificity will determine whether the presence vs. absence of exon 12 allows FMRP to regulate 

a distinct population of RNAs. Importantly, these new tools will also enable the study of specific 

FMRP isoforms in a more human-relevant context. 
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Abstract: Down syndrome (DS) is a developmental disorder in which atypical tongue movement 

contributes to impairments of speech, breathing, feeding, and swallowing. Our previous work 

found that the Ts65Dn mouse model of DS at postnatal days of age 35-36 (p35-36) demonstrated 

significant behavioral deglutition phenotypes consistent with reduced efficiency in eating, 

coinciding with significant alterations in tongue muscle microanatomy. While loss of cholinergic 

neurons has been reported to occur in Ts65Dn, it is unknown whether cholinergic motor neurons 

that direct movement of the tongue muscles are impacted in Ts65Dn. Therefore, this study tested 

the hypothesis that the Ts65Dn mouse model of DS demonstrates significant biological 

differences of the cholinergic motor neurons of the hypoglossal nucleus at p35-36, relative to 

euploid sibling controls. Methods: Ts65Dn and euploid sibling controls (n =4-5 male and 5-6 

female mice per group) were euthanized at p35-36 and brains were frozen on dry ice. Serial cross 

sections extending throughout the entirety of the hypoglossal nucleus were stained through 

immunofluorescence to permit identification of hypoglossal nucleus cholinergic motor neurons, 

expressing both neuronal nuclei (NeuN) and choline acetyltransferase (ChAT). A semi-

automated image analysis protocol was created and used to quantify hypoglossal motor neurons 

in de-identified images of serial tissue sections. Dependent variables included motor neuron cell 

count (#) and density (# cells / mm2). Data were analyzed by 2-way ANOVA to detect 

significant effects of sex and genotype, as well as significant interactions between sex and 

genotype. Results: Ts65Dn show significantly fewer hypoglossal motor neurons than euploid 



sibling controls, as indicated through two different anatomical measures. Ts65Dn have fewer 

hypoglossal motor neurons than euploid siblings [F(1,16)=9.22, p=.008] as evaluated through 

total numbers of hypoglossal motor neurons present, and also have significantly reduced density 

of hypoglossal motor neurons [F(1,16)=7.70, p=.014] as determined by the number of motor 

neurons per mm2 of hypoglossal nucleus. Conclusions: While expansion of this study is on-

going, these early results suggest that significant phenotypes of the hypoglossal motor nucleus 

coincide with alterations of tongue muscle microanatomy and functional deglutition phenotypes 

in the Ts65Dn model of DS. The use of mouse models to clarify hypoglossal nucleus phenotypes 

associated with DS will guide future research to ensure that therapies targeting tongue movement 

disorders are as biologically informed for patients with DS as they are for the general population. 
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Abstract: Down syndrome (DS) is characterized by microcephaly, altered cortical lamination 

and intellectual disability (ID). Early alterations in neural precursor cell (NPC) populations 

during corticogenesis may contribute to the neuroanatomical and cognitive impairments 

associated with ID. Data sets examining 3D culture models of trisomy 21 at differentiation day 

(D) 30 and later have demonstrated impaired NPC proliferation, reduced neurogenesis, and a 

concomitant decrease in organoid size. Clusters of NPCs within organoids form proliferative, 

morphogenic centers known as neural rosettes. Direct comprehensive characterization of neural 

rosette formation and expansion during early organoid development in DS has not been done. 

Here we present an exploratory analysis of these structures during very early development, <D30 

in culture. We conducted three technical replicates to differentiate one isogenic line of induced 

pluripotent stem cells derived from a 25-year-old woman with DS into human cortical spheroids 

with dorsal forebrain characteristics. We performed high-resolution 3D imaging of entire cleared 

spheroids using a 2-photon laser-scanner and a combination of immunohistochemical markers to 

characterize the architectonic features, size, and cellular composition of neural rosettes. EdU 

proliferative assays and co-immunostaining were performed to characterize the cell cycle phase 



duration and proliferation rate of NPCs within rosettes. We find that spheroid growth is 

consistent between genotypes until day 18, in which trisomic spheroids grow at a slower rate and 

display smaller size compared to isogenic euploid controls (n = 24 per genotype and timepoint). 

We have observed differences in the density, size and composition of each rosette between 

genotypes. Specifically, euploid spheroids have a greater density of medium- to large-sized 

rosettes, determined by luminal area. While trisomic spheroids have fewer and less coherent 

rosettes, indicating disordered development. We expect to find delayed cell cycle progression 

and impaired proliferation in trisomic spheroids, indicated by increased total cell-cycle length, 

prolonged s- to m-phase duration, and fewer mitotic figures. By characterizing differences in 

rosette formation and NPC dynamics in trisomic spheroids, we start to elucidate the cellular 

underpinnings of the neuroanatomical deficits occurring during early development in DS. 

Disclosures: A. Ayoub: None. T.F. Haydar: None. 

Late-Breaking Poster 

LBA001: Theme A Late-Breaking Posters 

Location: MCP Hall A 

Time: Sunday, October 6, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: LBA001.043/LBA41 

Topic: A.07. Developmental Disorders 

Support: NIAAA 5R01AA029114 

 Developmental Exposure Alcohol Research Center, Binghamton, NY 

Title: Acute Ethanol Exposure Triggers Src Family Kinase Hyperactivity in Human Cerebral 

Organoids 

Authors: *J. DOUPE1,2, M. ANAM2, B. HOWELL2, E. C. OLSON3;  
1Upstate Med. Univ., Syracuse, NY; 2Neurosci., 3Neurosci. and Physiol., SUNY Upstate Med. 

Univ., Syracuse, NY 

Abstract: Fetal alcohol syndrome (FAS) is a major cause of intellectual disability in humans and 

is characterized by disrupted brain development and postnatal cognitive impairments. The 

pathology of FAS is complex and includes disruptions of signaling pathways involved in 

neuronal proliferation, migration, differentiation, and apoptosis. However, it is unclear whether 

there are common biochemical mechanisms that initiate this diverse pathology. Prior work from 

our laboratory established that acute ethanol exposure in doses ranging from 100 to 400mg/dl 

causes a rapid (<15 minute) increase in tyrosine phosphorylation of multiple proteins, both in 

cultured mouse neurons and in the fetal mouse brain after maternal dosing (400mg/dl). 

Pharmacological intervention revealed that Src Family Kinase (SFK), likely Src itself, was 

critical for the hyperphosphorylation. Immunoprecipitation and phosphoantibody array data 

revealed phosphorylation targets in several critical neurodevelopmental signaling pathways 



including the Reelin signaling pathway, involved in migration and dendritogenesis, the Erb2 

pathway involved in neuronal proliferation and the EphA3 pathway involved in axonal 

outgrowth. This suggests that multiple cellular pathologies could be initiated by this SFK 

mediated hyperphosphorylation. To determine whether this SFK activation mechanisms could 

contribute to FAS we asked whether ethanol can trigger a similar response in human embryonic 

cortical neurons. Using cultured cerebral organoids, generated from human iPSCs (Kolf2.1/J), 

we find that 15 minute exposure to 400 mg/dl ethanol causes a ~2.5 fold increase in 

phosphotyrosine immunosignal in 50 DIV and older organoids. The highest response is observed 

in regions of the organoids enriched in Dcx+ and Tbr1+ immature neurons. The phosphorylation 

response is completely blocked with PP2, a selective inhibitor of SFKs but not with the inactive 

control compound PP3. These initial results suggest that human cortical neurons, like mouse 

cortical neurons, are vulnerable to ethanol induced SFK hyperactivation and likely, the 

consequent disruption of multiple developmentally important signaling pathways. 

Disclosures: J. Doupe: None. M. Anam: None. B. Howell: None. E.C. Olson: E. Ownership 

Interest (stock, stock options, royalty, receipt of intellectual property rights/patent holder, 
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Abstract: Gene therapy offers a unique therapeutic potential for treating rare genetic 

disorders, such as epileptic-dyskinetic encephalopathy related to Ferric Chelate Reductase 

1 Like (FRRS1L), a severe pediatric neurodevelopmental disorder caused by homozygous 

mutations in the FRRS1L gene. The disease presents with intellectual and developmental 

delay, epilepsy, chorea and other progressive and debilitating motor impairments. There is 

currently no treatment available for this disease. FRRS1L is a key determinant in the 

biogenesis of α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors in 

the brain, essential to their maturation and recruitment into synaptic membranes. In the 

absence of FRRS1L, AMPA receptors assembly line is compromised, causing impaired 



excitatory neurotransmission in the central nervous system (CNS) and a range of other 

neurological deficits. To counter this, we developed a novel adeno-associated virus 

stereotype 9 (AAV9) vector utilizing a JeT promoter to drive the expression of human 

FRRS1L gene. This vector was administered via intrathecal injections at postnatal day 10-

14 in low and high doses to FRRS1L-Knockout (KO) mice, which share multiple 

phenotypic traits with affected patients. Virus injected KO-mice were examined and 

compared with phosphate buffered saline (PBS) injected KO and Wild-type (WT) controls, 

assessing the safety and efficacy of this approach. Initial observations (N= 8-11 per group) 

showed that both doses are well tolerated, followed by promising levels of FRRS1L gene 

and protein detection in the CNS. Our ongoing preclinical trial further investigates possible 

functional restoration of AMPA receptors and subsequent neurological improvements 

through comprehensive biochemical and behavioral evaluations. Preliminary results 

indicate a dose-dependent increase of AMPA receptors on synaptic membranes as well as 

improvements in the treated KOs (N=7-9 per dose) compared to untreated ones, in multiple 

behavioral tests including rotarod, grip strength, and fear-conditioning. While studies are 

ongoing to confirm these findings and explore long-term outcomes, our results suggest the 

potential of gene replacement as a promising treatment for children suffering this severe 

epileptic encephalopathy. 
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Abstract: The Locus Coeruleus (LC) has been previously identified as pertaining to broad 

arousal in the nervous system, especially in terms of norepinephrine production. Various 

measures of LC integrity & activity have been associated with neurodegenerative disorders and 



task performance in older adults, but has limited study in youth populations. 201 participants (62 

children: 8-17yrs; 79 young adults: 18-30yrs; 60 adults: 33-54yrs) completed either the BAARS 

IV or the Vanderbilt Parental Rating scale, both commonly used to evaluate attentional behaviors 

for ADHD diagnosis. Participants also underwent MRI scans. For structural images, we 

estimated the neuromelanin contrast ratio (CNR) by manually selecting neuromelanin-intensive 

voxels at the LC location using T1-FSE images and LC volume size using T1-anatomical 

images. For functional images, we calculated functional signal variability (MSSD) by extracting 

individuals’ resting-state BOLD signal of LC using a probability atlas, created by the majority 

vote process with individuals’ T1-FSE images. One-way ANOVA analyses revealed a significant 

age-group difference for the left LC MSSD (p = .037), left and right CNR (p <.001), and total 

attention score (p<.001). In children, significant predictive effects were found for right LC 

MSSD (p = .044) and marginal effect of right LC volume (p = .054) on total attention score. For 

attention subscores, right LC-MSSD significantly predicted inattentiveness (p = .044), left LC 

volume predicted hyperactivity (p = .040), and right LC CNR significantly predicted impulsivity 

(p = .009). In young adults, there were marginal effects of right LC CNR (p = .076) and LC 

volume (p = .056) for total attention score, a significant effect of right LC volume (p = .013) for 

inattentiveness, significant effects of right LC CNR (p = .024), and marginal effects of left LC 

CNR (β = .255, p = .057) and right LC volume (p = .091) for hyperactivity. In adults, a marginal 

effect of right LC volume (p = .067) was found for total attention score, a significant effect of 

right LC volume (p = .005) for inattentiveness, and a significant effect of left LC volume (p = 

.011) for impulsivity. Significant age-related differences were observed across multiple 

dimensions of the LC, suggesting important aspects of neurodevelopment occurring there. In 

relation to behavior, BOLD signal variability, volume size, and CNR integrity of the right LC 

were found to exhibit significant relationships for the overall attention score and subscores. 

Findings of lateralized differences in the LC replicate previous findings, and together with the 

age-related differences suggest the utility of refined neurodevelopmental LC study. 
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Abstract: In humans, mutations of DYNC1H1 result in diverse neurological presentations 

including intellectual disabilitie, brain malformation, cognitive delay, and motor deficits. 

Cytoplasmic dynein heavy chain (DYNC1H1) is a multi-subunit protein complex that provides 

motor force for movement of cargo on microtubules back to the soma. The aim of the study was 

to characterize the neuroanatomy of a mouse generated to superficially model a newly identified 

de novo heterozygous DYNC1H1 mutation present in a child with motor deficits, intellectual 

disability, and on the autism spectrum. After crossing with YFP reporter mice to label 

neocortical neurons, we show several indicators of neuronal migration defects in our model. 

First, in the dorsal neocortex, we observe focal heterotopia in layer I characterized by collections 

of neurons normally destined for all neocortical layers. Second, in the dorsal neocortex, we also 

observe a general increase in the number of neurons in layer I, which reflects a general smearing 

of layer II/III. Third, we observe that many YFP labeled neurons in layer I exhibit a loss of 

dendritic orientation and are frequently pointing straight down towards the white matter. Finally, 

in the lateral neocortex adjacent to the rhinal sulcus, we observe multiple heterotopia of neurons 

in layer I which produces a sawtooth cytoarchitecture. Dendritic bundles from deeper layer 

neurons are observed in between heterotopia. Our results are discussed in relation to other 

Dync1h1 mouse models and in the context of diverse mutations and clinical presentations seen in 

humans. 
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Abstract: Developmental stuttering is a neurodevelopmental disorder with a strong genetic 

component. One of the most commonly occurring genes discovered was GNPTAB, which 

encodes a protein that helps traffic newly synthesized lysosomal hydrolase precursors. A 

transgenic mouse Gnptab E1179K model was created. These mice recapitulate atypical vocal 

behaviors including reduced frequency and increased pauses. Furthermore, these mice were 

found to have altered astrocytic morphology in the corpus callosum (CC) in a specific subset of 

GFAP positive astrocytes. The purpose of this study was to assess morphological mutant Gnptab 



astrocytic changes in brain tissue and in culture; and to assess altered astrocytic energy 

metabolism. We performed immunofluorescence for GFAP on brain tissue slices taken from 8-

week old wild-type (n=3) or mutant (n=3) male mice in CC, striatum, and hippocampus 

(control). Cortical astrocytes from p1-p3 wild-type (n=14) or mutant (n=9) pups were cultured to 

investigate morphology in culture using GFAP immunofluorescence, as well as metabolic 

changes using Seahorse analysis, and lactate and ATP assays (n=3/genotype). We find that in 

addition to the previously documented changes in CC (p < 0.01), the striatum also showed 

decreased GFAP staining area in mutant mice (p < 0.01). Mutant cortical astrocyte cultures show 

similar decreases in GFAP staining area as tissue. Furthermore, cultured astrocytes showed an 

altered metabolic phenotype compared to wild-types. Oxygen consumption rate was increased 

overall in mutant astrocytes (p < 0.001), as was basal mitochondrial O2 consumption (p< 0.01), 

non-mitochondrial O2 consumption (p < 0.01), proton leak (p < 0.05), and projected ATP 

production (p < 0.05). Extracellular acidification rate, a proxy for glycolysis, was also increased 

in mutant astrocytes (p < 0.001), indicating a higher metabolic profile in general. Lactate studies 

showed that there was no difference in intracellular lactate (p > 0.05); however, extracellular 

lactate was increased in mutant astrocytes (p < 0.01), confirming an increase in glycolysis. 

Lastly, intracellular ATP measurements taken from lysed cells show a reduced amount of ATP 

present in mutant astrocytes compared to wild-type (p < 0.01), which may denote higher ATP 

usage in the mutant cells. (All p values obtained using Student’s t test). Together these data show 

that there are underlying metabolic alterations in mutant Gnptab astrocytes concomitant with 

morphological changes, that may represent compensational responses to altered lysosomal 

function or alternatively may offer druggable targets for interventions in developmental 

stuttering. 
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Abstract: Agnathia-otocephaly complex is a rare lethal congenital malformation characterized 

by mandibular hypoplasia and auricular malposition. It is caused by defects in neural crest cell 

migration that result in abnormalities in development derived from the first branchial arch. In 

more extreme cases, it results in other midline craniofacial and forebrain deficits. Recently, three 

rhesus macaques from a single breeding group presented with features consistent with agnathia-

otocephaly complex. All animals displayed synotia, microstomia, agnathia, and 

aglossia/hypoglossia with one animal showing a more severe pathology with cyclopia and a 

proboscis. While the brain of one animal was grossly normal, another had marked hydrocephalus 

and lissencephaly, and the more severely affected animal had severe alobar holoprosencephaly. 

Whole genome sequencing from the animals identified a recessive mutation in the TWSG1, 

p.His197Arg, derived from separate half-avuncular matings. The mutation has only been 

observed in relatives of the affected individuals (minor allele frequency less than 0.05%) and 

shows perfect conservation across all available vertebrate reference genomes. While TWSG1 

knockout mice have previously been shown to develop a phenotype consistent with agnathia-

otocephaly complex, mutations in this gene have not been previously associated with this 

malformation in humans or other primates. These stillbirths represent the first known instance of 

agnathia-otocephaly complex in nonhuman primates and extend the findings from knockout mice 

to a recessive missense mutation in the TWSG1 gene. 
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Title: Repeated early-life seizures lower seizure threshold and increase SUDEP rate in the 

Scn1a+/- mouse model of Dravet Syndrome. 
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Abstract: Rationale: Dravet Syndrome (DS) is a severe developmental and epileptic 

encephalopathy characterized by treatment-resistant epilepsy - including seizures triggered by 

fevers - developmental delay, autistic-like traits, and high rates of Sudden Unexpected Death in 

Epilepsy (SUDEP). DS is primarily caused by pathogenic variants in the SCN1A gene, which 

encodes the alpha subunit of the Nav1.1 voltage-gated sodium channel. Preclinical and clinical 

data suggest that phenotypic variability may arise from the seizure burden of individual subjects. 

This study examines the effects of early-life hyperthermia-induced seizures on subsequent 

SUDEP rates in the well-characterized Scn1a+/- mouse model of DS. 

Methods: All experiments were performed on mice on a 50:50 C57BL/6J:129S6 mixed 

background. We used hyperthermia to evoke seizures in Scn1a+/- mice at postnatal days (P)19, 

P21, and P23, monitoring seizure threshold and SUDEP rates. Controls included (1) wild-type 

littermate mice exposed to equivalent hyperthermia, and both (2) Scn1a+/- and (3) wild-type 

mice that were not heated. Given anecdotal reports of heterogeneity in phenotypic severity across 

different Cre lines, we additionally compared Scn1a+/- mice with the F1 progeny from a cross of 

Scn1a+/- mice with double-homozygous Chat-Cre knock-in / tdTomato reporter mice (i.e., 

triple-transgenic Scn1a+/-;Chat-Cre;tdT mice) on the same 50:50 background. 

Results: We found a significant decrease in seizure threshold across repeated heating sessions 

(p=0.001; mixed-effects analysis). Survival curve comparisons (Gehan-Breslow-Wilcoxon test) 

found that Scn1a+/- mice subjected to repeated seizures (n=37) had significantly higher 

mortality rates than heated WT mice (n=23), non-heated Scn1a+/- mice (n=92), and non-heated 

WT mice (n=155). Triple-transgenic Scn1a+/-;Chat-Cre;tdT mice had significantly higher 

mortality rates than Scn1a+/- mice in the non-heated condition (p=0.03; n=27 vs 59), with a 

more extreme divergence emerging in the heated condition (p=0.004; n=10 vs 27). No significant 

differences were seen between female and male mice. Seizure thresholds were not predictive of 

SUDEP rate in any group. 

Conclusions: Overall, our results show that early-life seizures worsen phenotype in Scn1a+/- 

mice, as measured by both lowered seizure threshold and higher SUDEP rate. Furthermore, the 

triple-transgenic mice had higher mortality rates, although both lines were maintained on the 

same 50:50 C57BL/6J:129S6 background. These significant group differences in short-term 

SUDEP rates will enable future studies regarding the SUDEP mechanism. 
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Abstract: Tuberous sclerosis complex (TSC)-associated neuropsychiatric disorders (TAND) are 

prominent and include autistic behaviors. TSC gene mutations cause mTOR overactivation 

directly and via phosphatase and the tensin homolog (PTEN). mTOR suppression by rapamycin 

(RP) is proposed to correct TSC pathophysiology however its block is neither specific nor fully 

effective. Preliminary data indicates Tsc gene suppression caused cortical hyper-excitability, and 

Tsc1-/- neurons have recurrent dendritic Ca2+ bursts from internal stores. From a microarray 

screen, the 5-HT2C receptor (5-HT2cR) is the only G protein coupled receptor that explains pan-

dendritic Ca2+ bursts via IP3Rs and the synaptic protein that directly interacts with PTEN. 5-

HT2CR inhibitors in PTEN KO mice showed 5-HT synthesis hotspots at epileptogenic tubers. 

Therefore, we examined if SB242084, one of the 5-HT2CR inhibitors, improves sociability and 

locomotor function of the TSC mouse model. We used a cerebellar-specific Tsc1 gene knockout 

(TSC1-L7KO) mouse and their wild-type (WT) littermates. All mice were treated daily by ip 

injection with SB242084 (SB: 10mg/kg) or RP (3mg/kg) started at PND5. We conducted 3-

chamber test to examine socialability. Vehicle treated WT mice showed a preference to social 

and novel stimuli mice - these are sociability indicators. Vehicle treated Tsc1-L7KO mice did 

not exhibit this behavioral phenotype whereas SB or RP treated Tsc1-L7KO mice prefer novel 

stimuli - similar to WT. Mice were also tested on rotarod to evaluate motor function. The latency 

to fall in vehicle-treated Tsc1-L7KO mice was shorter than in WT, and SB did not improve this. 

On the other hand, RP treated Tsc1-L7KO mice did not show any difference from WT. 

Furthermore, vehicle or SB treated TSC1-L7KO showed slightly lower body weight than WT 

while both RP treated WT and TSC1-L7KO mice were significantly smaller than other two 

groups while there was no difference between genotypes. Thus, SB may have mild effects on 

motor function while it may rescue sociability in TSC mouse models. However, RP decreased 

bodyweight in both WT and TSC1-L7KO and SB did not affect it. Taken together, SB can be a 

candidate for pharmacological therapy on neurological symptoms of TAND with milder side 

effects than RP. 
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Abstract: Despite the presence of steroidal androgen genes in gastropod mollusks, their direct 

effects remain unclear. Dutasteride (DUT), a dual inhibitor of 5α-reductase types I and II, blocks 

the conversion of testosterone to 5α-dihydrotestosterone, and is used therapeutically to mitigate 

conditions linked to high testosterone levels in humans. Prior observations in the pond snail 

Biomphalaria found that developmental DUT exposure altered the shape of the snail shell from 

helical to a unique banana shape. Studies in our lab in the closely related gastropod Helisoma 

duryi successfully replicated this phenotype, and further show that DUT exposure during a 

critical window of 48-72 hours post-deposition consistently induced the banana-shaped shell 

morphology (92.3%), with significant differences in hatch rates between continuously DUT-

treated and control groups (14.3% in DUT, 95.2% in control). 

Changes in shell morphology could be explained by altered expression of developmental markers 

or altered movement due to differential neural inputs in the developing embryo. To determine 

alterations in developmental markers, we treated snail embryos to varying concentrations of 

dorsomorphin, an inhibitor of decapentaplegic (dpp) shown to affect shell coiling. Only at the 

lowest dose, was the banana-shaped coiling observed. We found that immunohistochemical 

stains for catecholaminergic neurons (dopamine, serotonin) in the developing embryo show 

differential expression between controls (n = 72) and DUT treated (n = 76) animals, especially in 

the areas of the foot. We suggest a putative neural mechanism for DUT action on shape changes 

in the snail embryo - with modified catecholaminergic innervation leading to altered movement, 

resulting in the morphological change. 

Disclosures: D. Langevin: None. M. Lopez: None. S. Ramakrishnan: None. 
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Abstract: Numerous transmembrane proteins undergo a proteolytic processing referred to as 

ectodomain shedding (ES). ES is an irreversible process where a protease cleaves a membrane 

protein close to the membrane region, releasing its extracellular fragment. The group of shed 

proteins present in a sample is called the sheddome. Interestingly, proteins in the sheddome may 

exert paracrine and/or autocrine functions, modulating cell-to-cell communication and neuronal 

activity. ES plays an important role in various pathological processes, ranging from cancer to 

brain disorders. An emblematic example of ES dysregulation within the brain is the 

amyloidogenic regulation of APP, leading to the accumulation of Aβ in Alzheimer's disease. 

Additionally, ES has been implicated in neurodevelopmental conditions (NDCs), prion disease, 

and epilepsy, among others. Despite growing interest, the molecular and functional composition 

of the brain sheddome, its regulation, and role in brain conditions remain poorly understood. By 

combining bioinformatics analysis with mass spectrometry of the brain sheddome, we identified 

various proteins relevant for neurodevelopment and NDCs. The sheddome is enriched in proteins 

modulating cell adhesion, axon guidance and synapse organization. It also includes proteins 

linked to vocalization and social behavior, which are core characteristics affected in autism. We 

found the sheddome composition is modulated by age, sex and neuroplasticity. At 15 days of 

age, we observed an enrichment in shed ICAM5 in females and an enrichment of LRP1 in males. 

In contrast, EPHA4 and EPHB2 were enriched only in 3-month-old males. Fifteen-day-old mice 

exposed to whisker trimming, which hinders neuroplasticity, showed differential modulation of 

ES of LDLR and FLRT3, known autism risk factors. In conclusion, ES is emerging as a critical 

and dynamic process in brain function modulation. The enrichment of the sheddome in proteins 

associated with NDCs, which regulate essential processes like cell adhesion, neuronal 

projections, and synapses, underscores the potential impact of ES on these conditions. Further 

investigation of ES could result in new diagnostic and treatment options for brain conditions, 

including NDCs. 
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Abstract: Background: Developmental psychiatric disorders, such as schizophrenia, autism and 

ADHD, are among the most common human disorders. Characterized by a chronic impact and an 

early onset, they lead to a significant socio-economic burden and a decrease up to 10-20 years in 

the patients’ life expectancy. Focal point: It is now known that 15q13.3 microdeletion in 

humans is strongly associated with a range of psychiatric manifestations and Klf13 has been 

shown to play a pivotal role in neuronal precursors and differentiation. Even though the genetic 

contribution in the genesis of these disorders is clear, it remains difficult to identify the risk 

genes involved and how they affects development, underlying mechanisms and lead to formation 

of impaired brain circuits. Approach: We have performed experiments to identify how strongly 

Klf13 mutation impairs brain development and functioning. We chose to understand the 

maturational dynamics of putative GABAergic neurons in order to see discrepancies in the 

neuronal composition by performing single nucleus RNA sequencing in ganglionic eminence of 

embryonic (E) day 13.5 Klf13-/- double knockout mice. Results: We successfully detected 

previously annotated GABAergic clusters. In addition, medial ganglionic eminence (MGE) 

neuroblasts Lhx8 and MGE immature Mki67 expressing cells showed an increase in knockout 

samples in the cluster-based compositional shift. On the contrary, caudal ganglionic eminence 

(CGE) immature Ptprz1-expressing cells showed a negative compositional shift. Performing 

cluster-free analysis we found aggregated genes that were upregulated (Ash1l and Cacnb2) and 

downregulated (Med13l and Prpf4b), especially in CGE Ptprz1- expressing cells and MGE 

Lhx8-expressing cells clusters. These results were consistent with reduced c-Fos expression 

registered at the adolescent stage in S1BF and PFC of postnatal (P) 40 Klf13+/- mice, as Fos/Jun 

is tightly regulated by the Klf13 protein domain. Perspectives: This information is quite novel as 

functional role of Klf13 knockout was never studied in the context of neurodevelopmental 

disorders. Future studies will focus on translational approaches and mainly on identification of 

other binding targets. Such deep insight to understand the large scale effects of brain circuit 

perturbations will help to understand clinical role of Klf13 and potential drug targets. 
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Abstract: Maternal psychological distress during pregnancy can negatively impact fetal 

neurodevelopment, resulting in long-lasting consequences for the offspring. These effects show a 

sex bias. The mechanisms whereby prenatal stress induces functional and/or structural changes 

in the placental-fetal unit remain poorly understood. Maternal circulating small extracellular 

vesicles (sEVs), particularly astrocyte-derived sEVs (ADEVs), are good candidates to act as 

"stress signals" in mother-to-fetus communication. Using a rat chronic mild prenatal stress model 

based on repetitive (2 hours/day during 10 days) restraint, we first assessed stress-induced 

changes in circulating maternal sEVs and tested whether they could target placental/fetal tissues. 

Interestingly, our stress protocol induced anhedonic-like behavior in pregnant dams and led to 

intrauterine growth restriction (IUGR), particularly in male fetuses and placentas. The 

concentration and cargo of maternal circulating sEVs changed under stress conditions. 

Specifically, we found a significant increase in the concentration of blood-borne sEVs under 

stress conditions. Furthermore, maternal circulating sEVs were characterized by increased 

astrocyte-derived proteins and reduced neuron-derived protein markers. To study the effect of 

repetitive restraint stress on the biodistribution of maternal circulating sEVs in the fetoplacental 

unit, sEVs from pregnant dams exposed to stress or control protocol were labeled with DiR 

fluorescent die and injected into pregnant females previously exposed to control or stress 

protocol. Remarkably, maternal circulating sEVs target placental/fetal tissues, and under stress 

conditions, fetal tissues are more receptive to sEVs. To assess the role of ADEVs in mother-to-

fetus communication under stress conditions, we obtained ADEVs from cultured control and 

corticosterone-treated (stress-like conditions) astrocytes and intravenously injected them in 

control and stressed pregnant dams at different time points. Curiously, repetitive treatment with 

ADEVs was sufficient to prevent/rescue stress-induced IUGR and fetal premature neuronal 

differentiation. Our findings provide evidence that maternal circulating sEVs can act as 

modulators of mother-to-fetus stress communication. We propose a novel maternal brain-to-fetal 

brain communication pathway in which maternal ADEVs can modulate the impact of maternal 

stress on fetal growth and neurogenesis. Further studies are needed to identify placental/fetal 



cellular targets of maternal ADEVs and characterize their contribution to sex-specific stress-

induced placental and fetal changes. 
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Abstract: The principal neuroanatomical networks mediating absence seizures are thought to 

involve reciprocal interactions between the thalamus and cortex. In this context, maturation of 

inhibitory networks and their relationship to the pathophysiology of spike-and-wave discharges 

(SWDs) remains poorly understood. This study investigates the neurodevelopmental profile of 

parvalbumin positive (PV+) GABAergic interneurons in rat model of genetic absence epilepsy 

(GAERS), focusing on their role in providing feed-forward inhibition via thalamocortical 

projections in the somatosensory cortex (S1). We analysed these interneurons in both 

superficial/granular (L2/4) and infragranular (L5/6) layers, key regions implicated in the 

paroxysmal oscillations’ characteristic of SWDs during cortical maturation. We examined three 

critical developmental stages: postnatal day 14 (P14), shortly before tonic GABAA inhibition 

increases in the ventrobasal (VB) thalamus, P21 when immature SWDs start to occur and P90, 

after at least two months of continuous and mature SWDs observed. Comparative analyses were 

performed with the primary motor cortex (M1), hippocampus and the striatum. Wistar rats 

served as controls to elucidate the specific alterations in GAERS. We observed a significant 

reduction in the number of PV+ interneurons at P14 GAERS compared to P14 Wistar rats. This 

was followed by an overcompensation by P21, resulting in a significantly larger number of PV+ 



cells located in the L2/4 of the S1 cortex of P21 GAERS when compared to Wistar rats 

(p<0,001). No significant change in PV + cell count was detected between P21 and P90 GAERS. 

We conclude that the aberrant development of PV+ interneurons in the S1 region of GAERS, 

characterized by an initial deficit followed by an overcompensation in P21 and is maintained 

through P90 may contribute to the pathophysiology of SWDs. This abnormal maturation of 

inhibitory networks likely disrupts the balance of excitation and inhibition, leading to the 

emergence and persistence of absence seizures. This finding may have implications for 

understanding the neurodevelopmental dynamics of inhibitory circuitry in epilepsy. 
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Abstract: Alzheimer’s disease (AD) is a neurodegenerative disease accompanied by progressive 

decline in learning and memory and increased incidence of anxiety and depression. AD 

neuropathology is linked to high inflammatory states, disrupted metabolism, and mitochondrial 

dysfunction. Maternal health during and after pregnancy can substantially impact the 

development of offspring, which has been observed in human and animal models. Of note, prior 

findings show that pups born to triple transgenic AD (3xTg-AD) dams exhibit reduced 

hippocampal volume and markers of neurogenesis compared to pups born to wildtype (WT) 

dams as early as postnatal day (PND) 7. In the present study, we aimed to investigate the impact 

of pup sex and maternal AD genotype on offspring development trajectories. Two-months-old 

WT (C57BL/6J) and 3xTg-AD female mice (n = 8 / genotype) were bred with adult WT males 

so that pregnancy and birth occur prior to the expected onset of AD neuropathology. All females 

were pregnant and birthed one litter, although pups from two WT litters died after birth. 



Offspring development trajectories were evaluated on PND 5-8 using the righting reflex test and 

on PND 10-13 using the negative geotaxis test. On the righting reflex test, there were no main 

effects of sex for latency to right by pups born to dams of either genotype. On the negative 

geotaxis test, there was a main effect of sex for latency to turn upright by pups born to WT dams 

[F(1,8) = 7.89, p < 0.05], with shorter latency exhibited by males compared to females, but not by 

pups born to AD dams. Additionally, in male pups there was a main effect of genotype for 

latency to turn upright [F(1,8) = 5.54, p < 0.05], with shorter latency exhibited by male pups born 

to WT dams compared to AD dams. Altogether, our findings indicate that offspring development 

trajectories are sex-specific and weakened by the maternal AD genotype. These effects were 

likely driven by maternal AD genotype modulation of male pup development and not female pup 

development, with similar offspring development trajectories seen in female pups born to WT 

dams and all pups born to AD dams. Future research is warranted to understand the mechanisms 

contributing to the maternal AD genotype effects on male offspring developmental trajectories. 
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Title: Multimodal analyses reveal genes driving electrophysiological maturation of neurons in 

the primate prefrontal cortex 



Authors: Y. GAO1, Q. DONG2, K. HANTHANAN ARACHCHILAGE5, R. RISGAARD6, M. 

SYED3, J. SHENG3, S. LIU3, S. KNAACK3, J. E. LEVINE7, D. WANG8, Q. CHANG9, *X. 

ZHAO4, A. M. SOUSA10;  
1Waisman Ctr. and Neurosci., Univ. of Wisconsin-Madison, Madison, WI, WI; 2Waisman Ctr., 
4Neurosci. and Waisman Ctr., 3Univ. of Wisconsin-Madison, Madison, WI; 5Dept. of 

Biostatistics and Med. Informatics, Waisman Ctr. – Univ. of Wisconsin Madison, Madison, WI; 
6Neurosci., Univ. of Wisconsin, Madison, WI; 7Wisconsin Natl. Primate Res. Ctr., Madison, WI; 
8Biostatistics and Med. Informatics, Univ. of Wisconsin - Madison, Madison, WI; 9Genet & 

Neurol, Univ. Wisconsin-Madison, Madison, WI; 10Neurosci., UW-Madison, Madison, WI 

Abstract: The prefrontal cortex (PFC) is critical for myriad high-cognitive functions and is 

associated with several neuropsychiatric disorders. Here, using Patch-seq and single-nucleus 

multiomic analyses, we identified genes and regulatory networks governing the maturation of 

distinct neuronal populations in the PFC of rhesus macaque. We discovered that specific 

electrophysiological properties exhibited distinct maturational kinetics and identified key genes 

underlying these properties. We unveiled that RAPGEF4 is important for the maturation of 

resting membrane potential and inward sodium current in both macaque and human. We 

demonstrated that knockdown of CHD8, a high-confidence autism risk gene, in human and 

macaque organotypic slices led to impaired maturation, via downregulation of key genes, 

including RAPGEF4. Restoring the expression of RAPGEF4 rescued the proper 

electrophysiological maturation of CHD8-deficient neurons. Our study revealed regulators of 

neuronal maturation during a critical period of PFC development in primates and implicated such 

regulators in molecular processes underlying autism. 
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Abstract: Cocaine use disorder (CUD) is a large and growing public health problem for which 

new treatments are urgently needed. The majority of CUD patients begin misusing stimulants 

during adolescence, before brain development is complete. This is believed to cause long-lasting 

neural changes leading to cognitive impairment, impulsivity, and increased propensity for CUD 

in adulthood. This is supported by work in animal models showing that adolescent cocaine 

exposure (ACE) permanently affects late-maturing parts of the brain, such as the medial 

prefrontal cortex (mPFC), leading to impulsive behavioral phenotypes in adulthood. However, 

the nature of the changes in mPFC is not well understood, nor are the mechanisms by which they 

influence behavior. Theta synchrony between mPFC and mediodorsal thamalus is believed to be 

a mechanism for top-down inhibitory control over behavior; consistent with this, adult patients 

with substance use disorders exhibit reduced frontal theta, and interventions that strengthen 

frontal theta reduce impulsive behaviors. We hypothesize that ACE prevents the maturation of 

mPFC theta synchrony at the local circuit level, and these circuit-level changes in mPFC theta 

impair the ability of mPFC to synchronize with the mediodorsal thamalus at the systems level to 

suppress impulsivity at the behavioral level. To test this hypothesis, we trained control and ACE 

adult mice to perform a head-fixed Go/No-Go task, followed by reversal learning. Although both 

groups can perform the task successfully, control animals learn the task faster than ACE animals, 

and their performance improves more rapidly following a reversal of the cue contingencies. 

ACE-induced deficits in behavioral performance are not due to reduced responding in Go trials, 

but instead to an impaired ability to withhold responding in No-Go trials. Using Neuropixel 2.0 

chronic implants, we recorded simultaneously from mPFC, hippocampus, and mediodorsal 

thalamus during performance of the Go/No-Go task and reversal learning. Consistent with our 

hypothesis that ACE prevents the maturation of mPFC theta synchrony, our data suggests that 

single unit activities within mPFC of ACE animals exhibit an immature extracellular spiking 

phenotype and lower phase-locking to local theta oscillation. We also found that ACE adults 

exhibit changes in mPFC theta synchrony with other recorded brain structures. Our next step is 

determining whether specific changes in frontolimbic theta synchrony are associated with 

specific behavioral changes. This study will guide future work aiming to develop treatments to 

ameliorate ACE-induced mPFC dysfunction for the treatment of CUD. 
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Abstract: In gyrencephalic species the processes behind cortical folding are not well understood. 

One explanation is that the expansion of the cortex occurs rapidly, leading to mechanical 

buckling (folding) of the cortical surface. Neurogenesis is largely completed prior to folding, so 

this expansion is thought to result from growth of the cortical neuropil. In this study, we sought 

to quantify cortical expansion, in terms of neuropil and cell size, in the postnatal ferret visual 

cortex (V1) over the period of active folding at the occipitotemporal sulcus (OTS). We 

hypothesized that cortical expansion can be primarily attributed to the growth of neuropil over 

the period of folding, and that growth would be reduced in animals bilaterally enucleated at 

postnatal day 7 (BEP7). Ferret occipital cortices were extracted, fixed, sectioned at postnatal 

days 20, 26, 32, or 38 in control (n=11) and BEP7 (n=6) animals, stained with fluoro-Nissl, and 

imaged with confocal microscopy. ImageJ/FIJI software measured cortical length (V1 surface 

area), thickness, cell body size, and neuropil volume fraction (NVF) at the superficial, middle, 

and deepest thirds of the cortex for the lateral gyrus (LG), OTS, and splenial gyrus (SG). Cortical 

length increased approximately 5%/day for control animals. This rate was diminished by half for 

the enucleates. Cortical thickness at the OTS increased at a rate similar to length for controls but 

was higher in enucleates (7.6%/day). NVF increased with age in all regions and layers across the 

cortex and were most prominent in the superficial 1/3 of the cortex: the NVF increased from 

29%, 30%, and 32% at the control LG, OTS, and SG at P20, to 74%, 72%, and 73%, 

respectively, at P38. Neuropil composition and change in cell area were comparable between 

gyri and sulci and was consistent between enucleated and control groups. Overall, estimated 

growth due to change in cell body size and neuropil accounted for approximately 2/3 of cortical 

growth. We found a substantial increase in cortical volume over time that could be largely 

attributed to the changes in neuropil composition. Additional change in cortical volume may be 

impacted by gliogenesis, which should be explored in future work. The OTS did not form in 

BEP7 animals; however, they still exhibited cortical growth and similar increases in cell area and 

neuropil composition over time. The primary differences noted between groups were in cortical 

length and thickness, indicating the cell changes that reduce expansion/folding are subtle. The 

lack of cortical folding – expected to diminish stresses experienced by the cortex – may be 

impacting the shape/distribution of the cells as opposed to the cell area or neuropil volume. 
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Abstract: While the vast majority of the literature on the positive effects of exercise on the brain 

have focused on cardiovascular models, less is known about the effects of resistance training. In 

modern fitness culture, a large population of those who exercise regularly utilize weight training 

(resistance/hypertrophy model of exercise), making resistance training particularly relevant to 

study. Previous studies have demonstrated that cardiovascular exercise positively affects 

performance in learning and memory tasks and increases hippocampal neurogenesis in rat 

subjects, but less is understood about the effects of resistance exercise on the brain. In addition, 

previous studies only have utilized male rats, ignoring potential sex effects. Lastly, less is known 

regarding the effects of exercise during the adolescence period on later adult behavior and 

neuroanatomy. In the present study, adolescent (P21-P74) male and female Long Evans rats were 

divided into three conditions: cardiovascular training (CT) rats with access to a running wheel, 

resistance training (RT) rats that engage in a ladder climbing protocol, and a control (sedentary) 

group of standardly housed rats. After reaching adulthood, subjects were tested for anxiety-like 

behavior and spatial memory using the elevated plus maze, open field, and an object placement 

task. We found CT female rats ran significantly longer than male rats on average. RT females hit 

puberty significantly later than females in CT and sedentary conditions. Rats in both CT and RT 

trended towards taking less time to enter the center and spent more time in the center than 

sedentary in the open field task. In the novel object placement task RT rats spent significantly 

less time with the old and new objects across both trails, and this effect was stronger in females. 



These findings suggest that different forms of exercise during the adolescent period can yield 

sex-specific effects on pubertal onset, anxiety/exploratory behavior and/or spatial memory. 
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Abstract: Adolescence is a unique period of lifespan, characterized by increased risk-taking 

behavior, cognitive ability, and the emergence of many psychiatric disorders. Beyond behavior, 

brain function, measured by resting-state functional connectivity (RSFC), also exhibits 

protracted development throughout adolescence. We previously found that socioeconomic 

opportunity (SES) had the largest association with brain function across 649 variables. SES is the 

dominant detectable factor in childhood brain organization, subsuming primary neurobiological 

traits, such as general intelligence. Hence, our main goal is to investigate the RSFC development 

trajectory in adolescents as a function of SES. We used RSFC data from Discovery (N=1,140) 

and Replication (N=1,080) ABCD Study datasets as brain development indicators and the 

Childhood Opportunity Index (COI), a composite of a neighborhood’s socioeconomic 

opportunity (SES). We first median split RSFC data to explore the brain development differences 

between individuals with high and low SES across two time points. We computed univariate 

association and variance tests between all brain connectivity features and neighborhood-level 

SES. Next, we submitted RSFC data to principal component analysis and statistically compared 

components using ANOVA between high and low SES groups for both time points. A stable and 

reproducible pattern was shown in RSFC's robust association with SES across both time points (r 

= 0.71). Brain regions most strongly associated with SES were in sensorimotor networks, 

salience regions, and the recently discovered somato-cognitive action network. There was also 

evidence for a non-linear effect, where individuals with lower SES levels have stronger 

correlations between RSFC and SES than individuals from higher SES. Additionally, RSFC 

differences between low and high SES individuals remained stable across the two time 

points.This study provided evidence for reproducible and developmentally stable associations 



between brain function and neighborhood-level SES. Future analyses may identify mediating 

factors of associations between SES and brain function to identify putative biobehavioral 

determinants of adolescent health outcomes. 
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Abstract: Early environments can exert profound and lasting effects on children’s development 

and well-being. Youth growing up in adverse conditions often experience diverse forms stress 

including poverty, neglect, air pollution, and maltreatment. This multicollinearity in early 

exposure has made it challenging to disentangle relations between stressors and outcomes, and to 

identify psychobiological mechanisms underlying these associations. In the current study, 228 

youth (Mage=11.33 years, 59%F) completed assessments of early adversity, including stress 

exposure history, parenting, and neighborhood pollution, and of resting-state neural connectivity 

(fMRI) at baseline. Two years later, participants completed measures assessing psychopathology 

and behavioral difficulties. We conducted separate factor analyses on measures of stress 

exposure in childhood and on measures of psychopathology obtained at follow-up in 

adolescence. We then examined whether frontolimbic functional connectivity mediated 

associations between the latent factors of stress exposure and of subsequent psychopathology. 

Factor analyses yielded three distinct constructs indexing stress exposure: ‘Parenting,’ 

‘Deprivation,’ and ‘Threat/Unpredictability,’ and one latent factor indexing ‘Psychopathology’ at 

follow-up. Regression analyses indicated that the Parenting (b=.20, p=.003) and 

Threat/Unpredictability (b=.18, p=.007) factors, but not the Deprivation factor (b=-.003, p=.647), 

predicted Psychopathology in adolescence. Mediation analyses yielded a significant indirect 

effect for the association between Threat/Unpredictability and Psychopathology through 

functional connectivity between the hippocampus and left dorsolateral prefrontal cortex (dlPFC; 

b=.037, p=.012). Sensitivity analyses indicated that this effect was unique to 

Threat/Unpredictability, underscoring the potentially domain-specific nature by which early 



stressors shape brain development and behavioral outcomes. We found that diverse measures of 

early stress are reducible to three distinct latent factors, which are differentially related to 

psychopathology in adolescence. We also found evidence of mechanistic specificity in the 

association between Threat/Unpredictability and Psychopathology, which was uniquely mediated 

by connectivity between the hippocampus and dlPFC. Thus, there appears to be broad 

dimensionality in the relations among stress exposure, psychopathology, and brain development. 

Further investigation of this dimensionality is warranted, particularly with respect to individual 

differences and implications for intervention targets. 

Disclosures: C. Antonacci: None. J.L. Buthmann: None. I.H. Gotlib: None. 

Late-Breaking Poster 

LBA001: Theme A Late-Breaking Posters 

Location: MCP Hall A 

Time: Sunday, October 6, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: LBA001.063/LBA60 

Topic: A.09. Adolescent Development 

Support: R01 AG064247 

Title: Hippocampal subfield volumes and relational memory in periadolescent children: Findings 

from the PRANK study 

Authors: *A. F. WILHELM1, M. K. RAMIREZ2, A. HELLER-WIGHT1, J. SEXTON3, E. 

ARMBRUSTER4, C. J. PHIPPS4, D. E. WARREN5;  
1Neurolog. Sci., 2Neurosci., 3Dept. of Neurolog. Sci., 5Neurosciences, 4Univ. of Nebraska Med. 

Ctr., Omaha, NE 

Abstract: Relational memory, the ability to bind together arbitrarily related pieces of 

information, develops throughout childhood and adolescence.  This can be observed in the 

difficulty young children experience in retaining information over time. Such difficulties are 

often attributed to the immaturity of the hippocampus, a brain structure necessary for normal 

relational memory.  Age-related differences and developmental changes have been observed in 

the whole hippocampus but also in its component subfields, including cornu ammonis 1 (CA1), 

CA2/3, dentate gyrus and subiculum. Research indicates that hippocampal subfields increase in 

volume until about ages 13-15, suggesting an association between these volumetric changes and 

the development of relational memory. However, the association between relational memory and 

hippocampal subfield volumes in children is not yet well characterized. For this study, we used 

data from the Polygenic Risk for Alzheimer’s Disease in Nebraska Kids (PRANK) study, a study 

investigating the impact of polygenic risk for Alzheimer’s disease on brain and cognitive 

development. We examined the association between hippocampal subfield volumes and 

hippocampal-dependent relational memory in children.  A sample of 136 healthy children aged 



8-13 years (mAge=10.26 y, 67 F) were drawn from the PRANK study. Participants underwent 

cognitive testing, along with an MRI scan. The MRI protocol was adapted from the Human 

Connectome Project. Specifically, we acquired high resolution T2-weighted images of the 

hippocampus. Segmentation of hippocampal subfields was performed using the Automatic 

Segmentation of Hippocampal Subfields software. Hippocampal subfield volumes were 

corrected for intracranial volume using linear regression methods. Relational memory was 

measured with the Child and Adolescent Memory Profile (ChAMP). Pearson’s correlation 

statistics were used to test the associations between hippocampal subfield volumes and relational 

memory performance. Our analysis revealed that the volumes of the left CA1 (r=.32, p<.001) 

and right CA1 (r=.33, p<0.001) were significantly correlated with ChAMP object performance, 

as well as with ChAMP places performance (left CA1: r=.24, p=.0056; right CA1: r=.31, 

p<.001). Supplementary analysis revealed that these associations remain significant after 

controlling for age using partial correlation. Our study expands on previous research linking 

relational memory and specific hippocampal subfield contributions. Future work will provide 

more insight into the development of individual hippocampal subfields and relational memory by 

using longitudinal data from the PRANK study.    

Disclosures: A.F. Wilhelm: None. M.K. Ramirez: None. A. Heller-Wight: None. J. Sexton: 

None. E. Armbruster: None. C.J. Phipps: None. D.E. Warren: None. 

Late-Breaking Poster 

LBA001: Theme A Late-Breaking Posters 

Location: MCP Hall A 

Time: Sunday, October 6, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: LBA001.064/LBA61 

Topic: A.09. Adolescent Development 

Support: R01 AG064247 

Title: Investigating Brain Activity, Relational Memory Performance, and Their Association in 

Typically Developing Periadolescent Children Using Task-Based fMRI 

Authors: *M. RAMIREZ1, C. J. PHIPPS1, A. HELLER-WIGHT2, J. SEXTON3, A. 

WILHELM1, D. E. WARREN4;  
2Neurolog. Sci., 3Dept. of Neurolog. Sci., 4Neurosciences, 1Univ. of Nebraska Med. Ctr., Omaha, 

NE 

Abstract: Childhood brain development is characterized by significant structural and functional 

changes associated with cognitive maturation. One notable aspect of this process is the continued 

development of hippocampal-dependent relational memory (RM). The hippocampus is necessary 

for normal RM as evidenced by the characteristic pathology and memory deficits in patients with 

Alzheimer's disease (AD). Meanwhile, susceptibility to AD and other memory impairments in 



later life may be influenced by brain development during childhood. This motivates investigation 

into the developmental trajectory of the brain and its connections to cognitive abilities, including 

hippocampal-dependent, AD-vulnerable RM. Here, we studied task-related brain activity in 

typically-developing children using fMRI during a RM task. Data were drawn from the ongoing 

NIA-funded Polygenic Risk of Alzheimer’s disease in Nebraska Kids (PRANK) study. 

Participants (n = 173, mean = 10.8 yrs, 85F) completed a subsequent memory (SM) task in 

which they were asked to remember pairs of objects while fMRI-BOLD data were collected. 

Later, participants completed a memory test for the studied pairs. Controlling for sex, age, and 

SM performance, we conducted a univariate analysis of fMRI-BOLD activation for successful 

vs. non-successful SM of studied pairs. Whole-brain statistical maps reflecting the covariates 

were thresholded at field-standard voxelwise and cluster-extent thresholds (α = 0.001 and 0.05, 

respectively). Controlling for age and sex, successful SM was associated with increased activity 

in the inferior temporal and superior parietal lobule and decreased activity in the parieto-occipital 

sulcus. These findings were consistent with the recognized topology of the dorsal attention and 

parietal memory networks. Additionally, there was increased activity in the bilateral anterior 

hippocampus. Evaluating effects of SM performance as a covariate, we found similar significant 

regions during pair learning. Specifically, we observed that improved performance was 

associated with stronger and more extensive brain activity within the networks observed in the 

main analysis. Together, our findings reflect activation of brain regions involved in successful 

encoding of paired items by periadolescents. By elucidating the intricate relationships between 

functional brain activity and memory, these findings pave the way for a deeper understanding of 

the development of hippocampal-dependent RM. These insights could help clarify 

developmental trajectories and inform interventions designed to improve cognitive outcomes 

during this critical period of neurodevelopment. 
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Abstract: Background. The hippocampus is made up of distinct subfields that vary anatomically 

along the structure’s long axis. Hippocampal subfields also seem to develop heterogeneously 

across childhood and into adolescence, potentially differing by sex. To investigate how the 

developmental trajectory of hippocampal subfields may vary interactively with age and sex, the 

current study examined the effects of sex and age on subfield volumes (CA1, CA2/3, DG, 

subiculum) across the longitudinal axis (anterior, posterior) in a cross-sectional cohort of 

periadolescent children. Methods: A sample of 135 healthy periadolescents aged 8-13 years 

(mean age = 11.6 years, 65 F) enrolled in the NIA-funded Polygenic Risk of Alzheimer’s 

Disease in Nebraska Kids (PRANK, R01 AG064247)) study were included in the analysis. 

Participants underwent a 3T MRI scan including a T2-weighted ultra-high-resolution slab 

targeting hippocampus. Hippocampal subfields were segmented from the slab using Automated 

Segmentation of Hippocampal Subfields software. Anterior and posterior regions of the 

hippocampus were split using expert rater labeling of the uncle apex. Hippocampal subfield 

volumes were then corrected for intracranial volume. Associations between age, sex, and 

hippocampal subfield volumes were analyzed using by multiple regression of subfield volumes 

on age, sex, and their interaction. Results: Age and sex significantly predicted hippocampal 

volumes for each of the following results reported, with p-values < .05, in the right anterior CA1, 

right anterior subiculum, left posterior subiculum, right anterior gyrus. Females on average 

demonstrated significantly lower volumes in each of these subfields. In the right anterior CA1 a 

significant interaction emerged here where the relationship between age and volume varied by 

sex. Conclusion: Age and sex significantly influenced the hippocampal subfield by subregion 

volumes, in this sample, particularly in the right anterior CA1, subiculum, and dentate gyri, as 

well as within the left posterior subiculum. Future work will utilize longitudinal data to provide 

more insight into how sex and age effect the development of anterior and posterior hippocampal 

subfield volumes. 
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Title: Predicting internalizing problems from brain structure features using deep learning 
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Abstract: Acknowledgements: We would like to acknowledge the members of the pond 

network who contributed to this work: B. Syed, N. Barnett, A. Arias, E. Kelley, J. Jones, M. 

Ayub, A. Iaboni, P. D. Arnold, J. Crosbie, R. J. Schachar, and M. J. Taylor. 

Background: Internalizing problems in children and youth are associated with profoundly 

negative outcomes. While we have some understanding of the factors associated with an 

increased risk of internalizing problems - for example, the presence of a neurodevelopmental 

(ND) condition - the neurobiological markers are poorly understood. Existing approaches may be 

sup-optimal for characterizing the multi-dimensional and complex brain-behaviour associations 

related to mental health, calling for complementary strategies. 

Objective: Here, we used deep learning to predict cross-sectional and worsening longitudinal 

trajectories of internalizing problems from measures of brain structure in neurotypical and 

neurodivergent children and youth. 

Methods: Data were extracted from four large scale datasets of children and adolescents: (1) the 

Adolescent Brain Cognitive Development study, (2) the Healthy Brain Network, (3) the Human 

Connectome Project Development study, and (4) the Province of Ontario Neurodevelopmental 

network. Regional and global thicknesses, surface areas, and volumes were used as measures of 

brain structure, while internalizing problems were assessed using the Child Behaviour Checklist. 

Deep learning models were tuned, trained, and tested using a stratified cross-validation scheme 

to predict (a) clinically significant internalizing problems from brain structure cross-sectionally 

(N=14,523) and (b) worsening longitudinal trajectories of internalizing problems (N=10,540) 

from baseline measures of brain structure. Performance was evaluated using the area under the 

receiving operating characteristic curve (AUC) across the entire sample, as well as stratified by 

the presence or absence of a ND diagnosis. 

Results: The cross-sectional model performed well across the sample, reaching an AUC of 0.80 

[95% CI: 0.71, 0.88]. For the longitudinal model, while performance was sub-optimal for 

predicting worsening trajectories in a sample of the general population (AUC=0.66 [0.65, 0.67]), 

good performance was reached in a small, external test set of primarily ND conditions 

(AUC=0.80 [0.78, 0.81]), as well as across all ND conditions (AUC=0.73 [0.70, 0.76]). 

Conclusions: Deep learning with features of brain structure is a promising avenue for 

biomarkers of internalizing problems, particularly for individuals with ND conditions who have 

a higher likelihood of experiencing difficulties. 
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Title: Babacool: a longitudinal MRI template of the baboon brain across development 
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Abstract: The baboon (Papio) is an invaluable resource within nonhuman primate research, 

having the advantage of being an Old World monkey with one of the largest brains among non-

hominid primates. Combined with their life history characteristics and phylogenetic closeness to 

humans, makes baboons valuable for understanding human brain evolution and human-specific 

neuropathologies. We present preliminary results towards building the first population-based 

developmental multimodal baboon brain template, BabaCOOL: BAby Brain Atlas COnstruction 

for Optimized Labeled segmentation. This longitudinal template consists of structural and 



diffusion data, tissue probability segmentations, and fractional anisotropy maps for a population 

of 31 baboons (P. anubis) at 4 timepoints beginning from 2 weeks after birth (see fig. 1) and 

continuing into adolescence (5 years). 

Animal procedures were approved by the C2EA-71 Ethical Committee of Neurosciences (INT 

Marseille; APAFIS#13553-201802151547729 v4), conducted at the Station de Primatologie 

(Rousset-Sur-Arc, France) under agreement C130877 for conducting experiments on vertebrate 

animals, and performed in accordance with French law, CNRS guidelines and the European 

Union regulations (Directive 2010/63/EU). From September 2017 to March 2020, in vivo 

acquisition of T1w, T2w, DWI, and resting state fMRI was performed using a 3T MAGNETOM 

Prisma MRI scanner (Siemens) with 80 mT/m gradients and a 2-channel B1 transmit array 

(TimTX TrueForm). Preprocessing was done with the Cat12 toolbox (www.neuro.uni-

jena.de/cat/) in SPM12 (www.fil.ion.ucl.ac.uk/), implemented in MATLAB 

(www.mathworks.com/help/matlab/ref/rand.html). Templates were generated using Advanced 

Normalization Tools (ANTs, stnava.github.io/ANTs/) and nBEST 

(github.com/TaoZhong11/nBEST).This template resource will provide a normalization target for 

baboon data across the lifespan, facilitate neuroimaging research in baboons, and comparative 

research with humans and macaques. 
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Abstract: Interspecies blastocyst complementation (IBC) provides a unique platform to study 

development and holds the potential to overcome worldwide organ shortages. Despite recent 

successes, brain tissue has not been achieved through IBC. Here, we developed an optimized 

IBC strategy based on C-CRISPR, which facilitated rapid screening of candidate genes and 

identified that Hesx1 deficiency supported the generation of rat forebrain tissue in mice via IBC. 

For the first time, we generated functional rat forebrain tissues in mice, integrating the brains of 

two species that are 13 million years apart in evolution. Xenogeneic rat forebrain tissues in adult 

mice were structurally and functionally intact and these chimeras are able to survive healthily 

into adulthood. We observed that the developmental rate of rESC-derived brain tissues aligned 

with that of the mouse host, indicating the innate adaptability of PSCs concerning differentiation 

speed and suggesting that the host microenvironment plays a role in regulating the 

developmental timing of donor cells. Remarkably, the single-cell transcriptomes of rat forebrain 

tissues generated in mice show more similarity to those in control rats than to mice, suggesting 

that certain intrinsic features of donor cells are preserved within the interspecies chimeras. Our 

findings reveal that both cell-autonomous and non-cell-autonomous mechanisms contribute to 

organ development within an interspecies context. Interspecies forebrain complementation opens 

the door for studying evolutionarily conserved and divergent mechanisms underlying brain 

development and cognitive function. The C-CRISPR-based IBC strategy holds great potential to 

generate forebrain tissues of wild or endangered animals and study their structure and function in 

the laboratory, expanding brain research from model organisms to other animals. 
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Abstract: The nucleus accumbens (NAc) integrates multiple inputs, including glutamatergic 

(GLUT) and dopaminergic (DA) afferents, which ultimately affect the functional output of this 

brain region. The release and removal of GLUT from the synapse occurs within milliseconds, 

and measuring this activity is critical to understanding how these neurotransmitters work 

cooperatively to modulate brain function and dysfunction. Fast-scan cyclic voltammetry (FSCV) 

provides analyte-specific quantitative measurements of electroactive species, but GLUT is 

inherently non-electroactive and does not readily undergo redox reactions, rendering direct 

electrochemical detection impossible in the physiological environment. Here, we present the 

development of a biosensing strategy whereby carbon-fiber microelectrodes are modified with a 

chitosan matrix containing GLUT oxidase (GlutOx) to allow for the indirect voltammetric 

detection of GLUT with naturally engineered selectivity. GlutOx catalytically generates 

hydrogen peroxide (H2O2), a readily detectable electroactive reporter molecule, selectively in 

the presence of GLUT. Importantly, electroactive DA can be simultaneously detected at the same 

micron-scale recording site, because DA and H2O2 generate unique cyclic voltammograms. This 

co-detection method revels the coordination of these distinct neurochemical signals with one 

another, as a function of time, in live striatal tissue. This work has revealed key differences in the 

extracellular lifetime of these signaling molecules, suggesting that each can effectively modulate 

the other. In addition, the neurochemical kinetics are specific to the experimental preparation, 

with key differences observed between rat striatal slices and intact rat striatum. These findings 

are important because the co-activation of different neurochemical receptors enables integration 

of separate intracellular signaling pathways to generate a range of postsynaptic responses, 

ultimately shaping striatal output. 
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Title: Sustained hypoxia reduces the tonic GABAergic drive but not phasic inhibitory 

transmission in the NTS neurons of C57Bl/6J mice 
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Abstract: The nucleus tractus solitarius (NTS) in the brainstem is the gateway for sensory 

afferent information, including the cardiovascular and respiratory reflexes. The excitatory 

transmission in the NTS of mice has been described, while the inhibitory 

neurotransmission/neuromodulation was not yet evaluated. Herein we investigated in mice the 

impact of sustained hypoxia (SH) in: a) the tonic inhibitory modulation on NTS neurons and b) 

the phasic signaling [generation of spontaneous inhibitory post-synaptic currents (sIPSCs)]. 

Brainstem slices containing the intermediate NTS were obtained from the C57Bl/6J male mice 

(6-7 weeks) after normoxia (FiO2, 0.21 for 24h) or SH (FiO2, 0.10 for 24h). Tonic and phasic 

inhibitory transmissions were evaluated by whole-cell patch-clamp technique. All experimental 

protocols were approved by the institutional ethics committee (CEUA/FMRP-USP 

#1109/2022R1). The experiments were performed under voltage-clamp configuration (holding 

potential, -70mV) and in the presence of DNQX (AMPA/Kainate receptor antagonist) to block 

excitatory currents. Picrotoxin (GABAA receptor antagonist) produced greater outward shift in 

the baseline (Ihold) in NTS neurons from normoxia than in SH group [ΔIhold: SH: 4.5 ± 1.1 pA 

(n=6) vs normoxia: 20.7 ± 1.1 pA (n=8), p= 0.0319], indicating reduction in the inhibitory tonus 

after SH. Addition of strychnine (glycine receptor antagonist) produced no changes in the Ihold. 

The phasic inhibitory transmission was evaluated by the occurrence of sIPSCs. SH produced no 

changes in frequency [SH: 5.7 ± 1.2 Hz (n=16) vs. normoxia: 5 ± 0.8 Hz, (n=21), p> 0.05], 

amplitude (SH: 34.6 ± 4.5 vs. normoxia: 31.1 ± 3.5 pA, p> 0.05)] and half-width (SH: 5.1 ± 0.5, 

vs. normoxia: 6.1 ± 0.5 ms, p> 0.05) of sIPSCs, which were also not altered after picrotoxin: 

frequency [SH: 1.5 ± 0.3 Hz (n=11) vs. normoxia: 1.2 ± 0.2 Hz (n=16), p> 0.05], amplitude (SH: 

13.8 ± 1.8, vs. normoxia: 15.1 ± 1.8 pA, p> 0.05)] and half-width (SH: 2.6 ± 0.2, vs. normoxia: 

3.3 ± 0.2 ms, p> 0.05). Even after picrotoxin+strychnine, we observed some residual sIPSCs 

similar in both groups: frequency [SH: 0.6 ± 0.1 Hz (n=7) vs. normoxia: 0.4 ± 0.1 Hz (n=10), p> 

0.05], amplitude (SH: 10.1 ± 1.2, vs. normoxia: 10.7 ± 1.7 pA, p> 0.05) and half-width (SH: 3.4 

± 0.9, vs. normoxia: 2.7 ± 0.5 ms, p> 0.05)]. These findings are showing that the tonic 

GABAergic inhibitory drive in the NTS neurons was significantly reduced by SH, while the 

phasic transmission mediated by GABA and glycine was not affected. The cardiovascular and 

respiratory implications of these findings in the NTS neurons after SH require further 

investigation. 
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Abstract: The 15q13.3 microdeletion syndrome is a genetic disorder caused by deletion of 

several genes on chromosome 15 and is associated with psychiatric disorders and social 

cognitive deficits [1,2], and these deficits resemble those observed in 15q13.3 mouse models [3]. 

The underlying mechanisms are unresolved, but alterations in cortical circuits due to reduced 

inhibitory function have been implicated in social and cognitive impairments in several 

neurodevelopmental disorders [4]. Inhibitory synaptic transmission in the brain is largely 

mediated by GABA acting on Cl--permeable GABAA receptors. This requires low levels of 

intracellular Cl- that are mainly achieved by the K+-Cl- cotransporter, KCC2. Decreases in KCC2 

expression or KCC2 Cl- extrusion capacity reduce synaptic inhibition and contribute to the 

pathophysiology of neurological disorders including to social deficits and repetitive behaviors in 

other autism mouse models [5,6].We used a combination of electrophysiology, biochemistry and 

behavioral assays, to investigate the potential contributions of Cl- regulation and altered 

inhibitory synaptic transmission to social behavioral deficits in the 15q13.3 microdeletion.We 

recorded the reversal potential for GABA (EGABA), as an indirect measurement of KCC2 

function, in medial prefrontal cortex (mPFC) and found a significant depolarizing shift of EGABA 

in the 15q13.3 microdeletion brain compared with WT control. We pharmacologically inhibited 

KCC2 and confirmed that dysfunction contributes to the depolarization of EGABA in mPFC of 

15q13.3 mice. In addition, we found that KCC2 protein expression is significantly decreased in 

mPFC of 15q13.3 mice compared with WT. Our results show that depolarization of EGABA 

contributes to increased neuronal excitability and spiking activity in 15q13.3 mPFC neurons. We 

will evaluate the contribution of chloride dysregulation on social behavioral deficits observed in 

15q13.3 microdeletion. Understanding KCC2 function and chloride regulation in 15q13.3 and its 

behavioral consequences could represent novel insights into the pathogenesis of 15q13.3 

microdeletion syndrome. 

References: 
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18(11):1111-1118. [3]. Nilsson SRO, et al, 2016. Psychopharmacology (Berl). 233(11):2151-

2163.[4]. Paine TA, et al, 2017. Behav Brain Res. 15; 317:542-552[5]. Rivera C, et al. Nature.; 

397:251–255.[6]. Tyzio R, et al. (2014). Science 343 675–679. 
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Abstract: Background: Alzheimer’s disease is defined by the pathological development of 

amyloid-beta (Aβ) and aggregation hyperphosphorylated tau (ptau). While presence of both 

biomarkers is necessary for diagnosis, tau pathology develops later in disease coinciding with 

cognitive impairment and neurodegeneration. Over 50% of people diagnosed with AD report 

sleep disturbances. Currently, it is unclear if this is a cause or consequence of Aβ or tau 

pathology. Previous work showed that tau pathology corresponds with disrupted sleep. 

Currently, it is unclear what mechanisms underly sleep-wake changes. Therefore, we 

investigated how tau pathology alters sleep and neuronal excitability in the P301S PS19 mouse 

model. Methods: To examine sleep-wake cycles, 3, 6, and 9 month old P301S and WT mice 

underwent stereotaxic surgery to place cortical EEGs and EMG wires. EEG/EMG recorded 

cortical activity over 3 days. Recordings were hand scored over a 24-hour period in 10 second 

epochs as either wake, NREM, or REM according to EEG/EMG characteristics. Fast Fourier 

Transform (FFT) was utilized to determine power spectral density and categorize EEG into 

predefined frequency bins. Bulk RNAseq was performed on 9 month old P301S and WT cortical 

tissue. Expression of GABA and glutamate associated genes were analyzed. Results: Analysis of 

EEG recordings revealed that tau pathology decreases time spent in NREM and REM specific to 

the light period as early as 6 months old and is exacerbated at 9 months old. Relative power 

analysis exhibited decreased beta power (12-30 hz) during wake and NREM due to tau 

pathology, not age. This led to decreased delta power (1-4hz) during wake, suggesting decreased 

homeostatic drive for sleep. Since beta power reflects excitatory/inhibitory (E/I) balance and 

GABAergic tone, we used transcriptomics to explore gene expression related to GABA and 

glutamate signalling. GABAergic synapse, calcium signalling, and GABA synthesis genes were 

reduced with pathology, not age. Expression of GABA receptors increased, while genes 

associated with glutamate synthesis and receptors were dysregulated compared to controls. 

Conclusion: P301S mice spend decreased time in NREM/REM with tau pathology. EEG spectral 

analysis indicates decreased beta activity, suggesting diminished GABA transmission. Further, 

tau pathology alters the expression of GABA and glutamate associated genes. Together, tau 



pathology reduces sleep drive and ability to switch between vigilant states despite increased 

sleep need. These results suggest that tau pathology causes sleep impairments with an underlying 

potential mechanism of tau pathology induced excitatory/inhibitory imbalance. 
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Abstract: Breakthroughs in epigenetic discoveries have revealed epigenetic mechanisms that 

can induce lasting changes in both the structure and function of the nervous system, thereby 

influencing a spectrum of neurological and psychiatric disorders. Recent work has found that 

biogenic monoamines like dopamine and serotonin can post-translationally modify Histone 3 

(H3) at two specific glutamine (Q) residues (H3Q5 and H3Q19). Initial studies of this process, 

known as H3 monoaminylation, found that transcriptional and behavioral patterns of cocaine-

dependent rats were partially reversible by overexpressing a monoaminyl-deficient H3Q5 variant 

in the reward circuit. Although H3 monoaminylation has been subsequently linked to mood 

disorders and other drug addictions, its overall physiological importance and the functional 

significance of the second monoaminyl site (H3Q19) remain unclear. Therefore, this study aims 

to probe the functional significance of both H3 monoaminylation sites in vivo by using 

throughput genetic and behavioral techniques in the fruit fly. To investigate the effects of 

monoaminylation on H3Q5 and H3Q19, Drosophila strains with H3 variants mimicking 

unmodifiable glutamine (Q) residues were designed. This was achieved by amino acid 

substitutions replacing glutamine (Q) residues with alanine (Q>A) or asparagine (Q>N), in the 

individual (Q5 or Q19) or combined (Q5+Q19) monoaminylation sites using phiC31-mediated 

targeted integration. Thus far, we have found that ubiquitous overexpression of individual H3 

Q>A and Q>N variants resulted in comparable semi-lethality patterns, suggesting that 

monoaminyl deficiency rather than specific amino acid substitutions is responsible for this 

phenotype. Moreover, pan-neuronal overexpression of H3 Q>A variants causes defects in wing 

expansion behavior, which is regulated by a genetically and neurobiologically traceable 



neurohormone signaling cascade. Therefore, we have found a potential pathway for further 

exploration into the precise function of this novel epigenetic mark in vivo. 
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Abstract: Neuropeptide Y (NPY), a 36-amino acid peptide, is known for its vasoactive 

properties, and we have recently demonstrated its potential role as a neuroprotective agent in the 

retina despite its vasoconstriction properties. NPY exerts its vasoconstrictive effects through the 

activation of the NPY-Y1 receptors in blood vessels. NPY is endogenously degraded into NPY 

(3-36) by Dipeptidyl peptidase-4 (DPP4), resulting in a more stable peptide. N-terminally 

truncated analogs like NPY (3-36) have been found to exhibit lower or no affinity for NPY-Y1 

receptors while maintaining similar affinities towards Y2 and Y5 receptors. This study 

investigated the vasoconstrictive effects of NPY and its truncated form, NPY (3-36), on mouse 

retinal blood vessels in vivo. Wild-type C57-BL6J mice (n=36) were injected intravitreally with 

NPY (1-36), NPY (3-36), or a scrambled NPY (scNPY) with equal dose. The retinal vasculature 

was imaged using Phoenix MICRON IV by fluorescein angiography at various time points: 15 

minutes, 1 hour, 6 hours, and 24 hours. Vessel diameter was calculated using the FIJI Vessel 

Analysis plugin. Following treatments, mice were euthanized, and eyes were harvested for 

further immunofluorescence analysis. Whole-mount retinas were immunostained for NPY 

receptors (Y1R, Y2R, and Y5R) to observe their localization on blood vessels. Results showed a 

significant decrease in vessel diameter in the groups treated with NPY at 15 minutes (p < 0.001, 

n = 6) and 1 hour (p < 0.0001, n = 6), but no significant decrease was observed at 6 and 24 hours. 

In contrast, groups treated with NPY (3-36) and scNPY showed no signs of vasoconstriction at 

any time point (n=6 per group). Immunostaining revealed co-localization of the NPY-Y1 

receptor with isolectin B4, highlighting the endothelial cells of the retinal blood vessels, but not 

with Y2R or Y5R. These results indicate that NPY induces a strong but transient 

vasoconstrictive effect in blood vessels through activation of the Y1 receptor, whereas NPY (3-

36) does not exert a similar effect due to its inactivity against the Y1 receptor. It is suggested that 

the transient vasoconstrictive effect of NPY may be due to its endogenous degradation by DPP4 



into NPY (3-36). Ongoing studies will be focused on understanding the molecular mechanisms 

involved in NPY-induced vasoconstriction. This is critical to determine if it could be utilized in 

the retina as a neuroprotective agent. 
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Abstract: A significant portion of individuals presenting to a clinic with an opiate use disorder 

(OUD) are at greater risk for a comorbid diagnosis of post-traumatic stress disorder (PTSD); 

however, SSRI and cognitive-behavioral therapy have proven largely ineffective at treating these 

conditions. Recently, phase-III clinical trials utilizing 3,4-methylenedioxymethamphetamine 

(MDMA)-assisted therapy have significantly reduced PTSD symptoms; however, little is known 

about the mechanism of these effects and if they extend to comorbid models of OUD and PTSD. 

This study looked at the effects of MDMA on heroin withdrawal-enhanced fear learning (HW-

EFL), a preclinical model of comorbid OUD and PTSD, in adult male Sprague-Dawley rats. 

Animals underwent 10 days of chronic escalating doses of heroin and were subsequently 

administered MDMA or saline at 0, 24, and 48 hr of heroin withdrawal. One week after the start 

of heroin withdrawal, animals were exposed to a mild foot shock in a distinct environment and 

tested subsequently for enhanced fear learning. The results showed that MDMA weakened the 

heroin withdrawal-induced sensitization to future fear learning. Prior research from our 

laboratory has shown that increases in proinflammatory cytokines interleukin-1 beta (IL-1β) and 

tumor necrosis factor-alpha (TNF-α) within the dentate gyrus (DG) of the dorsal hippocampus 

(DH) during heroin withdrawal are functionally involved in the development of enhanced fear. 

Thus, to investigate the mechanism behind the behavioral effect of MDMA, we examined 

changes in IL-1β, TNF-α, and the astrocyte-specific marker glial fibrillary acidic protein (GFAP) 



within the DG of the DH in a separate cohort of animals that received MDMA or saline at 0 and 

24 hr of heroin withdrawal. The results showed that MDMA administration attenuated heroin 

withdrawal-induced increases in IL-1β, TNF-α, and GFAP in the DG of the DH, suggesting that 

the effect of MDMA during HW-EFL is, in part, due to a neuroimmune mechanism. Together, 

these experiments are the first to show the behavioral and neuroimmune effects of MDMA in the 

HW-EFL model of comorbid OUD and PTSD and provide valuable insight for the clinical 

treatment of this comorbidity. 
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Abstract: Interleukin-1β is primarily considered a proinflammatory cytokine that mediates 

immune responses. Both glial cells and select neuronal populations in the hippocampus have 

high expression of interleukin-1β and associated receptors, where they are thought to regulate 

hippocampal synaptic plasticity, such as long-term potentiation (LTP). We previously reported 

that cellular plasticity in the dorsal hippocampus is essential for cue-induced relapse after 

prolonged, but not acute, abstinence from cocaine self-administration. In our current studies, we 

found increased transcription and expression of interleukin-1β, along with increased levels of 

CCL2 (C-C motif chemokine ligand 2), in hippocampal tissues of male Sprague Dawley rats 

after prolonged forced abstinence (AD 30) from long-access cocaine self-administration. Double 

immunolabeling of these proteins and cell type-specific markers revealed that astrocytes in the 

dorsal hippocampus were responsible for the increase in interleukin-1β expression. Ongoing 

functional and behavioral studies will enable us to determine the significance of hippocampal 

interleukin-1β in mediating addiction-like neurobiological and behavioral plasticity. 
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Abstract: Transforming Growth Factor-β (TGF-β) is a pluripotent cytokine expressed in 

virtually every cell type of the human body. When aberrantly activated in the brain, it contributes 

to various neurological conditions. Marfan Syndrome (MFS), caused by Fbn1 gene mutations, 

chronically disrupts TGF-β signaling in the periphery, with its neurological impacts remaining 

underexplored. We hypothesize that Fbn1 mutations disrupt brain TGF-β levels, which, in turn, 

modulate glutamate neurotransmission. Using 6-month-old male and female Fbn1C1041G/- mice 

and C57BL/6 controls, we quantified levels of TGF-β isoforms in the brain using a multiplex 

assay (n=31). Resting extracellular glutamate levels and clearance kinetics in the hippocampus 

were measured using glutamate-selective microelectrode arrays (MEAs) coupled with in vivo 

amperometric recordings in anesthetized mice (urethane, 1.5g/kg, i.p.;n=45). Using a 

micropipette affixed to the MEA, local application of 100µM isotonic glutamate assessed 

clearance kinetics. In a male cohort (n=5), volume-matched local applications of TGF-β 

(25ng/mL) were locally applied to examine changes in extracellular glutamate. Our findings 

reveal similar hippocampal TGF-β isoform levels between FbnC1041G/- and control mice, but 

significantly elevated resting extracellular glutamate levels in Fbn1C1041G/- mice (2.40±0.40μM 

vs. 0.83±0.17μM; p=0.002; mean±SEM). Local application of TGF-β evoked immediate and 

reproducible glutamate overflow, peaking at 6.28±1.74µM and remained elevated for 8.53±1.24s 

before returning to baseline levels compared to physiological saline, indicating a regulatory role. 

These results demonstrate TGF-β’s direct and indirect modulation of hippocampal glutamate 



neurotransmission, offering novel insights into MFS neurological manifestations and broader 

implications for aberrant TGF-β signaling in neuroinflammation, neurodegeneration, and aging. 
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Abstract: Voltage-gated ion channels (VGICs) are membrane proteins that allow ions to pass 

through cell membranes. They play essential roles in action potential generation and propagation 

in neurons, muscle contraction, cardiac rhythm regulation. They are crucial for maintaining 

cellular homeostasis, signal integration, plasticity, and adaptability in the nervous system. 

Abnormalities in VGICs are linked to various diseases, making them significant targets for 

medical research and treatment. Over the past four decades, extensive research has elucidated the 

molecular, structural, and biophysical properties of ion channels. Despite this, no public resource 

has existed for accessing raw biophysical data of VGICs. 

To address this gap, we present Channelpedia (https://channelpedia.epfl.ch), an updated and 

comprehensive database that consolidates extensive information on ion channels. The latest 

version of Channelpedia features revised literature pages for all VGICs, raw electrophysiology 

data, and an AI-based assistant, ChannelAID. Unlike general AI chatbots, ChannelAID is 

specifically trained on ion channel scientific literature, providing accurate information with 

references. Additionally, ChannelAID can screen the published literature to list the effect of a 

drug on VGICs, offering an unprecedented comprehensive overview of the reported 

pharmacological impacts on these channels. Channelpedia thus serves as a crucial resource for 

researchers, providing a thorough and interactive platform for studying VGICs. 
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Abstract: Introduction: Multiple sclerosis (MS) is a neuroinflammatory and neurodegenerative 

disease of the central nervous system (CNS) with a heterogeneous presentation, which 

complicates diagnosis and treatment. Primary progressive MS (PPMS) is classified into non-

active (PPMS-NA) and active (PPMS-A) forms based on MRI activity and lipid-specific 

oligoclonal IgM bands. PPMS is characterized by neurodegeneration, which has been in turn 

associated with increased oxidative stress and mitochondrial dysfunction. Current disease-

modifying therapies are effective only for PPMS-A, underscoring the need for new therapeutic 

targets. MicroRNAs (miRNAs) are promising biomarkers, with over 400 of them linked to 

mitochondrial processes. Objective: To identify differential expression patterns of miRNAs 

related to mitochondrial function and oxidative stress in the plasma of PPMS patients. Material 

and methods: Plasma samples were obtained at diagnosis from 83 subjects: 30 PPMS (22 PPMS-

NA and 8 PPMS-A) 27 relapsing-remitting MS (RRMS), and 26 patients with other neurological 

disorders (OND). Plasma levels of 56 miRNAs were determined by quantitative PCR (qPCR), 

using the OpenArray technology, and their expression was analyzed by non-parametric statistical 

tests. Results: Circulating miR-197-3p levels were significantly higher in PPMS-A compared to 

PPMS-NA (p<0.05). This miRNA regulates genes involved in mitochondrial apoptosis, such as 

FOXO3, PAIMP1, and VDAC1, suggesting decreased apoptotic activity in PPMS-A relative to 

PPMS-NA. Conversely, miR-1-3p levels were significantly lower in PPMS-NA compared to 

OND (p<0.01). This miRNA targets COX1 and ND1, key for mitochondrial function, indicating 



potential mitochondrial dysfunction in PPMS-NA. Conclusions: Elevated miR-197-3p levels in 

PPMS-A are associated with decreased mitochondria-mediated apoptosis, whereas reduced miR-

1-3p levels in PPMS-NA suggest mitochondrial dysfunction. These distinct miRNA profiles not 

only differentiate PPMS subtypes but also provide insights into mitochondrial dysfunction in 

MS. These findings could guide the development of more precise diagnostic and therapeutic 

strategies for managing progressive MS. 
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Abstract: Pelizaeus-Merzbacher Disease (PMD) is a rare neurodegenerative disorder affecting 

the brain's white matter, a leukodystrophy primarily affecting myelinogenesis. The disease is 

principally caused by mutations of the PROTEOLIPID PROTEIN 1 (PLP1) gene located on the 

X-chromosome, which encodes the major protein component of CNS myelin. The most common 

mutations in PMD patients are duplications and triplications of the PLP1 gene, leading to protein 

overexpression and causing cellular toxicity and death of oligodendrocytes. A transgenic mouse 

model of Plp1 gene duplications (Nave-66) has been studied by several groups including our 

own. These mice have a lifespan between 150 - 200 days. To mitigate disease symptoms in these 

transgenic mice, we tested if a single intraventricular injection of an AAV-Olig001 vector - an 

adeno-associated virus (AAV) with tropism for oligodendrocytes, encoding EGFP and an 

inhibitory short-hairpin sequence targeting Plp1 mRNA (shRNA, miR-1333) - into 4-6 days old 

mice could suppress PLP1 overexpression and reduce cytotoxicity. A scrambled shRNA (miR-

1307) was used as a control. This exploratory study aimed to regulate PLP1 levels in mutant 

mice as a potential treatment strategy for PMD patients. Effectiveness of the AAV treatment was 

evaluated through various behavioral tests including forearm strength test, rotarod test, and 

lifespan measures. Further, qPCR was used to examine postmortem Plp1 expression levels in 

treated mice. Because PMD is X-linked recessive, only male mice between 1 to 6 months of age 

were included in the study. In all behavioral tests, we did not find evidence of disease mitigation 

in the Olig001-miR-1333 group compared to the Olig001-miR-1307 controls. Further, Kaplan-

Meier analysis indicated that lifespan was not extended. However, we observed an approximate 

two-fold reduction in levels of Plp1 mRNA in brain homogenates of active versus scrambled 

miRNAs (whole tissue between Bregma and Lambda analyzed). The mRNA encoding EGFP 

was also abundant in this 

tissue, indicating that AAV expression persisted for at least 7 months post-injection. Finally, we 

observed strong and widespread EGFP fluorescence staining in midbrain/brainstem cryostat 

sections. Our findings underscore the challenges ahead for improving the efficacy of the Olig001 

therapy and alleviating PMD symptoms. Nevertheless, we conclude that our approach in Plp1 

overexpressing mice is a technical success, and this preliminary research serves as a critical 

foundation for future experiments and studies aimed at refining therapeutic strategies for PMD. 
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Title: Aa147 alleviates clinical symptoms in a mouse model of multiple sclerosis by reducing er 

stress and oligodendrocyte loss 

Authors: *K. P. BRUCE1, M. AKSU1, K. KASCHKE1, I. STECKLER1, E. GARCIA1, M. 
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Abstract: Current immunomodulatory therapies for multiple sclerosis (MS) have limited benefit. 

Oligodendrocyte (OL) death and demyelination induced by inflammatory attack and subsequent 

axonal degeneration are key features of MS. Inflammation-induced endoplasmic reticulum (ER) 

stress are thought to promote tissue damage in MS. ER stress can trigger the unfolded protein 

response (UPR), the innate cytoprotective response, which is orchestrated by three 

transmembrane signal transducers, including activating transcription factor 6 (ATF6). Although 

the ATF6 arm is not as well characterized, a recent study showed that ATF6 deficiency 

exacerbated EAE severity and oligodendrocyte loss, indicating its important role in protecting 

oligodendrocytes from inflammation. AA147, a newly discovered small compound, has been 

shown to activate the ATF6 pathway through reducing disulfides and enhancing trafficking to 

Golgi and then nucleus. Unexpectedly, AA147 might activate the antioxidative nuclear factor 

erythroid 2-related factor 2 (NRF2) pathway in certain neuronal cell lines. NRF2 pathway is 

known to both maintain intracellular redox homeostasis and mediate anti-inflammatory 

responses. The purpose of this study is to explore the therapeutic potential of AA147 and its 

underlying mechanism in a MS mouse model, experimental autoimmune encephalitis (EAE). We 

demonstrate that AA147 treatment significantly reduced the clinical symptoms in EAE, while 

deficiency of ATF6 in OLs abrogates the protective effect. Additionally, AA147 provided 

protection to OL and reduces CNS inflammation and ER stress. Importantly, AA147 

significantly increased the expressions of Grp78, an ATF6 target gene, in oligodendrocytes, 

while enhancing levels of Grp78 as well as Ho-1, an NRF2 target gene, in microglia. 

Surprisingly, AA147 had no effect on the reactive oxidative species levels in the spinal cords of 

EAE mice, yet it increased the number of microglia exhibiting anti-inflammatory profile. 

Overall, our results suggest AA147 as a potential therapeutic opportunity for MS by promoting 

oligodendrocyte survival and regulating microglia status through distinct mechanisms. 
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Abstract: Melanoma-associated antigen MAGED4 is a potential target for cancer 

immunotherapy. Overexpression of miR-200a in glioma cells can inhibit MAGED4 expression, 

but the regulatory mechanism of its expression remains unclear. Previous studies have found that 

circular RNAs (circRNAs) can bind to miRNAs, thereby relieving miRNA-mediated repression 

of their target genes. This study aims to identify circRNAs in gliomas that can bind to miR-200a, 

investigate their functions and regulatory mechanisms, and provide new insights for targeting 

MAGED4 in glioma immunotherapy.In this study, five glioblastoma tissues and five normal 

brain tissues were collected for circRNA high-throughput sequencing, which identified 879 

differentially expressed circRNAs, with 224 upregulated and 655 downregulated. Using 

ENCORI (https://starbase.sysu.edu.cn/), miR-200a target circRNAs were predicted and 

intersected with the upregulated circRNAs from the sequencing results, identifying circ-ZEB1.33 

as the target for further study.Subsequently, qRT-PCR was used to detect circ-ZEB1.33, 

MAGED4 mRNA, and miR-200a mRNA in 30 glioma tissues, 5 normal brain tissues, and 5 

glioma cell lines. The results showed high expression of circ-ZEB1.33 and MAGED4 mRNA, 

and low expression of miR-200a mRNA in glioma tissues and cell lines (U251, A172). Wild-

type and 3'UTR mutant vectors of circ-ZEB1.33 and MAGED4 were constructed and co-

transfected with miR-200a mimics into glioma cells. Luciferase reporter assays confirmed that 

circ-ZEB1.33 regulates MAGED4 through miR-200a.In U251 and A172 cells, silencing circ-

ZEB1.33 decreased the expression of MAGED4 mRNA and protein levels. CCK8 assays were 



used to detect proliferation, while wound healing and Transwell assays were used to detect 

migration and invasion. Compared to the control group, silencing circ-ZEB1.33 significantly 

inhibited cell proliferation, migration, and invasion. Additionally, co-transfection with miR-200a 

inhibitors or overexpression of MAGED4 could counteract the inhibitory effects of circ-ZEB1.33 

silencing.In conclusion, circ-ZEB1.33 affects MAGED4 expression by targeting miR-200a, 

thereby regulating malignant biological behaviors such as proliferation, migration, and invasion 

of glioma cells. 
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Title: Phototoxicity study of zinc phthalocyanine-folic acid-TiO2 nanoparticles in glioma cells. 
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Abstract: Glioblastoma is the most aggressive brain tumor, and its main treatments are surgery, 

radiotherapy and chemotherapy, but still, the average life expectancy is 12-18 months. The 

generation of new therapies is a challenge that requires the development of innovative strategies, 

and nanotechnology has emerged as a promising tool. Photodynamic therapy involves a 

photosensitizer application followed by light activation to generate reactive oxygen species 

(ROS) at the tumor site to kill cancer cells. The aim of this study was to determine the 

phototoxicity of zinc phthalocyanine- folic acid-TiO2 nanoparticles (NPs) on glioma cells. The 

effect in vitro of NPs under different conditions, such as concentration, incubation time, and 

distance of irradiation source was evaluated in glioma cell lines (U87, U251, and U87) using 

MTT and DCFH-DA assays. Upon irradiation of NPs, cytotoxicity resulted in a significant 

viability reduction and an enhanced intracellular ROS formation of various glioma cells. 
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Title: State-dependent inhibition of Nav1.8 sodium channels by VX-548, VX-150, A-887826, 

and LTGO-33: relief of inhibition by depolarization 
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Harvard Med. Sch., Boston, MA 

Abstract: Nav1.8 sodium channels are expressed in primary pain-sensing neurons with little 

expression in most other neurons, making them an attractive drug target. We found that several 

Nav1.8 inhibitors, including A-887826, VX-548 (suzetrigine), and VX-150, have an unusual 

property whereby inhibition is relieved by depolarization. For example, inhibition by VX-548 is 

very potent when applied at -100 mV (IC50 ~0.3 nM; 27 °C, automated patch clamp) but 

inhibition can be ~90 % removed by a 200-ms depolarization to +120 mV. Reinhibition when 

voltage is returned to -100 mV occurs at a rate proportional to drug concentration, consistent 

with the idea that drug dissociates from channels in the depolarized state with voltage sensors 

activated and then rebinds when channels return to a high-affinity resting state with voltage 

sensors deactivated. Relief of inhibition from depolarized channels might be undesirable if it 

occurred with action potential (AP) waveforms at physiological frequencies. We explored the 

extent of such “reverse use-dependence” for VX-548, A-887826 and LTGO-33, another 

compound showing relief by depolarization, doing experiments at 37 °C with AP waveforms 

applied at 20 Hz. In initial experiments, we found that the potency of VX-548 is significantly 

temperature-dependent, with weaker binding (to resting state channels) at 37 °C (IC50 ~0.3 nM, 

manual patch clamp) than at 22 °C ( ~0.1 nM). Using AP waveforms recorded from human DRG 

neurons at 37 °C, we found that there is minimal reversal of VX-548 inhibition with AP 

waveforms applied at 20 Hz. Similarly, there was almost no reversal of LTGO-33 inhibition with 

AP waveforms at 20 Hz. In contrast, there was substantial reversal of inhibition of A-887826. 

The differences among the compounds can be understood by differences in the voltage-

dependence and kinetics with which the compounds dissociate from depolarized channels and 

rebind to resting state channels. VX-548 required the strongest depolarizations for relief 

(midpoint near +40 mV), and relief was slow (tau > 300 ms at +20 mV) , so almost no relief 

occurred during an AP waveform. Relief from A-887826 required weaker depolarizations 



(midpoint ~+10 mV) and was much faster, so some relief occurred during each AP waveform 

and accumulated during 20 Hz trains. Interestingly, LTGO-33 required even weaker 

depolarizations for relief (midpoint near -10 mV) and relief was even faster than for A-887226, 

but reinhibition between AP waveforms was much faster than for A-887826, so that relief did not 

accumulate during AP trains at 20 Hz. 
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Abstract: Voltage-dependent sodium channels are a proven clinical target for treating epilepsy, 

arrhythmias, and other disorders. Recent efforts to develop new sodium channel inhibitors for 

pain and epilepsy have focused on finding compounds that are selective for particular subtypes 

of sodium channels, for example inhibiting Nav1.7 and Nav1.8 channels expressed in 

nociceptors without inhibiting cardiac Nav1.5 channels. Yet, virtually all sodium channel 

inhibitors currently given to patients are relatively non-selective. A priori, non-selective 

inhibition of sodium channels would seem like a terrible idea, since they are vital for functions 

such as thinking, moving, and cardiac function. Using automated patch clamp technology 

(Sophion Qube 384) to enable comprehensive dose-response studies on multiple sodium channel 

types, we characterized the interaction of a variety of clinically-used sodium channel inhibitors, 

including amitriptyline, bupivacaine, carbamazepine, cannabidiol, phenytoin, lamotrigine, 

lacosamide, lidocaine, and riluzole, on multiple sodium channel types, including Nav1.5, 

Nav1.6, Nav1.7, and Nav1.8. [All of the compounds inhibited all of the channel types but with 

varying potencies. All of the compounds were strongly state-dependent, with more potent 

inhibition when channels are partly inactivated.] It is striking that all of the drugs have relatively 

little selectivity among the different sodium channels, despite being clinically useful and 

generally safe. Perhaps most strikingly, many of the compounds are highly effective inhibitors of 

cardiac Nav1.5 channels, yet have minimal effects on cardiac function. The likely explanation is 

likely two-fold: first, cardiac atrial and ventricular muscle has much more negative resting 



potential (near -88 mV) than most neurons (typically -85 to -60 mV), so that a larger fraction of 

channels are in the resting state with weak drug binding, and second, cardiac muscle cells have a 

high density of sodium channels, so that inhibition of a substantial fraction of sodium channels 

can be tolerated with minimal functional consequences. The strong state-dependence of drug 

action also likely accounts for functional selectivity of drug on neurons to inhibit 

pathophysiological conditions like pain and epilepsy without major disruption of normal 

functions. 
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Title: Roles of Nav1.7 and Nav1.8 channels in firing of human dorsal root ganglion neurons 
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Abstract: Both Nav1.7 and Nav1.8 voltage gated sodium channels are known to be expressed by 

human primary pain-sensing neurons, and both have been the focus of drug development efforts 

to find new non-opioid therapies for pain. We explored how each channel type contributes to 

overall excitability of human dorsal root ganglion (DRG) neurons using pharmacology, doing 

voltage clamp and current clamp experiments at both 22 °C and 37 °C. We used a preparation of 

neurons enzymatically dissociated from human DRG neurons and maintained in tissue culture 

for up to 5 days. The great majority of neurons (>90%) that appeared healthy had currents 

activated by capsaicin and large components of Nav1.8 current (sensitive to 10 nM or 30 nm 

VX-548), consistent with being nociceptors. In voltage clamp experiments, it proved possible to 

separate components of Nav1.7 and Nav1.8 currents by sensitivity to GsAF-1 (30-100 nM) and 

VX-548 (10-30 nM), respectively. As expected, Nav1.7 currents activated at more negative 

voltages than Nav1.8 currents, activated and inactivated more rapidly, and inactivated at more 

negative voltages (midpoint near -55 mV) than Nav1.8 currents (midpoint near -20 mV). In most 

neurons, current evoked by a voltage step to 0 mV from -80 mV had large components from both 

Nav1.7 and Nav1.8 channels, and together the two currents typically accounted for >90% of 

overall sodium current, with a small and variable component from TTX-sensitive channels that 



were not blocked by GsAF-1. In action potential clamp experiments using waveforms from 

neurons that fired repetitively in response to 1-s long current steps, Nav1.7 and Nav1.8 currents 

were both prominent in the first action potential while Nav1.8 was dominant in later action 

potentials, although Nav1.7 current was often not completely inactivated in the later action 

potentials. Consistent with a role of Nav1.8 channels in promoting repetitive firing, in 

experiments at 22 °C application of 10 nM VX-548 usually (83% of the time) converted 

repetitive firing to a single action potential. Interestingly, however, at 37 °C, almost a third of the 

neurons could still fire repetitively in the presence of VX-548, even when the concentration of 

VX-548 was increased to 30 nM. Overall the results show that although capsaicin-sensitive 

human DRG neurons have large Nav1.8 currents that help sustain repetitive firing, they also have 

large Nav1.7 currents and a fairly large fraction of neurons can still fire repetitively even in the 

presence of concentrations of VX-548 100-fold higher than the IC50 for Nav1.8 inhibition. 
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channel inhibitors 
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Abstract: The voltage-gated sodium channels Nav1.7 and Nav1.8 have emerged as attractive 

targets for the development of novel pain therapeutics due to their prominent expression in 

sensory neurons and genetic links to pain phenotypes in humans. Understanding how these ion 

channels contribute to the excitability of pain-sensing neurons is a key step in the development 

of novel analgesics. Here, we used the peptide toxin GsAF-I in combination with the Nav1.8 

blocker VX-548 (suzetrigine) to dissect Nav1.7 and Nav1.8 currents in mouse peptidergic 

nociceptors (CGRP+). In voltage clamp experiments. GsAF-I inhibited a fast, tetrodotoxin 

(TTX)-sensitive sodium current consistent with Nav1.7 channels, whereas VX-548 inhibited a 

slower, TTX-resistant sodium current matching Nav1.8 channels. There was little or no cross-

over in the components of current inhibited by the two agents. We used action potential clamp to 



examine the roles of Nav1.7 and Nav1.8 currents in repetitive firing using pre-recorded 

waveforms of mouse nociceptor repetitive firing. The Nav1.8 (VX-548-sensitive) currents 

accounted for the majority of the sodium current during repetitive firing, especially after the first 

action potential. In contrast, the Nav1.7 (GsAF-I) sensitive currents were only prominent in the 

initial action potential, quickly disappearing in later action potentials due to inactivation of 

Nav1.7. The patterns of contributions of Nav1.7 and Nav1.8 currents to initial and later action 

potentials during repetitive firing were similar at 22°C and 37°C. Finally, we tested the roles of 

Nav1.7 and Nav1.8 channels in action potential firing using current clamp recordings at both 

22°C and 37°C . Consistent with the action potential clamp experiments, repetitive firing at 22°C 

was abolished in the presence of 1 µM VX-548, but not GsAF-I. It is important to note that VX-

548 exhibited much lower potency on native mouse Nav1.8 channels (IC50 126 nM) compared 

to human Nav1.8 channels (IC50 0.27 nM), requiring micromolar concentrations to achieve full 

block of mouse Nav1.8 channels. At these concentrations we observed off-target effects of VX-

548 on Kv currents in the neurons, which were especially prominent at 37°C, limiting our 

interpretation of current clamp experiments. 
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Abstract: Voltage-gated ion channels (VGICs) are membrane proteins that allow ions to pass 

through cell membranes. They play essential roles in action potential generation and propagation 

in neurons, muscle contraction, cardiac rhythm regulation. Among VGICs, the calcium-activated 

potassium (KCa) channels, mainly regulated by intracellular calcium concentrations, are crucial 

for maintaining cellular excitability and function. There are three main subtypes of KCa 

channels: BK (big-conductance), IK (intermediate-conductance), and SK (small-conductance). 

Dysfunction in these channels is linked to conditions such as hypertension, asthma, epilepsy, and 

neurodegenerative disorders.In our ongoing effort to systematically characterize the kinetics of 

VGICs, we have studied all eight members of the KCa channel family (Slo1, Slo2.1, Slo2.2, 



Slo3, SK1, SK2, SK3, and SK4). Using isogenic CHO cell lines over-expressing single KCa 

channel types in a tetracycline-inducible manner, we employed both manual and automated 

whole-cell patch-clamping methods to investigate their biophysical properties. This approach 

enabled us to systematically measure the effects of temperature, voltage, and intracellular 

calcium concentration on all KCa channels. Our comprehensive dataset, along with the 

corresponding mathematical models, will be made publicly available at Channelpedia 

(https://channelpedia.epfl.ch), providing a valuable resource for further research in this field. 
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Abstract: TREK-1, a member of the two-pore domain K+ (K2P) channel family, is implicated in 

a range of neurological disorders due to its role in regulating neuronal membrane potential 

through a background K+ conductance (Djillani et al., 2019). In particular, TREK-1 represents an 

attractive drug target for treatment of pain. Here, we develop a high throughput 

electrophysiological assay capable of detecting both potentiators and inhibitors of hTREK-1 

stably expressed in CHO cells. The assay was validated with various reference compounds and 

used to screen a library of venom fractions (T-VDATM, Venomtech, UK) to identify novel 

hTREK-1 modulators. Initial assay development was performed on a QPatch 48 platform to 

optimise conditions suitable for detection of both activators and inhibitors. Baseline channel 

amplitude (in the absence of a small molecule potentiator) was insufficient for screening of 

inhibitors. Culturing cells at 30o C and in the presence of sodium butyrate (3 mM, 48 h) provided 

the most reliable method of increasing baseline current. Current amplitudes at baseline and 

following activation with BL-1249 (10 μM) were 2.29 ± 0.52 nA and 27.48 ± 7.50 nA (Mean ± 

SEM, n = 4), respectively, providing a suitable assay window for screening both inhibitors and 

potentiators. The assay was progressed to Qube 384 for screening of venom fractions. The assay 

paradigm consisted of two vehicle applications, followed by two test compound applications (at 



a single concentration). A variety of reference compounds were tested. Potency values for 

TREK-1 inhibitors amitriptyline, BaCl2, fluoxetine and quinidine (IC50s of 8.1 μM, 1.5 mM, 10.8 

μM and 77.6 μM, respectively) and TREK-1 activators BL-1249 and GI-530159 (EC50s of 5.1 

μM and 5.7 μM, respectively) were similar to published data. Finally, a library of venom 

fractions was screened against hTREK-1. A total of 591 fractions at 10 ng/µl were successfully 

screened. Significance was defined as a venom fraction that produced a response ± 50 % of the 

vehicle response. A total of 32 (5.41%) and 4 (0.68%) fractions were identified as potentiators 

and inhibitors, respectively. Potentiators were enriched with arachnid venoms, with the most 

efficacious fraction belonging to the scorpion, Heterometrus silenus, whereas inhibitors were 

enriched with snake venoms. A fraction from the elapid, Oxyuranus scutellatus, was the most 

efficacious inhibitor. Here, we have developed a robust hTREK-1 screening assay on the Qube 

384 platform. The optimized screening assay was successfully employed in the screening of a 

venom library, detecting peptides with both inhibitory and potentiating modalities. 

Djillani et al., 2019, Front Pharmacol 2019; 10: 379 
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Title: Rim1/2 are not required for phasic dopamine release in vivo 
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Abstract: Dopamine (DA) regulates movement, motivation, and reward valuation. Not only do 

natural fluctuations in DA correlate with reward prediction errors, but manipulations of DA can 

drive learning when it otherwise would not occur and prevent learning when it otherwise would 

occur. However, the question of whether brief fluctuations in DA signaling are truly necessary 

for learning remains unanswered, because some basal level of DA is needed for healthy network 

activity, intentional movements, and motivation. Perhaps phasic DA signaling only appears to be 



necessary for learning because a basal DA tone is needed to support network function and 

perform any non-reflexive action. To determine whether phasic release is truly necessary for 

learning would require clamping DA levels above the threshold necessary for healthy network 

activity and movement. The presynaptic scaffolding proteins RIM1/2 organize the active zone 

protein complex which facilitates fast and spatially precise neurotransmitter release (Südhof, 

2012). Previous work has established that RIM1/2 are essential for action potential-evoked (tonic 

and phasic) DA release in vitro but that removing these proteins from DA neurons still leaves 

enough basal DA (~30% of normal) to support healthy signaling and movement. (Liu et al., 

2018; Robinson et al., 2019). Using a genetically modified mouse line with a conditional RIM1/2 

knockout in DA neurons (RIMKODA) we investigated whether phasic DA release is essential for 

learning and performance on a Pavlovian task. Water restricted RIMKODA mice and control 

littermates completed a headfixed Pavlovian task in which they could lick for water one second 

after tone presentations, while we recorded nucleus accumbens DA signaling using the 

fluorescent sensor GRABDA3.0. After 10 training sessions, mice completed three extinction 

sessions. There were no differences in task performance between RIMKODA and control mice 

during training or extinction sessions, and DA responses to water reward and to reward omission 

were comparable between RIMKODA mice and controls. Our findings indicate that although RIM 

protein is essential for evoked DA release in slice, it is not required for evoked DA release in the 

NAc in the intact brain. Our work suggests that DAergic release machinery is robust to 

disruption and may rely on redundant processes in vivo that are not functional in slice. More 

generally, our work highlights the disparity between work done in vivo and in vitro and the need 

for more comparative studies between the two. 
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Abstract: Synaptotagmin (syt) 2 is the Ca2+ sensor for neurotransmitter release at the human 

neuromuscular junction. Mutations in syt2 are linked to the etiology of congenital myasthenic 

syndromes (CMS). Hallmarks of syt-based CMS include decreased transmitter release and 

muscle weakness. Recently, A de novo point substitution of an aspartate to glutamate (D301E) in 

syt was identified by whole exome sequencing of a young human patient with a spontaneous 

CMS. D301 (referred to henceforth as D1) is the first of 5 negatively-charged residues in the 

C2B domain of syt coordinating the Ca2+ that triggers transmitter release. In model systems, syt-

D1N (aspartate to asparagine) does not disrupt release whereas multiple other syt-DtoN 

mutations in C2B result in severe decreases. Additionally, in silico models of syt-D1E do not 

predict a disruption of the Ca2+-binding pocket nor changes in Ca2+ affinity. Thus, previous 

work does not indicate an essential role for D1. However, syt-D1E has not been previously 

studied. To achieve expression similar to human patients, syt-D1E, or a syt-WT control, was 

expressed from a transgene in flies carrying one copy of the wild type syt gene. Here we show 

that the syt-D1E mutation in these heterozygotes results in a 20% decrease in excitatory junction 

potential (EJP) amplitude in vivo and decreased locomotor activity consistent with muscle 

weakness. Thus, syt-D1E expressed at the fly neuromuscular junction phenocopies the human 

patient. In addition, when expressed in the syt-null background, the syt-D1E mutation results in 

lethality. These results show for the first time that the D1 residue in C2B is essential for 

synaptotagmin function and that syt-D1E causes CMS-like symptoms. Methods: Transgenic syt-

D1E, or syt-WT control, was expressed in fly neurons of males and females. Western analysis 

shows equal expression from the syt transgene and the single native gene. A student t-test 

demonstrated statistical significance between EJP amplitudes in mutants vs controls (n=17, 

p<0.001). Data and analysis replicated by a second investigator. Locomotor activity was 

measured using a Drosophila Activity Monitoring assay. Both males and females showed 

statistically significant decreases in locomotor activity between mutants and controls (n=47, 

p<0.0002). 
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Abstract: Synapses, critical for brain communication, rely on precise protein arrangements to 

ensure efficient information transmission. However, the mechanisms behind synaptic 

information representation, especially at the finest scale of information processing in the brain, 

remain elusive. Leveraging advanced technologies such as Single Molecule and Ensemble Super 

Resolution Microscopy, multivariate statistics, and molecular modeling, we evaluate alterations 

in thermodynamic signatures, distribution in synaptic functional zones, and nanoscale 

biochemical maps that emerge within single synapses. In the last decade our lab and others have 

accumulated compelling evidence confirming that signal processing at synapses is regulated 

using nanoscale machinery, which can assemble at the postsynaptic membrane and is at least 5-

10 times smaller than the synaptic area itself. We present new insights in to the nanoscale 

distribution of critical synaptic markers, including Bassoon and Voltage-Gated Calcium 

Channels (VGCCs) at the active zone, as well as the AMPA receptor subunit at the postsynaptic 

density (Netrakanti et al, unpublished) . From the molecular localization and the heterogeneity in 

their distribution within synapses, we extract molecular fingerprints contributing to the different 

outcomes observed in young and mature neurons during homeostatic scaling, a process integral 

to information processing diversity. These findings provide persuasive evidence that 

nanodomains result from the condensation of VGCCs and receptors, either independently or in 

association with scaffolding molecules, following the principles of liquid-liquid phase separation 

(Rajeev et al, 2022; Dhingra et al, unpublished). In summary, our research emphasizes that the 

regulation of release events at synapses is a multifaceted process influenced by the coordinated 

spatial arrangement of molecules at the nanoscale within the active zone and postsynaptic 

density. In essence, we integrate the concepts of representing uncertainty, probabilistic inference, 

and the nanoscale spatial organization of these molecules as reference frames to construct a 

comprehensive model of the synapse as a nanoscale information processing machine (Netrakanti 

et al (unpublished), Dhingra et al (unpublished). 
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Title: The unconventional cyclin and beta-catenin interacting protein, CCNG2, influences spine 

density and synaptic activity of CA1 hippocampal neurons 

Authors: X. XING1, A. HERGARDEN3, E. NGUYEN4, I. TYLER2, A. JACOBI2, V. 

CHANDRASEKAR2, R. J. WILSON5, P. J. LEIN6, J. W. HELL7, *M. C. HORNE8;  
1Dept. of Pharmacol., 2Univ. of California, Davis, Davis, CA; 3Pharmacol., Univ. of California 

Davis, Davis, CA; 4UCLA, Losa Angeles, CA; 6VM: Mol. Biosci., 7Dept. of Pharmacol., 5UC 

Davis, Davis, CA; 8Pharmacol., Univerity of California, Davis, Davis, CA 

Abstract: Cyclin G2 (CycG2) is an unconventional cyclin homolog well expressed in brain. In 

non-neuronal cells. CycG2 gene (CCNG2) expression is upregulated during cellular stresses, 

promoting G2-phase and G1-phase cell cycle arrest responses to DNA damage and 

pharmacological blockade of proliferation pathways. We found that transcripts for the CycG2 

gene (Ccng2) in rodents increased during postnatal cerebellar development, reaching peak levels 

as granule cell precursors exit the cell cycle and differentiate into neurons. We determined by 

immunoblot analysis and immunofluorescence microscopy that CycG2 protein expression is 

abundant in hippocampal and cerebellar neurons and partially partitions to synaptosomes and 

PSD fractions. As our previous work demonstrated that CycG2 forms a catalytically active 

complex with the serine/threonine phosphatase PP2A/B’ and C subunits in cerebellar tissues, we 

examined whether neuronal CycG2 interacts with other PP2A associated proteins, including β-

catenin. Through immunoprecipitation, pulldown experiments and fluorescence polarization 

assays we found compelling evidence that CycG2 directly associates with β-catenin, and that β-

catenin binds just N-terminal to the PP2A/C and B’ subunit binding sites in the carboxy terminus 

of CycG2. Intriguingly, parallel studies of others in non-neuronal mitotic cell types linked 



CycG2 with β-catenin/Wnt signaling functions, repressing β-catenin nuclear functions while 

augmenting its role in non-neuronal cell adhesion. Imaging of Golgi-stained hippocampi of 

Ccng2 KO & WT mice indicates that KO neurons exhibit decreased spine density compared to 

that in WT animals. Moreover, electrophysiological recordings of CA1 neurons in hippocampal 

slices from these mice show a decrease in mEPSC frequency and peak amplitude (PA) in the 

Ccng2 KO relative to those in WT mice. Ongoing work includes further assessment of how 

CycG2 loss may affect the localization and interactions of its neuronal binding partners. 
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Abstract: There are profound sex differences in the neuroendocrine response to stress that 

suggest that the control of PVN CRH neurons differs between the sexes. Norepinephrine (NE) 

acts on corticotropin releasing hormone (CRH) neurons in the hypothalamic paraventricular 

nucleus (PVN) to initiate the neuroendocrine response to stress, although it is not known whether 

the NE modulation of CRH neurons is sex-dependent. In male mice, NE activates postsynaptic 

α1 adrenoreceptors to trigger a neuron-astrocyte retrograde circuit that stimulates presynaptic 

excitatory circuits. In the present study, we assessed the effects of NE on the PVN CRH neurons 

of male and female mice using whole-cell patch clamp recordings in ex vivo hypothalamic 

slices. The resting membrane potential, spontaneous firing frequency, and input resistance did 

not differ between PVN CRH neurons from male and female mice. NE caused a similar 

prolonged inward membrane current and depolarization in the majority of CRH neurons from 

both male and female mice (60% males, 55% females). Interestingly, the excitatory synaptic 

input to PVN-CRH neurons was different between the sexes. At baseline, the frequency of 

spontaneous excitatory postsynaptic currents (sEPSCs) was higher in CRH neurons from males 

than from females, and NE caused an increase in the frequency of sEPSCs in the CRH neurons 



from males, but not females. Therefore, the postsynaptic effect of NE on PVN CRH neurons is 

similar in males and females, but NE activates a presynaptic excitatory circuit in males, but not 

females, that is likely to shape the sex-dependent response of PVN-CRH neurons to NE-

dependent stress activation. Supported by NIH grant R01 MH119283.  
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Abstract: The lateral habenula (LHb) plays a pivotal role in regulating emotional responses 

during stress reactions, and its hyperactivity has been associated with depression. Recently it has 

been demonstrated that chronic early-life stress results in individual differences in stress 

vulnerability among rodents. However, how synaptic function in the LHb varies between 

susceptibility and resilience to early life stress remains elusive. In this study, we used a maternal 

separation model to assign animals with different stress vulnerabilities into groups and 

investigated the synaptic responses in the LHb. Our findings indicate that synaptic long-term 

depression (LTD) was impaired and extra-synaptic LTD was enhanced in the LHb of the 

susceptible group. To mimic the synaptic alteration in stress situations, when administered 

corticosterone, a stress hormone, the intervention appeared to impair synaptic LTD in the LHb of 

the control group, through the activation of mineralocorticoid receptors (MR). Indeed, there was 

an up-regulation of MR mRNA observed in the susceptible group. Following there was an up-

regulation of both NR2A and NR2B subunits in the LHb. These results indicated that MR and 

extra-synaptic NMDA receptors in LHb are critically engaged in the susceptibilities to stress. 



Furthermore, our findings propose potential therapeutic targets for the alleviating stress-related 

symptoms. 
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Abstract: Release of GABA by interneurons is presumed to exert an inhibitory effect, except in 

immature brains. However, various studies, including our own, have demonstrated variability in 

the reversal potential for GABAA receptors (EGABA) in the healthy hippocampus. Some EGABA 

values (~12%) surpass the resting membrane potential, indicating a depolarizing GABAA 

response. Traditional methods for examining GABAA-mediated responses, such as simultaneous 

whole cell patch recording to stimulate presynaptic interneurons and measure individual 

postsynaptic neuron activity due to GABA release, are labor-intensive, low throughput, unable to 

localize GABAA responses, and prone to distort EGABA. This exploratory study aims to 

investigate whether an innovative voltage imaging and whole-cell patch approach can potentially 

examine the heterogeneity of GABAA responses by sampling an adequate number of synapses. 

Individual presynaptic interneurons expressing tdTomato were recorded and/or stimulated via 

whole-cell patch in organotypic hippocampal slice cultures prepared from P7-8 pups, of both 

sexes, offspring of DLX-cre mice crossed with tdTomato reporter mice. JEDI-3, a 2-photon-

compatible voltage indicator developed by Francois St-Pierre’s lab, was expressed under an 

hSyn promoter in an AAV vector added to the culture media. High-speed two-photon imaging 

was performed using an 8kHz resonant-galvo scanner over 512x32 pixels at a frame rate of 

330Hz. The raw value of the optical response was converted into dynamic fluorescence change 

(∆F/F0), detrended, and filtered using a 1Hz high-pass filter with customized MATLAB code. 

Membranous JEDI-3 fluorescence signal detected subthreshold membrane voltage activity and 

action potentials verified via simultaneous whole-cell patch. Subthreshold activity showed an 

average of -3.8% ∆F/F0, and action potentials reached up to an average of -8.3% ∆F/F0. JEDI-3 



reliably reported spontaneous spike activities and excitatory and inhibitory postsynaptic 

activities, indicating its capacity to measure both excitatory and inhibitory GABAA responses. 

JEDI-3 signal-to-noise ratio is sufficient to measure large numbers of heterogeneous GABAA-

mediated responses in many hippocampal neurons simultaneously, which will make it possible to 

define the extent of intrasynaptic variability as well as characterize the temporal stability of 

GABAA responses. 
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Abstract: Dose dependent differential gene expression following psilocybin 

administrationJ. Hudson Barnett, Benjamin Rabichow, Katelin Gibson, Kennedi Todd, 

Kimberly Olney, John D. Fryer Psilocybin - a psychotropic compound found in over 200 species 

of fungi - is currently under phase 3 clinical investigation for Major Depressive Disorder and 

Treatment Resistant Depression. Psilocybin is a promising drug candidate for a variety of 

psychiatric disorders for two compelling reasons: 1) like the ubiquitously used Selective 

Serotonin Reuptake Inhibitors (SSRIs), it targets the serotonin (5-HT) receptor system, and 2) 

unlike SSRIs, it induces rapid and sustained symptomatic improvement for multiple indications. 

Psilocybin is a pro-drug that undergoes hepatic dephosphorylation to yield psilocin, the active 

metabolite with high affinity for 5-HT receptors. Excluding ionotropic 5-HT3, the 5-HT receptor 

family are transmembrane G protein-coupled receptors (GPCRs) that initiate signaling cascades 

with downstream effects on neurotransmission, hormone release, and differentially expressed 

genes (DEGs). Psilocin’s action within the 5-HT receptor system remains largely unknown, 

however, the 5-HT2A receptor is thought to be primarily responsible for its therapeutic effects. To 

assess the psilocybin evoked transcriptome, we administered psilocybin at a high (1 mg/kg) and 

low (0.25 mg/kg) doses in male and female C57BL/6J mice and collected hemiforebrain at 4 

timepoints over a 28-day period. Total RNA was extracted from N=90 animals and libraries were 

prepped for sequencing. Compared to vehicle control (0.9% saline), bulk RNAseq analysis of the 

high and low dose animals showed alterations to DEGs involved in synaptic regulation at 24-

hours post psilocybin administration. Interestingly, differential gene expression of high, but not 

low dose psilocybin was attenuated at the 7-day timepoint. The results of these studies indicate 



that high and low doses of psilocybin may have distinct biological effects and encourage further 

investigation into differential dosing paradigms. 
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of hippocampal LTD induction 

Authors: B. OLIFIROV1, O. FEDCHENKO1, *N. VOITENKO2,3, V. CHERKAS4,1, P. 

BELAN1,2;  
1Dept. of Mol. Biophysics, Bogomoletz Inst. of Physiol. of NAS of Ukraine, Kyiv, Ukraine; 
2Chair of Biomedicine and Neurosci., Kyiv Academic Univ., Kyiv, Ukraine; 3Dobrobut Acad. 

Med. Sch., Kyiv, Ukraine; 4Lab. of Mol. Assays and Imaging, Inst. of Bioorganic Chem. PAS, 

Poznan, Poland 

Abstract: NMDA receptor (NMDAR)-dependent long-term depression (LTD) at hippocampal 

glutamatergic synapses is manifested by AMPA receptor endocytosis induced by Ca2+ entry 

through NMDARs. It has been shown that the neuronal calcium sensor protein, hippocalcin 

(HPCA), functions as a Ca2+ sensor in the induction of LTD. Previous biochemical studies 

indicate a potential interaction of HPCA with the beta subunit of the adaptor protein complex 2 

(AP2B1), which may represent an early signaling stage in the initiation of clathrin-mediated 

endocytosis (CME).This interaction may explain the coupling of NMDAR activation to the 

regulated endocytosis of AMPARs. However, despite the potential significance of this 

interaction in LTD regulation, it has not yet been demonstrated or investigated in living 

hippocampal neurons. Here, we used a live-cell imaging and FRET-based approach applied to rat 

cultured hippocampal neurons to study the translocation and interaction of fluorescently tagged 

HPCA and AP2B1 during the induction of chemical LTD. The local iontophoretic application of 

NMDA, used to induce LTD, resulted in HPCA translocation to the plasma membrane in both 

dendritic spines and shafts of hippocampal neurons. While translocation with moderate 

amplitude (0.1-0.3 of ΔF/F0) was observed in the shafts, translocation to the spine regions 



demonstrated a faster rise and 2-3 times higher amplitudes. Simultaneously, a gradual increase in 

FRET efficiency between HPCA and AP2B1 was observed in spines only, indicating protein 

interaction in the vicinity of postsynaptic densities. Moreover, the initial rise in FRET efficiency 

was followed by a plateau phase and did not demonstrate significant decay after the termination 

of NMDA iontophoresis, implying a long-lasting interaction between the proteins under study. 

Thus, the prolonged Ca2+-dependent interaction of HPCA with AP2B1 suggests that HPCA may 

be involved in the late stages of CME rather than being a shuttle for adaptor protein complex 2 

delivery to the plasma membrane (Palmer et al., 2005). HPCA translocation and interaction 

appear to determine the localization of AMPAR endocytosis in the endocytic zones of synapses. 

The gradual accumulation of HPCA in the endocytic zones and its prolonged interaction with 

AP2B1 after NMDAR activation may account for the long duration necessary to induce LTD. 

We conclude that the Ca2+-dependent HPCA/AP2B1 interaction on the plasma membrane may 

underlie important characteristics of hippocampal LTD. 
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Abstract: Fragile X syndrome (FXS), the most common inherited form of intellectual disability 

and autism, is caused by the loss of expression of the RNA binding protein Fragile X messenger 

ribonucleoprotein 1 protein (FMRP) which results in many synaptic disruptions. Several forms 

of synaptic plasticity have been demonstrated to be altered in the Fmr1 KO mouse, the mouse 

model of FXS. Metaplasticity is a higher order form of plasticity that effects the threshold for the 

induction of synaptic plasticity through a preceding “priming” activity. Little is known about 

metaplasticity in Fmr1 KO mice and the objective of this study was to determine whether and 

how metaplasticity is affected in Fmr1 KO mice. We tested this in the CA1 subregion of the 

hippocampus in 3-5 week old juvenile male Fmr1 WT and KO mice. We observed that high 

frequency induced NMDA receptor dependent LTP of Schaffer collateral (SC) – CA1 synapses 



in Fmr1 KO mice was normal consistent with previous work. Using a priming stimulus by 

administration of a low concentration of NMDA (1 μM) for 10 mins inhibited subsequent LTP 

induction in both Fmr1 WT and KO mice, but this metaplastic LTP inhibition was greater in KO 

mice. The amplitude of the NMDA receptor mediated EPSC (EPSCNMDAR) in CA1 neurons was 

not affected in Fmr1 KO mice, suggesting that downstream signaling or other molecules cause 

the elevated metaplasticity in Fmr1 KO mice. To explore the mechanistic basis of NMDA 

mediated metaplasticity, we performed 2-photon laser scanning microscopy (2PLSM) Ca2+ 

imaging as a proxy for dendritic excitability of CA1 pyramidal neurons. NMDA priming 

decreased the dendritic Ca2+ signal in both Fmr1 WT and KO mice, but the reduction was 

stronger in KO mice, suggesting that priming has a larger effect on dendritic excitability in Fmr1 

KO mice. We tested whether this difference in modulation of dendritic excitability was because 

of the activity of Ca2+ dependent K+ (SK) channels that are known to regulate dendritic 

excitability and directly interact with FMRP. Application of a low concentration of NMDA 

increased SK channel mediated currents in Fmr1 KO mice whereas inhibition of SK channels by 

the selective blocker apamin (300 nM) rectified the exaggerated priming effect observed in Fmr1 

KO mice. These results demonstrate that altered coupling of priming stimulus and K+ channel 

activity shifts the plasticity threshold for hippocampal CA1 synapses which may contribute to 

various clinical manifestations in FXS including cognitive defects associated with loss of FMRP. 
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Abstract: Arc mediates a novel form of intercellular synaptic plasticity via IRSp53 

We recently discovered that Arc, a neuronal gene required for synaptic plasticity and memory 

evolved from an ancient retrotransposon. Arc protein has retained the viral-like properties of the 

ancestral retrotransposon and is capable of self-assembling into virus-like capsids that 

encapsulate genetic material. Arc capsids can be transferred cell-to-cell in extracellular vesicles 



(EVs) and deliver nucleic acids, similar to retroviruses. These findings suggest that evolution 

exploited viral machinery to facilitate memory formation. However, the function of Arc 

mediated intercellular communication and the role of virus-like capsids in memory formation is 

unclear. Here we show that Arc capsid assembly and release occurs during long-term 

potentiation (LTP) through direct interaction with the I-BAR protein IRSp53. Using time-lapse 

imaging we observed colocalization and anterograde trafficking of Arc and IRSp53 puncta in 

dendrites that are released from neurons during LTP. In addition, biochemically purified IRSp53 

protein facilitates Arc capsid assembly in vitro. These results suggest that IRSp53 assembles Arc 

capsids that are released during LTP to mediate intercellular signaling. To determine whether 

released Arc can regulate synaptic function in recipient neurons, we sparsely transfected Arc or 

GFP in primary cultured Arc KO neurons. Untransfected dendrites neighboring Arc transfected 

neurons had low levels of Arc transfer while GFP transfer was not observed. In dendrites where 

Arc transfer occurred, there was a reduction in surface AMPA receptors (GluA1). In addition, 

neurons incubated with Arc containing EVs have lower surface GluA1 levels. Whereas EVs 

from Arc KO neurons had no effect.Together, our results show that Arc mediates an intercellular 

form of synaptic plasticity. Neurons that undergo high intensity neuronal activity induce LTP 

and expression of Arc that associates with IRSp53. IRSp53 acts as a molecular switch that 

facilitates Arc capsid assembly and release. Arc that is transferred in EVs induces synaptic 

depression in neighboring dendrites. We propose that neurons incorporated into the memory 

“engram” that undergo LTP release Arc to increase the “signal-to-noise” of memory circuits by 

weakening synapses on neurons not active during memory encoding. 
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Abstract: Tinnitus is the phantom perception of sound in the absence of external acoustic cues. 

Hearing loss-induced tinnitus is primarily caused by irreparable damage to the peripheral 

auditory organ and dysregulation of the corticothalamic pathway. It is not clear how 

dysregulation in the corticothalamic pathway is driving tinnitus. We hypothesize that the 

rewiring of the neural connections between the auditory cortex and auditory thalamus neurons by 

pharmacological and sound therapy may alleviate tinnitus. Here, we report that noise-induced 

tinnitus is accompanied by significant induction of neuroinflammation evidenced by the 

upregulation of pro-inflammatory cytokines such as IL-1β, TNFa, and IL-18 in the auditory 

system. Interestingly, we found that cholecystokinin (CCK) and targeted sound therapy restore 

the corticothalamic synaptic neuroplasticity, reversibly alleviating neuroinflammatory changes 

and tinnitus-related behavior. Further, electrophysiological recordings confirmed significant 

restoration of the patterns of neuronal activity within the auditory cortex and thalamus neurons. 

These results suggest that targeting the corticothalamic pathway may be a promising approach to 

treating tinnitus and further warrants a potential mechanism by which CCK-agonist and targeted 

sound therapy exert their therapeutic effects. 
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Abstract: Psychedelics have gained recent attention due to their remarkable ability to treat a vast 

array of disorders, including substance use disorders and depression. Some researchers suggest 

that psychedelic drugs such as LSD induce plasticity and epigenetic alterations that in essence 

reset brain circuits thus providing a potential treatment of these disorders, but research in this 

area is still in its infancy. Here we explore the physiological, behavioral, and epigenetic impacts 

of LSD on morphine treated young male and female mice. Our findings show that a single 

treatment of LSD (0.3 mg/kg) causes extinction of morphine-induced conditioned place 

preference after 48 hours (n = 9, p < 0.05). Further exploration using whole-cell patch clamping 

shows that excitatory LTD of VTA GABA cells is eliminated in morphine-treated mice (n = 9, p 



> 0.05). Remarkably, this LTD is restored 24 hours after a single LSD treatment (n = 7, p < 

0.001), but remains eliminated in mice treated with a vehicle control instead of LSD. To further 

explore LSD impact on morphine exposure at a behavioral level, we treated another cohort of 

mice with a combination of morphine (10 mg/kg) and low dose (sub-hallucinogenic) of LSD 

(0.03 mg/kg). Interestingly, four low doses of LSD had a similar effect to the single high dose on 

reducing morphine preference, with the extinction of morphine preference occurring after 48 

hours. (n = 9, p < 0.05). However, although the behavioral effects were similar between the 

groups that received a single high dose of LSD or 4 microdoses of LSD, the physiology was 

different. Mice co-treated with morphine and microdoses of LSD did not manifest restored LTD 

in VTA GABA cells (n = 6, p > 0.05). It is unclear why the similarities in behavior do not 

correlate to similar effects seen with the physiology, but it likely has to do with the acute effect 

of the microdose of LSD, or circuits being impacted. To further explore LSD impact on 

morphine-treated mice, we are currently investigating DNA methylation alterations in the VTA 

of morphine-treated mice that did or did not receive a single dose of LSD after being treated with 

morphine. Our findings illustrate a possible mechanism through which LSD could treat several 

psychological disorders, including reversing maladaptive plasticity that was contributing to drug-

dependence. Further research of the corticolimbic system is needed to understand the full extent 

of LSD impact on plasticity related to dependence and other psychological disorders. 
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Abstract: The World Health Organization estimates that more than 420 million people live with 

type-2 diabetes, a common disease of the obese population, whereas annually around 3 million 

deaths globally are obesity-related. Recent studies in rodent models suggest that obesity causes 



neurological damage. However, the underlying mechanisms remain unclear. Therefore, we 

investigated the effects of obesity on hippocampal synaptic plasticity and spatial memory in 

mice. Adult C57BL/6 mice were fed a high-fat diet for 20 weeks to induce obesity, resulting in 

significant weight gain and insulin resistance. The obese mice exhibited marked reductions in 

both hippocampal long-term potentiation and long-term depression, impaired performance in an 

object-location memory task, and increased anxiety-associated behavior in an open field test. In 

addition, obese mice displayed significant increases in the hippocampal protein content of the 

ryanodine receptor (RyR) isoforms RyR2 and RyR3. We propose that the elevated levels of these 

endoplasmic reticulum calcium release channels disturb normal calcium homeostasis and 

signaling in obese mice, leading to defective synaptic plasticity and impaired memory 

formation.Supported by the Chilean Scientific Millennium Initiative, grant P09-015F. 
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Abstract: A canonical feature of learning and memory is the observation that repeated exposure 

to shorter training sessions separated by periods of rest enhances behavioral output when 

compared to a single massed training exposure. This phenomenon is named the spacing effect. 

Given that memory formation is classically regarded as a byproduct of neurons and neural 

circuitry, one might expect that the spacing effect is an emergent property exclusive to neural 

systems. However, the molecular mechanisms which underlie synaptic plasticity and, as a 

consequence, memory storage are highly evolutionarily conserved and active in many cell types. 

Therefore, features of memory such as the spacing effect may be intrinsic to molecular signaling 

cascades. We now demonstrate the spacing effect in two non-neural, immortalized cell lines 

stably expressing a short-lived luciferase reporter controlled by a CREB-dependent promoter. 

CREB-dependent immediate-early gene (IEG) transcription is a hallmark of 

potentiation/memory formation in neurons and was therefore chosen as a proxy of memory in 

our system. We emulated training using repeated pulses of forskolin and/or TPA and measured 



CREB-dependent luciferase expression at various points after training. Four spaced pulses of 

either agonist elicited stronger and more sustained luciferase expression than a single “massed” 

pulse, demonstrating a form of temporal pattern discrimination thus far only observed in neural 

systems. Spaced pulses also resulted in stronger and more sustained activation of ERK and 

CREB, and inhibition of ERK or CREB blocked the spacing effect. Our findings show that 

canonical features of memory do not necessarily depend on neural circuitry, but can be 

embedded in the dynamics of signaling cascades conserved across different cell types. 
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Abstract: The entorhinal cortex (EC) connects to the hippocampus sending different information 

from cortical areas that is first processed at the dentate gyrus (DG) including spatial, limbic, and 

sensory and information. Excitatory afferents from lateral (LPP) and medial (MPP) perforant 

pathways of the EC connecting to granule cells (GC) of the DG play a role in memory encoding 

and information processing. LPP- and MPP-GC synapses have distinct electrophysiological 

properties, and these differences potentially affecting the functional processing of information. 

However, the plasticity of these synapses is not well known yet, as are not known the forms of 

long-term depression (LTD) existing at those connections. We investigated whether spike 

timing-dependent long-term depression (t-LTD) exists at these two different EC-DG synaptic 

connections in mice, and whether they have different action mechanisms. We have found two 

different forms of t-LTD, at LPP- and MPP-GC synapses, and characterised their cellular and 

intracellular mechanistic requirement. The most relevant results showed that both forms of t-

LTD are expressed presynaptically and that whereas t-LTD at MPP-GC requires ionotropic 

NMDAR containing GluN2A subunits, t-LTD at LPP-GC synapses does not require NMDAR. In 

addtion, the two forms of t-LTD require different group I mGluR, postsynaptic calcium, 

synthesis and release of endocannabinoids by the postsynaptic cell, as well as astrocyte activity 



releasing glutamate. Therefore, we discovered two novel forms of presynaptic t-LTD that 

requires astrocytes at EC-GC synapses with different action mechanisms, which could contribute 

to the functional processing of the different information. 
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Title: Cortical pyramidal circuits and 5-HT2A receptors underlying psilocybin’s therapeutic 

effects 
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Abstract: Psilocybin is a serotonergic psychedelic with rapid and long-lasting therapeutic 

potential for various mental disorders. At cellular resolution, current evidence shows that 

psychedelics promote structural plasticity, exemplified by the treatment evoked growth and 

remodeling of dendritic spines in frontal cortex. However, the key question of how the cellular 

modifications map onto cell-type specific circuits and serotonin receptors to produce the 

behavioral actions and synaptic plasticity of psychedelics remains unknown. Here we used in 

vivo two-photon imaging, chemogenetic manipulation, and cell-type specific electrophysiology 

to investigate the impact of psilocybin on the two main subtypes of pyramidal cells in the mouse 

medial frontal cortex. We found that a single dose of psilocybin (1 mg/kg, i.p.) shows therapeutic 

effects in stress-related phenotypes. Silencing pyramidal tract /extratelencephalic (PT) neurons 

eliminates psilocybin’s ability to ameliorate stress-related phenotypes, whereas inactivation of 

intratelencephalic (IT) neurons has no detectable effect. For structural plasticity, psilocybin 

induced differential alterations in the morphology of dendritic spines in PT and IT neurons. 

Furthermore, only in PT neurons, psilocybin boosted synaptic calcium transients and elevates 



firing rates acutely in both of dendritic branches and spines after administration. Targeted 

knockout of 5-HT2A receptors abolishes psilocybin’s effects on stress-related behavior and 

structural plasticity. Taken together, our results identify a cortical pyramidal circuit and the 5-

HT2A receptor as critical for psilocybin’s long-term structural and behavioral consequences, 

which would further scientifically understanding of psilocybin’s effects on neuroplasticity and its 

potential therapeutic effects. 

Disclosures: L. Shao: None. C. Liao: None. A.C. Kwan: B. Contracted Research/Research 
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Abstract: An imbalance in excitatory and inhibitory synaptic transmission at the spinal cord 

level is implicated as a key mechanism underlying central sensitization in pain. However, the 

mechanism by which peripheral nerve injury leads to this synaptic imbalance remains elusive. 

This study used a pH-reporter system to investigate synaptic reorganization in the spinal dorsal 

horn following peripheral nerve injury. Nerve injury selectively reorganizes excitatory synapses, 

dependent on glial phagocytosis of the excitatory pre-synaptic compartment. Notably, this 

synaptic reorganization is influenced by the presence of the ganglioside GT1b on the synaptic 

membrane. Inhibiting GT1b synthesis using PDMP or deleting ST3gal2, a GT1b-synthesizing 

enzyme, enhanced glial phagocytosis of excitatory pre-synapses and reduced excitatory synapses 

post-injury. In vitro analyses revealed a positive correlation between GT1b accumulation and the 

frequency of pre-synaptic calcium activity, along with GT1b-mediated suppression of glial 

phagocytosis through SYK dephosphorylation. Our findings highlight that GT1b accumulation at 



excitatory pre-synapses protects against glial phagocytosis, underscoring the function of GT1b as 

a novel “don’t eat me” signal that influences activity-dependent spinal synapse remodeling. 
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Abstract: The initial saturation of LTP in hippocampus of adult rats occurs following 8 trains of 

theta burst stimulation. Beginning 90 minutes later, recovery from saturation expands the 

capacity for new LTP. By 2 hr after LTP, large spines containing a spine apparatus have the 

greatest synapse enlargement and smaller spines cluster in their vicinity. Small spine outgrowth 

is stalled with distance along the dendrite from the spines that contain a spine apparatus. We 

have determined that an immature pattern of LTP in rat hippocampus begins distinctly at 

postnatal (P)12 with a slow onset and lower magnitude. Using 3D electron microscopy (EM) we 

show that spines first appear at P12. By P21, we show LTP has a mature pattern with rapid onset, 

coinciding with the first appearance of the spine apparatus. The frequency of spines with a spine 

apparatus doubles by P60. To test whether the spine apparatus is necessary for the maturation of 

LTP and spine clustering we developed two rat models eliminating Synaptopodin, a protein 

required for spine apparatus formation. Although a congenital synaptopodin knockout (KO) 

model exists in the mouse, the development and maturation of LTP in the mouse hippocampus is 

unpredictable over 2-5 weeks, making this model insufficient. We demonstrate through 3DEM 

that the spine apparatus is absent in our congenital KO rat. The animals develop normally 

through P35 (female) and P45 (male), and LTP is substantially diminished at P60 in the KO rats. 

However, the animals show signs of diminished weight gain and shorter bones in adults. To 

avoid these off-target effects, we have also developed a neuron-specific inducible synaptopodin 

KO rat illustrated in Fig. 1. Together these rat synaptopodin model systems open the door to new 



investigation about the role of the spine apparatus in coordinating spine clustering and enhancing 

the capacity for LTP. 

 

Disclosures: K. Harris: None. M. Kuwajima: None. O.I. Ostrovskaya: None. L.M. Kirk: 

None. 

Late-Breaking Poster 

LBA002: Theme B Late-Breaking Posters 

Location: MCP Hall A 

Time: Sunday, October 6, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: LBA002.036/LBA101 

Topic: B.05. Synaptic Plasticity 

Support: RGPIN-2022-04134 

 CIHR (MOP-142209) 

 CIHR (PJT-178353) 

Title: Molecular logic of pathway-specific synaptic plasticity, network function and behavior 

Authors: *B. KARIMI1,2, D. J. TERSTEGE3, M. ABRAR BASHA2, S. JABEEN3, D. 

SARGIN4, T. J. SIDDIQUI2;  
1Johns Hopkins Med., Baltimore, MD; 2Univ. of Manitoba, Winnipeg, MB, Canada; 4Dept. of 

Psychology, 3Univ. of Calgary, Calgary, AB, Canada 

http://files.abstractsonline.com/CTRL/DE/2/EFE/A93/D24/49B/3A3/329/12B/7A5/0AC/17/g13636_1.jpg


Abstract: Impaired CA3-CA1 circuitry and abnormal synaptic plasticity of the CA3-CA1 

synapses cause cognitive deficits in several neuropsychiatric disorders. Here, we identified 

leucine-rich-repeat transmembrane neuronal protein 1 (LRRTM1), a postsynaptic cell-adhesion 

molecule, as an essential synaptic transmission and plasticity regulator in the mouse dorsal CA1. 

LRRTM1 is strongly associated with schizophrenia and handedness and is highly expressed in 

the hippocampus CA regions and the dentate gyrus. Conditional deletion of Lrrtm1 in the CA1 in 

adult mice reduced synaptic transmission and caused a deficit in long-term potentiation in the 

stratum radiatum but not stratum lacunosum-moleculare. The deficits were reversed by the 

reintroduction of LRRTM1 or perfusion with GluR23Y, a peptide that blocks endocytosis of 

GluA2 containing AMPARs. Network activity was impaired in the CA3-CA1 pathway of mice 

lacking Lrrtm1, as revealed by fiber photometry analysis. Mice lacking Lrtm1 in the dorsal CA1 

exhibited reduced dynamic range of calcium signals during freezing bouts in the contextual fear 

conditioning test. Additionally, the maximum peak amplitude was significantly reduced in mice 

lacking Lrrtm1 in the dorsal CA1. Our results indicate that chronic reduction of synaptic strength 

in the dorsal CA1 by targeted deletion of Lrrtm1 functionally disengages the CA3 from the CA1 

and may account for contextual memory and other cognitive deficits observed in several 

neuropsychiatric disorders. 
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Abstract: Age, obesity, and diabetes are significant risk factors for peripheral neuropathy (PN), 

a condition impacting the skin, muscle, and adipose tissue. PN involves the loss of nerve 

connections to these tissues and organs, disrupting communication with the brain, impairing 

tissue function, and causing discomfort. As the U.S. population ages and the rates of obesity and 

diabetes rise, understanding PN is increasingly crucial. Adipose tissue, especially subcutaneous 

white adipose tissue (scWAT), is extensively innervated by both sensory and sympathetic nerves. 

These nerves engage in bidirectional communication with the brain, crucial for regulating 



adipose tissue functions. scWAT is notably adaptable, capable of remodeling itself in response to 

metabolic demands by altering its cellular structure, vascularity, neural innervation, and nerve 

activity. Disruptions in this neural circuitry can contribute to metabolic dysfunction. Previously, 

it was thought that axons in adipose tissue communicated with adipocytes by releasing 

neurotransmitters diffusely throughout the tissue. However, our recent research has identified a 

novel structure known as the neuro-adipose nexus (NAN). NANs are characterized by distinct 

nerve terminals with varicose axons that express markers for synaptic vesicles and proteins, 

uniquely wrapping around individual adipocytes. This discovery represents a significant 

advancement in our understanding of adipose tissue innervation. We found that the number of 

NANs increases with obesity and aging, although their precise functions remain unclear. Given 

their expression of sensory nerve markers and their increase during inflammation, we 

hypothesize that NANs may play a role in nociception or interoception. To explore the 

mechanisms underlying neuroplasticity affecting adipose innervation and NAN numbers, we 

investigated Sema7A, an axonal guidance molecule, using a genetic knock-out model. We 

observed that Sema7A-deficient mice exhibited reduced adipose tissue innervation and 

significant whole-body metabolic impairments. These findings underscore the crucial role of 

Sema7A in maintaining proper adipose tissue function and neural connectivity, offering new 

insights into the complex nervous system of adipose tissue and its role in metabolic regulation. 
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Late-Breaking Poster 

LBA002: Theme B Late-Breaking Posters 

Location: MCP Hall A 

Time: Sunday, October 6, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: LBA002.038/LBA103 

Topic: B.05. Synaptic Plasticity 

Support: NSERC Discovery Grant 

 FRQS - Fonds de recherche du Quebec - Santé 

Title: The impact of attention allocation on exercise-induced M1 interneuron plasticity 

Authors: *A. O'FARRELL1, L. YOUSSEF1, N. HARROUM2, J. L. NEVA3;  
1Univ. de Montréal, Montreal, QC, Canada; 3École de kinésiologie et des sciences de l’activité 

physique, 2Univ. de Montréal, Montréal, QC, Canada 

Abstract: A single session of acute aerobic exercise can enhance neuroplasticity, as assessed by 

primary motor cortex (M1) excitability modulation using transcranial magnetic stimulation 

(TMS). Specifically, acute exercise can enhance the response to plasticity-inducing repetitive 

TMS protocols, such as paired-associative stimulation (PAS). PAS uses repetitive peripheral 

nerve stimulation in combination with TMS to induce an increase in M1 excitability. This PAS-



induced effect is more pronounced when task-relevant attention is directed to the hand receiving 

the stimulation (PASatt+) and decreased when attention is directed to the opposite hand (PASatt-), 

suggesting involvement of prefrontal circuits in this PAS-induced effect. Gathering research 

suggests that increased M1 excitability following acute exercise is impacted by prefrontal 

circuits that underlie attention allocation, yet no study has directly tested this question. 

Additionally, acute exercise has been shown to enhance unique M1 interneuron excitability, by 

altering the TMS current to the anterior-posterior (AP) direction compared to the traditional 

posterior-anterior (PA) direction. Yet, no study has investigated the impact of exercise or the role 

of attention allocation during PAS on unique M1 interneuron plasticity. This study investigates 

the role of attention-related prefrontal circuits in exercise-induced M1 interneuron plasticity by 

applying PAS following acute exercise, while controlling attention allocation during PAS. TMS 

measures were performed in both the PA and AP current directions, to assess unique interneuron 

plasticity. Participants took part in 4 conditions: 1) acute exercise + PASatt+, 2) acute exercise + 

PASatt-, 3) rest + PASatt+, 4) rest + PASatt-. We hypothesised that acute exercise would accentuate 

exercise-induced neuroplasticity to the greatest extent following PASatt+, particularly for 

measurement with AP TMS current. Further, we expected that PASatt- would reduce the priming 

effect of exercise. Preliminary results suggest that acute exercise accentuates exercise-enhanced 

neuroplasticity following PASatt+, whereas following PASatt- the opposite was found. 

Interestingly, PA interneuron plasticity increases more with PASatt+ following acute exercise, and 

AP interneuron plasticity is enhanced following PASatt-, regardless of prior acute exercise or rest. 

These results suggest that attention-related prefrontal circuits may play an important role in 

exercise-enhanced M1 neuroplasticity as well as M1 interneuron plasticity. 
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Abstract: Neurons dynamically regulate their proteome in response to sensory input, a key 

process underlying experience-dependent plasticity. We characterized the visual experience-

dependent nascent proteome within a brief, defined time window after stimulation using an 

optimized metabolic labeling approach. Visual experience induced cell type-specific and age-

dependent alterations in the nascent proteome, including proteostasis-related processes. We 

identified Emerin as the top activity-induced candidate plasticity protein and demonstrated that 

its rapid activity-induced synthesis is transcription-independent. In contrast to its nuclear 

localization and function in myocytes, activity-induced neuronal Emerin is abundant in the 

endoplasmic reticulum and broadly inhibits protein synthesis, including translation regulators 

and synaptic proteins. Downregulating Emerin shifted the dendritic spine population from 

predominantly mushroom morphology to filopodia and decreased network connectivity. In mice, 

decreased Emerin reduced visual response magnitude and impaired visual information 

processing. Our findings support an experience-dependent feed-forward role for Emerin in 

temporally gating neuronal plasticity by negatively regulating translation. 

Disclosures: Y. Xie: None. R. Wang: None. D.B. McClatchy: None. Y. Ma: None. M. 
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Abstract: Enteric neurons drive diverse, tissue-specific motor patterns in the gastrointestinal 

(GI) tract for digestion. Visual motion data of rhythmic activity can capture dynamics of gut 

motility with high spatiotemporal resolution and potentially parameterize disease states in animal 

models of gastrointestinal dysfunction. However, implementation of motion data has been 

previously limited to clinical settings. Here, we adapt an optical flow analysis from open-source 



computer vision software to estimate 2D motion over an ex vivo preparation of the mouse 

jejunum. Using conventional darkfield or epifluorescence microscopy at high temporal 

resolution (20 ms) we developed an analysis workflow that quantifies magnitudes of distinct 

components of gut motility. Dense optical flow vectors calculated over several minutes identify 

fine motion patterns at the scale of tens of micrometers. Using Fourier analysis we characterize 

temporal frequency components altered pharmacologically, with caffeine or serotonergic 

agonists. Together, we confirm optical flow as a reliable method to parameterize simple and 

complex motility patterns in the gut and demonstrate its application in the mouse jejunum. 
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Abstract: In zebra finch, the song system nucleus HVC produces stereotyped instructions 

leading to precise, learned vocalizations. The intrinsic properties (IPs) of different classes of 

HVC neurons help predict the firing properties of those neurons both in vivo and in vitro and 

recent results relate IPs of the HVCX (basal ganglia projecting) neurons to individual-specific 

learned features of song. We extended these studies by performing brain slice whole cell current-

clamp recordings on premotor HVCRA neurons, that play a critical role in adult song production. 

We show that HVCRA neurons exhibit diversity in their spiking activity when stimulated with 

current pulses in slices, ranging from transient to stuttering patterns. Simple features of the raw 

data clearly subdivide the neurons into two frequently encountered classes (Class 1 and Class 2). 

An infrequently encountered Class 3 has properties intermediate between Class 1 and 2 and may 

represent a terminal phase of newly born neurons. Morphological analysis of filled cells 

independently confirms the Class 1/2 categorical distinctions. We developed conductance-based 

models for the different neurons in each subtype and calibrated the models using data from the 

slice recordings, yielding mechanistic descriptions of how the interplay of ion currents gives rise 

to the response properties of each neuronal class. These predictions were then tested and verified 

in the slice with pharmacological manipulations. The models and the pharmacology highlighted 

low-threshold potassium currents (D-type Kv1 channel and M-type Kv7 channel) as well as the 



Ca2+-dependent K+ current in driving the characteristic neural patterns observed in HVCRA. The 

relative strengths of different currents give rise to the physiological features observed across the 

three classes of HVCRA neurons. The data suggest that the intrinsic properties for Class 2 HVCRA 

exhibit a within-bird homogeneity and across-birds heterogeneity, suggesting a role of learning 

in shaping the firing properties of these neurons. This plus the relative abundance of these 

neurons (roughly 15% in our recordings) suggests that these might be Uva (thalamic) receiving 

HVCRA. These results begin to establish a mechanistic basis for examining much debated circuit 

and network properties of HVCRA neurons. 
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Abstract: The properties of the lipid fraction of a membrane determine a cell’s membrane 

capacitance, Cm. Neuronal morphological changes also modify Cm but mainly during the early 

stages of development when neurons are growing. In adult neurons, Cm is widely considered to 

be stable. Here we report large and significant Cm changes in adult excitatory neurons. We 

measured Cm at 4 times during a 24 hr cycle in visual cortex pyramidal cells (PCs) and 

hippocampal granule cells (GCs) of adult mice. Surprisingly, we observed highly significant Cm 

changes of 60 to 100%, with a maximum at ZT0 (end of dark phase, PCs: 430.7 ± 164.4 pF 

(Fig); GCs: 119.8 ± 46.0 pF) and a minimum between ZT6-12 (middle to end of light phase, 

PCs: 243.5 ± 100.8 pF; GCs: 81.0 ± 34.9 pF). Inhibitory cortical PV+ cells showed no such 

variations (ZT0: 239.3 ± 173.9 pF; ZT12: 183.6 ± 146.2 pF). PV+ cells are encapsulated in peri-

neuronal nets (PNNs). We treated them with chondroitinase ABC (ChABC) to dissolve the 

PNNs and assess if they contribute to regulate (or occlude) Cm changes in these cells. We 

observed no effects of ChABC on the Cm of PV+ cells (ZT0: 189.5 ± 139.8 pF; ZT12: 199.5 ± 



146.6 pF). In neurons, Cm is a determining factor of synaptic integration, action potential 

propagation speed and firing frequency due to its direct effect on the membrane time constant. 

We examined the effect of light-dark Cm changes on the synaptic integration properties of PCs 

using a mouse strain that expresses channelrhodopsin 2, optically activating apical and basal 

dendrites with varying inter-pulse intervals (IPI). Consistent with the daily capacitance 

fluctuations, the time window for synaptic integration showed a highly significant increase at 

ZT0 compared to ZT12 and by an amount very similar to the difference in time constant that 

results from the Cm changes observed (Fig). We confirmed with a simplified conductance-based 

model that Cm changes are sufficient to explain the changes in the integration time window 

observed. Thus, we conclude that neuronal membrane capacitance is not highly stable as often 

assumed but is a new potential locus of neuronal plasticity. 
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Authors: *M. K. KIRCHNER, J. E. STERN;  

Ctr. for Neuroinflam. and Cardiometabolic Dis., Georgia State Univ., Atlanta, GA 

Abstract: Calcium (Ca2+) is a critical secondary messenger in all neurons that coordinates 

important mechanisms of cell physiology. In vasopressin (VP) neurons of supraoptic nucleus 

(SON), it’s required for somatodendritic release of VP and activates various intrinsic excitability 

mechanisms, such as the slow afterhyperpolarization (sAHP). These mechanisms coordinate 

neuronal output and thus influence stimulus-secretion coupling. Recently, our lab demonstrated 

that VP sAHPs require endoplasmic reticulum (ER) Ca2+ for activation and that mitochondrial 

Ca2+ buffering shapes its spatiotemporal trajectory. We also have recent data demonstrating 

electrotonic segregation between cellular compartments. Given the Ca2+ dependence of 

somatodendritic release and sAHPs, delineation of somatodendritic release from axonal release, 

and the decoupling of somatic and dendritic electrotonic properties, we hypothesized that 

calcium dynamics also may be compartmentally segregated as well. Utilizing patch clamp 

electrophysiology, live calcium imaging, and targeted Ca2+ uncaging, we probed the 

spatiotemporal trajectory of rapidly evoked Ca2+ responses in VP neuron somas and dendrites 

with corresponding membrane potential. Ca2+ uncaging at the soma evokes a membrane sAHP 

and robust increase in cytosolic Ca2+ that propagates into the dendrites. Conversely, Ca2+ 

uncaged in dendrites propagates bidirectionally from the UV flash but does not penetrate the 

soma; no membrane hyperpolarization was observed under these conditions. Disabling 

mitochondrial Ca2+ buffering with Ru360 in the pipette amplifies Ca2+ signals and sAHPs in 

somas and dendrites; Ca2+ uncaging in dendrites mostly fails to penetrate soma, suggesting other 

mechanisms restrict dendrite Ca2+ diffusion into soma. Together, these results suggest that under 

normal conditions, Ca2+ movement between compartments in VP neurons is unidirectional (soma 

to dendrite), and that sAHP channels require somatic Ca2+ increases. Moreover, Ca2+ uptake by 

mitochondria is a critical mechanism that tightly controls the magnitude and propagation of 

dendritic Ca2+ signals between dendritic and somatic compartments, thus playing an important 

role in regulating intrinsic mechanisms and ultimately, their neuronal output. 
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Late-Breaking Poster 

LBA002: Theme B Late-Breaking Posters 

Location: MCP Hall A 

Time: Sunday, October 6, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: LBA002.044/LBA109 

Topic: B.06. Intrinsic Membrane Properties and Signal integration 

Support: NIH Grant NS118114 

Title: Ectopic action potentials in excitatory cells in the anesthetized mouse 



Authors: *F. POUILLE1, B. B. THEYEL2,1;  
1Brown Univ., Providence, RI; 2Warren Alpert Med. Sch. - Brown Univ., Providence, RI 

Abstract: In most neurons, action potentials (APs) arise at the axon initial segment (AIS) near 

the cell body, then propagate to the terminals. Here, we will refer to these as “AIS-APs.” 

Following intense neuronal activity, APs can also emerge in axons’ distal branches and 

terminals. These “Ectopic” APs (EAPs) then travel antidromically towards the cell body and 

propagate in the axonal arbor, where they trigger vesicular release. While prominent in 

crustacean literature, mammalian EAPs had primarily been detected in pathological tissue until 

the 2010s, when they were observed in “normal” mouse hippocampus in vitro. We recently 

observed that most excitatory pyramidal neurons and parvalbumin-expressing (PV+) 

interneurons in layers 2/3 and 4 in mouse somatosensory and orbitofrontal cortices can generate 

EAPs in vitro (Zhang et al., 2023; Theyel et al., 2024). With deficiencies in pyramidal and PV+ 

neurons function linked to epilepsy and major neuropsychiatric disorders, it is crucial to 

understand how EAPs contribute to both normal and pathological activity in these cells. Here, we 

demonstrate that EAPs occur in cortical pyramidal neurons in vivo. We obtained whole-cell 

current-clamp recordings of layer 2/3 neurons in the somatosensory cortex of ketamine-

anesthetized double-transgenic mice expressing channel-rhodopsin 2 in PV+ cells. Cells 

exhibiting laser-evoked inhibitory post-synaptic potentials and regular-spiking firing properties 

were classified as pyramidal neurons. EAPs were induced by triggering up to ~8000 AIS-APs 

through repetitive trains (1 sec long, every 10 sec) of current pulses (4ms long, amplitude titrated 

to at least 80% chance of firing an AIS-AP) at a set frequency (30, 60 or 100Hz). EAPs were 

identified by their lower apparent threshold and by their longer repolarization time (~17mV / 

~one order of magnitude average difference, respectively) compared to AIS-APs. We found that 

74% of pyramidal neurons exhibited EAPs (versus ~2/3rd in vitro), indicating that EAPs are also 

prominent in vivo. EAPs occurred more often during down-states, suggesting possible 

coordination between the mechanisms generating EAPs and up/down-states. Finally, AIS-APs 

firing strongly decreased during EAP firing, implying that intense activity transiently shifts the 

spike output generation zone from peri-somatic to distal axonal compartments. These results 

indicate that EAPs are common in a key excitatory neuron of the mouse living brain, that their 

occurrence could reflect brain state, and that they can temporarily replace AIS-APs as the main 

site of AP generation. 
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Title: Slow and fast gamma oscillations show phase-amplitude coupling with different high-

frequency bands in macaque primary visual cortex 
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Abstract: Gamma oscillations (30-70 Hz) can be induced in the visual cortex by presentation of 

appropriate stimuli such as gratings. In particular, large stimuli produce two distinct gamma 

oscillations in primate primary visual cortex (V1) - slow (20-40 Hz) and fast (40-70 Hz), which 

could potentially be due to two different interneuronal networks (somatostatin and parvalbumin 

expressing interneurons for slow and fast gamma bands, respectively). Earlier studies in primate 

V1 have shown spikes tend to preferentially lock to fast gamma, so role of slow gamma in 

cortical processing remains unclear. Previously, several studies have shown that phase of an 

oscillation can modulate the amplitude in a higher frequency band, and this phase-amplitude 

coupling (PAC) could potentially play an important role in cortical processing. We therefore 

tested whether slow and fast gamma also show PAC with higher frequencies. We used 

simultaneously recorded spiking activity, local field potential (LFP) and electrocorticogram 

(ECoG) from two adult female monkeys who viewed fullscreen and full contrast static gratings 

at different orientations and spatial frequencies. PAC analysis in LFP data is prone to artifacts 

since occurrence of action potentials are associated with a spike-related-transient in the LFP, 

which has power at many frequencies. Hence, if spikes are locked to a particular rhythm, there is 

artefactual PAC between the rhythm and a broad range of frequencies. We therefore first 

developed a novel method to reduce the spike-related-transient using matching pursuit and then 

computed PAC. Strong PAC was observed between theta (6-10 Hz) and a broad frequency range 

between 30-100 Hz, which was strongly attenuated once the spike-related transient was 

accounted for. Fast gamma showed strong PAC at high frequencies above 150-500 Hz, 

potentially reflecting spike-locking. Surprisingly, slow gamma showed strong PAC in a distinct 

frequency range between 80-150 Hz. This slow gamma PAC was even more prominent in 

simultaneously recorded ECoG, which did not show fast gamma and high-frequency PAC. We 

verified our PAC results by computing spike-field coherence, which showed higher spike-

locking to fast gamma than to slow gamma. We found that slow and fast gamma PAC varied 

with orientation and spatial frequency consistently, reflecting changes in power in slow and fast 

gamma bands, again reflecting distinct origins and mechanisms underlying the two PAC 

signatures. While fast gamma could be more involved in local processing that involves changes 

in spike timing modulation, slow gamma could represent a modulatory signal which acts by 

amplitude modulation between 80-150 Hz at a more global scale. 
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Abstract: Pathologically enhanced beta-band (13-30 Hz) oscillations in sensorimotor networks 

correlate with the severity of Parkinson’s disease (PD) motor symptoms. Identifying such 

networks as well as using them to guide targeting of clinical deep brain stimulation (DBS) 

electrodes within the subthalamic nucleus (STN) and globus pallidus internus (GPi) require 

precise spatial localization of this network oscillopathy. While current sensing-enabled DBS 

systems support chronic recording of local field potential (LFP), the configuration is limited to 

referential recordings across stimulation contact pairs on the same DBS electrode, limiting the 

ability to localize LFP features accurately by only the signal’s amplitude, with potentially 

misleading results. We propose a systemic approach to localize the beta oscillation origin using a 

combination of LFP amplitude and relative phase obtained from referential recordings re-

referenced to adjacent contact pairs and demonstrate the potential inaccuracy of the sole 

amplitude-based approach. We analyzed LFP data from 93 PD patients treated with bilateral 

DBS (50 STN and 43 GPi). Amplitude and instantaneous phase of beta oscillation were 

calculated from the power spectral density (PSD) and Hilbert transformation, respectively. A 

contact is defined as beta “source” if a) all montages involving the contact exhibit distinct beta 

oscillation on PSD, and b) the beta-band exhibits a phase reversal at the shared contact. A 

statistical cross-correlation analysis between the identified beta source contacts using our 

approach versus the amplitude-based method demonstrate that in 96% of STN and 97% of GPi 

electrodes, the recording pair across the beta source contact did not exhibit the largest beta-band 

amplitude (both p < 0.001, permutation test). Furthermore, to assess spatial distribution of beta 

source contacts by an anatomical aggregate analysis, DBS electrode contacts were localized to an 

MNI atlas of anatomic DBS targets using a nonlinear transformation of the post-operative 

imaging in Lead-DBS platform. Beta source contacts were predominantly localized to posterior 

GPi and dorsolateral STN, corresponding to the sensorimotor subregion, in line with prior 

recordings intraoperatively and using externalized DBS electrodes. Our findings highlight the 

limitations of amplitude-based localization with the current state of DBS programming 

technology, offer an approach to more accurately target stimulation to regions of maximal 

pathophysiology with the potential to explore an improved clinical outcome, and provide spatial 

map of beta oscillation within STN and GPi to enhance our understanding of PD 

neurophysiology. 
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Title: From mice to humans - Neuronal high bandwidth encoding across different species. 
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Abstract: Recent studies suggested a link between high bandwidth of input encoding and unique 

morphological features in human neurons and based on this possibly even a connection between 

neuron size and general intelligence. Here, we investigate how the capability to process high 

frequency input varies among different species and across different neuron types within a 

species. We used the dynamic gain function (DGF) to capture the frequency preference of 

neurons and their ability to tune-in to rhythmic inputs, and studied different cortical neuron 

classes in acute brain slices from multiple species: rodents, lemurs, marmosets, macaques and 

humans. Because a neuron’s DGF is sensitive to the spectral composition of the input, and 

therefore to the brain state, we used in vivo-like stochastic inputs of different correlation times. 

We found that DFG features can differ substantially between cell types and input correlations, 

while the differences between species were gradual: 1.) The encoded input frequency bandwidth 

was alike, with cut-off frequencies around 400 Hz, suggesting ultrafast encoding to be general 

feature, independent of density. 2) Slow input correlations resulted in improved high-frequency 

encoding almost universally, showing comparable frequency preference adaptability. In addition, 

we observed an exception of a few neurons in our marmoset dataset, which showed a near 

constant DGF. In conclusion, morphological diverse neurons from a range of mammals achieve 

similarly high bandwidth of input encoding. Therefore, the ability to precisely time population 

responses to common input exists not only in higher primates. Input correlation-related, i.e. 



brain-state dependent switching of frequency preference is also present across species. Correlates 

of higher brain functions and general intelligence are likely realized through higher order 

network effects. 
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Abstract: Intracortical microstimulation (ICMS) enables a wide range of applications from 

neuroprosthetics to targeted circuit manipulations. However, conventional neural electrodes are 

limited in chronic performance, neuromodulation spatial precision, and recording stability due 

mainly to adverse immune responses to the indwelling implants. In response to these 

shortcomings, we developed stimulating nanoelectronic thread (StimNET) probes to address 

these limitations by employing microns thin cross-sections, flexible polymers, and functionalized 

contact sites to avoid evoking a chronic immune response while establishing a seamless interface 

for precise, stable, low-amplitude neuromodulation. In this work, we assessed the longitudinal 

stability to record and modulate the neural activity of the implants was tested in awake, behaving 

mouse models, finding high signal to noise recordings over time, consistent focal stimulation 

capabilities, and the ability to provide behaviorally detectable stimulation amplitudes as low as 

0.25 nc per phase for over a year post implantation. These observations, paired with quantified 

histology finding no significant immune response and active, healthy neural circuits in the 

immediate proximity of implanted devices, highlight how flexible implants can provide a 

functional interface to the brain without the confounds limiting the efficacy of prior implant 

designs. By coupling the stable stimulating and recording capabilities of StimNETs with an 

implanted cranial window and longitudinal behavioral tasks, this study assessed the neural 

response to low-amplitude neural stimulation over weeks of training. Longitudinal calcium 

imaging and electrophysiological recording of neural activity show an increase in neural 

activation to fixed stimulation over time, indicating neuroplastic changes to stimulation in the 

absence of a changing tissue electrode interface, an observation previously confounded by 

implants that induced chronic changes in the tissue electrode interface. These results highlight 



how ultraflexible devices, which minimize tissue disruption, maximize stability, and leverage 

low amplitude stimulation to achieve precise neuromodulation, can provide a new path forward 

in neuroscience to interface with the brain and serve as a novel tool to investigate changes in the 

brain and neural circuits over time. 
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Title: Disinhibitory circuits enhance information integration in converging feedforward 

networks of cortical columns 
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Abstract: Disinhibition, a neural mechanism that inhibits inhibitory connections, is emerging as 

a critical circuit motif in the modular architecture of the brain. Within the cortical column, 

comprising a six-layered organized structure, the cortical disinhibitory circuit has been 

demonstrated to be crucial for sensory integration, decision making, and cortical learning. 

However, the role of disinhibition mediated by inter-columnar or inter-areal connections remains 

elusive. To investigate this phenomenon, we constructed three feedforward network models 

mimicking the canonical feedforward pathway of the primary visual cortex (V1) and primary 

auditory cortex (A1): one without inter-columnar connections, one with only excitatory inter-

columnar connections, and another with an inter-columnar disinhibitory circuit. Each network 

comprised two separate four-layer Hodgkin-Huxley-type feedforward networks integrated into a 

single output layer. The inter-columnar feedforward disinhibitory circuit consisted of an 

inhibitory neuron that inhibited another inhibitory neuron, which in turn provided inhibition to an 

excitatory neuron within the column. To elucidate the role of inter-columnar feedforward 

disinhibitory circuit, we quantified the amount of information about two different inputs 

contained in the output layer by calculating mutual information. The network with inter-

columnar excitatory connectivity exhibited the mutual information value of 1.22, higher than the 



network without it, which had a mutual information of 1.20, indicating that the inter-columnar 

excitatory connectivity enhances the propagation of information across different columns 

integrated in the output layer. Notably, compared to the other two types of network models, the 

network model with the inter-columnar feedforward disinhibitory circuit demonstrated the 

highest mutual information of 1.28, suggesting that inter-columnar disinhibitory circuit most 

effectively promotes reliable integration of inputs. Our findings indicate that disinhibitory 

circuits play a crucial role in information integration between multiple functional modules of the 

brain, potentially providing new insights into the mechanisms underlying complex cognitive 

processes and sensory integration. 
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Abstract: Neural oscillations are an important hallmark of brain activity, often abnormal in 

neuropsychiatric disorders. Understanding their mechanisms is crucial for developing therapeutic 

interventions. One of the challenges is to identify oscillatory generators within the laminar 

structure of the cortex. In experimental recordings, the spectral peaks of local field potential 

(LFP) and current source density (CSD) may be located in different layers (e.g., alpha peaks 

deeply for LFP but superficially for CSD in primates), but the biophysical underpinnings of this 



discrepancy are not fully understood. Multiscale biophysical mechanistic models of brain circuits 

could help disentangle the laminar dynamics and resolve the sources of oscillatory generators. 

In this study, we utilized our previously developed biophysically detailed model of an auditory 

(A1) thalamocortical circuit and investigated its oscillatory properties. First, we explored the 

intrinsic oscillatory behavior of the original model. We examined the depth profiles of low- and 

high-frequency LFP and CSD activity of the model. Both for LFP and CSD, we observed a 

prominent low-frequency peak in the middle cortical layers and a slightly more superficial high-

frequency peak. CSD additionally revealed a superficial peak for both high- and low-frequency 

activities, and a high-frequency peak in the deep layers. 

Subsequently, we investigated the model's activity under the influence of experimentally-

constrained external oscillatory inputs. Our findings indicate that the model's intrinsic alpha 

activity became coupled with the oscillations entrained by the external input. For a low-

frequency input, the phase of the entrained oscillations controlled the alpha amplitude, while for 

a high-frequency input, the entrained amplitude was controlled by the alpha phase. When the 

stimulation frequency was close to the natural alpha frequency, it was imposed on the model, so 

the self-generated oscillations locked to the input signal, and their frequencies became matched. 

Our results contribute to a deeper understanding of the mechanisms that underlie neural 

oscillations observed in A1 LFP/CSD recordings - both intrinsic and driven by inputs from other 

brain regions. This work lays the basis for further investigation of oscillatory activity in the 

detailed A1 model, which may open the way for new approaches in the treatment of 

neuropsychiatric disorders. 
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Abstract: Introduction. Brain tumors are the second most frequent histopathological diagnosis in 

surgical specimens of epilepsy patients. Over 500 genes associated with epilepsy have been 

identified. Epileptogenesis is complex, with glutamate playing a critical role in tumor-associated 

seizures. Wang et al. (2022) analyzed microRNA, mRNA, and lncRNA expression in glioma-

related epilepsy (GRE) patients compared to those with glioma without epilepsy (GNE). They 

found GABARAPL1, GRAMD1B, and IQSEC3 genes had over twofold higher expression in 

GRE than GNE. Our aim was to decipher the interplay of these genes in a functional interaction 

network. Methods. Using the Tissue-Specific Gene Network (GIANT) tool, process-specific 

functional relationship networks of GABARAPL1, GRAMD1B, and IQSEC3 were constructed. 

In this network, each node represents a gene, each edge a functional relationship, 

probabilistically weighted based on experimental evidence. Results. A network of the three key 

genes in GRE patients was constructed, finding 15 genes with functional relationships. 

Biological process associations were identified, with data available only for GABARAPL1, 

showing high confidence for selective autophagy, regulation of proteasomal protein catabolic 

process, and regulation of proteolysis in cellular protein catabolic process. Experimentally and 

computationally predicted associations of the three genes with various diseases found combined 

interactions with autism spectrum disorder, peripheral nervous system disease, epilepsy, and 

retinal disease. Conclusions. In Tuberous sclerosis complex and focal cortical dysplasia models, 

higher mTOR activity affects the severity of epilepsy and neuropathology, suggesting a 

connection to symptom severity. Impaired autophagy, due to mTOR overactivation, contributes 

to epilepsy. Recent evidence focuses on mTOR's effect on autophagy but may overlook other 

relevant molecules. We propose new intervention targets to modify epilepsy severity, especially 

GRE. 
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Abstract: TITLE: Beyond the Improbable: Coexistence of Refractory Structural Epilepsy, Anti-

GAD65+ Autoimmune Encephalitis with Negative Anti-NMDA, and Functional Pituitary 

Macroadenoma: A Case ReportINTRODUCTION: Epilepsy is a chronic neurological disorder 

characterized by its tendency to generate bursts of excessive or synchronized electrical activity in 

neuronal tissue, and it impacts over 65 million people globally. The prevalence rate is estimated 

to be between 4-8 per 1,000 individuals and an incidence of 67.8 cases per 100,000 people, of 

which 30-33% will be refractory to treatment. The International League Against Epilepsy 

(ILAE) categorizes epilepsy based on its underlying causes, which include structural 

abnormalities, genetic factors, infections, metabolic disorders, autoimmune conditions, and cases 

with unknown causes. Among the various etiologies are rare inflammatory disorders, such as 

intracranial neoplasms, functioning pituitary macroadenomas (3.9-7.4 cases per 100,000 

individuals), and autoimmune encephalitis associated with anti-GAD65 antibodies (<200 

reported cases).OBJECTIVE: To describe a rare instance of treatment-resistant epilepsy linked to 

anti-GAD65 autoimmune encephalitis, with negative anti-NMDA, and the coincidental 

discovery of a functional pituitary macroadenoma.CASE: 33-year-old male with structural 

epilepsy refractory to treatment and a history of TBI debuted with a 30-second epileptic cluster 

with post-ictal psychosis. The semiology of left cephalic version and tonic-clonic 

bilateralization; EEG with generalized dysfunction of frontocentral predominance and left 

temporal epileptic activity; MRI with pituitary macroadenoma; and PET with hypometabolism in 

temporal neocortex, insula, opercular area, and left frontal superior inferior gyrus. Due to 

psychotic alterations added to the baseline semiology, a lumbar puncture was performed with an 

approach for autoimmune encephalitis, resulting in negative anti-NMDA and positive anti-

GAD65, suggesting immunomodulatory management. CONCLUSIONS: Anti-GAD65, due to 



the poor prognosis and heterogeneity of the semiology, should be evaluated in patients with 

epilepsy who are refractory to treatment of unknown origin. Following a two-year course of 

immunosuppressive and antiepileptic therapy, the patient has successfully managed to control his 

epileptic seizures. KEYWORDS: epilepsy, epileptic seizures, refractory epilepsy, cryptogenic 

epilepsy, structural epilepsy, encephalitis, autoimmune encephalitis, GAD65, macroadenoma. 
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Abstract: Temporal lobe epilepsy (TLE) is the most common focal epilepsy, however there’s 

still a lack of effective treatment for almost a third of the patients. In order to reach our long-term 

goal, which is to develop a gene therapy to treat TLE, first we need to have a reliable, suitable 

animal model. One of the compounds that have been used in last few decades to induce TLE in 

rodents is the cholinergic agonist pilocarpine. Although the pilocarpine model of epilepsy is one 

of the oldest and well-studied ones, there are still issues that need to be addressed. The high 

mortality rate associated with the pilocarpine-induced epilepsy model in mice is a significant 

concern in experimental research. Mice exhibit varying sensitivity to pilocarpine, leading to 

differences in seizure susceptibility and mortality rates. Factors such as age, strain, and genetic 

background can influence how mice respond to pilocarpine-induced seizures. Therefore, it is 

essential to establish a method for closely monitoring the mouse during pilocarpine 

administration. 

Here we present an improved pilocarpine treatment protocol based on pharmacokinetics that 

applies both to wild type and transgenic mice. Before the systemic administration of pilocarpine, 

we implant each mouse with stimulating/recording electrodes in the hippocampus and an EEG 

headset. This allows us to monitor discrete electrographic seizures and implement electrical 



kindling if the initial dose fails to induce status epilepticus (SE). 

We conducted studies using this improved pilocarpine protocol in two groups: TRAP2/Ai9 

transgenic mice and C57BL/6J mice. We successfully induced SE in 6 out of 10 TRAP2/Ai9 

mice and all 12 C57BL/6J mice, all of which subsequently developed spontaneous seizures. Only 

2 out of 22 mice did not survive the procedure. Importantly, the resulting spontaneous seizures 

occurred regularly (2 per day, every day) and continued for over 4 weeks. 

Our updated protocol aims to minimize animal loss while maximizing the likelihood of 

spontaneous seizure development in mice. This protocol enables us to screen gene therapies on 

seizures that are both electrographic and tonic-clonic motor behaviors, thereby mimicking human 

TLE. In pursuit of our long-term goal to develop gene therapy for TLE, our new pilocarpine 

treatment protocol provides a robust platform for studying seizure mechanisms and evaluating 

potential therapeutic interventions. 
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Abstract: The Role of the Fibronectin1-Src Kinase Pathway in Modulating Excitatory 

Synaptic Transmission in Temporal Lobe Epilepsy 

INTRODUCTION 

FN1 is an extra-cellular matrix protein that modulates Src kinase via transmembrane integrins. 

Src family kinases are crucial points of convergence for various signaling pathways. NMDARs, 

which are regulated by Src kinase, are important in epileptogenesis and play a role in excitatory 

synaptic transmission in the brain. This study is designed to test the hypothesis that FN1-altered 



Src kinase functions may contribute to hyperexcitability in MTLE. 

MATERIALS AND METHODS 

Hippocampal and ATL tissue samples from MTLE patients who had undergone surgical 

resection were acquired for this investigation. Real-time PCR & Western blotting was used to 

examine the mRNA and protein expression in the hippocampal and ATL areas of both acute and 

chronic TLE rats and humans. Kinase assay was used to determine functional Src activity. IHC 

and histopathological examinations were carried out. Functional validation using EPSCs was 

done using Patch-clamp. RESULTS 

A significant increase in FN1 mRNA was observed in ATL (10.25±1.59 fold, p=0.001) and 

hippocampus (6.73±2.59 fold, p=0.024) in MTLE patients. FN1 protein levels were significantly 

higher in ATL (p=<0.01) and hippocampal region (p=<0.01) of MTLE as compared to the 

control. IHC also revealed upregulation of FN1 protein in MTLE patients. Src was found to be 

upregulated in the histopathological, immunohistochemical, and protein level findings of the 

hippocampus. Kinase activity was higher in the TLE model. A significant increase in Src was 

observed in the chronic model of TLE with no significant changes in the acute TLE model. PP2 

blocker resulted in alterations in EPSC from MTS patients. 

CONCLUSION 

Our results are indicative of the role of FN1-mediated Src kinase signaling in hyperexcitability 

via modulating the regulation of NMDA receptors in MTLE. These findings will greatly improve 

our understanding of the molecular mechanisms and synaptic plasticity involved in the 

pathogenesis of MTLE, and Src may represent new potential therapeutic drug targets. 
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Title: Effect of Extracellular Citrate on Neuronal Excitability in SLC13A5 Epilepsy 
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Abstract: SLC13A5 Epilepsy is a rare genetic disorder caused by mutations in SLC13A5, a 

sodium-citrate transporter. Individuals born with mutations in SLC13A5 are affected by severe 

multi-focal seizures within 24 hours of birth and subsequently develop cognitive and motor 

impairments. SLC13A5 regulates the import of citrate across the plasma membrane and, in 

humans, is highly expressed in the brain and liver, but the exact relationship between SLC13A5 

expression levels, citrate levels and the observed epileptiform activity in patients is unclear. To 

investigate the role of endogenous SLC13A5 in varying tissue types and how it affects neuronal 

activity, we generated tissue-specific conditional SLC13A5 knockout mice: i) full-body 

SLC13A5 knockout; ii) liver-specific SLC13A5 knockout; and iii) brain-specific SLC13A5 

knockout. We subsequently recorded video-electroencephalography (EEG) data from these mice 

and analyzed for epileptiform activity. Tissue-specific knockout of SLC13A5 in our mouse 

models were confirmed via quantitative PCR experiments. Preliminary EEG analysis revealed 

increased numbers of interictal discharges in both full-body and liver-specific SLC13A5 

knockout animals, regardless of sex, suggesting that liver-specific expression of SLC13A5 may 

play a greater role in epileptogenesis than expression in other tissues. To investigate the effect of 

citrate on neuronal activity, we performed local field potential and whole-cell patch-clamp 

experiments to assess the relationship between extracellular citrate levels and neuronal 

excitability. Our results demonstrate increased numbers of interictal discharges upon addition of 

citrate during local field potential recordings but no significant change in the intrinsic firing 

properties of regular spiking cells in wild-type animals upon increasing extracellular citrate 

concentrations. These findings suggest that changes in neuronal excitability in response to 

changing extracellular citrate concentrations are mediated largely by inhibitory interneurons. 

Future directions include further analysis of EEG data, specifically assessing seizure frequency 

and duration in addition to power spectral analyses, as well as further whole-cell patch-clamp 

experiments examining the effect of extracellular citrate levels on the intrinsic firing properties 

of inhibitory interneurons. 
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Title: Recurrent spontaneous seizures caused by glial-Dube3a overexpression can be suppressed 

through modulation of 5-HT signaling 
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Abstract: The E3 ubiquitin ligase UBE3A catalyzes the transfer of ubiquitin to substrate 

proteins marking them for proteolysis. Over-expression of UBE3A is thought to contribute to 

Duplication 15q syndrome since UBE3A is located within the 15q11.2-q13.1 duplication. 

Dup15q patients often display autism, muscle hypotonia, and epilepsy. In vertebrate models, 

overexpressing UBE3A in neurons recapitulates several aspects of Dup15q syndrome, but not 

epilepsy phenotypes. Previous work in Drosophila indicates that overexpression of Dube3a 

(homolog of UBE3A) in glia leads to a “bang-sensitive” hyperexcitable phenotype. Here, we 

used the Gal4-UAS system to compare overexpression of Dub3a in glial and neuronal cells 

(using the repo-Gal4 and nsyb-Gal4 drivers respectively) to determine if either manipulation led 

to spontaneous seizure phenotypes. In an intact tethered fly preparation, we recorded action 

potentials from the indirect flight muscles (dorsal longitudinal muscles, DLMs). We found 

recurrent, spontaneous spike discharge in repo > Dube3a flies (x̄ = 2.19 Hz; 0.387 burst freq. 

min-1) but not repo > w1118 control flies (x̄ = 0.11 Hz; 0 burst freq. min-1) These bursts originated 

centrally and were correlated between the left and right sides. Furthermore, blocking central 

excitatory neurotransmission (via the nAChR antagonist Mecamylamine) stopped bursting 

activity. In contrast, we did not observe spontaneous spike discharges in nsyb > Dube3a flies. 

These studies confirm previous work suggesting that glial rather than neuronal overexpression of 

Dube3a is the main contributor to spontaneous seizure activity. The lack of effective treatment 

options for Dup15q-associated epilepsy presents a hurdle in seizure management. Previous work 

has identified, Vortioxetine (a 5-HT1A agonist) and Ketanserin (5-HT2A receptor antagonist) as 

potential treatment options for Dup15q-associated epilepsy. We reared repo > Dub3a and repo > 

w1118 flies with these pharmacological agents (40nM and 400nM) to evaluate their efficacy in 

treating the seizure phenotype. We found both pharmacological agents were successful in 

eliminating spontaneous spike discharges in repo > Dube3a flies. Our findings highlight the 

potential for glial pathophysiology in underpinning seizures associated Dup15q syndrome. 
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Abstract: Closed-loop responsive neurostimulators, such as the NeuroPace RNS System, 

continuously monitor brain activity and deliver electrical stimulation in response to seizures 

detected in patients with drug-resistant epilepsy. Battery life constraints limit the sampling rate 

and bit precision of these devices, reducing the quality of EEG recordings. In this work, we 

introduce a novel technique to convert high-resolution intracranial EEG obtained from inpatient 

monitoring into the same format and parameters produced by the RNS System. Data for this 

study was previously collected from patients who underwent both intracranial EEG monitoring 

and surgical implantation of the RNS System at the University of Michigan Hospital. Electrodes 

from the iEEG and NeuroPace were coregistered onto the same 3-D coordinate grid via 

FreeSurfer post-op structural MRI analysis. Vector math was applied to determine the closest 

field approximation between the RNS electrodes and intracranial electrodes. Through spectral 

analysis, we derived a transfer function that accounts for the effects of analog and digital filters 

on neural signals to approximate the idealized filter response of the RNS System. Visual and 

spectral analysis of the time-series waveforms and frequency spectra of EEG from each source 

confirmed seizure onset characteristics were correctly transformed by the filtering function, 

allowing analysis of how iEEG signals would appear within NeuroPace. These findings suggest 

that it may be possible to extract biomarkers from high-resolution intracranial EEG and detect 

them in other implantable devices. This provides an opportunity to develop patient-specific 

seizure detection parameters and investigate the long-term effects of neurostimulation therapy. 
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Abstract: Epilepsy is a chronic neurological disease characterized by a predisposition to 

generate seizures. Evidence is emerging that inflammation might be a consequence, as well as a 

cause of epilepsy. Experimental studies have shown that seizure activity per se can induce brain 

inflammation and that recurrent seizures perpetuate chronic inflammation. Levetiracetam (LEV) 

is a second-generation anti-epileptic drug that is highly effective for seizure control. There are 

controversial results regarding its anti-inflammatory effects, which have been evaluated in the 

acute phase and during epileptogenesis. For this reason, the present work aims to evaluate the 

anti-inflammatory effect of LEV in the chronic stage of the disease. For this purpose, male 

Wistar rats were divided into the following groups: Control, Control + LEV, epileptic and 

epileptic + LEV. Epilepsy was induced by systemic administration of lithium plus pilocarpine 

and was determined by monitoring behavior using video recordings. LEV treatment (300 

mg/kg/d) lasted one week and was accomplished with osmotic mini-pumps. The brain was 

obtained and the hippocampus was micro-dissected 2 or 5 months after SE. TNF-α, IL-6 and IL-

1β concentrations were quantified. LEV treatment decreased the frequency of seizures on both 

evaluation periods and decreased the concentration of IL-6 and TNF-α at 2 and 5 months, 

respectively. Epilepsy increased the concentration of IL-6 at 2 months and TNF-α at 5 months 

after SE. IL-6 did not show changes. In conclusion, the results showed that epilepsy increased 

specific inflammatory mediators. This suggests that LEV has anti-ictogenic effects by decreasing 

neuroinflammation. 
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Abstract: Introduction: The development of neuromodulation protocols using electrical 

stimulation is a promising therapeutic option for drug-resistant epilepsy. Our research shows that 

distinct temporal patterns of electrical stimulation, varying from periodic to temporally complex 

NPS, can promote or inhibit epileptic seizures. This study explores how stimulation patterns 

composed of binary-coded words, made up of 14 ms bins dividing a theta oscillation, may affect 

long-range connectivity of epileptiform activity based on "word regularity."Objectives: 

Determine the effectiveness of non-periodic versus periodic ES patterns in reducing seizure 

frequency and severity in a PTZ-induced seizure model.Methods: Male Wistar rats (8-10 weeks; 

250-300g) from the ICB Bioterium Vivarium at UFMG were used, housed under controlled 

conditions following ethical guidelines. The protocol was approved by the Animal Ethics 

Committee (19/2024). Rats were divided into four groups, subjected to different ES patterns via 

implanted bipolar electrodes in the basolateral amygdala: GE1 (fixed word 4-stimuli/second - 

FIXw non-periodic organized), GE2 (PS fixed 250 ms inter-pulse intervals), GE3 (non-periodic 

with restricted randomization, NPSRR), and GE4 (multiple words - MULTw non-periodic 

disorganized, NPSD), all at 4Hz. One week post-surgery, baseline seizure thresholds were 

determined. On the experiment day, rats received a PTZ ramp infusion (tail vein 10 mg/ml PTZ 1 

ml/min) alongside ES protocols. Behavioral responses were recorded to assess latency to 

forelimb clonus and tonic-clonic seizures. Post-experiment, rats were euthanized and analyzed 

using Fluoro-Jade B staining and C-Fos expression for neuronal damage and activation.Results: 

Significant differences in seizure onset latency were observed across different ES patterns. 

NPSD(GE4) significantly increased latency to seizure onset compared to PS(GE2), indicating 

enhanced seizure suppression. Neuronal activity analysis in the basolateral amygdala showed 

reduced activation in non-periodic groups, particularly GE4. Converting the PTZ threshold into 

drug volume injected, we have: NPSD: 2 ml (Mean: 1.75 ml),FIXw: 1 ml (Mean: 1.1 ml), PS: 

0.5 ml (Mean: 0.55 ml), and NPSRR: 1.8 ml (Mean: 1.9 ml). The ANOVA p-value was 0.1049, 

and the total normalized standard deviation was 0.05. The c-Fos and FluoroJ data are still being 

analyzed.Conclusion: This research presents non-periodic electrical stimulation (NPS) as a 

novel, effective treatment for drug-resistant epilepsy, offering significant therapeutic benefits and 

potential to improve patient quality of life by reducing uncontrolled seizures. 

Disclosures: A. Rodrigues: None. L.O. Guarnieri: None. V.R. Cota: None. M.F. Moraes: B. 
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Abstract: Epileptogenesis, arising from alterations in synaptic strength, shares mechanistic and 

phenotypic parallels with memory formation. However, direct evidence supporting the existence 

of seizure memory remains scarce. Leveraging a conditioned seizure memory (CSM) paradigm, 

we found that CSM enabled the environmental cue to trigger seizure repetitively, and activating 

cue-responding engram cells could generate CSM artificially. Moreover, cue exposure initiated 

an analogous process of memory reconsolidation driven by mTOR-BDNF signaling. 

Pharmacological targeting of the mTOR pathway within a limited time window reduced seizures 

in animals and interictal epileptiform discharges (IEDs) in patients with refractory seizures. Our 

findings reveal a causal link between seizure memory engrams and seizures, which leads us to a 

deeper understanding of epileptogenesis and points to a promising direction for epilepsy 

treatment. 
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Abstract: Background: Due to the conflict evidences in cost-effectiveness of hormonal therapy 

for children with Infantile epileptic spasms syndrome (IESS), including West syndrome (WS), 

there is a need to explore real-world treatment patterns. Objective: This study was focused on 

assessing treatment effectiveness, safety, Health-Related Quality of Life (HRQoL), and 

conducting a cost-effectiveness analysis (CEA) for hormonal therapies in managing children 



with IESS. Methods: A prospective observational study with a two-week follow-up assessment 

was conducted at a tertiary-care centre in North India. Children with WS (aged 3-18 months) 

either advised adrenocorticotrophic hormone (ACTH) or oral prednisolone were included and 

compared for cessation of spasms, occurrence of treatment-emergent adverse events (TEAEs), 

Health related quality of life (assessed through Hi-QUALIN) scores and CEA. The statistical 

significance was assessed using chi-square test for categorical data or t-test for continuous data. 

A decision-tree model to predict the benefit and costs of ACTH and oral prednisolone in children 

with WS. One-way sensitivity analyses were performed to understand the impact of a single 

variable on the cost-effectiveness (CE) model and visualized in the Tornado diagram. Results: 

Of 93 children diagnosed with WS [73 (79%) boys; mean age (SD)= 10.1 (3.7) months; median 

(IQR) spasms burden: 27.8 (14.0, 61.9)], 55 (59%) were initiated on ACTH, while the rest on 

oral prednisolone (38 (41%)). After two weeks of treatment, 29/55 (53%) on ACTH and 13/34 

(34%) patients on oral prednisolone achieved spasm cessation. Additionally, a higher number of 

TEAEs (non-significant) were reported in ACTH treated group (23/55 (42%)) as compared with 

the oral prednisolone group (19/38 (50%)). The children aged 3 to 12 months were showed 

statistically significant improvement in HRQoL after two weeks of treatment (p-value: <0.01). 

Using a decision tree model CEA resulted with higher ICER (1,22,185 INR; ~1468.90 USD) for 

ACTH than oral prednisolone which suggests payer’s need to spend 1,22,185 INR one unit 

increase to be spasm free with the treatment of ACTH. Conclusion: The study findings 

suggested ACTH is possibly more cost-effective than oral prednisolone for the management of 

WS. Additionally, the hormonal therapy is more likely capable of improving the HRQoL in 

children with WS. 
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Abstract: The ketogenic diet (KD), a high-fat, low-carbohydrates, adequate-protein diet, is a 

non-pharmacological treatment used in refractory epilepsy. Its mechanism of action is not yet 

fully understood. The cation-chloride cotransporter, KCC2, transports chloride out of neurons, 

thus contributing to the intraneuronal concentration of this ion, which in turn determines the 

inhibitory or excitatory effect of the neurotransmitter GABA that regulates brain excitability in 

epilepsy. Modifications in the expression of KCC2 by KD could explain the beneficial effect of 

this diet on epilepsy. This work aimed to determine the impact of the KD on the expression of 

the KCC2 cotransporter in the hippocampal strata: oriens, pyramidal, lucidum and the rest strata 

(radiatum-lacunosum-moleculare) of rats with seizures induced by amygdaloid electrical 

kindling, an epilepsy model. Male Sprague-Dawley rats were separated into groups fed with 

normal diet (ND) or KD, with or without kindling, sham and intact (n = 8 in each group). At the 

beginning and end of the experimental treatments, glucose and β-hydroxybutarate concentration 

were quantified in peripheral blood. KCC2 cotransporter was detected by immunohistochemistry 

in the hippocampal strata sections, afterwards, the KCC2 expression was evaluated by optical 

density. The results were analyzed by applying a 3-way mixed factorial ANOVA (glucose and β-

hydroxybutarate) and a two-way factorial ANOVA (optical density) (p < 0.05). At the end of the 

experiment, KD-fed groups showed a reduction of glucose and an increase in β-hydroxybutarate 

concentration. The latency to reach kindling stage 2 was higher in the KD-fed group. Pyramidal 

and lucidum strata, presented an increase in KCC2 in the KD when compared to the DN-fed 

groups. The kindling groups presented lower levels of KCC2 than those without kindling, sham 

or intact. Thus, KD maintained the expression levels of KCC2 in the pyramidal and lucidum 

hippocampal strata. The modulation of the expression of the KCC2 cotransporter is probably the 

mechanism of action of KD as an adjuvant in the control of epilepsy. 
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Abstract: The ketogenic diet (KD) is a high-fat, low-carbohydrate, and adequate-protein diet 

used asa non-pharmacological treatment for refractory epilepsy. Cytochrome P450 

(CYPs)enzymes are responsible for the metabolism of many exogenous and 

endogenouscompounds. CYPs are abundant in the liver and are also expressed in many extra-

hepatictissues including the brain. Variations in drug metabolism between subjects have long 

beenconsidered the source of diverse drug responses, clinical relevance of such 

variabilitytranslates into both therapeutic failure and the appearance of associated adverse 

effects.This study was designed to analyze the effects of a KD on CYP2E1 and CYP3A2 

expressionin the brain and liver of young Wistar rats. Animals were randomly assigned to one of 

thefollowing groups: rats fed ad libitum with KD or standard rodent laboratory diet (n = 12 

ineach group). The treatment regimen was extended for three months, and the brain (cortexand 

cerebellum) and liver tissues were collected for further analysis. The mRNA and 

proteinexpression of CYP2E1 and CYP3A2 in brain, cerebellum, and liver tissue samples 

wereanalyzed by qRT-PCR and Western blot assays, respectively. The data were 

statisticallyanalyzed by the SPSS version 16.0 statistical package. Data expressed as the mean ± 

SE.Differences between the groups were assessed using one-way analysis of variance(ANOVA). 

Differences were considered statistically significant at P < 0.05. Our resultsshowed that KD 

significantly induced significantly CYP2E1 mRNA and protein in the cerebralcortex and 

cerebellum without modifying them in the liver, while CYP3A2 mRNA and proteinexpression 

were increased in both the brain and liver. The induction of CYP2E1 in the brainby KD could 

have an important local therapeutic effect since this CYP participates inconverting glucose into 

acetone, which has an anticonvulsant effect. Therefore, DC-inducedCYP2E mRNA and protein, 

as well as the increase of CYP3A2 protein in rat brain, could beconsidered a decisive factor in 

the variation of drug response and toxicity affecting themetabolism of endogenous and 

xenobiotic compounds, including hormones, and numeroustherapeutic drugs. Furthermore, 

induction of CYP2E1 in the CNS could increaseneurotoxicity risks through bioactivation, lipid 

peroxidation, and DNA damage. 
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Abstract: High frequency oscillations (HFOs) in EEG are a promising biomarker for localizing 

the epileptogenic zone (EZ) and predicting seizure outcomes. While automated HFO detectors 

have helped to alleviate the labor-intensive labeling of HFOs, they are mostly trained on data 

from individual EEG channels. These detectors create false positive detections due to EEG 

artifacts, many of which are not apparent when viewed on individual EEG channels. When 

putative detected HFOs are marked and displayed within clinical EEG software with data from 

all channels at once, such artifacts are readily visible to clinicians, who lose confidence in the 

accuracy of an HFO detector if it becomes apparent that the detector is finding false positives. 

Similarly, analysis of HFOs with false positives will be less reliable. Thus, there is a need to 

improve the specificity of HFO detections. We hypothesize that training classifiers to identify 

false positive HFOs using expert-marked data will enable better identification of true HFOs and 

fewer false positives. An automated HFO detector was used to detect HFOs from the EEG data 

of 20 patients. The HFO events were labeled within the Persyst viewer. Six trained clinicians 

each reviewed 200 HFO events from each patient and labeled them as being clearly artifacts, 

clearly physiological brain signals, or uncertain. Three reviewers labeled each event 

independently. We trained a logistic regression model and a neural network with various subsets 

of expert-derived features, consisting of features computed across multiple or individual EEG 

channels, to identify false positive HFOs. 23.83% of the HFO events were unanimously labeled 

as artifacts. Multiple model variants with leave-one-out cross-validation demonstrated at least a 

mean of 0.75 across sensitivity, specificity, and area under the receiver operating characteristic 

curve. These models include those trained on features derived from either scalp, intracranial, or 

both scalp and intracranial channels, and computed from EEG across single, multiple, or both 

single and multiple channels. The best models were identified and used to investigate features 

that contribute to effective representations of the artifacts. The resulting algorithms can be used 

to screen for artifactual HFOs after automated HFO detections to potentially enable better 

localization of EZs and seizure outcomes after surgical removal of EZs. 
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Abstract: Background: Temporal lobe sclerosis (TLS) is characterized by laminar neuronal loss 

and gliosis in the neocortex, occurring alongside hippocampal sclerosis. Its clinical and 

neuropathological features remain incompletely understood. This study aimed to reveal the 

clinical and electrophysiological features of patients with TLS. Methods: The study included 15 

patients with TLS (8 moderate, 7 severe) and 15 patients without TLS who underwent anterior 

temporal lobectomy for drug-resistant mesial temporal lobe epilepsy. Clinical information—

including seizure frequency, seizure types, past medical history, psychiatric symptoms, and 

seizure outcomes—and the density of inhibitory neurons such as parvalbumin-, somatostatin-, 

and calretinin-positive neurons in the temporal cortex were compared between patients with and 

without TLS. Results: Cases with TLS tended to have a history of initial precipitating episode in 

childhood (p=0.002), especially a history of encephalopathy or encephalitis (p=0.017) including 

viral encephalitis. Immunohistologically, the density of all neurons and parvalbumin-positive 

neurons was significantly lower in the temporal cortex of patients with TLS (7.80 vs. 2.81/mm2, 

p=0.001). No significant differences were observed in somatostatin- or calretinin-positive neuron 

densities between groups. The reduction in parvalbumin-positive neurons was evident in both 

superficial and deep cortical layers, suggesting a widespread impact on inhibitory circuits. No 

significant associations were found between TLS and other clinical features such as seizure 

frequency, postoperative seizure outcomes, or psychiatric symptoms. Conclusions: This study 

demonstrated that the development of TLS is related to a history of encephalopathy in infancy. A 

decrease in parvalbumin-positive neuron density may be associated with TLS pathogenesis. 

Future pathologic research is warranted to clarify the mechanisms underlying TLS development 

and its impact on epileptogenesis. 
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Abstract: Focal cortical dysplasias (FCDs) are local malformations of the human neocortex and 

a leading cause of intractable epilepsy. FCDs are classified into different subtypes including 

FCD IIa and IIb, characterized by a blurred gray-white matter boundary or a transmantle sign 

indicating abnormal white matter myelination. Recently, we have shown that myelination is also 

compromised in the gray matter of FCD IIa of the temporal lobe. Since myelination is key for 

brain function and is imbalanced in epilepsy, we investigated myelination in the gray matter of 

FCD IIa, FCD IIb and non-dysplastic epileptic controls from the frontal lobe. We applied in situ 

hybridization, immunohistochemistry and electron microscopy to quantify oligodendrocytes, to 

visualize the myelination pattern and to determine ultrastructurally the axon diameter and the 

myelin sheath thickness. In addition, we analyzed the transcriptional regulation of myelin-

associated transcripts by real-time RT-qPCR and chromatin immunoprecipitation (ChIP). We 

found that in particular frontal lobe FCD IIb showed myelination disturbances such as 

significantly increased numbers of myelinating oligodendrocytes (OLs) and an irregular and 

disorganized myelination pattern covering an enlarged area in comparison to FCD IIa and 

controls. Interestingly, both FCD types presented with larger axon diameters when compared to 

controls. A significant correlation of axon diameter and myelin sheath thickness was found for 

FCD IIb and controls, whereas in FCD IIa large caliber axons were less myelinated. On the level 

of gene expression, FCD IIb presented with a significant up-regulation of myelin-associated 

mRNA synthesis in comparison to FCD IIa and by enhanced binding-capacities of the 

transcription factor MYRF to promoters of myelin-associated genes reflecting the need for more 

myelin due to increased axon diameters. These data show that FCD IIa and IIb are characterized 

by divergent signs of altered myelination which may contribute to the epileptic phenotype. 
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Abstract: Delivery of electrical stimulation to specific thalamic regions offers a therapeutic 

approach for patients with refractory focal and generalized epilepsy who are not candidates for 

resective surgery. However, outcomes vary significantly, in particular for focal epilepsy, 

influenced by various factors, notably the precise anatomical and functional alignment between 

cortical regions generating epileptic discharges and the targeted thalamic stimulation sites.Here 

we hypothesized that targeting thalamic nuclei with precise anatomical and functional 

connections to epileptic cortical areas (an approach that we refer to as hodological matching) 

could enhance neuromodulatory effects on focal epileptic discharges. To investigate this, we 

examined three thalamic subnuclei (pulvinar nucleus, anterior nucleus, and ventral intermediate 

nucleus/ventral oral posterior nuclei) in 26 patients undergoing stereoelectroencephalography 

(SEEG), with concurrent sampling of cortical and subcortical regions.We first identified 

hodologically organized thalamocortical fibers connecting these nuclei to individual seizure 

onset zones (SOZs) via neuroimaging and electrophysiological techniques. Further, analysis of 

216 spontaneous seizures revealed the critical role of matched thalamic nuclei in seizure 

development and termination. Importantly, electrical stimulation of hodologically matched 

thalamic nuclei immediately suppressed intracortical interictal epileptiform discharges, 

contrasting with ineffective outcomes from stimulation of unmatched targets. Finally, we 

chronically implanted two patients with a hodologically-matched neurostimulation system, 

which led to a clinically relevant reduction (>95%) in seizure frequency.Our results underscore 

the potential of hodological targeting to modulate epileptiform activity in specific cortical 

regions, highlighting the promise of precision medicine in thalamic neuromodulation for focal 

refractory epilepsy, suggesting novel avenues for clinical targeting and therapeutic strategies. 
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Abstract: 30-50% of patients who undergo brain resection for drug resistant epilepsy (DRE) fail 

to achieve sustained seizure freedom; accurate outcome prediction tools are necessary. We 

hypothesized that “peri-ictal” EEG (i.e. minutes immediately before and after a seizure) may be 

optimal for creating an EEG-based surgical outcome prediction framework. 

We analyzed data from 294 patients who had undergone temporal lobe resection for DRE with 

preoperative video EEG evaluation. We captured 5 minutes of “peri-ictal” EEG from a single 

pre-operative seizure for each patient. A validated machine-learning (ML) artifact detector was 

applied to raw EEG data. Artifact-free data were then transformed into the frequency domain 

(Fourier transformation) and power-spectral density (PSD) was calculated across a range of 

physiological frequencies (1-40Hz). Iterative ML model-building experiments were conducted to 

find classifier algorithms to predict post-operative seizure control. 

Of the 294 patients, 170 were seizure-free at last follow-up, average age was 37.3 years, mean 

follow-up was 3.4 years, and 78% had abnormal MRI. We were able to build multiple machine 

learning models that could predict seizure outcome on the basis of peri-ictal EEG features, 

underscoring the value of peri-ictal data in this context (Figure). The winning model was a Light 

Gradient Boost Machine (LGBM) classifier; when tested on a hold-out dataset, accuracy was 

91.9% (AUC 0.977). The winning model was constructed with 34 EEG features: 70% of features 

were from the pre-ictal period, 62% from temporal electrodes, 56% from the beta band. 

Prior efforts to create surgical outcome prediction frameworks have relied on clinical variables 

with limited accuracy or data inputs that are invasive (intra-cranial EEG) or absent in routine 

clinical care (connectomics). We demonstrate that using machine learning methods, 5 minutes of 

peri-ictal scalp EEG can yield accuracies >90%. Once validated on a multicenter dataset, this 

approach will be implementable for all temporal DRE patients using data that is captured in 

routine clinical care. 
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Abstract: For decades, high frequency oscillations (HFO) have been touted as a promising 

electrographic biomarker of epileptic tissue. However, the advancement of HFO research has 

been limited by the lack of a reliable way to differentiate pathological from physiological HFOs, 

which has been difficult given the lack of a ‘gold standard’ comparison. HFO recordings are thus 

a mix of normal activity (physiological HFOs), epileptic activity (pathological HFOs), and false 

HFOs due to noise. Without a method to distinguish these events, HFO analyses have been 

inconsistent. We tackled this problem through a multi-faceted approach: 1) supervised 

classification of HFOs using expert-selected signal features, 2) supervised classification of pre-

processed HFO signals and, 3) unsupervised clustering of pre-processed HFO signal. The 

purposes of these different approaches were not only to distinguish pathological from 

physiological HFOs, but also to characterize the morphological differences between them. 

Statistical rigor was achieved by employing our sizeable dataset consisting of millions of HFOs 

collected from continuous, multi-day recordings of patients from the University of Michigan. We 

designated physiological and pathological HFOs with surrogate labels of HFOs originating from 

resected seizure onset zones channels and HFOs originating from non-resected channels. We 

showed that all of our supervised classifiers provided a good separability between pathological 

and physiological HFOs. Likewise, the unsupervised clustering also showed a difference 

between pathological and physiological HFOs. These results suggest a way of distinguishing 

pathological and physiological HFOs which can be used to increase the specificity of epileptic 

HFO datasets for more reliable and consistent analyses. 

Disclosures: J. Lin: None. S.V. Gliske: E. Ownership Interest (stock, stock options, royalty, 

receipt of intellectual property rights/patent holder, excluding diversified mutual funds); Natus 

Medical, Inc. M.R. Zochowski: None. W.C. Stacey: E. Ownership Interest (stock, stock 

options, royalty, receipt of intellectual property rights/patent holder, excluding diversified mutual 

funds); Natus Medical, Inc. 
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Abstract: Epilepsy is one of the most common neurological diseases impacting about 70 million 

people in the world. A minimum of thirty percent of individuals with epilepsy develop drug 

resistance, making them suitable candidates for neuromodulation therapy. The management of 

drug-resistant epilepsy requires precise identification and localization of seizure onset zones 

(SOZs). While stereoelectroencephalography (SEEG) provides direct insights into brain activity, 

traditional analyses have focused predominantly on the periodic components of the power 

spectral density (PSD), often neglecting the informative potential of its aperiodic components. 

This study aims to harness these aperiodic components to improve the detection and localization 

of seizures, addressing significant gaps in the current understanding of epilepsy. In collaboration 

with a medical institution in Guangzhou, China, long-term SEEG data were collected from 8 

patients diagnosed with drug-resistant epilepsy. Each patient had between 6 to 18 electrodes 

implanted, encompassing over 100 channels distributed across various brain regions. We 

computed the PSD of each segment using FFT based on Welch’s method and utilized the Fitting 

Oscillations and One-Over F (FOOOF) parametric method to extract the aperiodic components 

of the PSD, such as offset, exponent, and knee. We then applied machine learning models 

including K-nearest neighbors (KNN), random forest, support vector machine (SVM), and 

decision trees to classify states of epileptic and non-epileptic activity based on aperiodic features. 

Our results demonstrate the high discriminatory capability of the aperiodic components within 

the PSD. The random forest model outperformed others, achieving an average accuracy of 

89.91%, with the best case reaching up to 97.11%. Further analysis at the channel level revealed 

that between 3 to 12 channels per patient achieved perfect classification accuracy (100%), 

accurately reflecting the epileptic activity. These channels were predominantly located in brain 

regions identified as SOZs through concurrent MRI and CT, validating the effectiveness of our 

approach. Additional tests on previously untrained long-term data confirmed the model's 

robustness, with detection accuracies approaching 99.95%. This investigation highlights the 

critical but previously underappreciated role of aperiodic components in SEEG data analysis. By 

emphasizing these components, our study not only enhances the predictive accuracy for seizure 

events but also refines the localization of seizure onset zones, offering substantial benefits for 

surgical planning and therapeutic interventions in epilepsy care. 
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Abstract: Defensive behaviors against threatening situations are crucial for survival, and 

maladaptation of neural functions involved in defensive behavior may result in panic-like 

behavior. Therefore, defensive behaviors must be optimized for animals to efficiently avoid 

danger and maximize their chance of survival. The midbrain periaqueductal gray (PAG) controls 

defensive behaviors. However, the underlying substrate of dysregulated panic-like defensive 

responses is still unknown. Using in vivo calcium recordings in mice, we found that PAG 

astrocytes are activated during threatening situations and trigger defensive behaviors. Using 

astrocyte optogenetic activation and pharmacologic ablation, we provide evidence that PAG 

astrocyte activation and subsequent ATP release are required for the manifestation of optimal 

defensive behavior; therefore, aberrant activation of PAG astrocytes leads to maladaptive 

defensive behavior that resembles panic-like behavior. Our results suggest that PAG astrocytes 

are one of the neurobiological substrates underlying defensive dysregulation and might be an 

important cue in panic-related behaviors via a distinct increase in calcium activity and ATP 

release. 
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Title: Butyrate reduction & HDAC4 increase underlie maternal high fructose-induced metabolic 

dysfunction in hippocampal astrocytes in female rat 
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Abstract: Maternal nutrient intake influences the health of the offspring via microenvironmental 

systems in digestion and absorption. Maternal high fructose diet (HFD) impairs hippocampus-

dependent memory in adult female rat offspring. However, the underlying mechanisms remain 

largely unclear. Maternal HFD causes microbiota dysbiosis. In this study, we find that the 

plasma level of butyrate, a major metabolite of microbiota, is significantly decreased in the adult 

female maternal HFD offspring. In these rats, GPR43, a butyrate receptor was downregulated in 

the hippocampus. Moreover, the expressions of mitochondrial transcription factor A (TFAM), 

and peroxisome proliferator-activated receptor gamma coactivator 1α (PGC-1α) were 

downregulated in the hippocampus. The decreases of these functional proteins were reversed by 

fructooligosaccharides (FOS, a probiotic) treatment in adulthood. Astrocytes are critical for 

energy metabolism in the brain. Primary astrocyte culture from female maternal HFD offspring 

indicated that GPR43 and the mitochondrial biogenesis were significantly suppressed, which was 

reversed by supplemental butyrate incubation. The oxygen consumption rate (OCR) was reduced 

in the HFD group and rescued by butyrate. Intriguingly, the nuclear histone deacetylase 4 

(HDAC4) was enhanced in the HFD group, suggesting an inhibitory role of butyrate on histone 

deacetylase activity. Inhibition of HDAC4 effectively restored the OCR, bioenergetics, and 

biogenesis of mitochondria. Together, these results suggested that the impaired butyrate 

signaling by maternal HFD could underlie the reduced mitochondrial functions in the 

hippocampus via HDAC4-mediated epigenetic changes. 

Disclosures: C. Wu: None. K.L. Wu: None. H. Hirase: None. 
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Title: Mechanism Underlying Astrocytic Uptake of Sulforhodamine 101 (SR101) 
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Abstract: Sulforhodamine 101 (SR101) is a commonly used chemical marker for astrocytes and 

is particularly useful in functional in vivo and in situ studies. However, the mechanism 

underlying the astrocytic uptake of SR101 remains elusive. Serendipitously, we found that 

SR101 uptake can be fully inhibited by meclofenamic acid (MFA). The MFA-mediated SR101 

uptake inhibition is characterized by a non-competitive binding of MFA to the SR101 uptake 

pathway, a rapid inhibitory time course (T50, 0.4925 min), and high efficacy (IC50, 4.428 µM). 

Therefore, MFA emerges as a useful inhibitor to further explore the mechanism of SR101 uptake 

in astrocytes. In a transcriptome study, the slco1c1 mRNAs, a gene encoding L-thyroxine (T4) 

transporter (OATP1C1), showed high astrocyte expression. To explore slco1c1 as a potential 

SR101 uptake pathway, we pre-incubated acute hippocampal slices with 10 µM T4 for 20 min. 

This resulted in a 95% inhibition of SR101 uptake. Inhibition of OATP1C1 should lead to a 

buildup of ambient T4. To examine if T4 could affect neuronal excitability, we examine the 

electrophysiological responses of CA1 pyramidal neurons to 10 µM T4. Elevated ambient T4 

appeared to attenuate the excitability of CA1 pyramidal neurons. Thus, our study has identified 

MFA as a potent SR101 uptake inhibitor in astrocytes. Additionally, we show that L-thyroxine 

competitively inhibits SR101 uptake in astrocytes, implying that slco1c1 is likely the transporter 

that mediates the SR101 uptake in astrocytes. Potentially, inhibition of OATP1C1 has an 

inhibitory impact on the excitability of CA1 pyramidal neurons. 

Disclosures: X. Liu: None. S. Timsina: None. M. McNabb: None. Y. luo: None. Z. Li: 

None. Y. Du: None. M. Zhou: None. 

Late-Breaking Poster 

LBA002: Theme B Late-Breaking Posters 

Location: MCP Hall A 

Time: Sunday, October 6, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: LBA002.074/LBA137 

Topic: B.09. Glial Mechanisms 

Support: ANR-20-CE37-0024 



 FRM AJE20181039590 
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Abstract: Rational: The cerebellum is classically associated with coordination and motor 

learning. Yet, a growing body of evidence now indicates that the cerebellum also contributes to 

cognitive aspects including social behavior and navigation skills. Although monoamines such as 

norepinephrine (NE) and dopamine (DA) are key neuromodulators implicated in these cognitive 

functions, the modus operandi of monoaminergic systems and their relevance to cerebellar 

functioning remains poorly understood. Interestingly, our preliminary data show that, while in 

this brain region monoaminergic innervations are sparse, the main vesicular transporter of 

monoamines VMAT2 is expressed in both Bergmann glial (BGC) cells, specialized radial 

astrocytes, and Purkinje neurons (PN), the neuronal output of the cerebellar cortex. Our study 

thus aims at investigating the role of BGCs and PNs in the control of monoaminergic 

transmission. Methods: We characterized the monoaminergic system in the cerebellar cortex 

using immunohistochemistry experiments targeted against proteins involved in the synthesis, 

uptake, and transport of DA and NE. To investigate the implication of BGCs and PNs in 

monoamines transmission, we performed 2-photons imaging of spontaneous DA and NE releases 

using genetically encoded DA and NE fluorescent sensors (GRABDA2h and GRABNE2h) in acute 

cerebellar slices. DA and NE releases were examined under conditions of BGCs or PNs 

chemogenetic activations as well as in mice knocked-down for VMAT2 in BGCs (aVMAT2cKO 

mice). Finally, we studied the impact of monoaminergic modulation by BGCs on PNs synaptic 

transmission via BGC chemogenetic activation during patch-clamp experiments. Experiments 

were all performed in both males and females mice. Results: We found that both PNs and BGCs 

express proteins of the monoaminergic system, such as TH, DBH, NET and VMAT2 (n=5). 

Importantly, specific activation of PNs and BGCs respectively increases spontaneous releases of 

DA and NE (n=10 per group). In aVMAT2cKO mice, BGCs chemogenetic activation however 

shows no effect on NE release events, suggesting vesicular release of NE from BGCs (n=10 per 

group). Finally, we found that BGCs chemogenetic activation enhances excitatory synaptic 

transmission (n=5). Conclusion: Together, these results strongly suggest that both BGCs and 

PNs markedly contribute to monoamine transmission in the cerebellar cortex. 

Disclosures: S. Mach: None. W. Niu: None. J. Royer: None. X. Li: None. O. Chaikovska: 
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Abstract: Brain derived neurotrophic factor (BDNF) is a critical trophic factor in the central 

nervous system (CNS), and its truncated tropomyosin receptor kinase B (TrkB.T1) is the most 

highly expressed isoform in the CNS. Although TrkB.T1 is predominantly expressed in 

astrocytes, limited studies evaluated its function in astrocytes. Here, we investigated the role of 

TrkB.T1 in cortical astrocyte developmental processes and astrocyte function during early 

postnatal development (postnatal day (P) 8, P14, P28 and P60). RNA sequencing of TrkB.T1 

deficient astrocytes isolated at these timepoints revealed aberrant gene expression in astrocyte 

maturation, while pathway analysis indicated disruptions in synapse organization, 

neurotransmitter transport and exocytotic processes. Subsequent functional secretory proteomics 

highlighted disruptions in metabolism and lipid regulation, particularly cholesterol transport, 

suggesting potential implications for synapse formation. We observed dysregulated spine density 

in the motor and somatosensory cortices from TrkB.T1-deficient astrocytes relative to control 

astrocytes. These findings suggest that TrkB.T1 deficiency adversely affects normal astrocyte 

development, which in turn affects neuronal synapse development. This study provides new 

insights into the role of BDNF/TrkB.T1 signaling in CNS development and lays the groundwork 

for evaluating astrocyte BDNF/TrkB.T1 signaling in neurological diseases. 

Disclosures: X. Wei: None. Y. Pan: None. J. Browning: None. K. Noel: None. M.L. Olsen: 
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Title: Closure of the astrocytic syncytium elevates extracellular potassium to suppress synaptic 

transmission in the mouse hippocampal CA1 region 
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Abstract: Syncytial Isopotentiality is a glial mechanism crucial for homeostatic regulation of 

ions and neurotransmitters in the CNS. We show that pharmacological and chemogenetic 

decoupling of the astrocyte syncytium results in fluctuations and increase in extracellular 

potassium concentration [K+]e. We further show that elevated [K+]e does not significantly alter 

the excitability of pyramidal neurons within the physiological range, 3.5 mM - 5.0 mM. In 

contrast, the excitability of interneurons in the stratum radiatum show rather diverse responses to 

the increase in [K+]e, with an overall graded increase in excitability. Specifically, 31% (43/138) 

of interneurons fire action potentials spontaneously on an average of 8.7 Hz, presumably 

reflecting the basal inhibitory synaptic activity in this subregion, and their firing increase with 

elevated [K+]e within the physiological range, i.e., 3.5 mM - 5.0 mM, and beyond. In another 

69% (95/138) of nonspontaneous firing interneurons, 50% responded to physiological increase in 

[K+]e with increased firing, while another 50% remained silent until 10.0 mM [K+]e and beyond. 

This suggests that increase in [K+]e can alter the excitation-inhibition balance. To explore this 

possibility, we recorded the change in field excitatory post-synaptic potential (fEPSP) from the 

hippocampal CA1 region following a graded increase in [K+]e. Indeed, we found that 

extracellular K+ concentration-dependently suppressed fEPSPs in the CA1 region. Thus, the 

[K+]e dynamic is regulated by astrocyte syncytium and has a differential impact on glutamatergic 

and diverse GABAergic neurons to alter the neural circuit function and synaptic transmission. 

Disclosures: Z. Li: None. Y. Du: None. M. Zhou: None. 
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Abstract: The arcuate nucleus (AN) of the hypothalamus is one of the primary integrators of 

local and peripheral signals that convey information about the body's energy level. This 

integration of signals is carried out by metabolic sensing by a diverse population of cells, 

including orexigenic and anorexigenic neurons and glial cells such as astrocytes and tanycytes. 

Still, this process's underlying metabolic and molecular mechanisms are not fully understood. 

Recently, we showed that activation of the lactate receptor (HCAR1) by L-lactate increases the 

electrical activity of anorexigenic pro-opiomelanocortin (POMC) neurons in the AN. 

Surprisingly, immunocytochemistry studies showed that HCAR1 is not expressed in POMC 

neurons or tanycytes, but instead is expressed in hypothalamic astrocytes. Thus, we hypothesize 

that tanycyte-derived lactate activates HCAR1 in astrocytes, mediating the activation POMC 

neurons. To test this possibility, we examined the responses of cultured hypothalamic astrocytes 

to conditioned media from tanycytes in which lactate production was enhanced or reduced using 

adenoviral (Ad) transduction of glycolytic activators or inhibitors. Conditioned media from 

tanycytes containing high concentrations of L-lactate (8 mM, 3 min) produces a significant 

increase in ((Ca2+)i) in astrocytes (DF/Fo=0.216+-0.012 14 of 44 cells; n=4). Interestingly, the 

application of the HCAR1-specific agonist, 3Cl-HBA (40 uM), 15 min, increased the release of 

glutamate from astrocytes (control 2.54+-0.25 nM; 3Cl-HBA, 105.10+-6.32 nM). In a similar 

way, the application of tanycyte’s conditioned media also increased glutamate release from 

astrocytes, but this effect was abolished when astrocytes were treated with siRNA for HCAR1 

(siRNA-control, 35.99+-2.51 nM; siRNA-HCAR1 2.67+-0.17 nM; n=4). Furthermore, the 

application of L-lactate or 3-Cl-HBA produced an increase in ((Ca2+)i) in astrocytes expressing 

GCaMP6f in AN brain slices. Together, these results suggest that L-lactate released from 

tanycytes as a glycolytic product activates HCAR1 in astrocytes, leading to the release of 

glutamate. 

Disclosures: S. Lopez: None. V. Azócar: None. R.C. Araneda: None. R. Elizondo: None. M. 
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Abstract: A strong gap junctional coupling confers an isopotentiality to the astrocyte syncytium 

across the brain. Further, Syncytial Isopotentiality emerges as a newly appreciated glial 

mechanism crucial for the homeostatic regulation of ions and neurotransmitters in the CNS. 

However, how this glial mechanism plays a role in subserving neural circuit function remains to 

be determined. In the present study, we hypothesized that astrocyte syncytial coupling is required 

for basal neuron excitability. To experimentally test this hypothesis, we decoupled the astrocyte 

syncytium pharmacologically with a gap junction inhibitor, Meclofenamic Acid (MFA), as well 

as high intracellular Ca2+ through activation of Gq-DREADDs in astrocytes by 10 nM Clozapine. 

Attenuation of the evoked pyramidal neuron and a majority of interneurons were observed with 

both, pharmacological and chemogenetic approaches. The decoupling of the astrocyte syncytium 

resulted in an increase in the spontaneous excitability in a subset of interneurons: 16/57 (28.07%) 

in MFA, and 4/14 (28.57%) in 10 nM Clozapine, respectively. At the level of synaptic 

transmission, we show that both MFA and Gq-DREADD activation-mediated decoupling 

resulted in a reversible suppression of the field excitatory postsynaptic potential (fEPSP) in the 

hippocampus CA1 region. Thus, the state of astrocyte syncytial isopotentiality is crucial for the 

basal excitability of both glutamatergic pyramidal neurons and interneurons, and consequently 

the strength of synaptic transmission in the mouse hippocampus CA1 region. 

Disclosures: S. Timsina: None. S. Timsina: None. Y. Du: None. Z. Li: None. M. Zhou: None. 
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Abstract: As one of the most abundant resident cells tiling the entire central nervous system, 

astrocytes form intimate associations with neurons. In the mature brain, astrocytes express 

numerous transporters, channels and receptors that are essential to monitor, integrate and 

maintain neuronal activity. Recent studies have shown that abnormalities in astrocytes are 

associated with many central nervous system (CNS) related diseases. However, the molecular 

mechanisms involved in signaling pathways related to astrocyte function and astrocyte-neuron 

interactions remain largely unknown. A thorough elucidation of the protein components involved 

in astrocyte signaling and astrocyte-neuron interactions is essential for understanding CNS 

function and the underlying mechanisms of related diseases. Here we developed two proteomic 

approaches that allow us to profile the protein compositions within astrocytes and at astrocyte-

neuron interface in a cell type- and circuit- specific manner with proximity biotinylation 

approaches using TurboID enzyme. We profiled the astrocyte cytosolic proteomes and astrocyte-

neuron interface proteomes in the medial prefrontal cortex (mPFC). The proteomic data 

indicated cell-specific changes of protein expression in mPFC astrocytes as well as at the 

astrocyte-neuron interface upon suppressing astrocyte calcium activity. Excitatory neuron 

proteins and inhibitory neuron proteins were identified at astrocyte-neuron interface and 

exhibited heterogeneous alteration. We also identified many disease-associated proteins and 

genetic risk factors in our proteomics analysis. Together our data provides new insight on 

astrocyte cell-autonomous and non-cell-autonomous mechanisms mediating neuronal activity. 

Disclosures: H. Du: None. Y. Tan: None. E. Kim: None. J.V. Sweedler: None. X. Yu: None. 
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Abstract: Understanding the mechanisms underlying neuroinflammation remains a significant 

challenge in neurobiology. Historically, neuroinflammation research has focused primarily on 



neurons, overlooking the crucial role of astrocytes. Recent studies have highlighted astrocytes' 

fundamental involvement in brain physiology and pathology. However, despite extensive 

research in rodent models, the specific contributions of astrocytes to neuroinflammation in mice 

are still ambiguous and not easily translatable to humans. Evidence points to a hominoid-specific 

astrocyte subtype, Varicose-Projection astrocytes (VP-As), hypothesized to appear under certain 

brain conditions. 

VP-As, first described in 2009, are characterized by their GFAP-positive markers, soma location 

in deep brain layers (V, VI, and white matter), and distinctive long processes with evenly 

distributed varicosities. VP-As have only been identified in humans and great apes, exhibiting 

individual-specific presence and absence in neonatal brains. These features, coupled with their 

association with Interlaminar astrocytes' varicosities, suggest a potential link to specific brain 

conditions, such as brain inflammation and injury. Activation of the STAT3 pathway in reactive 

astrocytes, leading to protein degradation and varicosities, supports the hypothesis that VP-As 

may represent a specific inflammatory response in the human brain. Our research aims to 

provide a proof of principle regarding the function of VP-As in brain inflammation, emphasizing 

the unique role of astrocytes in neuroinflammatory conditions specific to humans. 

Data from our lab demonstrate that human-induced pluripotent stem cell (hiPSC)-derived 

astrocytes develop VP-A-like characteristics when treated with pro-inflammatory factors (TNFα 

and IL1β). These treatments induce astrogliosis and increase GFAP expression, with varicosities 

appearing predominantly under TNFα exposure, either alone or in combination with IL1β. These 

findings suggest a specific molecular pathway activated by TNFα is responsible for varicosity 

formation. In conclusion, our study seeks to demonstrate that VP-As are a morphological 

adaptation of astrocytes to inflammatory conditions and to elucidate the molecular mechanisms 

underlying this transformation. This research will advance our understanding of human-specific 

astrocyte roles in neuroinflammation, potentially revealing new therapeutic targets for 

neuroinflammatory diseases. 
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Abstract: Astrocytes play crucial roles in energy homeostasis in the central nervous system 

(CNS), particularly in delivery of glucose and glucose-derived lactate to neurons. Impairment of 

astrocytic glucose transport has been implicated in several neurodegenerative diseases such as 

Alzheimer’s disease (AD), amyotrophic lateral sclerosis, and Parkinson’s disease, all of which 

are accompanied by neuroinflammation. Microglia mediate innate immunity in the CNS and 

respond to stimuli such as amyloid ꞵ-peptide (Aꞵ) with potent production of cytokines. We 

previously reported an aberration in the translocation of glucose transporter 1 (GLUT1) to the 

plasma membrane in brains of humans with AD and mice which accumulate Aꞵ. This was 

replicated in primary astrocyte cultures treated with Aꞵ or proinflammatory cytokines. These 

cultures retained modest levels of microglia which may have contributed to the effects of Aꞵ 

and/or proinflammatory cytokines on glucose uptake by astrocytes. To address the role of 

microglia in glucose transport, we depleted them from astrocyte cultures more thoroughly via a 

combined treatment with cytosine arabinoside and L-leucine methyl ester. These relatively pure 

astrocyte cultures were compared to those with retained microglia in glucose uptake assays. We 

also tested the roles of various proteins implicated in regulation of GLUT1 transport, namely 

glucose regulated protein (GRP78) and thioredoxin-interacting protein (TXNIP), using 

pharmacological inhibitors and siRNA. While glucose uptake was diminished by interleukin-1β 

and tumor necrosis factor in astrocyte/microglia cocultures, it was elevated by these cytokines in 

pure astrocyte cultures. The GRP78 inhibitor HA-15 significantly increased glucose uptake in 

the astrocyte cultures containing microglia, whereas it decreased uptake in cultures without 

microglia. The TXNIP inhibitor SRI-37330 had no effect on glucose uptake. Here we showed 

that presence of microglia in primary astrocyte cultures alters the impact of proinflammatory 

cytokines on glucose utilization. This observation highlights the importance of considering 

interactions between cell types in the complex millieu of the CNS and may inform strategies for 

therapeutic interventions for improving astrocyte glucose metabolism in neurogenerative 

diseases. 
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Abstract: Background: The prefrontal cortex (PFC) is crucial for online cognitive functions 

such as decision making, planning, and working memory, and is strongly influenced by 

dopamine (DA). Recent studies suggest that the vesicular DA transporter VMAT2 in astrocytes 

markedly contribute to DAergic homeostasis in the PFC. We hypothesized that astrocytes 

regulate tonic DA levels via astroglial release. Our study thus ascertains the role of astrocytes in 

regulating tonic DA levels via astroglial release and explores the role of this DAergic function in 

the postnatal critical period of PFC development. Methods: To this end, we employed, in both 

male and female mice, ex vivo 2-photon imaging of DA release using the genetically encoded 

fluorescent sensor GRAB-DA in acute PFC slices. Calcium-dependent spontaneous release was 

examined under conditions of action potential blockade, and chemogenetic or pharmacological 

activation of astrocytes. Additionally, we used mice knockdown for VMAT2 in astrocytes 

(aVMAT2cKO mice) to assess astroglial contribution to PFC tonic DA release. Ex vivo 

electrophysiological recordings were conducted to test whether DA applied within the astroglial 

network modulates synaptic transmission. Finally, we investigated the effects of post-weaning 

social isolation (PWSI) on PFC astrocytic DA function during the critical period of adolescence 

(postnatal day 21 to 51) using ex vivo DA imaging and behavioral tests. Results: Our findings 

demonstrate calcium-dependent tonic releases of DA (n=6), unaffected by action potential 

blockade (n=8) but enhanced by chemogenetic (n=9) or pharmacological (n=8) activation of 

astrocytes. aVMAT2cKO mice exhibit a drastic reduction in DA release (WT n=14 vs 

aVMAT2cKO n=31), highlighting the essential role of astrocytes in regulating PFC tonic DA 

levels. Electrophysiological recordings of PFC slices during dialysis of the astroglial network 

with DA reveal a significant upregulation of synaptic transmission (n=8). In addition, PWSI 

results in a reduced astroglial VMAT2 expression (n=8 control vs 8 PWSI) and spontaneous DA 

release by 30 % (n=10 control vs 22 PWSI), corroborating the hypothesis that schizophrenia is 

associated with PFC hypodopaminergia. Behaviorally PWSI mice show an increased 

hyperactivity, deficits in pre-pulse inhibition, along with social deficits (control n=30 vs PWSI 

n=30). Finally, virally-induced tyrosine hydroxylase expression enabling DA synthesis by 

astrocytes partially reversed these cognitive deficits (control n=6 vs TH n=6). Conclusion: 

Together, these findings unravel the critical role of astroglial DA in the post-natal development 

of PFC cognitive functions. 
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Abstract: Astrocytes regulate brain functions through gliotransmitters like ATP and glutamate, 

but their release patterns and mechanisms remain controversial. Here, we visualized ATP and 

glutamate response following astrocyte activation and investigated their mechanisms in vivo. 

Employing cOpn5-mediated optogenetic stimulation, genetically encoded fluorescent sensors, 

and two-photon imaging, we observed ATP released as temporally prolonged and spatially 

extended flashes that later converted to adenosine. This release occurs via Ca2+ and VNUT-

dependent vesicular exocytosis and triggers further ATP release from microglia through P2Y12- 

and VNUT-dependent mechanisms. VNUT in astrocytes and microglia also contributes to ATP 

release under LPS-induced brain inflammation. Additionally, astrocytes release glutamate in 

flashes through TeNT-sensitive exocytosis, independent of ATP release and microglial 

involvement. These findings establish Ca2+-dependent vesicular exocytosis as a key mode of 

action, reveal intricate astrocyte-microglia interactions, and suggest a role for gliotransmission in 

brain inflammation. Furthermore, the methodologies may provide valuable tools for deciphering 

glial physiology and pathophysiology. 
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Abstract: Across various brain regions and model species, astrocytes exhibit a characteristic 

ohmic, or “passive”, K+ conductance. However, the full repertoire of leak-type K+ channels 

contributing to this intrinsic property of functionally mature astrocytes remains elusive. Inward-

rectifying K+ channels, such as Kir4.1, have been shown to contribute to the passive K+ 

conductance. The activation kinetics of Kir channels, however, cannot entirely account for an 

ohmic behavior, specifically the outward-going portion of the passive K+ conductance. 

Therefore, an additional leak-type K+ channel, expected to follow the Goldman-Hodgkin-Katz 

(GHK) current equation, must be present to account for this unidentified portion of astrocytic K+ 

conductance. In single freshly dissociated astrocytes (FIAs) from the hippocampal CA1 region, 

our quantitative PCR (qPCR) analysis revealed the highest level of mRNA expression from 

small-conductance Ca2+-activated K+ channel, SK2. Accordingly, apamin, a highly selective 

blocker for SK channels, disclosed a significant portion of apamin-sensitive K+ currents from 

FIAs and in situ astrocytes decoupled with meclofenamic acid (MFA), a potent gap junction 

blocker. Specifically, in both FIAs (P21-25, n = 9) and MFA-decoupled astrocytes (P11-15, n = 

9), bath application of 300 nM apamin resulted in an ohmic (Rectification Index: FIA = 1.108 ± 

0.102, MFA = 0.970 ± 0.020) suppression of passive conductance (FIA: ΔIin = 47.96% ± 7.79, 

ΔIout = 41.33% ± 8.30, MFA: ΔIin = 16.95% ± 4.58, ΔIout = 17.34% ± 4.17), rather than the 

predicted GHK outward rectification, and membrane depolarization (FIA: ΔVm = 6.13 mV ± 

1.77, MFA: ΔVm = 1.34 mV ± 0.52). Co-application of 300 nM apamin and 0.1 mM BaCl2, a 

selective Kir channel blocker, resulted in a further reduction of passive conductance (FIA: ΔIin = 

80.10% ± 1.98, ΔIout = 58.08% ± 2.90, MFA: ΔIin = 88.24% ± 2.38, ΔIout = 61.29% ± 1.10), and 

a significant increase in input resistance (FIA: ΔRin = 75.27 MΩ ± 10.05, ΔRout = 27.70 MΩ ± 

3.27, MFA: ΔRin = 99.11 MΩ ± 29.24, ΔRout = 25.02 MΩ ± 9.50). Complete elimination of leak-

type K+ conductance was further indicated by the separation of the capacitance discharge from 

the newly emerging voltage-gated outward transient (IKa) and delayed rectifying (IKd) K
+ 

conductances as a result of improved voltage-clamp quality (FIA: n = 15, MFA: n = 6). 

Therefore, our results support the involvement of an SK channel, likely SK2, as the molecular 

identity of the long-sought K+ channel working in concert with Kir4.1 to generate the full range 

of astrocytic passive K+ conductance. 
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Abstract: Task- and Cell-Specific Modulation of Prefrontal Astrocytes on Anxiety-Like 

Behavior 
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College of Medicine, University of Illinois at Urbana-Champaign, Urbana, IL, USA3Department 

of Molecular and Integrative Physiology, University of Illinois at Urbana-Champaign, Urbana, 

IL, USA 

DISCLOSURES Eunyoung Kim: None. Brandon L. Brown: None. Xinzhu Yu: None. 

ABSTRACT Anxiety disorders are one of the most common psychiatric diseases, with a 

detrimental impact on the quality of life of patients with anxiety disorders. Unfortunately, current 

anxiolytic medications are ineffective since around half of patients fail to respond to initial 

treatment. In order to develop novel therapeutic treatments for anxiety disorders, understanding 

the neurobiological mechanism is crucial. The medial prefrontal cortex (mPFC) enacts an 

essential role as a central hub of microcircuits that regulate emotions, including anxiety. 

Numerous clinical and research studies indicate essential neuronal contribution to anxiety in this 

brain region, yet the mechanisms of non-neuronal cells governing this emotional state remain 

poorly understood. Astrocytes are one of the most abundant non-neuronal cells in the brain and 

interact closely with neurons and other glial cells. Dissimilar to neurons, astrocytes utilize 

intracellular calcium signals rather than electrical signals to interact with other cells. However, 

the role of astrocytes in mPFC and their effects on anxiety-like behavior are largely unknown. 

Here, we show that non-neuronal astrocytes in the mPFC encode anxiogenic environmental cues. 

Silencing mPFC astrocyte Ca2+ signaling heightens anxiety-like behavior and disrupts the 

balance between excitatory and inhibitory neuronal population activity. Moreover, this effect is 

differentially pronounced across behaviorally tuned neuronal subpopulations on single-cell and 

network levels. Collectively, our findings suggest a novel homeostatic plasticity mechanism by 

which prefrontal astrocytes regulate discrete neuronal populations related to anxiety, offering 

insights into the pathophysiology and potential therapeutic interventions for emotional disorders. 

KEYWORDSAstrocytes, neurons, medial prefrontal cortex, anxiety-like behavior, excitatory, 

inhibitory, Ca2+ imaging 
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Abstract: Introduction: Prolong Exposure to Chronic Hypercortisolism (HCM) or excess 

Glucocorticoids (GCs) hormone levels has been associated with atrophy of the hippocampus, 

cognitive deficits, and increased risk for neurodegenerative disease (NDD), potentially due to 

negative impacts on mitophagy processes. However, the cellular mechanisms that precipitate the 

mitochondrial dysfunction and neurotoxicity in the NDD brain cell system have not been fully 

understood. Here, we investigate the intracellular mechanisms of how chronic HCM induces 

BNIP3L/NIX-mediated mitophagy impairment in neurons and glial cells, contributing to NDD. 

Methods: This study uses a 1 to 9-week-long human mini-brain on a chip to delve into how 

glucocorticoids heighten NDD markers by altering mitophagy activities, considering cortisol 

hypersecretion common in AD patients. Focusing on NDD specifics and broader aging brain 

responses, we scrutinized the dysfunction of NIX-mediated mitophagy and the consequential 

aggregation of damaged mitochondria, significant increase in mitochondrial ROS(mROS), p-tau, 

and fostering brain degradation. Results: Our primary findings demonstrate that sustained HCM 

induces the accumulation of damaged mitochondria in neurons by inhibiting NIX-driven 

mitophagy, subsequently causing a decrease in ATP production and synaptic transmission loss 

(NeuN, synapsin), along with the onset of tau pathology. Secondly, distinct from the short-term 

treatment function of astrocytes in anti-inflammation cytokine, neuroprotective soluble factors 

(IL10, IGF-1), and supplying ATP to neurons. Long-term co-culturing of astrocytes and neurons 

with HCM leads to a dip in NIX-regulated mitophagy and damaged mitochondria accumulation, 



enhanced neuroinflammation evident with disruption of Ca2+ homeostasis, and activated GFAP, 

STAT3, and C3 activity. Thirdly, Chronic HCM inflicts dysfunctional mitochondria in microglia 

while initially reducing proinflammatory markers (CD86), however, over time with astrogliosis, 

this can lead to a dysregulation of inflammatory responses (iNOS, IL-1β, IL6, TNF-α), 

chemokines (MIP-1a, MCP-1), impairing phagocytic action (TREM2), and resulting in Aβ plate 

accumulation in the brain. Finally, inhibiting the corticosteroid receptor in our tri-model altered 

GCs-mediated regulation of mitophagy, reduced the inflammation in Glial cells, and recovered 

neuronal function. Conclusions: In summary, Chronic HCM obstructs NIX-mediated mitophagy 

in neuronal and glial cells as a risk factor in NDD This research highlights the critical need for 

research on developing therapies targeting mitochondrial efficacy in healthy aging. 
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Abstract: It is well established that infection can promote slow wave sleep, but the functional 

importance of this phenomenon remains unclear. In this study, we utilized sleep fragmentation, 

i.e., intermittent disruption of sleep throughout the day, to explore the relationships between 

sleep and inflammatory disease. We found that sub-lethal injection of a bacterial 

lipopolysaccharide (LPS), prior to sleep fragmentation (SF) invariably resulted in dramatically 

increased mortality compared to LPS only or SF only controls, highlighting the importance of 

sleep following an inflammatory challenge. Further investigation revealed hyperactivation of 

microglia in the hypothalamus and other brain areas in mice subjected to LPS plus sleep 

fragmentation. As Toll-like receptor-4 (TLR4) is crucial for responses to LPS, we examined 

animals with microglia-specific deletion of TLR4 and found that it completely protected mice 



from the combination treatment. To further explore the role of sleep, we generated Dec2 

(BHLHE41) mutant mice that display decreased sleep and found that these animals are protected 

from low dose LPS plus SF. We are currently extending our results to bacterial infection. 
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Abstract: Opioid withdrawal is a serious obstacle to abstinence for individuals that want to 

reduce their consumption or stop using altogether. Fentanyl and highly potent new opioid 

analogues in particular make for difficult withdrawal experiences that can be precipitated by 

contemporary treatments, such as buprenorphine. Furthermore, anecdotal evidence suggests that 

previous experiences of opioid withdrawal may exacerbate the severity upon opioid 

discontinuation. To study the impact of repeated opioid withdrawal compared to a single 

withdrawal episode, we compared male and female mice after one versus five cycles of 

withdrawal experiences. We focused on microglia as well by selectively expressing HA-tagged 

ribosomes in microglia of transgenic mice (Ribotag Rpl22-HA x Cx3c1-CreERT2) to allow us to 

sequence the microglial translatome and compare it to the whole striatal transcriptome in each 

mouse. For animals in the one cycle group, we administered saline or fentanyl twice daily for 

five days by ip injections, doubling the dose of fentanyl each day. Following the final injection, 

the animals entered spontaneous withdrawal and we collected the striatum for extraction of 

mRNAs undergoing translation at 16 hours into the withdrawal. For animals in the five-cycle 

groups, we repeated the saline or fentanyl injections another four times, with four days of home 

cage abstinence between injection cycles, then collected the striatum at 16 hours into the final 

withdrawal. Our results from RNA sequencing showed no effects of sex, but massive effects of 

cycle and drug treatment. Fentanyl five animals had increased expression of microglial 

homeostasis markers (such as Tmem119, P2ry12, Hexb) as well as increased expression of 



disease associated genes (such as Lyz, Ctss, Ctsb) and interferon response related genes (such as 

Tlr7, Irf7, Myd88) compared to animals in the fentanyl one group. Morphological analyses of 

microglia from cage mate mice, not expressing the HA-tagged ribosomes, also showed an effect 

of repeated fentanyl withdrawal, reducing the average ramification index which suggests a more 

reactive, proinflammatory state. Finally, five cycles of fentanyl withdrawal induced more severe 

behavioral withdrawal signs. Together these results suggest that the mouse striatal microglia 

initiate an inflammatory response following five but not one opioid withdrawal experiences and 

suggest that drug therapies targeting this process may mitigate the severe withdrawal associated 

with repeated opioid tolerance and withdrawal. 
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Abstract: Prenatal and early life stress disrupts neural network functioning, cumulatively 

increasing the risk for neuropsychiatric disorders later in life. However, how developmental 

stress impairs cognition and learning remains elusive. Here, we investigated cerebellar synaptic 

connectivity, plasticity, and learning using translational model mice that received both maternal 

immune activation and peripubertal social defeat stress (i.e., 2HIT) in both sexes. These mice 

exhibited impairments of motor coordination learning, except for the resilient females. In the 

cerebellum, we found an increase in microglial contact, a reduction of Purkinje-cell spine density 

and parallel-fiber synaptic responsiveness in 2HIT. Metabotropic glutamate receptor-mediated 

and climbing fiber-mediated responses were both diminished. Furthermore, multiple forms of 

Purkinje cell plasticity were dysregulated, including polarity reversal of parallel-fiber long-term 

depression and failure of intrinsic plasticity. Notably, cerebellar microglia replacement 



ameliorated those phenotypic impairments. Our findings suggest that stress-associated microglia 

impede neural circuit formation and cause disorganized plasticity, leading to cerebellar learning 

deficits. 
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Abstract: The functional alteration of microglia emerges in the brains exposed to extrinsic stress 

insults during early development. Pathophysiological findings of psychiatric disorders such as 

schizophrenia and autism implied a localized deficit of the cerebellum. However, the link 

between microglia reactivity and cerebellar dysfunction is missing. Here, we investigated the 

developmental immune environment of translational mouse models that combine two risk 

factors: maternal infection and repeated social defeat stress (i.e., 2HIT). We found synergy of 

inflammatory stress insults produced reactive microglia, specifically in the cerebellum in both 

sexes. The microglial proliferation correlated with the Purkinje neuron loss in 2HIT mice. Highly 

multiplexed imaging-mass-cytometry demonstrated a TREM2-positive population of stress-

associated microglia in the cerebellum. Single-cell-proteomic clustering revealed IL-6- and 

TGFβ-signaling association with microglial cell transition. Purkinje cells reduced excitability, 

cerebellum-involved brain-wide functional dysconnectivity, and behavioral anomalies underpin 

the cerebellar cognitive dysfunctions in 2HIT animals, ameliorated by cerebellum-specific 

microglia replacement. 
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Abstract: Major Depressive Disorder (MDD) is a multifactorial heterogeneous psychiatric 

disorder that affects more than 350 million people worldwide, yearly. The pathophysiology 

behind MDD is full of ubiquitous symptoms and heterogeneous biology, whereby some 

individuals may display similar symptoms (anhedonia, low mood, physical ailments, cognitive 

impairment amongst others) but the underlying pathophysiology may be completely different. 

Most studies in the field of depression investigate neuronal (monoaminergic and glutamatergic) 

dysfunction but in a subset of individuals, depression may involve chronic neuroinflammation 

and gastrointestinal (GI) dysbiosis. It has been shown that the cytokines commonly secreted by 

over-reactive microglia induce changes that negatively regulate neuronal plasticity and synaptic 

elements. Researchers have begun to delve into the role of the gut microbiome and specifically 

microbiota, in the establishment or exacerbation of depression, however it has been challenging 

to narrow down the vast and complex contributing mechanisms. Gut microbiota have a direct 

effect on myeloid cells, as bacterial metabolites influence the inflammatory responses elicited by 

them, both in the periphery (monocytes/macrophages) and in the central nervous system 

(microglia). Both microbiota and microglia converge on the cycooxygenase-2/prostaglandin E2 

(COX-2/PGE2) signaling pathway, providing some insight into inflammatory mechanisms 

behind depression. Widely used as an anti inflammatory treatment, celecoxib is a specific COX-

2 inhibitor that also has been reported to have antidepressant effects. Through the inhibition of 

COX-2, not only does celecoxib result in decrease of inflammation, but the treatment also 

decreases gastrointestinal side effects that have been observed with other nonselective NSAIDs. 

While there have been studies that examine how gut microbiota metabolize NSAIDs, not many 

have looked into celecoxib specifically. The objective of this work is to characterize the neuronal 

and GI changes under inflammatory conditions within a mouse model of chronic stress and then 

relate behavioral changes to differences in gut microbiota composition and GI function. My 



essential question is whether celecoxib leads to attenuation of major depressive disorder 

symptoms through gut microbiota metabolism. The results obtained will provide new knowledge 

in a fast-growing field and uncover novel treatments for MDD. 
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Abstract: Major depressive disorder (MDD) is a common and debilitating psychiatric disorder 

with a high lifetime prevalence, imposing a severe economic burden on society. Despite several 

clinically effective treatments for MDD, many patients exhibit resistance to current 

antidepressants. Thus, novel interventions based on pathological mechanisms of MDD are 

needed. Our previous research found that glutaminase (GLS1), the enzyme that catalyzes the 

hydrolysis of glutamine to glutamate, is significantly upregulated in activated microglia in the 

brain of mice subject to Chronic Social Defeat Stress (CSDS), a well-established rodent model 

used to study stress-induced mood disorders, including depression. 

In this study, we developed hydroxyl-terminated poly(amidoamine) (PAMAM) dendrimer 

nanoparticle delivery systems designed to target microglial GLS1 specifically. We synthesized 

two novel dendrimer-GLS1 inhibitors, Dendrimer-TTM020 (D-TTM020) and Dendrimer-JHU29 

(D-JHU29). Using the CSDS model, we evaluated the target engagement and efficacy of these 

inhibitors through various assays, including glutaminase enzymatic activity assays, 

immunohistochemistry, histopathology, and a comprehensive battery of behavioral tests, 

including the social interaction test. 

Using a Cy5 fluorescently labeled hydroxyl-terminated dendrimer (D-Cy5), we tested its brain 



penetration in mice after CSDS and found that D-Cy5 was selectively engulfed by activated 

microglia in mice after CSDS. Both D-TTM020 and D-JHU29 significantly reduced microglial 

GLS1 activity in two brain regions: the prefrontal cortex and the hippocampus. Furthermore, 

these conjugates enhanced sociability in the CSDS murine model, without exhibiting undesirable 

side effects, specifically no gastrointestinal-related toxicities, indicating their potential as 

effective treatments for chronic stress-associated depression. 

The development of microglial-targeted glutaminase inhibitors, particularly dendrimer-based 

conjugates, represents a novel therapeutic approach for chronic stress-associated depression. Our 

study shows these inhibitors significantly reduce microglial glutaminase activity and enhance 

sociability in a chronic stress murine model, highlighting their potential as effective and safe 

treatments for depression. 
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Abstract: Post-acute sequelae of SARS-CoV-2 infection, or “long COVID,” is characterized by 

ongoing respiratory and cognitive symptoms. “Brain fog” is common amongst long COVID 

sufferers who report many cognitive deficits, including memory impairments, that impact their 

daily lives. Previous research using COVID mouse models have found cellular and molecular 

differences in critical memory regions, like the hippocampus. In this study, we investigate the 

effects of mild COVID on perineuronal nets (PNNs) in the hippocampus. PNNs are condensed 

extracellular matrix structures that have been shown to control plasticity and thus may play a role 

in COVID-related memory symptoms. We used a mouse (CD-1 males) model of mild SARS-

CoV-2 infection limited to the respiratory system where infection clears within 1 week. Seven 

weeks post-infection, brain tissue from infected and control mice were harvested for extensive 

histological analysis to assess microglia activation (CD68+/Iba1+) and PNNs (WFA+) across 

hippocampal subregions dentate gyrus (DG), CA1, and CA2/3. Our preliminary findings showed 

that mice with mild COVID have a higher density of activated microglia that were closely 

associated with and engulfing PNNs in the DG and CA1, but not CA2/3. This interestingly 



corresponds to higher PNN density in CA2/3 of COVID mice, but no differences in DG and 

CA1. These findings suggest that microglia-mediated regulation of PNNs in the hippocampus 

occurs in respiratory SARS-CoV-2 infection and may provide an explanation for the memory 

impairments experienced by long COVID sufferers. 
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Abstract: The hippocampus (HP), lateral ventricles (LV), and corpus callosum (CC) are crucial 

brain regions known for their sensitivity to environmental changes and high rates of cellular 

proliferation and adaptation. Despite the prevalence of environmental noise as a stressor, its 

effects on the proliferation and differentiation of the primary cellular phenotypes in these regions 

remain largely unknown. This study investigates the impact of acoustic stress on the proliferation 

and differentiation rates in the HP, LV, and CC of adult male mice. Using an experimental model 

of chronic noise exposure (21 days), urban sounds at intensities ranging from 90 to 105 decibels 

were simulated according to the mouse audiogram. Histological sections from each region were 

analyzed for proliferation (BrdU+ immunolabeling) and cell differentiation (BrdU+ co-labeled 

with NeuN+, Olig2+, GFAP+, and Iba1+). Our findings indicate that chronic noise exposure 

reduces cellular proliferation in all evaluated areas. Although this antiproliferative effect impacts 

most cell lineages, cell differentiation analysis revealed a notable increase in oligodendrocyte 

proliferation, particularly in the corpus callosum. These results confirm that chronic 

environmental stressors exert an antiproliferative effect but also suggest that oligodendrocytes 

may respond to acoustic stress by increasing their presence in exposed brains. 
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Abstract: Oligodendrocytes (OLs) and neurons establish GABAergic communication that have 

important effects on the functions of both cell types, although the functional consequences of this 

cellular interaction are still not fully understood. Expression of functional GABA type A 

receptors (GABAAR) in OLs is controlled by their contact with neurons since their precursor cell 

(OPCs) stage. This suggested a role for GABAergic signaling in the establishment of the OPCs-

neuron dialogue and their differentiation towards mature OLs. Here, in OLs maintained in vitro 

the GABAAR activity was potentiated using ganaxolone (GX) and N-butyl-β-carboline-3-

carboxylate (β-CCB) two allosteric positive modulators of the receptor and studied their effects 

on cell survival to obtain information related with the mechanisms involved. OLs were isolated 

from rat (P11) optic nerve and maintained in culture in proliferation medium (PM). In control 

conditions, cells were mainly O4+, and their survival decreased strongly with the time in culture. 

However, both allosteric modulators, either GX (1 μM) or β-CCB (10 μM) added to the PM 

significantly increased cell survival. The O4+ pattern was not different for the cells in the 

presence of either GX or β-CCB. The survival increase caused by GX or β-CCB was eliminated 

in the presence of either gabazine (150 µM) or bicuculline (30 µM), specific GABAAR 

antagonists. Thus, our results indicated that both Gx and β-CCB promoted the survival of 

oligodendroglial cells through the activation of the GABAAR. This would explain at least in part, 

the positive effects that GABAAR positive modulators such as β-CCB have on myelination 

process observed in vivo. 
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Abstract: Background/Purpose. A consistent line of investigation proposes fibromyalgia as a 

stress-evoked sympathetically maintained neuropathic pain syndrome. DRG house the soma of 

the somatosensory neurons filtering to the brain painful stimuli arising from most parts of the 

body and internal organs. Each individual neuronal nucleus tightly interacts with its enveloping 

immune-competent satellite glial cells (SGCs). Different mediators activate SGCs inducing 

cytokine release and stronger SGCs-nociceptive neuron coupling, leading to chronic pain. 

Little is known about the acute effect of human serum on cultured murine DRG nociceptive cell 

physiology. IgG from fibromyalgia patients induce hyperalgesia in mice by binding to SGCs. 

Objectives: To define if human serum can acutely activate murine DRG pro-nociceptive cells. To 

find out if the serum of women suffering from fibromyalgia induces more pronounced acute 

stimulation of DRG neurons and/or their SGCs when compared to serum from healthy women. 

Methods. Serum from 6 women suffering from fibromyalgia and 6 matched healthy controls 

were tested on Wistar rat DRG neurons and their SGCs. The serum and the following activating 

substances; capsaicin 1 µM, ATP 10 µM and K+ 60 mM, were sequentially perfused onto 

primary DRG cell cultures. Fluo-4 was used as intracellular calcium concentration reporter. 

Researchers were blinded to the serum provenance. 

Results. 1477 DRG neurons were studied, of these 625 were activated by human serum. The 

intensity of neuronal activation in response to patients’ serum was not different from controls. 

The percentage of neurons activated by patients serum (43%) also, was not different from 

controls. 558 DRG SGCs were activated by human serum. A higher proportion of SGCs were 

activated by patients’ serum compared to controls’ serum. Finally, patients' serum induced 



greater calcium influx into SGCs. 

Conclusion. Human serum is able to acutely activate murine DRG pro-nociceptive cells. When 

compared to serum collected from healthy women, serum derived from fibromyalgia sufferers 

induces more intense and widespread stimulation on ATP unresponsive DRG SGCs, suggesting 

the presence of potentially identifiable pro-nociceptive substance(s) in the circulation. SGCs 

hyperstimulation appears to be independent of P2X7 signaling. DRG SGCs may play an 

important role in the pathogenesis of fibromyalgia. 
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Abstract: Peripheral nerve injuries have a major impact on patient’s functioning and quality of 

life. Peripheral sensory neurons regenerate their axons after injury to regain function, but this 

ability declines with age, contributing to increases in healthcare costs and the risk of long-term 

disability. The mechanisms behind this decline are not fully understood. Excessive production of 

endothelin 1 (ET-1), a potent vasoconstrictor, is linked to many diseases that increase with age. 

However, the role of ET-1 and its receptors in axon regeneration is unknown. Using a single cell 

RNAseq approach, we reveal that in dorsal root ganglia (DRG), satellite glial cells (SGCs), 

which completely envelop the sensory neuron soma, express the endothelin B receptor (ETBR), 

while ET-1 is expressed by endothelial cells. Inhibition of ETBR ex-vivo in DRG explant 

cultures improves axon growth in both adult and aged conditions in both sexes. Additionally, in 

vivo treatment with the FDA- approved compound, Bosentan, improves axon regeneration and 

reverses the age-dependent decrease in axonal regenerative capacity. Bosentan treatment in vivo 

also enhances the expression of connexin 43 in SGCs after injury in adult and aged mice. These 



results reveal that inhibition of ETBR function enhances axon regeneration and rescues the age-

dependent decrease in axonal regenerative capacity, providing a potential avenue for future 

therapies. Future studies will examine whether Bosentan treatment rescues sensory dysfunction 

that occurs during aging, and its mechanism for increasing axonal regenerative capacity. 
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Abstract: Background 

Rodent models are typically used to investigate the cellular pathways following nerve injury. 

However, delayed coaptation for as little as 8 weeks in rodents significantly impairs recovery, 

whereas humans can withstand longer durations of denervation. Hence, little is known about how 

the gene expression profile of rodents following denervation maps temporally onto humans. 

Here, we compared mRNA expression in denervated humans (RNA-seq) and rats (microarrays). 

Methods 

Humans: Seventy-three patients underwent peripheral nerve surgery at Johns Hopkins Hospital 

(duration of denervation: control, 3mo, 6-8mo, 12mo-5yr) and distal nerve samples were 

analysed using RNA-seq. 

Rats: the sciatic nerve was transected (duration of denervation: control, 1d, 3d, 7d, 14d, 1mo, 

3mo, 6mo) and distal sciatic nerve samples were analysed using DNA microarrays and qPCR. 

Results 

In human denervation, RUV analysis revealed a triphasic temporal pattern of RNA expression. 

The 3mo denervation group showed an increased innate immune response and reduced energy 



production, whereas 6-8mo denervation had an increased adaptive immune response. Finally, 

12mo-5yr denervation showed somewhat reversion to the original state, with increased energy 

production, but reduced neurogenesis. 

Gene ontology pathway analysis revealed persistent downregulation of biosynthetic pathways 

involved in cholesterol, lipid, secondary alcohol and acetyl coenzyme A metabolism in both 

humans and rats. In rats, cellular proliferation and immune signalling were upregulated between 

days 1 and 14 of denervation, with ficolin-1 RNA upregulated between day 1 and 7, whilst 

pyroptosis was upregulated at day 14. 

Overlap analysis showed 3 months of denervation in humans corresponded most significantly to 

3-7 days of denervation in rats. Six months of human denervation corresponded to 7-14 days rat 

denervation, and 12mo-5yrs of human denervation corresponded to 6 months in rats. 

Discussion 

Denervation induces a differential RNA expression profile that maps temporally between 

humans and rodents. We will now perform RNA-seq on chronically denervated rat models to 

further characterise these changes. 
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Abstract: Background: High fatigue is reported by patients with Multiple Sclerosis (MS) and 

associated with the HPA-axis. There are racial differences in both MS and fatigue. Cortisol, a 

biomarker associated with the stress response system, also often differs between racial groups 

and is dysregulated in patients with MS. There is a dearth of knowledge on the relationship 

between race, stress, and fatigue in patients with MS. 



Objective: To examine the relationship of race, perceived stress, cumulative cortisol, and 

depression with reported fatigue and cognition (Symbol Digit Modality Test- SDMT). 

Methods/Patients: Eighty-three adults diagnosed with MS (77% Female; 49% Black) and 43 

healthy controls (72% Female; 26% Black) were selected from a cohort of participants taking 

part in a study designed to validate a novel cognitive measure in patients with neurodegenerative 

disorders. Self-reported fatigue, depression, and stress were collected. Cognition was measured 

using the oral SDMT and hair samples were assayed to gauge cumulative hair cortisol. 

Results: Participants with MS reported higher total, psychological and physiological fatigue than 

healthy controls. All regression models controlled for age, education and residualized depression. 

Higher levels of total fatigue were associated with perceived stress 𝐵; = 0.79, (61) = 3.65, 𝑝; < 

.001 and MS 𝐵; = 10.87, (61) = 2.95, 𝑝; < .005. Higher cognitive fatigue was only associated 

with higher reported perceived stress 𝐵;=0.44, (61) =3.77, 𝑝;<.001 but not MS. Higher cortisol 

𝐵; = −2.00, (61) = −2.47, 𝑝;=.016, patients with MS 𝐵;= −8.72, (61)=−3.10, 𝑝;=.003, and Black 

participants 𝐵;= −7.33, 𝑡;(61)= −2.79, 𝑝;=.007 were associated with lower SDMT scores. 

Conclusion: Self-reported perceived stress captured reports of fatigue in both MS and control 

groups. Higher cumulative cortisol, MS, and being Black, corresponded with worse cognition. 

While this points to a relationship between biomarkers of stress and cognition in patients with 

MS, self-reports and not biological markers of stress may better capture patient fatigue. 
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Abstract: To systematically understand age-induced molecular changes, we performed spatial 

transcriptomics on a total of 36 coronal brain sections from both male and female mice across 

young, middle-aged, and geriatric age groups. We identified seven transcriptionally distinct 

regions that coincided with known brain anatomy. All regions exhibited age-associated 

upregulation of inflammatory mRNAs and downregulation of mRNAs related to synaptic 



function. Notably, aging white matter fiber tracts showed the most prominent changes with 

pronounced effects in females. The inflammatory signatures indicated major ongoing events: 

microglia activation, astrogliosis, complement activation, and myeloid cell infiltration. 

Immunofluorescence and quantitative MRI analyses confirmed the physical interaction of 

activated microglia with the fiber tract and concomitant reduction of myelin in old mice. 

Additionally, a small subset of RNAs associated with cellular senescence was also found to be 

upregulated in the vicinity of the aging fiber tracts. Machine learning algorithms identified 

candidate transcription factors driving these changes which we independently validated by 

CUT&RUN. Our study provides a resourceful dataset of spatially resolved transcriptomic 

features in the naturally aging murine brain encompassing three age groups and both sexes. The 

results link previous disjointed findings and provide a comprehensive overview of brain aging 

identifying fiber tracts as a focal point of inflammation with a strong sex-bias towards females. 

Our findings further imply a potential molecular/cellular mechanism for age-related 

neuroinflammation and identify potential targets for further investigation. 
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Abstract: The U.S. population aged 65 and over is expected to reach 84 million by 2050, 

increasing the incidence of age-related illness, like Alzheimer's disease (AD), and highlighting 

the need for new therapeutic targets and a deeper understanding of disease mechanisms. 

Cognitive decline with aging includes impairments in episodic memory, with the dentate gyrus 

(DG) and adult hippocampal neurogenesis (AHN) being implicated in these functions. In normal 

aging (NA) humans, there is a decrease in the multipotent progenitor stem cell pool, reduced 

angiogenesis, and reduced neuroplasticity, though neural progenitor and immature granule 

neuron (GN) numbers do not show significant age-related decline. AD involves loss of neuronal 

tissue in the hippocampus and entorhinal cortex. Post-mortem analysis of AD hippocampus 

tissue revealed a decrease in immature GN and overall cell numbers compared to NA. If this is 

due to reduced stem cell proliferation and neurogenesis or reduced apoptosis remains unknown. 

Here, we investigate cellular lineages, molecular regulators, and pathway disruptions in the 

human neurogenic niche in NA and AD hippocampus, using single-nucleus RNA and ATAC 

sequencing and spatial transcriptomics. Single-Cell Multiome and Visium Spatial 

Transcriptomics (10X Genomics) were employed to profile gene expression and chromatin 

accessibility in the hippocampus proper of 12 NA (all males, age 14-74) and 9 AD subjects (4 

females, 5 males, age 79-89+). Libraries were sequenced on NovaSeq 6000 Sequencer 

(Illumina), and datasets were preprocessed using standard quality control metrics. Unsupervised 

clustering identified all hippocampal cell types including sub-clusters of mature GNs, excitatory 

and inhibitory neurons, astrocytes, microglia, oligodendrocytes, vasculature, ependyma and 

choroid plexus cells. Logistic mixed effect models were used to examine age effects on gene 

expression in NA, using subject as a random effect. All models were adjusted for post-mortem 

interval. We identified 11 genes with significant positive (B&H adjusted p-value < 0.05) 

association with aging in GN. These genes include CNTNAP3B and CNTNAP4 involved in cell 

adhesion and neuronal function, PDE3A which regulates cyclic nucleotide levels, and is involved 

in neurodevelopment and cognitive processes, SLC7A11, which has a role in neurotransmitter 

balance and neurodegenerative processes, GML and NUTM2A-AS1 which are associated with 

cancer and cellular stress responses. Dysregulation of these genes may be involved in altered 

synaptic connectivity, impairment of synaptic plasticity, and elevated DNA damage response and 

apoptosis associated with aging. 
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Abstract: Neurons sustain energy demands via mitochondrial oxidative phosphorylation as the 

major source of ATP. However, the mechanisms coupling changes in neuronal activity to ATP 

output are not well understood. The mitochondrial calcium uniporter (MCU) complex is 

proposed to fulfill this role by sensing activity-induced increases in cytosolic calcium and 

transporting it into the mitochondrial matrix, which induces calcium-dependent activation of 

enzymes that promote ATP generation. However, different regions of the brain express different 

amounts of the main pore forming subunit, MCU, including a 4-fold enrichment of MCU in 

hippocampal subregion CA2 compared to neighboring CA1. The functional significance of MCU 

enrichment on mitochondrial and neuron function remains unclear. To address this, we first 

tested the impact of increasing MCU levels on mitochondrial calcium dynamics and 

mitochondrial respiration. We hypothesized that more MCU would increase the rate of 

mitochondrial Ca2+-uptake, resulting in accelerated enzymatic activity and a greater capacity for 

ATP production via oxidative phosphorylation. We used adeno-associated viral vectors to 

overexpress MCU, or GFP as a control, in the hippocampus of adult male and female wildtype 

mice. We measured mitochondrial calcium kinetics in isolated mitochondria challenged with 5 

µm calcium boluses (20 µm total) using a calcium-sensitive indicator and fluorometry. 

Preliminarily, in mice with MCU overexpression, we found an increase in the calcium retention 

capacity (average fold change compared to control ± sem: 1.51 ± 0.41, N=4 mice/group) and the 

rate of mitochondrial calcium uptake after each calcium bolus compared to the paired control 

mice (bolus (b)1= 1.45 ± 0.31; b2= 1.72 ± 0.67; b3= 1.62 ± 0.56; b4= 1.19 ± 0.07). In a subset of 

these mice (N=2 pairs), we simultaneously measured the rate of oxygen consumption and 

efficiency of oxidative phosphorylation using high-resolution respirometry. In mice with MCU 

overexpression, we found a small but consistent increase in state II (ave. fold change ± sem: 1.13 

± 0.06), maximal respiration (1.08 ± 0.005), and respiratory conductance (1.17 ± 0.07) compared 

to the paired control mice. Additional biological replicates are underway to verify these findings. 

Collectively, these studies suggest that modulating neuronal MCU expression alone can enhance 



the capacity and the rate of mitochondrial calcium uptake to boost energy production. Further, 

the data are consistent with the idea that neuronal mitochondria enriched with MCU, such as in 

hippocampal CA2 neurons, may modulate the kinetics of mitochondrial Ca2+-uptake to support 

circuit-specific energy demands. 
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Abstract: Throughout many neurodegenerative diseases and aging, mitochondrial decline from 

functional to dysfunctional is commonplace. Many mechanisms, including protein aggregation, 

inflammation, and reactive oxygen species, cause this. The loss of ATP production and increase 

in ROS and debris reduces the function of the neurons and eventually leads to neuronal death. 

Attempts to increase mitochondrial function such as NRF2 activation, CoQ10 supplement, and 

mitochondrial transfer have failed to create significant and lasting effects. As we age 

mitochondrial DNA accumulates mutations due to its proximity to ROS and lack of repair 

mechanisms. Therefore, we have investigated compounds related to mitophagy activation to 

clear damaged and low-functioning mitochondria. We have identified SRF-1 as a lead to reduce 

mtDNA mutation burden on cells and increase mitochondrial ATP production in two models of 

mtDNA disease and aging. In cells with the common deletion mutation, a 5kb removal of 8 

protein-coding genes, after 28 days on compound cells had ~22% decrease in the mutation load. 

Prolonged incubations in the compound (for 42 days total) yielded ~60% reduction in the 

mutation load compared to control cells (SEM ± 3.56%). Simultaneously, there was an increase 

in COX3, a gene found in the deleted region by 150% compared to control cells (SEM ± 18.5%) 

indicating that cells are removing mitochondria with the highest levels of mtDNA damage and 

maintaining wildtype integrity. Functional assays showed that mitochondrial ATP production 

returned to levels similar to wild type cells. In cells that harbor the Leigh’s Syndrome mutation 

8993T to G, there is an 89% (SEM ± 3.34%) reduction of the point mutation after 42 days on the 

compound with a 197% increase in the wildtype ATP6 gene (SEM ± 17.3%) however, recovery 

of mitochondrial function is nonsignificant presumably because of the mutation severity. These 

data prove the utility and potential of this compound as a therapy for many diseases related to 



mitochondrial function including mtDNA diseases, aging, and neurodegenerative disorders. 

Omics analysis will determine the mechanism of action and pathways associated with the 

compound and target identification. 
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Title: Targeting GCPII to promote remyelination in aging peripheral nerve injuries 
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Abstract: Peripheral nerve injuries (PNIs) represent a significant clinical challenge, especially 

with aging when axonal remyelination and regeneration are compromised. This study explores 

the therapeutic potential of inhibiting glutamate carboxypeptidase II (GCPII), a neuropeptidase 

involved in glutamate signaling, for promoting remyelination following PNI. GCPII activity was 

significantly upregulated following PNI, but was normalized with the selective GCPII inhibitor 

2-(phosphonomethyl)-pentanedioic acid (2-PMPA) treatment (7464 ± 626 vs. 10,047 ± 440 vs. 

1504 ± 89 fmol/mg/h; p < 0.05, n = 3). Immunostaining confirmed that the elevation of GCPII 

was predominantly in activated macrophages and repair Schwann cells. In vitro, 2-PMPA 

treatment enhanced myelination in dorsal root ganglion (DRG) explants, with a significant 

increase in myelin segments (17.67 ± 3.48 vs. 72.67 ± 4.37; p < 0.05, n = 3). In vivo, using a 

sciatic nerve crush injury model in aged mice, 2-PMPA significantly accelerated remyelination, 

as evidenced by a decreased g-ratio (0.90 ± 0.01 vs. 0.73 ± 0.05; p < 0.05, n = 3) and a higher 

percentage of remyelinated axons (28.1 ± 2.1 vs. 82.5 ± 7.2%; p < 0.05, n = 3). Further, we 

targeted GCPII inhibition specifically on macrophages and Schwann cells using dendrimer-

conjugated 2-PMPA. Electrophysiological assessments of nerve conduction speed via compound 

muscle action potential (CMAP) recordings demonstrated a significant decrease in CMAP 

latency after 10 weeks of GCPII inhibition in aged PNI mice (4.04 ± 0.11 vs. 3.23 ± 0.13 ms; p < 



0.01, n = 5). These findings suggest that GCPII inhibition is a promising therapeutic strategy to 

enhance remyelination following PNI, particularly in elderly patients where this process is 

compromised. 
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Abstract: The brain barriers prevent the unrestricted exchange of factors between the blood and 

the brain, yet a comprehensive understanding of how barrier function changes with aging and 

disease is still lacking. To address this, we used the SomaScan assay to measure thousands of 

proteins in paired human cerebrospinal fluid (CSF) and plasma samples from three cohorts 

comprising 767 people, including healthy elderly individuals and those with sporadic or familial 

Alzheimer's disease. Using RNA sequencing data from 21 organs across the body, we identified 

742 proteins specifically produced in the peripheral organs and calculated their CSF/plasma 

ratios to identify changes in their transport into the brain. Many, but not all, peripheral proteins 

had elevated CSF/plasma ratios with healthy aging, indicating that the permeability of the blood-

CSF barrier increases with age only for specific subsets of proteins, such as those involved in 

stress response and coagulation pathways. Surprisingly, increased brain uptake of specific 

peripheral proteins was associated with the maintenance of normal cognitive function in old age, 

suggesting a protective role for certain peripheral factors in the aging brain. Correlation network 

analysis revealed clusters of peripheral proteins whose CSF/plasma ratios changed together; 

these modules were enriched for specific protein domains which could act as molecular handles 

facilitating their transport into the brain. Our approach represents a novel method for identifying 

putative molecular features involved in transport of substrates across the brain barriers, a 

longstanding challenge in the development of therapeutics for neurological disorders. 

Additionally, this work provides the largest-scale substrate-specific readout to date of brain 



barrier permeability in living humans, contributing to our understanding of the diverse changes 

to brain barrier function that occur with healthy aging and neurodegenerative disease. 
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Abstract: Vascular dementia (VaD) is a result of cerebrovascular disease commonly caused by 

chronic hypertension. Cerebrovascular disease is more prevalent in men until menopause occurs, 

after which women are more affected. Perimenopause is the natural transition to non-

reproductive status and is associated with impaired memory. However, the combined effects of 

chronic hypertension and perimenopause on cognition remain unclear. We hypothesized learning 

and memory would be impaired during perimenopause and to a greater extent during chronic 

hypertension. We used five-month-old female spontaneously hypertensive rats (SHR) as a model 

of VaD and normotensive Wistar (Wis) rats. Rats received daily injections of 4-

vinylcyclohexene diepoxide (VCD; 160 mg/kg s.c., 15 days) to induce ovarian failure or vehicle 

(n=6/group). Two months later, learning and memory were tested using a Morris water maze 

task: four consecutive days of four 120 sec swim trials during which escape latency was 

measured. On day five, memory was probed: the platform was removed and latency to and 

crossings through the platform zone quantified. Data are mean±SEM. Comparisons were made 

via a 2-way ANOVA with a post-hoc Tukey test. There was a main effect of hypertension on 

escape latency, with SHR finding the platform faster than Wis groups on training days 1 

(F(1,20)=11.99; p<0.01) and 2 (F(1,20)=18.99; p<0.01). However, all rats had a similar escape 

latency by day 4 (Fig 1). During the probe, both VCD groups trended towards slower latencies to 

the platform zone (Wis: 33.3±16.2 sec; SHR: 34.8±15.2 sec), taking ~3 times longer than control 

groups (Wis: 12.7±5.8 sec; SHR: 10.3±5.5 sec; F(1,20)=3.64; p=0.07). VCD groups also trended 

toward fewer crossings through the platform zone (F(1,20)=3.26; p=0.08). These data suggest 



long-term memory may be impaired in the perimenopausal period. While we found no 

compounding effect of chronic hypertension as hypothesized, deficits may develop/progress over 

time. These findings highlight the importance of furthering our understanding of how the 

menopause transition may contribute to VaD. 
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Abstract: Introduction: Restless legs syndrome (RLS) is a neurological condition causing 

uncomfortable sensations, mainly in the legs, due to dopamine system dysfunction from brain 

iron deficiency. It causes cognitive impairments like attention and working memory deficits, 

linked to abnormal prefrontal cortex activity. Dopamine agonist treatment improves both RLS 

symptoms and cognitive function, but underlying brain activity changes remain uninvestigated. 

This study aims to reveal cortical activity features reflecting cognitive improvement using event-

related potentials during a working memory task, based on machine learning analysis. Methods: 

http://files.abstractsonline.com/CTRL/FC/A/A9F/00D/1D7/47B/EA3/89B/6F8/1E3/328/9C/g13811_1.jpg


We recorded 19-channel EEGs from 9 drug-naive RLS patients and 13 controls during the 

Sternberg working memory task. Cortical source activities were reconstructed using sLORETA. 

For each retrieval stimulus in the Sternberg task, activities were averaged in 50 ms windows 

from 0-800 ms post-stimulus and projected onto 2D Mollweide maps. Input data comprised 

120×120×16 3D volumes (2D space×time). A CNN-based classifier was trained to discriminate 

between RLS patients and controls. For evaluation, the classifier predicted output class (patients 

or controls) from treated RLS patients' data. Spatiotemporal characteristics of cortical activity in 

the treated patients were identified using layer-wise relevance propagation (LRP) analysis. A 

feature visualization method examined feature distributions of treated patients, visualizing 2D 

feature vectors from the classifier's last fully connected layer. Results: The CNN classifier 

successfully discriminated between RLS patients and controls with 99.62 ± 0.81% test accuracy. 

It predicted over 70% of single-trial EEG data as 'normal control' for all treated patients except 

one. LRP analysis showed that left caudal middle and superior frontal cortex activities at 350-

400 ms were most important for prediction. Feature distribution for treated patients was closer to 

that of controls. Discussion: The results demonstrate that the cortical activities of treated RLS 

patients were restored to close to those of normal controls, with prefrontal activity crucial for 

cognitive improvement. This outcome stems from the CNN classifier's ability to discriminate 

between RLS patients' and controls' cortical activities. The study suggests a potential link 

between prefrontal cortex activity changes and cognitive improvement following dopaminergic 

treatment in RLS patients. 
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Sci. Center, San Antonio, San Antonio, TX; 3Univ. of Texas Hlth. Sci. Ctr. At San A, San 
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Abstract: Recent studies have linked PLCG2, the gene that codes for phospholipase C γ2 

(PLCγ2), to late-onset Alzheimer’s Disease (LOAD). PLCG2 polymorphisms were associated 

with reduced (P522R) and increased (M28L) risk for LOAD. Additionally, the P522R variant 

has been associated with increased longevity. The aim of our study is to compare difference in 

behavioral, biochemical, and histological phenotypes between PLCγ2 variants in a novel LOAD 

mouse model (LOAD2) with humanized Aβ, TREM2*R47H, and ApoE4. Males and female 

LOAD2 mice expressing wild type (WT), P522R, or M28L PLCγ2 were tested in the Barnes 

Maze task for spatial memory at 12 months, frailty analysis for aging phenotypes at 15 and 19 

months, open field and novel object recognition for anxiety, locomotion, and recognition 

memory at 18 months, and fear conditioning for associative fear learning and memory at 21 

months. Mice were euthanized at 23 months for brain histological and biochemical analyses, 

including lipidomics. M28L mice made significantly more errors during Barnes Maze training 

and both M28L and P522R mice had significant deficits compared to LOAD2 mice during the 

memory-testing probe trial. Frailty testing revealed that in females only, M28L mice had higher 

Frailty Index scores than WT mice and P522R mice. Open Field and Novel Object Recognition 

testing showed no deficits in locomotion, anxiety, or recognition memory for any PLCγ2 

genotype. When frailty was reassessed, there was an increase in the overall scores of all 

genotypes , with M28L still displaying the highest scores. There were no differences in 

associative fear learning or memory in these mice. Brain lipidomic analyses indicated that there 

are differences in myelin related lipids between PLCγ2 genotypes and sex, with male P522R 

mice having a greater abundance of N-cerebrosides and N-sulfatides compared to their M28L 

and WT counterparts. In summary, mice expressing M28L and P522R PLCγ2 displayed minor 

but statistically significant deficits in learning and memory, sex-specific increases in frailty index 

scores and myelin associated lipid abundance, suggesting these variants may play a role in 

altering various phenotypes relevant to aging and LOAD. Future research will examine 

histological markers for various microglia, myelin, synaptic, and immune-cell markers in these 

mice, as well as explore sex differences seen in our results. 

Disclosures: J. Garcia Rogers: None. S. Smith: None. S. Fernandez: None. S. G: None. M.N. 

Mithaiwala: None. J.P. Palavicini: None. S.C. Hopp: None. 

Late-Breaking Poster 

LBA003: Theme C Late-Breaking Posters 

Location: MCP Hall A 

Time: Sunday, October 6, 2024, 1:00 PM - 5:00 PM 

Program #/Poster #: LBA003.010/LBA10 

Topic: C.02. Alzheimer's Disease and Other Dementias 



Support: NIH grant: R01AG067015 

 Alzheimer's Society grant: AS-PG-14-038 

 Medical Research Council grant: MR/S011625/1 

 ZonMw Memorabel/Alzheimer Nederland grant: 733050516 

 Alzheimer's Society grant: AS-PG-16b-012 

 Alzheimer's Research UK: ARUK-PPG2017B-021 

Title: A large-scale meta-analysis of miRNA-sequencing in Alzheimer's disease cortex, with 

multi-omics integration. 

Authors: E. PISHVA1, *K. LUNNON2;  
1Maastricht Univ., Maastricht, Netherlands; 2Univ. of Exeter, Exeter, United Kingdom 

Abstract: MicroRNAs (miRNAs) are a species of small non-coding RNAs that regulate gene 

expression by mediating the degradation or repressing the translation of target messenger RNAs 

(mRNAs). As a single miRNA can target numerous mRNAs and as a given mRNA could be 

regulated by several miRNAs, understanding the contribution of miRNAs to dysfunctional gene 

expression networks in AD is complicated. We have performed a meta-analysis of miRNA 

expression in association with tau pathology, utilizing small RNA sequencing data we have 

generated in five independent cortical datasets (N = 929 unique samples), with subsequent 

integration of matched genetic, transcriptomic and proteomic data to identify miRNA-mediated 

dysregulated molecular signatures in disease. We have identified 26 Bonferroni significant 

miRNAs that are differentially expressed with respect to Braak neurofibrillary tangle (NFT) 

stage (as a quantitative measure of tau pathology), of which 18 showed a significant reverse 

correlation with their target mRNA, and 12 showed a significant correlation with the protein 

product of that transcript. Expression weighted cell type enrichment (EWCE) demonstrated that 

the target genes were enriched in neurons and oligodendrocytes. By overexpressing our most 

significant miRNA, miR-132-3p, in iPSC neurons, microglia and oligodendrocytes, we observed 

decreased expression of several mRNA targets we had found in our postmortem analysis. 

Finally, our miRNA quantitative trait loci (miQTL) analysis showed a significant trans-miQTL 

for miR-132 and the APOE region, which was observed across all four cohorts assessed. This 

study represents the largest and most comprehensive analysis of miRNAs in AD post-mortem 

brain tissue. As miRNA-based therapeutics is an emerging area of drug development in other 

disorders, this is an avenue that could be explored for the treatment of AD. 
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Abstract: Introduction: Multiple sclerosis (MS) is an autoimmune disease that causes 

demyelination and neuroaxonal damage in the central nervous system, leading to a range of 

unpredictable and variable symptoms. Cognitive impairment is a significant concern in MS, 

impacting patients' quality of life. MicroRNAs (miRNAs) are emerging as crucial regulators of 

gene expression and cellular processes linked to neurodegeneration and cognitive function. As 

circulating biomarkers, miRNAs have potential for monitoring cognitive changes over time in 

MS patients. Objectives: To investigate changes in miRNA levels over five years in MS patients 

and evaluate their prognostic potential as biomarkers for cognitive outcomes, particularly in 

relation to Symbol Digit Modalities Test (SDMT) scores, which most accurately reflect cognitive 

processing speed and attention, commonly affected in MS. Methods: Blood samples from 20 

MS patients were collected at diagnosis and after five years, using EDTA polypropylene tubes, 

centrifuged and stored at -80ºC. Concurrently, SDMT was administered to assess cognitive 

function. miRNA profiles were analyzed using 384-well Taqman Gene Expression Array Cards 

targeting 31 unique miRNAs. Statistical analyses included T-tests for comparing miRNA levels 

over time and partial correlations with SDMT, adjusted for age and Expanded Disability Status 

Scale (EDSS) scores. Results: Only significant increases were observed in the levels of hsa-

miR-124-3p, hsa-miR-16-5p, hsa-miR-20a-5p, and hsa-miR-423-3p at the five-year follow-up 

compared to baseline (p-values: 0.04, 0.01, 0.027, and 0.008, respectively). A significant positive 

correlation was observed between miR-20a-5p and miR-16-5p levels and baseline SDMT scores 

(r = 0.577, p = 0.039; r = 0.481, p = 0.051 respectively), indicating that higher levels of these 

miRNAs are associated with better cognitive performance at baseline. Similarly, miR-423-3p 

levels showed a near-significant positive correlation (r = 0.442, p = 0.076), indicating a trend 

towards better cognitive performance with higher miR-423-3p levels. Conclusions: Our findings 

reveal the overexpression of four plasma miRNAs involved in cellular regulation, differentiation, 

synaptic function, and apoptosis. Notably, hsa-miR-20a-5p and hsa-miR-16-5p are positively 

correlated with baseline cognitive performance, highlighting their potential as valuable 

biomarkers for monitoring cognitive progression in MS. Further research is needed to validate 

these biomarkers and explore their therapeutic potential. 
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Abstract: Deposition of the microtubule-associated protein tau is a hallmark pathology of the 

family of neurodegenerative diseases known as tauopathies, including Alzheimer’s disease, 

frontotemporal dementia, and chronic traumatic encephalopathy. Ongoing work on mechanisms 

of tau-mediated neurodegeneration suggest that genetic contributions interact with peripheral or 

environmental factors to contribute to disease onset and severity. Head trauma is an established 

modifier of brain health and function in human, rodent, and invertebrate models. Using an 

established impact injury model known as HIT, we have examined the effect of traumatic injury 

on behavior and neurodegenerative markers in transgenic Drosophila expressing human tau in 

neurons. Tau transgenic flies show worsened outcomes compared to their non-transgenic 

controls as shown by both locomotor activity and tissue histology. To expand upon this work, we 

are examining other neurodegenerative models in the HIT paradigm as well as other biochemical 

markers of cell death. These data suggest that tau transgenic flies have an increased vulnerability 

to traumatic injury in this Drosophila model of human tauopathy. 
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Abstract: Background Hereditary spastic paraplegia (HSP) is a neurodegenerative disease that 

affects motor neurons, causing patients to develop progressive muscle weakness. SPG11 is the 

most common autosomal recessive form of HSPs, which is caused by mutations in the SPG11 

gene. This mutation can be studied in the lab using induced pluripotent stem cells (iPSCs), which 

are reprogrammed from patient fibroblasts by being transfected with pluripotent factors. These 

stem cells can then be differentiated into cortical neurons, providing an effective tool to 

investigate biomarkers to screen for SPG11. One potential biomarkers for SPG11 is the pTau or 

Tau proteins. The pTau levels and the pTau to Tau ratio (pTau:Tau) demonstrated a significant 

increase when measured in a phenotypic screen in the iPSC derived neurons from patients with 

other neurodegenerative disease, such as Alzheimer’s disease (AD). The pTau:Tau biomarker 

can be tested furthermore with the introduction of Drp inhibitors like P110, which have 

demonstrated therapeutic potential in past studies in SPG11. Hypothesis The specific aim of this 

project was to determine whether SPG11 mutation increased the pTau levels and the pTau:Tau 

ratio in cortical neurons. Another aim of this project was to determine the effect of P110 on pTau 

and Tau. Methods SPG11 and control iPSCs were differentiated into cortical neurons using our 

established protocol, followed by the collection of lysates from these neurons. Biological 

triplicate independent samples were studied. The concentrations of pTau and Tau were measured 

in the samples using the respective ELISA kits and quantified using a standard curve. The 

statistical significance of mean values of pTau, Tau, and pTau:Tau were analyzed using a one-

way ANOVA followed by Dunnett's test. Results There were statistically significant increases in 

both pTau concentrations and pTau:Tau in SPG11 neurons compared to the control neurons 

(p<0.05). The differences in Tau levels between the samples were not statistically significant. 

Moreover, P110 treatment showed a trend in reducing the pTau expression level in SPG11 

neurons. Conclusions pTau has been used as a biomarker in neurodegenerative diseases, and the 

significant increase in pTau and pTau:Tau from our study shows promise for the use of pTau as a 

biomarker for SPG11. This potential is further supported by the lack of significant alteration in 

total Tau alone, illustrating that pTau is a more specific change that occurs due to the disease 

process.In the future, another ELISA kit can be utilized to measure pTau with a different 

phosphorylation site, and neurofilament, another potential biomarker for SPG11, can be tested in 

SPG11 neurons. 
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Abstract: Amyotrophic lateral sclerosis (ALS) is a debilitating disease characterized by the 

progressive loss of upper and lower motor neurons, leading to muscle atrophy, paralysis, and 

eventually death. ALS patients often develop cognitive and behavioral changes seen in 

frontotemporal dementia (FTD), for which, like ALS, there are few effective therapies. The 

dysregulation of TDP43, an essential RNA-binding protein crucial for RNA processing, is a key 

pathological feature of both conditions. We previously reported pervasive RNA destabilization in 

ALS/FTD patient-derived induced pluripotent stem cells (iPSCs) and control iPSCs in which 

TDP43 was overexpressed. We also detected methylation at the nitrogen-6 position of adenosine 

(m6A) — a co-transcriptional modification linked with RNA decay — in >95% of TDP43 target 

transcripts. Several of these substrates were hypermethylated in ALS patient spinal cord, 

implying m6A-mediated degradation of TDP43 substrates. Even so, the connection between 

RNA methylation, RNA destabilization, and TDP43 mislocalization remain poorly understood. 

TDP43 localization is strongly influenced by RNA binding, undergoing cytoplasmic 

redistribution in the presence of high affinity, GU-rich mRNAs. Our preliminary data show a 

similar phenomenon with addition of m6A-modified, but not unmodified mRNA, suggesting a 

key role for methylation in TDP43 binding and function. Furthermore, we find that m6A-RNA 

colocalizes with cytoplasmic TDP43 aggregates in ALS spinal motor neurons. Based on these 

collective findings, we hypothesize that disease-associated hypermethylation contributes to the 

mislocalization and dysregulation of TDP43. To test this hypothesis, we are evaluating the 

impact of RNA methylation on TDP43 mislocalization using inhibitors of m6A 

methyltransferases (“writers”) and demethylases (“erasers”) in human iPSC-derived motor 

neurons. Additionally, we are investigating the influence of m6A on TDP43-mediated RNA 

splicing and stabilization. We and others identified m6A sites within TARDBP (the transcript 

encoding TDP43) in a region important for autoregulation, a process by which TDP43 binds and 

regulates its own expression. Our preliminary findings suggest that bidirectional deviation from 

physiological m6A levels disrupts TDP43 autoregulation. Ultimately, these studies may uncover 



novel mechanisms of neurodegeneration in ALS/FTD and provide new therapeutic directions to 

recover RNA homeostasis in these disorders. 
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Abstract: TDP-43 aggregates are a hallmark of almost all amyotrophic lateral sclerosis (ALS) 

cases and half of Alzheimer’s disease (AD) cases, but the mechanisms underlying their 

formation and contribution to neurodegeneration remain unclear. We have found that AP2A1 is 

downregulated in ALS and AD postmortem tissue, and that its downregulation causes TDP-43 

cytoplasmic localization, insoluble cleaved TDP-43, and neuronal death. AP2A1 is a subunit of 

the AP2 complex, and knocking down other AP2 complex members yields similar phenotypes, 

suggesting that AP2 complex function is necessary to prevent TDP-43 accumulation. 

Furthermore, downregulating AP2 components also increases neurodegeneration caused by 

Aβ42 and Tau, suggesting that AP2 function may be more generally implicated in clearing toxic 

proteins. The primary function of the AP2 complex is clathrin-mediated endocytosis, but it also 

interacts with the autophagy protein LC3. Knocking down LC3, but not clathrin, enhances 

neurodegeneration caused by TDP-43, suggesting that AP2 may regulate TDP-43 through LC3. 

We then performed a screen of endocytosis and autophagy genes related to TDP-43 and found 

that several genes that mediate LC3 processing also enhance neurodegeneration caused by TDP-

43. Finally, we also identified three genes related to autophagy and endocytosis that alleviate 

neurodegeneration caused by TDP-43. 
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Abstract: Neuronal hyperexcitability is a hallmark of amyotrophic lateral sclerosis (ALS) yet its 

relationship to the TDP-43 inclusions that comprise the predominant pathology in over 90% of 

ALS cases remains unclear. Emerging evidence in cell and animal models suggest that TDP-43 

pathology induces neuronal hyperexcitability. As neuronal activity has been shown to promote 

intercellular alpha-synuclein and tau transmission, we hypothesized that activity may likewise 

promote TDP-43 pathology propagation. To test this hypothesis we performed unilateral 

hippocampus co-injection (2.5µL total volume) of human-derived FTLD-TDP extract (1.1ng 

TDP-43) and AAV (1.15 x 1010 vg) encoding either the excitatory Designer Receptors 

Exclusively Activated by Designer Drugs (DREADDs, hM3Dq-mCherry) or AAV-mCherry 

control in CamKIIa-NLS4 mice (2.5µL total injection volume; n = 8 mice per group, 

approximately equal numbers males and females). All mice received Clozapine N-oxide (CNO) 

eyedrops (1mg/kg) thrice weekly for 3 months post-injection (mpi). Behavior (Y maze, elevated 

zero maze, and accl. rotarod) was assessed at 1 and 3 mpi. Histological examination was 

performed at 3 mpi. No difference in behavioral phenotype was observed at either timepoint 

between DREADDs and mCherry cohorts. At 3 mpi, de novo p409/410 TDP-43 pathology was 

clearly observed in the hippocampus and cortex of injected mice. As expected, histological 

analysis revealed much greater pathology formation in the hippocampus ipsilateral to the 

injection site relative to the contralateral side (~5-fold difference, p<0.001). Surprisingly, within 

the ipsilateral hippocampus, we observed a modest reduction in TDP-43 pathology in the 

DREADDs injected mice relative to mCherry controls (p<0.05). No differences were observed 

on the contralateral side. While we did not observe an increase in TDP-43 pathology with 

DREADDs modulation of neuronal activity, it is possible that the DREADDs co-injection and 

their repeated activation may have exacerbated cell loss. Future studies will employ orthogonal 

approaches, such as optogenetics, to address these limitations. 
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Abstract: Amyotrophic Lateral Sclerosis (ALS) is a late onset, highly progressive, and 

ultimately fatal neurodegenerative disease. Therapeutic options and novel target identification 

remain limited as the majority of ALS cases are sporadic (sALS), having no clear etiology. Thus, 

there is an urgent need for the identification of novel targets and subsequent development of 

therapeutics. Alternative Splicing (AS) is a pervasive phenomenon in ALS. At least 8 out of the 

10 top causative mutations in neurodegenerative diseases are in genes encoding RNA Binding 

Proteins (RBPs) that regulate AS, which are highly dysregulated in ALS and may give rise to 

toxic RNA isoforms. We have developed a suite of AI/ML-based algorithms to uncover these 

targets, ascertain functionality, druggability, and identify efficient therapeutic splice switching 

oligonucleotides (SSOs) to correct the observed potentially pathogenic splicing changes. Using 

this approach, we identified 15 novel alternative splicing RNA isoforms that are enriched in a 

significant portion of sALS patients using ALS patients and healthy tissue RNA-seq data. These 

AS events were validated in vitro, using human ALS patient derived induced pluripotent stem 

cells (iPSCs) differentiated into mature motor neurons from both sporadic and familial 

etiologies. Using our AI/ML algorithm, SpliceLearn, we have also identified high efficiency 

SSOs that can perform splicing switching activity of our top 2 AS-derived targets that are 

prevalent in minimum 10% of sALS patients. In preliminary functional assays, the SSOs 

targeting the AS events have shown to mitigate TDP43 mis-localization and decrease DNA 

damage in sALS and fALS motor neuron cell lines, suggesting a functional association of the 

identified novel targets in the pathophysiology of ALS. 

To summarize, our computational and experimental approach supports novel AS-derived target 

discovery and therapeutic development, combining sophisticated RNA analytics on patient 

RNA-seq data with extensive experimental validation methods, enabling the development of 



potential therapeutics for both sporadic and familial ALS patients who are in critical need of 

effective treatments. 
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Abstract: Duchenne muscular dystrophy (DMD) is a severe neuromuscular disease caused by 

the absence of functional dystrophin protein, resulting in muscle degeneration, inflammation, and 

retrograde changes in the central nervous system (CNS). Inflammation in DMD results in 

increased glial activation and production of tumor necrosis factor-alpha (TNF-α), an 

inflammatory molecule that contributes to the degradation of dystrophic myofibers. Therefore, 

we investigated the anti-inflammatory and neuroprotective effects of the drug etanercept (a 

chimeric protein blocking the TNF-α receptor) in the spinal cord microenvironment of MDX 

mice. For this purpose, adult male isogenic MDX mice (n=5/group) and C57BL/10Unib control 

mice (n=5/group) were divided into 4 groups; G1 received vehicle, while the other groups 

received etanercept at doses of 3 (G2), 6 (G3), and 12 mg/kg (G4), administered every 72 h 

(i.p.). Daily walking track test (CatWalk system) and muscle strength measurement by grip 

strength test were performed. At the end of the second week of treatment, after euthanasia, 

lumbar spinal cord and tibialis anterior and soleus muscles were harvested for flow cytometry 



analysis, immunofluorescence (synaptophysin, GAD65, VGLUT1, IBA-1, GFAP) and H&E 

staining. The procedures were approved by the Institutional Animal Ethics Committee 

(CEUA/IB/UNICAMP/Brazil, protocol number 6340-1/2023). Results showed that Etanercept at 

12mg/kg was able to attenuate astrogliosis by 30% (vehicle vs. Etanercept -12mg; p<0.0001) and 

microglial activation by 50% (vehicle vs. Etanercept -12mg; p<0.0001) in MDX animals 

compared to vehicle MDX. In addition, etanercept effectively upregulated the expression of 

synaptophysin (vehicle MDX vs. 6mg/kg MDX - 80% increase; vehicle MDX vs. 12mg MDX - 

80% increase; p<0.0001), GAD65 (vehicle MDX vs. 6mg MDX - 40% increase; p<0.01; vehicle 

MDX vs. 12mg MDX - 40% increase; p<0.001) and VGLUT-1 was downregulated in MDX 

(vehicle BL10 vs. vehicle MDX - 35% decrease; p<0.01) and increased with treatment (vehicle 

BL10 vs. 12mg MDX - 25% decrease; p<0.05). The downregulation of pro-inflammatory 

cytokines such as TNF-α reached 30% when comparing vehicle MDX to MDX treated with 

etanercept (12mg/Kg; p<0.05). Similar results were obtained for Th1 polarization (vehicle MDX 

vs. 12 mg MDX - 30% decrease; p<0.05). These regulatory effects were reflected in functional 

outcomes with gains in muscle strength and improvement in the Sciatic Functional Index 

(p<0.05). Overall, etanercept therapy showed excellent anti-inflammatory and synaptic effects in 

the spinal cord of MDX mice, suggesting that it may be an effective clinical intervention for 

DMD. 
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Abstract: Background: Charcot-Marie-Tooth (CMT) disease is an inherited neuropathy that 

causes progressive motor and sensory deficits in individuals. Molecular mechanisms 

interventions ruling out the major cause of CMT remains unknown. Our meta-analysis aims to 

evaluate recent studies of mitochondrial dysfunction, non-coding RNAs and genetic defects in 

CMT.Methods: For Meta analysis, literature resources used were Embase, PubMed and 

Cochrane Library between 2011 till June 2024. Our inclusion criteria included reviews, original 

research articles and clinical trials on genetic analysis, mitochondrial dysfunction, and Non-

coding RNA (lncRNA and miRNA) replacement and effect.Results: In the 55 studies reviewed, 



findings suggest Mitochondrial dysfunction in CMT patients with AR-CMT2 and CMT4A are 

dominant and are also the recessive form of CMT2K. Also in CMT patients,MFN2 catalytic 

activity gets impaired due to mitochondrial fusion and diminished neuronal transport, seen 

mostly in Charcot-Marie-Tooth type 2A. Overall motility of the MFN2 protein can be one of the 

culprits in CMT disease. Genetic analysis depicted, manipulating genes such as GDAP1or 

silencing genes like CMT1A and PMP22 and co expressing genes such as GJB1 in the CMT1A 

gene, and modulation of HDAC or UPR enzymes could create progressive differentiation for 

CMT models. In Japan researchers identified novel causative genes for CMT namely, MME and 

COA7. In non-coding RNAs (lncRNA and miRNA), studies detected lncRNA CR18854 and 

lncRNA CR43467 effectively interact with dFIG4 gene and reduce length of synaptic branches 

and the ratio of boutons at neuromuscular junctions. Studies also inferred lncRNA CR43467 to 

be the genetic network that works together with CMT causing genes. These non-coding RNA 

hold the potential to interrelate and create a cure CMT disease as therapeutic targets or 

biomarkers.Conclusion: The meta-analysis gives us insight into the major causes of Charcot-

Marie-Tooth disease, where emphasis can be on mitochondrial dysfunction, genetic mutations 

and non-coding RNAs. Mitochondrial dysfunction is predominant in CMT4, CMT2K and AR-

CMT2A with a defect in the MFN2 protein, suggesting that therapies targeting mitochondrial 

aberrations could be valuable. Genetic manipulation like controlling GDAP1, silencing PMP22, 

CMT1, MME, COA7 and co expression of GJB1 can help identify solutions for developing 

gene-based therapies. Interaction of lncRNA CR18854 and CR 43467 with dFIG4 gene could 

create novel biomarkers. Collectively new therapeutic avenues, that include iPSC models and 

gene therapy can be essential for creating novel and effective treatments for patients with CMT. 
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Abstract: Impairment of glucose metabolism and elevated reactive oxygen species (ROS) are 

closely associated with neurodegeneration. In-vitro models of neurodegeneration were generated 

using streptozotocin (STZ) and 6-hydroxydopamine (6-OHDA) in SH-SY5Y cells. STZ enters 

cells via the glucose transporter 2 (GLUT2), causing DNA alkylation, while 6-OHDA) inhibits 

mitochondrial complex I and IV depleting ATP stores of the cell, and increasing ROS 



production. These toxins lead to cell death in dose dependent manner. The STZ-induced glucose 

metabolism impairment model in SH-SY5Y cells provides a valuable link between 

neurodegeneration and altered glucose levels as seen in Type 2 diabetes. Gymnemic acid (GA1), 

a triterpenoid derived from the herb Gymnema sylvestre, is widely used in Eastern medicine for 

its anti-diabetic properties, though its precise mechanism of action remains unclear. We 

hypothesize that GA1 will protect neuronal cells from the cellular damage caused by 6-OHDA 

and STZ by maintaining their metabolic activity, altering glucose utilization, and reducing 

oxidative stress. Our data demonstrates that GA1 increases cell viability by over 20% following 

STZ or 6-OHDA exposure. Through a combination of ATP quantification and protein carbonyl 

measurement, we established that GA1 treatment for 24 and 48 hours confers neuroproective 

potential after STZ and 6-OHDA insult. ATP levels in the 6-OHDA model increased from 25nM 

to 350nM post GA1 treatment, indicating that the cells were more metabolically active. To 

elucidate the signaling mechanisms underlying GA1's protective effect, we assessed the levels of 

AKT/pAKT and PI3K/pPI3K proteins in these cells. Alterations in AKT and PI3K levels suggest 

that GA1 influences cell survival and growth pathways in neuronal cells. Our preliminary 

findings indicate that GA1exerts neuroprotective effects by reducing oxidative stress and 

maintaining metabolic activity. GA1 appears to modulate cellular growth and proliferation 

pathways, enhancing cell survival under conditions of elevated oxidative stress and impaired 

glucose metabolism. 
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Abstract: Background: The choroid plexus (ChP) is a physical and immunological barrier that 

protects the brain and maintains homeostasis. Imaging, biomarker, and animal studies highlight 

the importance of this structure in Alzheimer’s Disease (AD) development and pathogenesis. 

Understanding ChP molecular dysfunction during AD progression will indicate novel avenues 

for therapeutic intervention. Recent single-cell RNA sequencing studies have begun to reveal the 

transcriptional diversity of ChP cells in mouse brains. However, to date there is no 

comprehensive study that charts the molecular properties of cell types within human ChP and 

their changes during AD progression. Method: We performed single-nuclei RNA-sequencing 

(snRNA-Seq) on ChP from 81 ROSMAP participants with no cognitive impairment (NCI), mild 

cognitive impairment (MCI), or Alzheimer's Dementia (AD(d)). To examine protein expression 

changes, we also conducted proteomics on a subset of postmortem CSF and ChP tissue samples. 

Result: We identified 15 major cell types from over a million ChP nuclei, including four types 

of epithelial cells, four types of fibroblasts, four types of border-associated macrophages 

(BAMs), one type of T cells, and two types of vascular cells. We mapped the spatial distribution 

of specific cell types using the CosMx Spatial Molecular Imager and RNAscope. In the Ad(d) 

but not the MCI group, we observed proportionally elevated BAM_2 cells expressing higher 

levels of stress response genes. CellChat analysis inferred stronger interactions between BAMs 

and other cell types via the CD45, SPP1, and VISFATIN pathways in AD(d). Differential gene 

expression (DEG) analysis of epithelial subtypes revealed decreased expression of genes 

essential for cilia formation and movement in participants with AD(d) but not MCI. In 

fibroblasts and epithelial cells, we observed changes in genes and genetic pathways related to 

cell adhesion, ion transport, cell metabolism, and pro-inflammatory response in AD(d) and MCI. 

Postmortem CSF and ChP tissue protein changes corroborate DEGs, indicating multifaceted 

disease ChP pathophysiology in AD. Conclusion: We provide a comprehensive spatial single-

cell transcriptomic atlas of the human ChP and chart the differentially expressed genes, 

pathways, and intercellular communications related to cognitive impairment. Our results indicate 

a spectrum of cellular and molecular dysfunctions in ChP during AD development, with cilia 

dysfunction and BAM_2 abundance correlated with the severity of cognitive impairment. 
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Abstract: Neurodegenerative diseases are characterized by the progressive loss of the neuronal 

population in specific regions of the brain due to different factors such as toxic metabolic 

disorders. In these diseases there are different biochemical mechanisms that play an important 

role in cellular and tissue damage, among which excitotoxicity is an important event in cell 

damage. Excitotoxicity is a mechanism of neuronal death caused by the overactivation of 

glutamate amino acid receptors, particularly those of the N-methyl-D-Aspartate (NMDA) 

subtype, causing the massive entry of Ca2+ through the plasma membrane, generating the 

deregulation of important pathways in the maintenance of cellular homeostasis such as 

autophagy. Autophagy is a degradative pathway that maintains cellular homeostasis through the 

degradation and recycling of cellular components. It has been observed that the administration of 

quinolinic acid (QUIN), an excitotoxic molecule, increases activation of autophagy and at the 

same time blocks the flow of autophagy (last stage of this pathway), in addition to the activation 

of different types of regulated cell death mechanisms such as apoptosis and necroptosis. In the 

present work we evaluated, under an excitotoxic model of quinolinic acid, the different cell death 

pathways: autophagy, apoptosis and necroptosis. Male Wistar rats (260-300 g) were 

administered 1 μL of isotonic saline solution or 1 μL of QUIN equivalent to 120 and 240 nmol in 

the right striatum, then the cortex tissue was extracted 48 hours after QUIN administration. 

Finally, the proteins of apoptosis caspase-3 and Bax; autophagy p62 and cathepsin D; and 

necroptosis MLKL and RIP1 were quantified by Western Blot. The results show that after 48 

hours of QUIN administration, the levels of caspase-3 and Bax in cortex tend to increase with 

240 nmol, however this increase is not statistically significant. On the other hand, Cathepsin D 

and p62 show a decrease in its levels following both doses of QUIN administration. 

Additionally, in the necroptosis pathway, we only observed an increase in RIP1 with 120 nmol 

of QUIN. In conclusion these results suggest that striatal QUIN administration promotes 

alteration in autophagy pathway in the cortex at 48 h. 
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Abstract: Loss of nicotinamide adenine dinucleotide (NAD+) is a hallmark of axon 

degeneration and neurodegenerative disease. NAD+ is an essential metabolite, necessary for 

fundamental cellular functions including ATP synthesis. NAD+ pools are compartmentalized 

into the nucleus, cytosol, and mitochondria, with different roles in each compartment. Loss of 

cytosolic NMNAT2, the major NAD+-synthesizing enzyme in axons, leads to the activation of 

SARM1, an NAD+-cleaving enzyme, which results in catastrophic NAD+ depletion and axon 

loss. Knockout of Nmnat2 in mice shows widespread axonopathy and perinatal lethality. In the 

absence of SARM1, mice lacking NMNAT2 live a normal lifespan with no overt phenotype, 

indicating that cellular and metabolic processes are maintained despite the lack of cytosolic 

NAD+ synthesis by NMNAT2. Given the central role of NAD+ in cellular and metabolic 

processes, this suggests that other subcellular compartments contribute to the cytosolic NAD+ 

pool. Mitochondria hold the largest NAD+ pool in neurons. While NAD+ transporters 

facilitating mitochondrial import in mammalian cells were recently identified, the possibility of 

mitochondrial NAD+ export to the cytoplasm remains unexplored. We find that partial loss of 

mitochondrial NAD+-synthesizing NMNAT3, in Nmnat2:Sarm1 double knockout mice, leads to 

nerve conduction deficits and paralysis, suggesting the presence of a mechanism for 

mitochondrial NAD+ export to the cytosol. We are currently investigating NAD+ exchange 

between mitochondria and cytosol as a candidate mechanism for axon resilience. 
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Abstract: Leukotrienes (LTs) are lipid mediators of the inflammatory eicosanoid family, 

synthesized from the metabolism of arachidonic acid by the enzyme 5-lipoxygenase (5-LO). LTs 

are divided into two groups: cysteinyl-LTs (LTC4, LTD4 and LTE4) and (LTB4), which have 

different biological effects when they activate their receptors (CysLTs and BLTs). 5-LO and 

other enzymes responsible for LT synthesis as well as its receptors are expressed in various cell 

types of the central nervous system. It is known that 5-LO interferes with neuritogenesis and that 

LTs may be released during development and regeneration of the peripheral nervous system. 

Therefore, we evaluated basic functional and morphological parameters in the dorsal root 

ganglion (neuritogenesis and cell migration in vitro) and sciatic nerve (thickness, cell and axonal 

density, macrophage and neutrophil labelling, and vascularization in vivo) in adult 129svev mice. 

We also assessed the regenerative capacity of the peripheral nerve after crush-induced injury. 

Treatment with LTs resulted in different effects: in which LTB4 increased the area and density of 

migrating cells, while LTD4 treatment only increased the density of neurites in culture. Ganglia 

treatment with zileuton, a 5-LO pharmacological inhibitor, did not affect the parameters studied, 

but treatment potentiated with NGF-induced neuritogenesis. In 5-LO-/- mice with sciatic nerve 

injury, increased thickness and cell density were observed, although there was no significant 

difference in axons compared to the control group, suggesting no possible regenerative 

properties. Taken together, our data suggest that 5-LO activity is important for both development 

and neurite outgrowth in culture. These data suggest an intrinsic relationship between the 

products of the enzyme and the biology of peripheral neural tissue. 
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Abstract: Fibroblast Growth Factor 1 (FGF1) is a neurotrophic cytokine expressed in embryonic 

and adult vertebrate central nervous systems. Interactions between FGF1 ligands and FGF 

receptor tyrosine kinases (FGFRs) regulate neural progenitor cell proliferation and 

differentiation. FGF1 is also induced in neurons and other CNS cell populations after exposure to 

oxidative stress-inducing neurotoxic chemicals. FGF1’s neuroprotective activity includes 

activation of the transcription factor Nrf2 and the subsequent transcriptional increase in 

antioxidant gene expression. However, the effects of decreased endogenous fgf1 expression on 

neuron survival/function including thosethat produce dopamine after neurotoxin challenge are 

not reported. In this study, control (dateGFP) and loss-of-function fgf1a (dat-eGFP fgf1a) 

zebrafish (Danio rerio) strains expressing a green fluorescent protein marker in dopaminergic 

neurons were used to test the hypothesis that FGF1 is required to protect dopaminergic (DA) 

neurons from dysfunction and death caused byneurotoxic chemical exposure. Zebrafish are a 

well-recognized toxicological vertebrate model for examining chemical effects on neuron 

development, regeneration, and survival. Unlike mammals, zebrafish express two similar, but 

structurally distinct fgf1 genes (fgf1a and fgf1b). Physiological, behavioral, and 

biochemical/molecular analyses were conducted on embryonic control and fgf1a-deficient 

zebrafish exposed from three days post fertilization (3dpf) for 12 to 72 hours to the DA neuron 

poison 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP). Survival of dat-eGFP fgf1a mu 

mu embryos was significantly reduced at 50 uM and higher doses of MPTP after48 hours 

compared to dat-eGFP larvae (n = 50 each cohort). Expression of nrf2 in fgf1a-deficient strains 

was less than 50% of control at 100 uM MPTP (n=3 RNA samples) as determined by 

Quantitative Reverse Transcriptase Polymerase Chain Reaction (RT-qPCR). Double-blinded 

immunofluorescence studies revealed a reduction in DA number and morphology (n=6 

eachcohort) in dat-eGFP fgf1a animals that corelated with a 50% reduction in dopamine levels. 

Finally, distinct behavioral responses between dat-eGFP control and dat-eGFP fgf1a mu mu at 

50 uM and lower MPTP doses indicated changes in neurological function that were sensitive to 

fgf1a expression. Collectively, these data suggest that loss of fgf1a increases the sensitivity of 

zebrafish embryos to detrimental effects of ROS-producing chemicals. These data may provide 



insight into gene-environment interactions underlying the pathology of neurodegenerative 

diseases of aging. 

Disclosures: M.E. Dow: None. D.J. Mokler: None. D. Small: None. 

Late-Breaking Poster 

LBA003: Theme C Late-Breaking Posters 

Location: MCP Hall A 

Time: Sunday, October 6, 2024, 1:00 PM - 5:00 PM 

Program #/Poster #: LBA003.114/LBA109 

Topic: C.07. Neurotoxicity, Inflammation, and Neuroprotection 

Title: Synaptic and cellular mechanisms involved in the anti epileptic effect of GAO-3-02 

Authors: *A. BELMEGUENAI1,2, L. BEZIN3,2, J. BODENNEC3,2, V. MUTEL2, S. 

BODENNEC2;  
1Lyon Neurosci. Res. Ctr., Univ. Claude Bernard Lyon 1, Bron, France; 2GAOMA Therapeut., 

Bron, France; 3Lyon Neurosci. Res. Ctr., Univ. Claude Bernard Lyon 1, Bron, France 

Abstract: We recently reported that GAO-3-02 displayed robust anti-seizure effects across 

validated seizure and epilepsy models. We have also demonstrated that GAO-3-02 exerts potent 

anti-neuroinflammatory effects in different in vitro and in vivo models of neuroinflammation. 

We therefore tested the effect of GAO-3-02 on neuronal excitability in an in vitro model of 

febrile infection‐related epilepsy syndrome (FIRES), a protracted and difficult‐to‐treat 

neuroinflammatory condition. We next investigated the potential synaptic and cellular 

mechanism underlying the antiepileptic activity of GAO-3-02 by characterizing the effects of 

GAO-3-02 on GABAA-mediated currents in acutely-obtained hippocampal slices from rat 

lithium-pilocarpine (Pilo) model and slices from lipopolysaccharide (LPS)-treated and non-

treated healthy rats. We further examined the possible roles of the cannabinoid receptor 2 (CB2) 

in the effects produced by GAO-3-02 using pharmacological approaches. Using in vitro model of 

FIRES, we found that treatment of LPS-exposed slices with GAO-3-02 strongly reduced the 

excitability in hippocampal CA1 pyramidal cells evoked by neuroinflammation and 0 Mg2+/4-

AP. Interestingly, while the bath application of GAO-3-02, significantly increased GABAergic 

transmission in Pilo and LPS-exposed slices either at room temperature (23-25°C) or at 35°C, it 

was virtually ineffective in healthy slices. This effect was blocked by a CB2 receptor antagonist 

(SR144528). Further results demonstrated that bath-application of GAO-3-02 does not change 

the paired-pulse ratio (PPR) of evoked inhibitory postsynaptic currents (eIPSCs) and increases 

the amplitude of miniature IPSC (mIPSC) without affecting frequency indicating a postsynaptic 

mechanism of action in Pilo slices.The present study suggests that GAO-3-02 reduces CA1 

pyramidal neuron excitability in an in vitro model of FIRES and enhances GABAergic 

transmission in Pilo and LPS-exposed slices by activating the postsynaptic CB2 receptor. These 

data provide new insights into the mechanism of GAO-3-02 in the treatment of 



neuroinflammation-related diseases. Therefore, GAO-3-02 may be a potential therapeutic option 

for FIRES. 
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Abstract: Microglia mediate the immune response in the central nervous system against insults, 

including lipopolysaccharide (LPS), a bacterial endotoxin that initiates neuroinflammation in the 

neonatal population, especially preterm infants. The synthesis of the proinflammatory proteins 

cluster of differentiation 40 (CD40) and nucleotide-binding oligomerization domain-like receptor 

protein 3 (NLRP3) depends on the canonical nuclear factor kappa B (ΝF-κΒ) cascade as the 



genes encoding CD40 and NLRP3 are transcribed by the phosphorylated ΝF-κΒ p50/p65 

heterodimer in LPS-induced microglia. Exosomes, which are nanosized vesicles (40-150 nm) 

involved in intercellular communication, are implicated in many pathophysiological processes. 

Human breast milk, which is rich in exosomes, plays a vital role in neonatal immune system 

maturation and adaptation. Activated microglia may cause brain-associated injuries or disorders; 

therefore, we hypothesize that human breast milk-derived exosomes (HBME) attenuate LPS-

induced activation of CD40 and NLRP3 by decreasing p38 mitogen-activated protein kinase 

(MAPK) and ΝF-κΒ p50/p65 activation/phosphorylation downstream of toll-like receptor 4 

(TLR4) in murine microglia (BV2). We isolated purified HBME and characterized them using 

nanoparticle tracking analysis and transmission electron microscopy to assess size and 

concentration. Fluorescence-activated cell sorting and western blots (WB) showed the presence 

of CD9, CD63, and CD81, which are exosome-specific markers. BV2 microglia were exposed to 

the four following in vitro experimental conditions (n ≥ 3 per group): 1) PBS (control 1), 2) LPS 

(exposure group), 3) HBME (control 2), and 4) LPS and HBME simultaneously (treatment 

group). Analysis of BV2 microglia exposed to LPS and HBME (condition 4) indicated that 

HBME modulated the expression of signaling molecules in the canonical ΝF-κΒ pathway. 

Treatment increased the protein expression of myeloid differentiation primary response 88 

(MyD88) (P < 0.05) and nuclear factor of kappa light polypeptide gene enhancer in B-cells 

inhibitor alpha (ΙκΒα) (P < 0.01), and decreased the activation of proteins p38 MAPK (P < 0.05) 

and NF-κB p65 (P < 0.01). Additionally, we observed decreased protein expression of CD40 (P 

< 0.05), NLRP3 (P < 0.05), and IL-1β (P < 0.05), and increased protein expression of IL-10 (P < 

0.05). In conclusion, HBME have great potential for attenuating CD40 and the NLPR3 

inflammasome signaling in the microglial response to LPS. 
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Abstract: Nerve agents are an effective model to induce seizures that rapidly progress to status 

epilepticus (SE), which is a medical emergency. The longer SE continues, the harder it becomes 

to stop with traditional antiseizure drugs like benzodiazepines. Persistent SE can cause brain 

damage that severely impacts quality of life for survivors. Second line antiseizure drugs like 

levetiracetam, fosphenytoin, and valproate are only effective in approximately half of cases, 

which underscores a need to develop novel treatments that terminate SE when other options fail. 

Our lab has previously found that the alpha2-adrenergic agonist dexmedetomidine is highly 

effective at terminating benzodiazepine-resistant SE in rats, but its efficacy may not be fully 

attributable to action at its canonical binding partner. Here, we test the hypothesis that activation 

of dexmedetomidine's secondary targets, imidazoline receptors, will exert antiseizure effects.This 

project utilized an established rat model of benzodiazepine-resistant nerve agent-induced status 

epilepticus. Adult male Sprague Dawley rats were implanted with EEG electrodes, followed ~1 

week later by induction of SE via subcutaneous administration of soman. Twenty minutes after 

onset of SE, rats received midazolam and a test treatment (CR4056, 2-BFI, agmatine) or control 

(saline). EEG activity, blood pressure, and temperature were monitored for four hours, after 

which rats were humanely euthanized and perfused for evaluation of brain damage with H&E 

staining.The non-selective imidazoline agonist agmatine controlled seizures in 6/13 rats at 10 

mg/kg dosing. Higher doses resulted in similar rates of seizure control (4/11 rats at 30 mg/kg, 

6/16 rats at 80 mg/kg). Though agmatine was somewhat effective at controlling SE, 14/40 rats 

across all dose groups succumbed before the 4 hour endpoint, possibly due to reduced blood 

pressure mediated through the imidazoline-1 receptor. The imidazoline-2 receptor agonists 

CR4056 and 2-BFI were less effective at controlling SE, with 10 mg/kg stopping seizures in 4/13 

and 2/12 rats respectively. Post-treatment mortality rates for CR4056 and 2-BFI were 2/13 and 

3/12 respectively. Future work will include targeted blocking and reversal experiments to 

determine if imidazoline receptor antagonists can prevent or reverse the ability of 

dexmedetomidine to control SE. 
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Abstract: Chronic exposure to elevated levels of manganese (Mn) can lead to a neurological 

disorder referred to as manganism and is also considered a risk factor for Parkinson’s disease 

(PD). Lower levels of the repressor element-1 silencing transcription factor (REST, aka neuron 

restrictive silencer factor), have been reported in patients with PD and Alzheimer’s disease. 

Studies have shown that Mn exposure decreases REST levels in mice and neuronal cells, while 

overexpression of REST provides protection against Mn toxicity. Activation of Wnt signaling 

increases REST expression and E2 has shown to activate Wnt signaling. However, E2’s clinical 

application is limited due to its adverse peripheral effects and thus, selective estrogen receptor 

modulators (SERMs) that can increase REST expression without causing peripheral effects could 

serve as ideal candidates. In this study, Tamoxifen (TX), as a representative SERM, was 

investigated to determine if it could increase REST levels through Wnt signaling and/or genomic 

nuclear ER and provide protection against Mn toxicity in CAD neurons and mice. The results 

showed that TX (1 μM, 24 h) increased REST mRNA/protein levels and parallelly protected 

neurons against Mn (250 μM) toxicity. TX increased REST promoter activity via both non-

genomic Wnt/β-catenin-TCF/LEF signaling and the genomic estrogen receptor (ER) pathway. 

Among various ER types, ER-α was the primary mediator of TX’s action in increasing REST 

transcription in CAD neurons. We also tested if REST, particularly dopaminergic REST, is 

critical in TX-induced neuroprotection against Mn toxicity in vivo, using dopaminergic-specific 

REST-deleted male mice (REST cKO). TX pellets (25 mg/21-d release) were subcutaneously 

implanted in the back of the neck of mice, followed by exposure to Mn (300 μg, intranasal, 

daily) for 3 weeks. The results showed that TX induced protection against Mn toxicity in REST 

cKO mice as it attenuated Mn-induced behavioral dysregulation in locomotor activity and motor 

coordination, along with the attenuation of Mn-induced dysregulation of Nrf2, SOD2, catalase, 

TNF-α, COX-2, Bcl-2, and Bax in the striatum of REST cKO mice. Intriguingly, TX increased 

REST protein levels in the striatum of REST cKO mice. These findings suggest that 

dopaminergic REST is not the sole factor for TX-induced upregulation of REST and its 

protective effects against Mn toxicity, since TX increased REST expression in non-dopaminergic 

neural cells. Taken together, TX could offer protection against Mn toxicity, at least in part, by 

REST signaling, providing potential therapeutic strategies for developing brain-specific 

neuroSERMs. 
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Abstract: As the brain ages, it exhibits a proinflammatory state (neuroinflammation) which is 

associated with cognitive decline and the pathology of neurodegenerative diseases such as 

Alzheimer's (AD) and Parkinson's diseases (PD). Neuroinflammation and neuronal death are 

linked to microglia and astrocytes activation. Thus, the transcription regulation of proteins such 

as the nuclear receptor REV-ERBα, a suppressor of proinflammatory gene expression, could 

play a pivotal role in regulating neuroinflammation. In this study, we conducted a comprehensive 

transcriptomic analysis (RNA-seq) of the hippocampus of C57BL/6J rodents at various stages of 

aging. We observed a progressive increase in the expression of genes associated with 

neuroinflammation as the rodents advanced in age. Comparison of the transcriptomic data 

between 6-month-old and 18-month-old rodents highlighted a significant upregulation of key 

proinflammatory genes. For example, lipocalin-2 (Lcn2) and chemotactic cytokine ligand 2 

(Ccl2), both of which are known to be upregulated in active astrocytes, exhibited an exceedingly 

high degree of induction (17.34-fold, p=0.000004 and, 15.34-fold, p=0.001, respectively). 

Additionally, macrophage metalloelastase (Mmp-12), a marker for reactive microglia, also 

showed substantial increase in expression as well (25.18-fold, p=0.002). These findings 

collectively point towards an age-related increase in neuroinflammation. We administered two 

synthetic REV-ERB agonists derived from distinct chemical scaffolds to 18-month-old mice: 

SR9009, a STL1267 analog or vehicle. This treatment aimed to assess the effects of activating 

REV-ERB on the expression of proinflammatory genes that we observed to be substantially 

increased at 18-months of age. Treatment with SR9009 induced a significant downregulation of 

gene expression for Lcn2 (18.09-fold, p=0.00003), Ccl2 (3.14-fold, p=0.15), and Mmp-12 (2.21-

fold, p=0.44). Similarly, the administration of the STL-1267 analog led to a substantial 

downregulation of these genes: Lcn2 (3.75-fold, p=0.05), Ccl2 (5.91-fold, p=0.03), and Mmp-12 

(3.24-fold, p=0.26). These findings suggest that activation of REV-ERB with synthetic small 

molecule agonists significantly suppresses proinflammatory gene expression association with 

age-induced neuroinflammation. Thus, REV-ERB agonists are promising therapeutics for 

limiting the decline in cognitive function due to age-related neuroinflammation and 

neurodegenerative disorders. 
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Abstract: Introduction: We recently showed that lactation promoted the cell division of 

oligodendrocyte precursor cells and myelination. The mechanism underlying this beneficial 

effect is not clear. In the present study, we hypothesized that the neurotransmitter GABA 

contributes to this neuroprotective effect. Methods: After parturition, a group of dams (Sprague 

Dawley rats) was randomly selected, separated from their pups, and served as a non-lactating rat 

group (nLact). Another group of dams was kept with their pups to allow lactation (Lact). On the 

fourth day after parturition, rats were subjected stereotaxically to lysolecithin-induced 

demyelination in their corpora callosa. Each of these two rat groups was randomly split into two 

subgroups that received daily intraperitoneal injections of either saline or the GABAA receptor 

antagonist bicuculline (1mg/Kg) for 7 days. On the 8th day, rat brains were collected and 

subjected to a series of immunostaining and transmission electron microscopy to monitor the 

density and cell division of oligodendrocyte precursor cells, microglia, and the myelination in the 

demyelinated region of the corpus callosum. Results: Lactating rats exhibited reduced signs of 

demyelination manifested by a lower number of unmyelinated axons and decreased g-ratio when 

compared to nLact rats. Blockade of the GABAA receptor by bicuculline altered these 

promyelinating effects of lactation. At the cellular level, lactation enhanced the density and the 

mitosis of NG2+-containing cells (OPC) in the demyelinated area of the corpus callosum. Such 

increases were halted when the GABAA receptor was blocked. On the other hand, bicuculline led 

to a significant increase in the density of the phagocytic subset of microglia (Iba+/CD68+) in 

both nLact and Lact rat groups. Conclusion: These data suggest that the neuroprotective effect 

of lactation in response to a demyelinating lesion operates, at least in part, through the GABAA 

receptor. Furthermore, the GABAA receptor appears to promote the silencing of microglial 

activity in response to a demyelinating injury. This study paves the way for exploring the 

GABAA-mediated effects of breastfeeding in alleviating symptoms of demyelinating diseases 

such as multiple sclerosis. 
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Abstract: Long non-coding RNAs (lncRNAs) have been shown to regulate gene expression at 

multiple levels. Compared with coding RNAs, lncRNAs exhibit greater tissue/cell-type 

specificity. The lncRNAs in the brain often display specific spatial expression patterns and play 

essential roles in brain development and function. The dysregulation of lncRNA expression has 

been implicated in aging and many neurological disorders, including Alzheimer’s disease (AD). 

Here, we acquired spatial transcriptomics (ST) data from 78 postmortem brain sections of 21 

individuals, covering 258,987 microdomains. We detected layer-specific lncRNAs, most 

belonging to antisense and lincRNA biotypes. We also built 11 gene networks (one for each 

cortical layer/subregion), tallying to 273 modules. We found a subset to be lncRNA-enriched and 

observed modules to be preserved across cortical layers, but to a lesser extent for white matter 

and meninges. We then compared AD-differential mRNAs and lncRNAs and observed ~2-fold 

more differentially expressed (DE) mRNAs than lncRNAs. Nonetheless, a greater proportion of 

AD DE lncRNAs is layer-specific. Gene set enrichment analysis indicates that AD DE lncRNAs 

are implicated in gene regulation, synaptic signaling, and apoptosis. Notably, we observed 

minimal overlap between AD DE lncRNAs and A-beta-associated lncRNAs, indicating other 

pathological factors contributing to AD DE lncRNA expression. We further integrated 

expression quantitative trait loci (eQTL) derived from single nucleus RNAseq data to infer the 

genetic circuits and cell types associated with AD DE lncRNAs. For cortical layer and white 

matter AD DE lncRNAs, the corresponding eQTL SNPs are largely associated with microglial 

and oligodendrocyte expression, respectively. Our data represent the first high-throughput 

characterization of lncRNA spatial expression in the context of human brain aging and 

neurodegeneration. This data will be a valuable resource for future studies investigating the roles 

of lncRNAs in the human brain. 
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Abstract: Emerging evidence indicates that histones can be released into the extracellular space 

by damaged cells, and these circulating histones act as damage-associated molecular patterns 

(DAMPs) that augment inflammatory responses. We previously reported that Fyn activates the 

pathological α-synuclein (α-syn)-induced NLRP3 inflammasome, a multiprotein complex that 

activates caspase-1 and promotes maturation and secretion of the proinflammatory cytokines IL-

1β and IL-18 in microglia. Herein, we report a novel pathological interaction between circulating 

extracellular vesicles (EV)s containing histones and α-syn in amplifying the neuroinflammatory 

response in environmentally linked Parkinson’s disease (PD). Specifically, we found that 

exposing dopaminergic neuronal cells to environmental neurotoxicants such as metals and 

pesticides increases histone 3 (H3) levels released in small EVs. Notably, the EVs isolated from 

the serum of PD patients and farmers exposed to pesticides, as well as in the MitoPark PD 

model, showed elevated H3 levels. Interestingly, the serum EVs from PD patients demonstrate 

increased H3 posttranslational modifications (H3 acetyl and phospho). We then investigated 

whether H3 plays a role in mediating neuroinflammation by activating the NLRP3 

inflammasome via the Fyn kinase pathway. Recombinant (r)H3-treated primary mouse microglia 

promoted the generation of reactive oxygen and nitrogen species (ROS and RNS), the release of 

proinflammatory cytokines, and the activation of the NLRP3 inflammasome. Interestingly, rH3 

treatment exacerbated α-syn-mediated NLRP3 activation, cytokine release, and RNS generation 

in mouse primary microglia compared to α-syn treatment alone. The Fyn inhibitor saracatinib, or 

Fyn knockdown, dampened H3-mediated NLRP3 inflammasome activation, suggesting the 

involvement of Fyn kinase in this process. Interestingly, we found rH3 interacted with 



monomeric α-syn, augmenting its aggregation, suggesting that H3 can serve as a possible co-

factor regulating the pathogenic α-syn protein misfolding process. Collectively, these results 

demonstrate that H3 in EVs may serve as a key pro-inflammatory amplifier of α-syn protein 

aggregation and neuroinflammation through the activation of NLRP3 inflammasome signaling 

via Fyn kinase signaling. 
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Abstract: Neuroimmune interactions play a significant role in regulating synaptic plasticity in 

both the healthy and diseased brain. The complement pathway, an extracellular proteolytic 

cascade, exemplifies these interactions. Its activation triggers microglia-dependent synaptic 

elimination via the complement receptor 3 (CR3). Current models of pathological complement 

activity in the brain propose that accelerated synaptic loss resulting from overexpression of C4 

(C4-OE), a gene associated with schizophrenia, follows this pathway. Here, we report that C4-

mediated cortical hypoconnectivity is CR3-independent. Instead, C4-OE triggers impaired 

GluR1 trafficking through an intracellular mechanism involving the endosomal protein SNX27, 

resulting in pathological synaptic loss. Moreover, C4 circuit alterations in the prefrontal cortex, a 

brain region associated with neuropsychiatric disorders, were rescued by increasing neuronal 

levels of SNX27, which we identify as an interacting partner of this neuroimmune protein. C4-

OE led to reduction in dendritic spine sizes, along with aberrant GluR1 trafficking at the 

synapse, with reduced association of GluR1 with recycling endosomes. Our results link 

excessive complement activity to an intracellular endo-lysosomal trafficking pathway altering 

synaptic plasticity. 
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Abstract: The aging population is at significant risk for cognitive decline, which adversely 

affects activities of daily living and overall quality of life. This decline is mediated in part via 

age-related changes in excitatory/inhibitory (E/I) signaling in the brain, as well as increases in 

inflammation, both of which disrupt cognitive function. Electrical vagus nerve stimulation 

(VNS), an FDA-approved treatment for epilepsy, shows promise in enhancing neuroplasticity 

and reducing inflammation, suggesting that it may counteract age-related cognitive deficits. The 

broad goal of this research program is to address several potential beneficial effects of VNS in 

aging: first, to investigate whether VNS can remediate age-related impairments in cognitive tasks 

mediated by the hippocampus and prefrontal cortex (PFC); second, to determine if VNS can 

attenuate age-associated E/I dysregulation and impaired synaptic function in the hippocampus 

and PFC; and third, to determine how VNS affects peripheral and brain markers of inflammation 

in aged rats. Aged male and female FBN rats (24 mo.) were surgically implanted with a cuff 

electrode around the left vagus nerve and received daily 1-hour sessions of VNS using 

parameters previously demonstrated to enhance cortical plasticity and various forms of learning 

(100 stimulus trains/session at 30Hz, 700 µA, 120 µs biphasic pulse width, 0.8 s train duration), 

or a sham control procedure, for at least 30 sessions, during which experiments were conducted 

to gather data for the study’s objectives. Preliminary data indicate that this VNS regimen 

significantly improves working memory performance in aged rats, and significantly alters the 

profile of cytokine expression in aging. These findings, along with published data across species, 

suggest that VNS may serve as a promising intervention to mitigate cognitive decline and 

improve overall brain health in the aging population. 
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Abstract: The HEXB gene encodes the β-subunit of β-hexosaminidase (β-hex), a lysosomal 

enzyme that is involved in the hydrolysis of terminal N-acetyl-D-hexosamine residues in  

glycolipid ganglioside GM2 and other molecules. The reduction of this enzyme results in an 

accumulation of gangliosides and glycolipids in the central nervous system and peripheral 

organs, leading to subsequent neuronal cell death and neurodegeneration. Sandhoff’s disease is a 

lysosomal storage disease caused by mutations in HEXB. AAV-mediated gene therapy has 

shown promise but its biodistribution has been questioned based on residual enzyme activity in 

juvenile patients who do not tolerate gene therapy well and exhibit symptom aggravation that 

could be due to altered circuitry. Understanding the distribution of β -hex in wild type mouse 

brain will shed light on how to optimize gene delivery. The HEXB-/- murine model manifests a 

phenotype similar to juvenile Sandhoff Disease patients and exhibits motor deficits with a 

shortened lifespan. In the mouse central nervous system, HEXB expression is enriched in 

microglia, but the protein localization and its distribution have not been fully characterized. 

Using immunofluorescence, we found extensive β-hex protein expression across mouse brain 

with high abundance in the hippocampus, cortex, and thalamus. Co-staining with the microglial 

marker IBA1 revealed significant expression of β-hex in microglia, which aligns with the HEXB 

gene expression pattern. Surprisingly, co-staining with the neuronal marker NeuN also revealed 

neuronal expression of β-hex, particularly in the cortex and hippocampus, despite lower neuronal 

HEXB mRNA expression. To account for these observations, we propose that neuronal uptake of 

secreted β-Hex of microglial origin accounts for the increased neuronal β-hex levels. Co-culture 

experiments are currently underway to test this hypothesis. The proposed cross talk between 

microglia and neurons can help inform routes of gene-based therapeutic approaches in 

Sandhoff’s disease. Separately, additional experiments in HEXB+/- mice will further 

complement our understanding of adaptive plasticity in the developing mouse brain and point to 

directions in optimizing gene delivery for this devastating neurogenetic disease. 
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Abstract: In 1991, the United States and allies sent nearly 1,000,000 troops to the Middle East 

to counter actions by Saddam Hussein against Kuwait. Between 25 and 35% of combatants 

became ill with a multisymptomatic malaise, Gulf War illness or GWI, that included 

gastrointestinal and neurological symptoms. The neurological signs included general lethargy, 

memory problems, headaches and insomnia. Collectively, they may be termed “sickness 

behavior.” The cause of GWI is likely exposure to organophosphate (OP) chemicals including 

sarin and chlorpyrifos. O’Callaghan and Miller proposed that the sickness behavior was a result 

of neuroinflammation caused by exposure to the OPs and high circulating cortisol as might be 

expected during the stress of combat. Thus, they developed an animal model of the exposure 

experienced by the combatants. This included exposure to corticosterone (the major 

glucocorticoid in rodents) followed by exposure to diisopropyl- fluorophosphate (DFP), a sarin 

surrogate. This protocol produces neuroinflammation in rodents and research into the genetics of 

differential susceptibility has revealed candidate genes underlying acute susceptibility. The 

major problem about GWI is its chronicity. Many of the GWI veterans are still ill, having 

suffered for 30+ years. The major issue is to understand the mechanisms of chronicity to identify 

therapeutic strategies. Chronic GWI likely has epigenetic underpinnings, so our approach was to 

identify methylation of candidate genes and individual differences. Our experimental approach 

was to add corticosterone for 7 days to the drinking water of male and female mice from 11 BXD 

inbred strains. On the 8th day, we administered DFP to mimic the exposure to OPs of Gulf War 

troops. Forty-two weeks after DFP treatment, we euthanized the mice and harvested the medial 

prefrontal cortex. The tissues were then examined for genome-wide methylation of individual 

genes by MBD-seq. In an earlier study, involving the same protocol but with male and female 

mice from just the two parental strains of the BXD family, C57BL/6J and DBA/2J, using MBD-

seq, we identified 4 genes that differed between the strains in response to corticosterone+DFP. 

The methylated genes were Ttll7, Akr1c14, Slc44a4, and Rusc2, all related to various GWI 

symptoms. The 11-strain study revealed another, Eif2b5, which is regulated by Mapkapk2, a 

major player in inflammation. Our work demonstrates multiple genes whose expression in the 

long term is altered by exposure to OPs and glucocorticoids. These genes point to biochemical 



mechanisms that may be targets for therapeutic intervention. Supported by grants DOD 

GWI160086 and USPHS R01ES031656 
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Abstract: Chronic pain is a major symptom in patients with osteoarthritis (OA), which limits 

daily activity and reduces quality of life. The SP-neurokinin 1 (NK1) signal is known to be 

involved in neurogenic inflammation, an inflammatory reaction triggered by the nervous system 

driven by active interaction between the immune system and nociceptor neurons, which 

substantially influences the chronicity and severity of OA pain. Neuroimmune interactions 

related to the SP-NK1 signal have been highlighted for their importance in pain processing and 

the chronicity of OA pain. However, the exact pathological role and related mechanisms remain 

unclear. In the present study, we aimed to investigate the role of the SP-NK1 signal in the 

development of chronic OA pain in a preclinical animal model with MIA-induced OA.We 

examined whether intra-articular inhibition of the SP-NK1 signal during the acute phase of MIA-

induced OA, using GR82334 (GR), an NK1 receptor antagonist, can decrease inflammatory pain 

behaviors and delay the development of secondary hyperalgesia by modulating neuroimmune 

interactions in the knee joint, dorsal root ganglia (DRG), and spinal dorsal horns (SDHs). Intra-

articular injection of 1 and 10 μM GR in pre-GR or post-GR groups showed a significant 

reduction in the knee joint diameter ratio and knee bending score. Additionally, The pre- and 



post-groups of GR prevented the decrease in PWT on day 14 compared to the MIA group. The 

pre- and post-GR groups showed that pro-inflammatory cytokines (CCL2, TNF-α, IL-1β, and IL-

6), pain-related peptides (CGRP and SP), and the activation of M1 macrophages were 

significantly reduced at 14 day post-MIA in the knee joint and DRGs. Furthermore, the 

expression of CGRP and SP and the activation of M1 microglia in the SDHs (L3-5) were 

significantly decreased in these groups.The present data showed the intra-articular inhibition of 

the SP-NK1 signal using an NK1 receptor antagonist in the acute phase of MIA-induced OA 

attenuated the primary hyperalgesia and delayed the development of secondary hyperalgesia. Of 

note, these effects were shown through suppressing neurogenic inflammation in the afferent 

nerve terminal of the knee joint and inhibiting neuroimmune interaction in DRGs and SDHs. Our 

findings demonstrated that the SP-NK1 signal involves the development of OA-induced chronic 

pain via the neuroimmune interaction-mediated pain processing pathway, confirming the 

potential of NK1 receptor antagonists as a therapeutic approach for chronic OA pain. 
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Abstract: Hydrocephalus is a life-threatening condition denoted by excessive cerebrospinal fluid 

(CSF) accumulation in the ventricles. One common cause of pediatric hydrocephalus is 

inflammation in the brain. Most CSF is produced by a unique secretory tissue called the choroid 

plexus (ChP). The ChP also forms a critical barrier between the brain and the periphery. It has 

been shown that this tissue can be activated during brain inflammation, where it interacts with 



immune cells. However, how this process occurs is not well understood. Although several 

experimental hydrocephalus models exist, there is currently no inflammatory hydrocephalus 

model in developing mice. Here, we defined an inflammatory model of hydrocephalus in 

embryonic and postnatal mice to address this gap. Previously, it was shown in an adult model of 

inflammatory meningitis/hydrocephalus using a 2.5μg dose of lipopolysaccharide (LPS) 

intracerebroventricular that neutrophils (24hr) then monocytes (72hr) infiltrate the brain at the 

ChP. Our study aims to investigate this process in our developmental model of inflammatory 

hydrocephalus. We confirmed that, similarly to the adults, using a weight-adjusted dose of LPS 

(0.06μg) in embryos (E14/E15), there was an early increase in infiltrating inflammatory 

neutrophils and/or undifferentiated monocytes (CD45+/S100A9+/Iba1-). At 72 hours, there was 

an increase in resident macrophages likely differentiated from monocytes 

(CD45+/Iba1+/S100A9+). However, in postnatal mice (P7), a weight-adjusted dose of LPS (0.5-

1μg) there was no increase in CD45+ cells. The results of this study will help pave the way for 

eventual therapies to target the ChP to control brain inflammation and associated hydrocephalus. 

Disclosures: O.Y. De Pablo-Crespo: None. C. Hehnly: None. M.K. Lehtinen: None. 

Late-Breaking Poster 

LBA003: Theme C Late-Breaking Posters 

Location: MCP Hall A 

Time: Sunday, October 6, 2024, 1:00 PM - 5:00 PM 

Program #/Poster #: LBA003.127/LBA122 

Topic: C.07. Neurotoxicity, Inflammation, and Neuroprotection 

Support: NIH 1R56NS138437-01 

Title: Persistent long-term cognitive impairment, blood-brain barrier permeability and 

neuroinflammation are associated with reduced cerebrovascular Wnt/β-catenin signaling after 

severe SARS-CoV-2 infection in mice. 

Authors: *R. MARTINS-GONCALVES1, A. ALMOUSAWI1, A. SENAPATI1, A. FOGEL1, 

M. ORTIZ2, S. E. LUTZ3;  
1Anat. and Cell Biol., Univ. of Illinois in Chicago, Chicago, IL; 2Anat. and Cell Biol., Univ. of 

Illinois Chicago, Chicago, IL; 3Anat. and Cell Biol., Univ. of Illinois Chicago Col. of Med., 

Chicago, IL 

Abstract: Survivors of both mild and severe SARS-Cov-2 infection can present a variety of 

persisting symptoms, including fatigue and brain-fog, symptoms that are associated with 

increased permeability of the blood-brain barrier (BBB). We have previously reported that 

during acute SARS-CoV-2 infection, BBB permeability and neuroinflammation are associated 

with suppressed cerebrovascular Wnt/β-catenin signaling, and that delivery of cerebrovascular-

targeted Wnt ligands prevents acute BBB permeability, neuroinflammation, and cognitive 



impairment. In the current study, we investigate long-term BBB permeability and Wnt/β-catenin 

pathway activation after severe SARS-Cov-2 respiratory infection in mice. 3-month-old 

C57BL/6 (50% male) were intranasally infected with 3x103 FFU of the mouse adapted rSARS2-

N501YMA30. Survivors were submitted to open field and Novel Object Recognition (NOR) 

behavioral assessment and euthanized at 30 or 60 days post inoculation (dpi). Brain samples 

were collected for immunostaining and flow cytometry of isolated/dissociated microvasculature. 

The infection induced weight loss and 65% mortality. Infected mice displayed reduced distance 

traveled and increased immobility in open field test, and short-term memory impairment in NOR 

test, lasting up to 60dpi. Surviving mice also displayed increased BBB permeability up to 60dpi, 

evidenced by increased infiltration of CD3+/CD4+ lymphocytes and fibrinogen in the 

hippocampus. Additionally, elevated expression of CD69 in infiltrating lymphocytes at 30dpi, 

and increased Iba1+/CD68+ in hippocampus at both 30 and 60dpi, are evidence for increased 

lymphocyte and microglial activation in the CNS. This data points to persistence of BBB 

permeability, neuroinflammation, and cognitive impairment in this mouse model of neurological 

post-acute sequalae of COVID-19 (neuroPASC, also known as “long COVID”). Mechanistically, 

we found reduced expression of the Wnt/β-catenin pathway protein WISP1 in the hippocampus 

up to 60dpi. One way Wnt/β-catenin signaling can protect the BBB is by suppressing Caveolin-

1, a protein that contributes to BBB transcytosis. We found increased expression of Caveolin-1 

in CD31+ endothelial cells from the brain microvasculature at 30dpi, pointing to reduced Wnt 

signaling in the CNS as a possible cause of BBB permeability and neuroinflammation in a mouse 

model of neuroPASC. 
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Abstract: Neuroinflammation has been implicated in various neurological disorders. Propofol, a 

widely used intravenous anesthetic, has demonstrated robust neuroprotective properties in 

addition to its sedative effects. We aimed to establish the therapeutic index of propofol in a 



lipopolysaccharide (LPS)-induced neuroinflammatory mouse model. We first determined the 

minimum dose of propofol that does not induce sedation by administering various intraperitoneal 

doses and assessing locomotor activity and sedation scores. Subsequently, we evaluated the 

lowest dose of significantly reducing cytokine levels in plasma and brain tissue in LPS-treated 

mice using a multiplexed protein detection array. Our results indicate that propofol doses of 30, 

10, and 5 mg/kg produced significant sedation, while 3 mg/kg and lower doses did not. In the 

LPS-induced inflammation model, propofol doses of 1 and 3 mg/kg significantly reduced levels 

of several inflammatory markers in plasma including TNF-a, CD30L, Eotaxin, INFg, FasL, IL-2, 

IL-3, IL-5, IL13, MIP-1g, TIMP-1, TNF RII and TNF RI, MCP-5, RANTES, ICAM-1, MIP-1g 

levels in frontal cortex. No significant reductions were observed at 0.3 mg/kg, suggesting a 

therapeutic index of 3-fold for propofol's anti-inflammatory effects. Given the central role of 

macrophages and microglia in neuroinflammation, future research will focus on developing cell-

specific targeting and extended-release systems to enhance propofol's therapeutic index, 

potentially allowing for the exploitation of its anti-inflammatory properties without inducing 

sedation. 
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Abstract: Parkinson's Disease (PD) is a neurodegenerative disorder characterized by 

dopaminergic neuron loss and the presence of pathologically misfolded alpha-synuclein (αSyn) 

aggregates. As proposed by Braak’s staging hypothesis, PD originates in the gut, spreading to the 

brain via the vagus nerve. Our lab studies the Paraquat and Lectin (P+L) rat model, which 

mimics key aspects of PD using oral subthreshold doses of Paraquat (herbicide) and Lectin (a 

carbohydrate-binding protein found in the human diet). This model induces Parkinsonism, which 



can be prevented by performing a bilateral vagotomy, and affected animals can be treated 

effectively with Levodopa. Pathological examination of the brain shows dopaminergic loss in the 

Substantia Nigra (SN), accompanied by accumulation of misfolded S129-Phospho-αSyn. 

However, little is known about inflammation within the P+L rat model and the overall role of 

inflammation in PD pathology. Therefore, we tested for the presence of microglial and astroglial 

inflammatory markers in this model. This study utilizes archived 60-micron coronal brain 

sections from previous experiments where rats were treated with P+L in 1% sucrose, inducing 

PD-like symptoms. The brain sections were immunohistologically examined for GFAP positive 

astrocytes, and OX-42 positive, OX6 positive, and OX18 positive microglia. Neurodegeneration 

in the SN is accompanied by significantly increased presence of inflammatory markers such as 

GFAP positive astrocytes and activated microglia when compared to control subjects. Our 

findings support the notion that ascending pathology in the P+L model is accompanied by an 

increased inflammatory response. Further studies are required to understand the inflammatory 

response in time to understand the pathophysiological understanding of our findings. The 

identification of inflammation suggests treatment modalities mitigating inflammation may be of 

value to treat the ascending pathology of Parkinson’s disease as reported by Braak. 
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Abstract: The NLRP3 inflammasome is a critical inflammatory signaling platform in microglia, 

the tissue-resident macrophage of the brain. The NLRP3 inflammasome can be activated by 

sterile, non-pathogenic triggering stimuli such as ATP, amyloid-β (Aβ) or α-synuclein following 

specific receptor priming (e.g., LPS, TNFα). When NLRP3 activity is initiated, the cell 

assembles an inflammasome complex comprised of apoptosis-associated speck-like protein 

containing a CARD (ASC) and mature caspase-1. This promotes the release of mature 

interleukin-1β (IL-1β), IL-18, and the ASC speck. Hyperactivation of the NLRP3 inflammasome 



in microglia promotes widespread neuroinflammation and Aβ aggregation in patients with 

Alzheimer’s disease (AD). The NLRP3 inflammasome lies downstream of the phospholipase C 

gamma 2 (PLCG2) signaling pathway. PLCG2 is a membrane protein specifically expressed by 

microglia and other myeloid cell types. GWAS studies reveal that the P522R variant of the 

PLCG2 gene is associated with a reduced risk for AD. PLCG2-P522R expresses a protein with 

mildly enhanced enzymatic activity, but the precise mechanism(s) by which protection from AD 

pathology is achieved remains unclear. This study assessed the role of PLCG2-P522R in 

modulating the NLRP3 inflammasome as a potential mechanism by which the P522R variant 

protects against AD. Cortical microglia were cultured from age-controlled WT and P522R+/+ P4 

neonatal mice. A canonical inflammasome activation paradigm was employed. WT and P522R+/+ 

microglia were exposed to LPS (100 ng/μL) for 3 hours before being triggered with ATP (5 mM) 

for 1 hour. Untreated and LPS-only controls were also included. ASC Speck aggregates 

subsequently released into culture media were collected and stained with an AlexaFluor 647-

conjugated primary antibody. Labeled specks were quantified with flow cytometry as a readout 

for inflammasome activation. Additionally, this study assessed whether the P522R variant 

influences NLRP3 inflammasome activation in response to Aβ. WT and P522R+/+ microglia 

were primed with LPS and triggered with Aβ (5μM) for 6.5 hours. The same ASC speck 

quantification protocol was used. In response to triggering from both ATP (n=3) and Aβ (n=4), 

LPS-primed microglia with the P522R variant released less ASC Speck compared to LPS-primed 

WT microglia. There was no statistical difference in ASC Speck release in the untreated or LPS-

only conditions. These findings could support the development of NLRP3-targeted therapeutics 

for AD that mimic the neuroprotective effects of P522R variant in PLCG2. 
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Abstract: The effect of chronic immune cell activation on cognitive impairment among aging 

HIV+ individuals is of great clinical significance. Among the many mechanisms that might 

explain the interactive effects of age and HIV on the central nervous system (CNS), blood brain 

barrier (BBB) compromised permeability induced by viral proteins stands out. Interestingly, a 

phenomenon known as clonal hematopoiesis of indeterminate potential (CHIP) may also have 

implications in this aging population. Chronic inflammation has been implicated in the 

development of CHIP, causing a wide range of mutations believed to be involved in this process. 

As people leaving with HIV (PLWH) experience chronic inflammation, a role for CHIP in 

mediating HIV pathogenesis is hypothesized. We explore if PLWH (n=52) harbor an increased 

number of CHIP-monocytes compared to controls (n=75) and if this subset from ART-treated 

PLWH presents a phenotype that could contribute to HIV-associated neurocognitive disorders 

(HANDs). To this aim whole blood was collected from PLWH and control individuals and 

PBMCs isolation was performed for flow cytometric analysis of surface and intracellular marker 

expression. Then, FACS isolation of monocyte subsets was followed with further analysis by 

RT-qPCR, cytokine profiling, transcription factor promoter-binding and functional migration 

assays. Our studies reveal that the ART-treated PLWH harbor higher numbers of inflammatory 

monocytes (CD14lowCD16hi) and exhibit characteristics of CHIP, such as loss of DNMT3A and 

TET2 and increased JAK2. We further demonstrate that this monocyte subset (1) overexpresses 

cell adhesion molecules such as PSGL-1, (2) presents an altered transcriptional network 

regulating PSGL1 expression, (3) a higher release of inflammatory cytokines and (4) infiltrates 

human brain organoids at a higher rate. The results obtained in these studies strongly support the 

notion that HIV chronic infection mediates regulation of CHIP in monocytes and might play a 

role in HANDs, contributing to our understanding of CNS pathogenesis and revealing that CHIP-

monocytes might be capable of infiltrating the CNS at higher rates than non-CHIP-monocytes 

thus establishing inflammation. Our findings are expected to further reveal the 

pathophysiological mechanisms of HANDs. 
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Title: Cocaine regulates antiretroviral therapy CNS access through pregnane-x receptor-

mediated drug transporter and metabolizing enzyme modulation at the blood brain barrier 
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Abstract: Human Immunodeficiency Virus (HIV) infects the brain within the first weeks of 

exposure. Appropriate interactions between antiretroviral therapies (ART), drug transporters, and 

metabolizing enzymes at the blood brain barrier (BBB) are crucial to ensure adequate dosing of 

the brain to achieve HIV suppression. However, complete ART penetration at the BBB remains a 

challenge. As a result, the brain becomes a viral reservoir, which contributes to BBB disruption, 

chronic neuroinflammation, and adverse neurological outcomes in people with HIV. 

Furthermore, illicit substances, such as cocaine, are highly used among people with HIV and 

share drug transport and metabolic pathways with ART. We hypothesized that cocaine increases 

adverse drug:drug interactions and substance-mediated damage at the BBB during ART 

treatment. We used our in vitro model of the human BBB to assess the extravasation of three 

ART drugs, emtricitabine (FTC), tenofovir (TFV), and dolutegravir (DTG), in the presence or 

absence of cocaine. BBB integrity, permeability, drug transporters, metabolizing enzymes, and 

their regulating transcription factors, such as the pregnane-x receptor (PXR) and constitutive 

androstane receptor (CAR), were evaluated to determine the mechanisms by which cocaine 

impacts ART availability. We discovered that cocaine selectively increased extravasation of FTC 

across the BBB while decreasing that of TFV. Surprisingly, cocaine did not breach the BBB, but 

instead selectively decreased PXR and transporter expression and activity in endothelial cells of 

the BBB. Additionally, increased cytochrome P450 3A4 (CYP3A4) enzymatic activity coincided 

with decreased expression following cocaine exposure. Our findings suggest that cocaine use in 

people with HIV may limit ART efficacy in the brain by dysregulating drug-transport and 

metabolism at the BBB. Additionally, we introduce awareness of the clinical ramifications of 

comorbid substance use in HIV cure strategies, specifically for viral eradication in the brain. 
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Abstract: Background. COVID-19 induces acute and persistent neurological symptoms. Links 

between COVID-19 neurological disease and Alzheimer’s disease (AD) have been hypothesized 

because neuroinflammation plays a significant role in both diseases. In AD, neuropathological 

changes develop years before symptoms, and it is unknown if COVID-19 patients with 

neurological disturbance present AD-related molecular alterations. A better understanding of 

possible molecular links between COVID-19-induced neurological disease and AD would lead 

to improved patient follow-up and prevention of possible late-onset disease. Here, we aim to 

compare early AD biomarkers in controls, COVID-19 patients with neurological symptoms, 

amnestic mild cognitive impairment (aMCI), and AD patients. We also aim to correlate AD-

related biomarkers with systemic and neuro-inflammation markers in COVID-19 patients. 

Methods. We analyzed cerebrospinal (CSF) biomarkers of neuroinflammation (interleukin-6 

(IL6), amyloid-beta proteinopathy (Aβ42/40), phosphorylated Tau (pTau181), and the 

neurodegeneration biomarker total Tau in Brazilian controls (n=30), COVID-19 patients with 

neurological symptoms (n=31), aMCI (n=20), and AD patients (n=21). Comparisons were 

corrected by possible sex and age confounding effects. The CONEP/Brazilian Ministry of Health 

and the IDOR Committee for Research Ethics approved the study protocol and all amendments, 

#29496920.8.0000.5262; #41576620.7.0000.5249. 

Results. We found that severe COVID-19 patients presented elevated CSF Tau compared to 

controls, comparable to AD patients. However, we did not find changes in CSF Aβ42/40, pTau-

181/Aβ42, or Tau/Aβ42 ratios in COVID-19 patients compared to controls. Compared to mild 

diseased patients, severe COVID-19 patients presented lower CSF Aβ42 and higher Tau, 

Tau/Aβ42, and pTau181/Aβ42. In COVID-19 patients, increased CSF pro-inflammatory 

cytokine IL6 and early AD biomarkers correlated with systemic inflammatory index (SII). 

Interpretation. Our findings reveal possible ongoing neurodegeneration in COVID-19 

neurological disease but no specific biomarker alterations related to AD pathology. CNS AD-

related biomarker levels in COVID-19 patients changed in association with disease severity and 



systemic inflammation. Considering that inflammation may persist post-COVID, our findings 

urge assessing possible AD-related biomarker changes in COVID-19 survivors with lingering 

symptoms. 
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Abstract: HIV currently infects over 38 million people worldwide. Despite the high efficacy of 

antiretroviral therapies, HIV persists via transcriptionally silent latent infection and long-lived 

viral reservoirs in tissue sites such as the central nervous system (CNS). Viral persistence in the 

CNS leads to sustained neuroinflammation, which in turn may play a role in the development of 

a spectrum of deficits in memory, learning, and/or motor functions referred to as HIV-associated 

neurocognitive disorders (HAND), observed in 40% - 50% of people living with HIV (PLWH). 

Microglia, the resident macrophages of the CNS, are a key population of HIV-susceptible cells in 

this niche. Astrocytes are also impacted by HIV infection through abortive integration of the 

viral genome, PRR sensing of viral components, and through indirect activation by neighboring 

infected cells. Because microglia are challenging to model in vitro, the dynamics of HIV 

replication in microglia as well as the immune response of microglia and neighboring astrocytes 

to HIV infection remain poorly understood. Using human induced pluripotent stem cell-derived 

microglia (iMg) and astrocytes (iAst) we show that HIV readily replicates in iMg but not iAst. 

During HIV infection, microglia fail to activate canonical intracellular anti-viral pathways or 

secrete pro-inflammatory cytokines, likely due to the capacity of HIV to evade detection by 

innate immune sensors. Surprisingly, we have shown that coculture of iAst with iMg leads to 

robust increases in HIV replication, suggesting that iAst act to facilitate HIV replication in iMg. 

iAst exposed to infected iMg produce the pro-inflammatory cytokines TNFα and IL-6. These 



cytokines are known to activate NF-κB dependent transcriptional regulation, which in turn can 

induce transcription of the integrated HIV genome. Indeed, pharmacological inhibition of NF-κB 

signaling robustly reduces HIV replication in iMg-iAst cocultures. Overall, our data suggest that 

astrocyte-driven neuroinflammation can promote NF-κB signaling and replication of HIV in 

microglia. Given the associations of IL-6 and TNFα with increased neurocognitive injury in 

PLWH, this signaling axis may be a viable target of adjunctive immunotherapies for individuals 

susceptible to HAND. 
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Abstract: Methamphetamine (METH) exacerbates HIV-induced deficits in adult neurogenesis, 

yet the underlying mechanisms remain poorly understood. In the subventricular zone (SVZ), 

numerous neuroblasts migrate to the olfactory bulb (OB) along the rostral migratory stream 

(RMS) within a tightly regulated neurovascular microenvironment. This study investigates the 

mechanisms by which METH and HIV alter this microenvironment and affect neuroblast 

migration in the SVZ. C57BL/6j mice were exposed to chronic METH and/or infected with a 

chimeric HIV-NDK (EcoHIV). Neural progenitor cells (NPCs) were isolated from the SVZ, 

followed by mRNA and miRNA sequencing analyzed via DESeq2 for differential expression. 

We identified 204 functional pathways related to differentially expressed genes, with 152 

pathways uniquely affected by METH and HIV treatment. Additionally, 22 genes related to cell 

migration and motility were differentially expressed. We also identified 13 miRNAs with 

significantly altered expression post-METH and HIV treatment (false discovery rates (FDR) 

<0.1). Among these, miR-322-5p (the human equivalent of miR-424) was significantly elevated, 



and miR-21a-5p was significantly reduced in the METH and HIV co-treated group. Reducing 

miR-21a-5p or miR-424-5p expression in ReNcells, human progenitor cells, significantly 

impaired their CXCL12/SDF-1 induced transmigration, similar to observations in METH and 

HIV co-exposed ReNcells in vitro. However, inhibiting these miRNAs did not affect ReNcell 

proliferation or differentiation. These findings suggest that miR-21a-5p and miR-424-5p are 

crucial for NPC migration in adult neurogenesis, which is disrupted by METH exposure and HIV 

infection. 
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Abstract: Novel Insights into molecular pathways of SARS-CoV-2 mediated neuronal 

damage -implication in Long COVID cases 

Archana Mehta, Rituparna Chaudhuri, Ajay Pal, Himali Arora, Imam Faizan, 

Dharmender Gupta, Sudhanshu Vrati, Tanveer Ahmed and Pankaj Seth 

Neurological manifestations associated with the SARS-CoV-2 virus in COVID-19 survivors are 

a major concern worldwide. An understanding of detailed molecular mechanism of virus-

mediated neuronal damage are warranted for designing potential therapies. In current study, we 

screened the structural and non-structural SARS-COV2 viral proteins for cell death, and found 

that Orf6 protein, an accessory protein of the virus known for inhibiting nuclear export and 

blocking host cell’s interferon response, causes maximum neuronal death of primary human 

neurons. Upon further investigations, we found that in Orf6 expressing neurons, necroptotic cell 

death pathway was activated among other coronavirus-mediated cell death pathways (apoptosis, 

pyroptosis and autophagy). To validate this, we infected primary cultures of human neurons with 

the whole virus and determined cell death mechanisms. Further we used histological staining 

techniques for checking the expression of necroptotic cell death markers in the post mortem 

brain sections of COVID-19 patients. In addition to this, our studies revealed that the 

overexpression of Orf6 leads to mitochondrial perturbation and dysfunction in neurons via 



interaction with the host MTCH1 (Mitochondrial Carrier Homolog1) and opening of MPTP 

(Mitochondrial Permeability Transition Pore Complex). We further attempted to rescue the 

neuronal death and mitochondrial dysfunction by using specific inhibitors of necroptotic 

pathway markers and shRNA-mediated knockdown of host MTCH1 levels and have some 

interesting findings. In nutshell our findings reveal novel molecular mechanisms for neuronal 

death in COVID-19 patients, which may help us in better management of neurological 

manifestations.  
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Abstract: Global cerebral ischemia is a severe form of stroke often caused by cardiac arrest 

leading to cognitive deficits or death. While emergency treatments of cardiac arrest focus on 

restoring cardiac function and blood flow, an effective treatment for neurodegeneration and 

cognitive deficits remains an unmet medical need. TREM1 is a membrane immune receptor 

expressed on the surface of myeloid-derived cells where it magnifies the innate proinflammatory 

immune response. Our recent studies showed that global ischemia activates TREM1 and 

neuroinflammation in the hippocampal CA1 in rats. Additionally, TREM1 inhibition by the 

known peptide LR12 demonstrated neuroprotection against ischemic insult. Therefore, we 

hypothesized that TREM1 inhibition could be a new therapeutic strategy. Current inhibitors, 

however, have limitations as potential drug candidates due to their poor cell permeation, short 

half-life and mutagen toxicity. To address these issues and develop small molecule TREM1 

inhibitors, we first identified an N4-(amino-substituted)-N-substituted-benzenesulfonamide 

pharmacophore (GJ079) in molecular docking of 80K molecules to the hTREM1 (PDB: 1SMO) 



crystal structure. Surface plasmon resonance (SPR) analysis confirmed GJ079’s affinity to 

TREM1 with a Kd of 14.3 μM. Next, we examined the effect of GJ079 on global ischemia-

induced neuronal death in rats. Administration of GJ079 attenuated neuroinflammation and 

neuronal death, indicating its neuroprotective effect and therapeutic potential. Therefore, we 

further optimized a series of chemical reactions utilizing microwave and multistep intermediate 

syntheses protocol to improve GJ079’s solubility and affinity. A total of 39 GJ079 analogs were 

synthesized in four series: Series 1 (14 molecules) required an additional aromatic-acetamido 

substitution on a thiazolyl group containing nitrogen of 4-amino-N-(thiazol-2-

yl)benzenesulfonamide, whereas series 2 (21 molecules) involved an aromatic-acetamido 

substitution on the N4- aromatic amino group. Series 3 (3 molecules) featured ortho, meta, and 

para fluoro substitution on the end phenyl ring of GJ079, whereas Series 4 (1 compound) 

involved the replacement of the 2-thiazolyl ring with another hetero aromatic ring in the GJ079 

molecule. At least one analog, the para-fluoro alteration on the phenyl ring in GJ079 showed 

increased TREM1 affinity (Kd=4.8 nM) and solubility. We anticipate additional potent TREM1 

inhibitor analogs with improved pharmacokinetic profiles. We will use cell based TREM1 

activity assays to confirm the TREM1 inhibitory efficacy of these analogs. Lead molecules will 

be tested in a global ischemia in vivo animal model. 
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focal ischemia 
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Abstract: Introduction: Ischemic stroke is a destructive neurological disease that contributes to 

long-term disability in millions of stroke survivors. While stroke is typically thought of as a 

disease of the elderly, it can occur at any age in life. Although the young brain is thought to be 



more resilient, stroke in the pediatric population can be devastating due to delays in diagnosis or 

misdiagnosis, resulting in death or disabilities that can stretch across a lifespan. Still, it is well-

documented that the young brain has an extraordinary degree of plasticity that promotes 

improved post-ischemic functional recovery compared to adults. Using a pediatric model of 

stroke in juvenile mice, we found a remarkable neural regenerative response in juvenile mice 

compared to adult at 30d, which was coupled with improved post-ischemic functional recovery 

(motor function and EEG). Brain-derived neurotropic factor (BDNF) has the capacity to repair 

damaged neurons and restore functioning to the injured brain. Mature BDNF binds to and 

activates its specific receptor TrkB, and the phosphorylation of this receptor activates 

downstream neural signaling pathways, including the RAS-MAPK pathway. This pathway is 

known to improve neuronal proliferation, differentiation, and survival after stroke. As optimized 

therapies for pediatric stroke survivors have not yet been identified, understanding the 

mechanisms underlying juvenile neural regeneration and functional recovery has implications for 

improving stroke outcomes in pediatric and adult/aging populations. Methods: Experimental 

ischemic stroke (MCAO) was performed in juvenile (P21-25) and adult (8-10 weeks) mice. 

Then, the RAS-MAPK pathway was examined at 72hr, 7d, and 30d after ischemia using 

immunohistochemistry, gene expression profiling, and western blots. Results and Conclusions: 

Excitingly, RAS-MAPK signaling appears to be beneficial for post-ischemic neural regeneration 

in juveniles and detrimental in adults, revealing opposing age-dependent effects. In adults, our 

findings suggest that RAS-MAPK signaling is dysregulated and pathological, most likely due to 

the cell types by which this pathway is activated, as we found that BDNF was released by 

neurons in juveniles and by astrocytes in adult mice. Neuronal BDNF supports neural survival, 

axon/dendrite outgrowth, synaptogenesis, and synaptic remodeling. However, astrocytic BDNF 

is pathological with ample experimental evidence implicating astrocytic BDNF deficits in 

several neuropathologies. Following stroke, astrocytic BDNF may represent a promising target 

for improving adult neural regeneration and post-ischemic functional recovery. 
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Title: Metabolic Interventions Influencing Recovery from Spreading Depolarization 
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Abstract: Spreading depolarization (SD) is implicated as a key contributor to secondary injury 

expansion after stroke, traumatic brain injury and other disorders. Promising therapeutic 

interventions include ketamine and related antagonists that limit the incidence of SD in injured 

patients. However complimentary approaches that improve neuronal recovery after SD could be 

valuable in conditions where SDs persist. The extended ionic loading of SD is extremely 

metabolically demanding and likely underlies deleterious consequences of SD in vulnerable 

tissues. We are investigating effects of agents that modify metabolic capacity on recovery from 

SD. SD was generated by localized KCl microinjection in the CA1 hippocampal region of 

murine brain slices, and monitored with optical and extracellular microelectrode methods. 

Recordings in nominally healthy conditions were compared with metabolically restricted 

conditions as a model for ischemic penumbra. Pre-exposure with a combination of ribose (1mM) 

and adenine (50µM; RibAde) was used to support the ATP levels via the purine salvage pathway 

(Neurochem Res 44 (2019) 661-5). In both healthy and vulnerable conditions, RibAde reduced 

the duration of SD and significantly improved recovery of excitatory postsynaptic potentials 

(epsps) after SD. In contrast, the nitric oxide donor 2-(N, N-Diethylamino)-diazenolate 2-oxide 

(DEANO/NO, 1-300 µM) caused a concentration-dependent suppression of mitochondrial 

metabolism, as assessed from NAD(P)H/flavoprotein autofluorescence imaging. Low 

concentrations of DEANO also sensitized slices to effects of SD, leading to persistent epsp 

suppression. Propagation of SD was also modified by NO, as demonstrated by increased 

propagation rate with a NOS inhibitor (L-NNA, 100 µM) and decreased rates with DEANO. 

These results suggest that partial inhibition of mitochondrial cytochrome oxidase in neurons by 

nitric oxide donors could contribute to deleterious outcomes following SD. This may offset 

beneficial effects of nitric oxide donors on SD threshold that have previously been suggested. 

Conversely, results with RibAde suggest that support of the purine salvage pathway could 

provide a useful adjunct approach to improve neuronal recovery after SD. 
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Abstract: Ischemic stroke is a leading cause of death and disability worldwide. Similarly, in 

newborn infants, hypoxic-ischemic (HI) brain injury poses significant threats to neonatal 

mortality and neurological morbidity. Current treatments possess narrow therapeutic windows 

and limited effectiveness, especially in severe cases. Therefore, there is a pressing need to 

identify novel therapeutic strategies. Neuroinflammation is a prominent feature in ischemic brain 

injury and contributes to both disease progression and recovery. The purpose of this study is to 

evaluate the effects of a novel anti-inflammatory compound, AD-16, on primary astrocytes and 

neurons under oxygen-glucose deprivation (OGD) in vitro and in mouse models of neonatal HI 

brain injury and adult ischemic stroke in vivo. We demonstrated that AD-16 protected against 

OGD-induced cell injury. In the neonatal HI model, a single dose of AD-16 (1 mg/kg) 

significantly reduced brain infarction volume and improved neurobehavioral outcomes, with a 

therapeutic window extending up to 6 hours after injury onset. Moreover, repeated daily 

administration of AD-16 significantly reduced the mortality rate of the animals while preserving 

whole-brain morphology. Molecular analysis further revealed that AD-16 potentially attenuated 

brain injury by regulating neuronal survival, apoptotic, and neuroinflammatory signaling 

pathways. In the transient middle cerebral artery occlusion (tMCAO) model, AD-16 (1 mg/kg) 

significantly attenuated brain infarction, blood-brain barrier breakdown, and cerebral edema at 

24 hours following ischemic-reperfusion, with improved neurobehavioral outcomes through the 

regulation of pro- and anti-neuroinflammatory pathways. Our results suggest that AD-16 offers 

promising therapeutic efficacy in attenuating the progression of ischemic brain injury, with the 

potential to protect against associated mortality and morbidity. 
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Title: Sex chromosomes and gonads modify microglial-mediated pathology in a mouse model of 

Alzheimer's disease 
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Abstract: Alzheimer’s disease (AD) is a neurodegenerative disorder disproportionally affecting 

women with sex-specific disease manifestations and therapeutic responses. Microglial-mediated 

inflammation occurs in response to and perpetuates disease processes, and underlying sex 

differences in microglia may contribute to the sex biases. Both sex chromosomes and gonad-

derived hormones shape immune responses, but their contribution to immune-mediated 

mechanisms underlying the sex bias in AD is unclear. Crossing the Four Core Genotype (FCG) 

model to separate sex chromosome and gonad-derived hormone effects to the 5xFAD model, we 

found the sex chromosome complement impacted microgliosis, neuroinflammation, plaque 

burden and neuritic dystrophy. Modification of pathology was largely correlated with 

microgliosis, and sex chromosomes and gonad-derived hormones influenced plaque remodeling 

and microglial CD11c expression. Our study demonstrates the complex interplay between sex 

chromosomes and hormones on microglia during AD. 
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Abstract: Background: Central retinal arterial occlusion (CRAO) amplifies cellular damage 

characterized by inflammation of retinal cells like microglia (MG) by upregulating pro-

inflammatory mediators. Extracellular vesicles (EVs) derived from dental pulp stem cells (DPSC 

EVs) are reportedly neuroprotective against MG inflammation, yet the mechanisms contributing 

to anti-inflammatory actions are unknown. Our group showed that preconditioned EVs provide 

enhanced protection against cellular inflammation, possibly due to the microRNA (miR) within 

EVs. Following this principle, we profiled miRs within preconditioned DPSC EVs and chose to 



overexpress miR-22-3p in EVs due to its increased intensity among preconditioned EVs. 

Additionally, miR-22-3p is well known for its anti-inflammatory actions in microglia. Here, we 

characterize the anti-inflammatory role of DPSC EVs overexpressing miR-22-3p, termed 

functionally engineered EVs (FEE-22). We hypothesize that FEE-22 will reduce inflammation in 

microglia superior to native DPSC EVs (N-EV). 

Methods: DPSC EVs were transfected with a lentiviral system containing miR-22-3p. Following 

stable selection with puromycin, we confirmed the overexpression of miR-22-3p in DPSCs and 

EVs using RT-qPCR. DPSCs were cultured in serum-free media for 48 h to isolate EVs and then 

centrifuged (3,000 x g) at 4C for 30 min to clear cellular debris. EVs are isolated using 

ExoQuick-TC EV precipitation solution overnight and resuspended in PBS. First, EVs were 

categorized for size and concentration via nanoparticle tracking analysis (NTA) and 

characterized for EV membrane markers (CD63 and CD81) via Western. To measure anti-

inflammatory capacity, SIM-A9 murine microglia were stimulated with “TII” (10 ng/uL TNF-α, 

10 ng/uL IL-1β, and 5 ng/uL IFNγ) for 6 h, rinsed with PBS, then treated with EVs for 18 h. 

Levels of pro-inflammatory mediators, including nitrite, will be assessed via Griess reagent, and 

expression of iNOS will be measured via immunoblotting. Pro-inflammatory cytokines TNF-α, 

IL-1β, and IL-6 will be measured via ELISA. A one-way ANOVA will be used for statistical 

analysis. 

Results: We have successfully generated FEE-22, as confirmed by RT-qPCR. NTA illustrates 

that N-EV and FEE-22 have the same 1.6 x 107 particles/ mL concentration and fall within the 

50-150 nm range. Western shows N-EV and FEE-22 express CD63. Uncovering the anti-

inflammatory process of FEE-22 and N-EV is ongoing. 

Conclusion: Following the generation FEE-22, current results show that N-EV and FEE-22 have 

the same size and concentration and express the same EV markers. We are working to discover 

the anti-inflammatory capabilities of FEE-22 in MG. 

Disclosures: D. Ogbu: None. S. Roth: None. 

Late-Breaking Poster 

LBA003: Theme C Late-Breaking Posters 

Location: MCP Hall A 

Time: Sunday, October 6, 2024, 1:00 PM - 5:00 PM 

Program #/Poster #: LBA003.141/LBA136 

Topic: C.09. Stroke 

Support: NIH Grant RF1NS113278 

 NIH Grant RF1NS124778 

 NIH Grant R01NS122904 

 NIH Grant R01NS120594 

 NIH Grant R01NS102969 

 NIH Grant R25NS065743 

 NIH Grant KL2TR002542 



 NIH Grant K08NS11260 

 Andrew David Heitman Foundation 

 American Heart Association and American Stroke Association 

 NSF Grant 2123971 

 Aneurysm and AVM Foundation Brain Aneurysm Foundation 

Title: High spatial resolution 23Na-MRI for ischemic brain injury detection 
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Abstract: We have established a high-resolution sodium (23Na) MRI platform based on our 

high-field 14T preclinical scanner. The signal-to-noise ratio (SNR) head-implanted RF coil 

(<2.5g) is ~ 8 times higher with our 14T scanner than the conventional Bruker 4 array coil (Fig 

1A). A dual-tuned was implanted for the acquisition of proton (1H) based T2-weighted (T2W) 

anatomical and diffusion-weighted imaging (DWI) maps and 23Na MRI from the same animal 

(Fig 1B). The 23Na-MRI was performed to map the brain lesion in mice with acute r middle 

cerebral artery occlusion (MCAO) induced ischemic stroke within the first 4 hours of stroke 

induction. This implantable double-tuned 1H/23Na RF coil can improve the SNR with an 

impressive 150×150 µm2 or 300×300 µm2 in-plane brain-wide 23Na-based MRI readout for 

ischemic stroke (Fig 1C), demonstrating a superior SNR and spatial resolution. The 

hyperintensity is detected in the lesioned brain areas with 23Na-MRI, presenting a significantly 

enhanced MRI signal (Fig 1D). The SNR of the 23Na-enhanced signals remained lower than the 
1H-based rapid imaging with refocused echoes (RARE) images, while the contrast-to-noise ratio 

(CNR) from hyperintense regions of interest (ROIs) is higher than the T2-weighted images (Fig 

1E). We were able to observe high CNR 23Na (15.80 ± 3.20) and a significant 23Na signal 

increase with the damaged cortical/subcortical lesions compared to contralateral ROIs. Infarct 

regions can be well-identified in the increased signals in 23Na images, which could also be 

detected in apparent diffusion coefficient (ADC) maps, indicating water restriction in the core of 

brain lesions. Both 23Na-MRI and ADC maps revealed more robust brain lesions in comparison 

with the TTC staining across different slices (Fig 1F). Conclusion: We optimized the implanted 

double-tuned 1H/23Na RF coils for high-resolution 23Na-based and T2-weighted 1H MRI readout 

of early brain injuries after the stroke induction. We observed distinct temporal and spatial 

features of the 23Na dynamic with high sensitivity for brain lesion detection. 
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Abstract: Stroke is a leading cause of death and a major contributor to serious disability 

worldwide. Occipital stroke, affecting the brain's visual processing centers, often results in 

significant visual deficits. These strokes are typically unilateral, impacting one hemisphere of the 

visual cortex and leading to pronounced impairments in visual perception and processing, 

drastically affecting the quality of life. There are currently no treatments promoting visual 

restoration, prompting exploration of novel therapies. Psychedelics like psilocybin are known for 

inducing neuroplastic changes and stimulating neurogenesis, potentially offering therapeutic 

benefits in neurological conditions. This study investigates the effects of a chronic treatment (45 

days) with a low non-psychedelic dose of psilocybin (0.05 mg/Kg) on visual recovery in adult 

(2-3-month-old) mice subjected to photothrombotic unilateral stroke at the visual cortex. Visual 

abilities were evaluated after 45 days of psilocybin post-stroke treatment using the Visual Cliff 

test, the Looming test, and the Cued Morris Water Maze test. Additionally, lesion size and 

dendritic spine density in the perilesional and contralateral regions were assessed. In the Visual 

Cliff test, mice with unilateral visual cortex stroke treated with psilocybin exhibited a significant 

higher speed when travelling in the depth/unsafe zone compared to mice treated with saline, 

indicating potential better visual depth discrimination abilities. In the Looming test, the response 

latency to the looming visual stimulus was significantly longer in stroke mice treated with saline 

compared to control mice, but no difference was observed between control mice and psilocybin-

treated stroke mice. In the Cued Morris Water Maze test, the number of goals reached on the first 

day was significantly higher in control and psilocybin-treated stroke mice compared to saline-

treated stroke mice. These behavioral changes were accompanied by a significant reduction in 

lesion volume after 45 days of psilocybin treatment compared to the initial volume (24 hours 

post-stroke). Additionally, there was a significant increase in spine density in both perilesional 

and distal regions in psilocybin-treated mice compared to vehicle-treated mice. Overall, these 

preliminary experiments indicate that a 45-day treatment with 0.05 mg/Kg psilocybin, starting 24 



hours after inducing a photothrombotic visual cortex stroke in mice, is well tolerated and may 

improve visual abilities to levels similar to those of non-stroke mice. 
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Abstract: Intracerebral hemorrhage (ICH) is the most debilitating type of stroke, which is 

caused by bleeding within the brain. ICH survivors have been known to experience sleep 

disorders, time-dependent severity of symptoms, immunological dysregulation, and disturbed 

metabolic functions, which are known to be regulated by the circadian clock. The rhythmicity of 

the circadian system is 24 hours, driven by transcription-translation feedback loops of circadian 

clock genes. Targeting clock machinery may help accelerate the ICH recovery process. We have 

investigated the association of circadian rhythms (core clock genes) with the ICH onset, 



progression, and recovery and tested the impact of novel MyD88 inhibitory peptide (MIP2) 

against ICH. Disruption of the circadian clock caused the alteration of genes associated with 

neurological disease in different brain regions of mice, indicating that circadian clock disruption 

increases the risk of neurological diseases. Genes related to the circadian clock, especially Clock 

and Per2 were found to have connections with ICH. Sleep piezoelectric test results revealed that 

ICH caused a decrease in sleep bout number during daytime and increased the length of sleep 

bout during nighttime. The wheel run activity test results indicated that ICH significantly 

increased the period (longer free period), while under light conditions (LL) ICH mice showed a 

long period of about 27.5 h unlike control mice, which lost rhythm. knockout (KO) conditions 

(Clock) by inducing ICH in Clock KO and Per2 KO mice in comparison with the ICH model of 

wild-type mice and normal saline as control. Results based on behavioral tests, MRI scans, 

Hematoxylin and Eosin (H&E) staining, Immunohistochemical and Immunofluorescent staining 

results showed that in the case of Clock KO condition, the severity of ICH was increased and the 

recovery from ICH was delayed as compared to ICH model of wild type mice. Similar results 

were obtained in the case of the Per2 KO mice model. Our results have demonstrated that MIP2 

holds great potential for treating ICH, by inhibiting the activation of microglia/macrophages and 

neutrophil infiltration. Overall, this study provides a new insight into the role of circadian clock 

disruption in the recovery and progression of ICH, which was further demonstrated by animal 

experiments on the Clock and Per2 KO mice model. ICH can dysregulate circadian rhythm, 

while disrupted circadian clock can increases the severity and delays the recovery of ICH. MIP2 

can be a potential treatment option for ICH treatment based on its anti-inflammatory effect. 

Disclosures: S. Khan: None. 

Late-Breaking Poster 

LBA003: Theme C Late-Breaking Posters 

Location: MCP Hall A 

Time: Sunday, October 6, 2024, 1:00 PM - 5:00 PM 

Program #/Poster #: LBA003.144/LBA139 

Topic: C.09. Stroke 

Support: NIH Grant 1R01AG083164 

 NIH Grant R21NS127177 

 NIH Grant R01NS125074 

 NIH Grant R01NS107365 

Title: Ablation of the choroid plexus decreases hippocampal neurogenesis under physiological 
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Abstract: Harnessing adult neurogenesis, the endogenous neuroreparative process of the adult 

brain, is an ongoing challenge for therapy of CNS injuries such as ischemic stroke. In the course 

of adult neurogenesis, neural stem cells (NSCs) proliferate, ultimately producing newly-born 

neuroblasts (NBs), which become dentate gyrus granule cells in the hippocampus. This process 

is known to be important for memory formation/maintenance and is involved in neurorepair after 

ischemic stroke. The choroid plexus (ChP) and cerebrospinal fluid (CSF) produced by it have 

been shown to control neurogenesis and neuroblast (NB) migration in the subventricular zone, 

however little is known about the role of the ChP in controlling subgranular zone (SGZ) 

neurogenesis. To determine the role of ChP/CSF in hippocampal neurogenesis under 

physiological conditions and ischemic stroke, we used a novel non-invasive ChP ablation mouse 

model (the ROSA26iDTR mouse line), in which administration of diphtheria toxin (Dtx) induces 

rapid ChP epithelium cell death and nearly complete loss of CSF volume. We first investigated 

adult neurogenesis in the SGZ of WT and ChP-ablated mice using immunostaining, and show 

that loss of ChP/CSF results in markedly reduced population of doublecortin (DCX)+ newly-

born NBs, with no effect on proliferating (Ki67+) cell number, under physiological conditions at 

4 months of age (3 months post-ablation). Furthermore, at 4 weeks after ischemic stroke 

(transient middle cerebral artery occlusion), our data show a corresponding decrease in DCX+ 

NBs, with no change in proliferating cells in the post-stroke SGZ, suggesting a role for the ChP 

in supporting post-stroke neurogenesis. To determine the possible ChP-derived/CSF-borne 

factors causing the deficits in SGZ neurogenesis, we collected CSF from WT and ChP-ablated 

mice at 6-7 mo post-Dtx and performed label-free quantitative proteomics, identifying a decrease 

in TTR (choroid plexus epithelium secretory marker), and pronounced upregulation of multiple 

lipid carriers and immune-associated proteins. Determining the role of these CSF-borne factors 

warrants further investigation in future studies. Our data show that the ChP may be essential in 

maintaining hippocampal neurogenesis under physiological conditions and after stroke. Thus, 

identifying the ChP-derived factors facilitating adult neurogenesis could be promising in 

treatment of diseases associated with reduced hippocampal neurogenesis, such as depression, 

PTSD, as well as neurodegenerative diseases. Furthermore, modulating the levels of these factors 

may be useful in therapy of epilepsies characterized by aberrant SGZ neurogenesis. 
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Abstract: Effective physical therapy requires a comprehensive assessment of the patient's motor 

function to determine treatment plans for maximal recovery and to maintain patient motivation. 

However, current clinical motor function assessment scales are prone to inter-rater variability, 

are inherently subjective, and suffer from ceiling effects. Furthermore, these scales often lack 

sensitivity to changes, particularly in patients with severe paralysis. To address these limitations, 

this study aimed to develop and test the efficacy of a multimodal assessment tool that integrates 

electrophysiological and kinematic assessments to provide a more objective and reliable 

evaluation of hand motor function. A software tool for simultaneous recording of 

electroencephalogram (EEG), electromyogram (EMG), and video footage was originally 

developed and initially validated on healthy subjects. From this validation, event-related 

desynchronization (ERD), modulation index, and range of motion (ROM) were selected as the 

assessment parameters for each modality, respectively. To test the feasibility of clinical 

application, 7 subjects with post-stroke hemiplegia were recruited. Each subject underwent a 40-

minute real-time ERD feedback training session for the paralyzed hand, and pre- and post-

training assessments were conducted. Video recordings of the finger extension task from the 

assessment sessions were used for blinded evaluations using a custom subjective scale. Among 

the subjects, 2 showed improvement and 5 remained unchanged according to this scale. 

However, the multimodal assessment revealed improvement in ROM, even in a subject whose 

subjective score did not change ( p < 0.05; paired t-test). Additionally, a one-way ANOVA 

revealed a significant main effect of session on ERD acquisition time (F = 4.62, p < 0.05), with 

post-hoc Tukey's HSD test showing a decrease in acquisition time in the alpha band (8-12Hz) 

after intervention in the same subject. The multimodal tool demonstrated greater sensitivity to 

changes compared to the subjective scale, suggesting its potential for enhancing the reliability of 

motor function assessments in rehabilitation. Future research should explore its application 

across diverse patient populations to further evaluate its efficacy. 
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Abstract: There is evidence suggesting brain-computer interface (BCI) systems aid in 

overcoming the limited functional recovery potential in chronic phase of stroke. However, 

underlying neural mechanisms driving motor function improvements remain poorly understood. 

Quantitative multi-parameter mapping (MPM) may elucidate these mechanisms byproviding 

quantitative estimates of magnetization transfer saturation (MTsat),longitudinal and effective 

transverse relaxation rates R1 and R2*, and proton density(PD). Particularly, MTsat is sensitive 

to myelin density, reflectingsubtle changes in tissue composition by quantifying interactions 

between free waterprotons and macromolecules. 

In this study, we employed a longitudinal crossover design with two groups of chronic stroke 

patients for 4 weeks to allow within-subject (n = 21) and cross-group comparisons. Group 1 (n = 

11) underwent a 6-day motor imagery (MI)-based BCI intervention during week 2, while Group 

2 (n = 10) received the same intervention during week 3. The BCI intervention consisted of wrist 

dorsiflexion motor imagery while receiving visual and tactile feedback. MPM scans (MTsat, PD, 

R1, R2*) were acquired before and after each week. Resulting images were preprocessed using 

hMRI and CAT12 toolboxes, and VBQ analysis was performed using SPM12. A flexible-

factorial model was constructed and fitted to evaluate the effect of the intervention. 

Quantitative analysis of MTsat images revealed significant structural changes following BCI 

intervention. Compared to baseline, combined post-intervention MRIs of both groups showed 

decreased MT saturation in the contralesional primary motor cortex, SMA, extending into 

parietal areas associated with sensorimotor integration (pFWE < 0.002; cluster size: 14,515 

voxels; peak MNI coordinates: 24, -37, 70 mm, additional local maxima:17, -26, 74 mm, -1, -17, 

75 mm). MT saturation returned closer to baseline levels 1-week post-intervention. 

The decrease in MTsat suggests transient reduction in myelin density in motor areas following 

BCI intervention. It could indicate increased neuroplasticity, potentially reflecting processes such 

as axonal remodeling or synaptic reorganization. The return of MTsat values towards baseline 

may reflect dynamic remodeling, with initial demyelination followed by remyelination as the 



brain adapts to the intervention. These findings highlight MTsat’s sensitivity to subtle myelin 

changes and underscore the potential of BCI intervention in promoting neuroplasticity in chronic 

stroke. Further analyses of R1, R2*, and PD maps will provide a more comprehensive 

understanding of the mechanisms driving these changes. 
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Abstract: Ischemic stroke, caused when a clot disrupts the blood supply to the brain, often 

causes long-term disabilities and death across the world. The first treatment involves removing 

the clot to allow reperfusion, but it is effective only in selected patients during a narrow 

therapeutic window. To improve sensorimotor function, patients may undergo rehabilitation with 

physical therapy. Recently, bone marrow mesenchymal stem cells (BM-MSCs)-derived 

extracellular vesicles (EVs) have been shown to be promising in restoring brain damage and 

function in stroke models, mainly using the intravenous route. Using this administration route, 

however, causes many of these EVs to accumulate in peripheral organs. In comparison, the non-

invasive intranasal route allows EVs to reach the brain, targeting specific ischemic regions. This 

study aims to understand how intensive handling (exposing animals to multiple sensorimotor 

behavioral tests) and/or intranasal human BM-MSCs-derived EVs restore neurological function 

and ischemic damage in the transient middle cerebral artery occlusion (tMCAO) model of stroke 

in male rats (age 8-12 weeks). Non-handled rats did not receive intensive behavioral testing, 

being only exposed to the modified Neurological Severity Score (mNSS) and Magnetic 



Resonance Imaging (MRI) at 2, 28, and 56 days post-stroke (dps). Handled rats performed a 

battery of sensorimotor behavioral tests, including the mNSS, but also the beam balance, corner, 

grid walking, forelimb placement, and cylinder tests, together with MRI at 2, 7, 14, 21, and 28 

dps. Non-handled and handled rats received either saline (control) or intranasal EV treatments as 

follows: low multidose (2 doses per week, for 4 weeks, each dose containing 0.8 x 109 EVs in 

120 μl), high single dose (2.4 x 109 EVs in 200 μl), or high multidose (2 doses per week, for 4 

weeks, each dose containing 2.4 x 109 EVs in 200 μl), starting at 2 dps. Animals were sacrificed 

at 28 or 56 dps, and brains were dissected for postmortem analysis. Our results showed that 

handling alone restores sensorimotor function after MCAO compared to non-handled rats. 

Additionally, a high single dose of EVs is effective at enhancing behavioral recovery, but only 

when used in combination with handling. Lastly, a high multidose of EVs, but not a low 

multidose, can improve neurological function even without handling. Altogether, this work 

reveals how handling (in the form of intensive behavioral testing) and dose/frequency-dependent 

EV treatments contribute to functional recovery after MCAO stroke. 
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Abstract: After a stroke, upper limb deficits are highly detrimental to quality of life. The acute 

period is critical and rehabilitation in the chronic phase is challenging. Yet, an increasing amount 

of evidence suggests the potential of robot-assisted active rehabilitation, allowing intense, 



repetitive and consistent training and the integration of biological signals representing the user’s 

intention, which has been suggested to promote neuroplasticity and cortical reorganization. We 

aimed to test active rehabilitation training using the voluntary-driven shoulder type Hybrid 

Assistive Limb (sHAL), an exoskeleton assisting arm raising and triggered by the user’s deltoid 

activity. 8 stroke survivors (6 men, mean age 68.25 ± 8.14) with hemiparesis and in chronic 

phase (1-20 years after onset) underwent a 10-session rehabilitation training consisting of sHAL-

assisted arm raising motion. Kinematics and EMG of 6 upper-body muscles (Deltoid, Trapezius, 

Infraspinatus, Pectoralis Major, Biceps, Triceps) were recorded during sHAL-assisted and 

unassisted trials in patients and 10 age-matched healthy controls. Muscle synergies were 

extracted using non-negative matrix factorization. Similarity to healthy controls was calculated 

using cosine similarity (CS) for weighting coefficients and Pearson correlation coefficients 

(PCC) for temporal activation profiles. Mean range of motion of patients increased from 40.9° ± 

19.8 to 49.8° ± 17.9 (paired t-test, p=0.017) but progression varied among patients, who could be 

divided into responders and non-responders. The number of synergies remained constant and 

similar to healthy controls throughout rehabilitation, namely 2 synergies corresponding to the up 

and down phases of elevation. CS of both synergies and PCC of the up synergy of non-

responders were significantly higher than responders (unpaired t-tests, p<0.01). Post-

rehabilitation, weight coefficients stayed consistently high but activation profiles of the up 

synergy in non-responders became more similar to healthy controls, surpassing levels of 

responders (ANOVA, p<0.05) during the use of sHAL. Results indicate that intention-based 

robot-assisted rehabilitation training might promote functional recovery in chronic stroke 

patients for whom traditional therapy was limitedly efficient. The stable number of synergies and 

weight coefficients during rehabilitation suggests a robustness of modular organization. The 

evolution of temporal activation profiles in the up phase for non-responders only, surprisingly 

more similar to healthy controls, calls attention to the role of a reorganization of descending 

signals in long-term functional recovery. 
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Abstract: TBI affects nearly 3 million Americans annually, resulting in chronic 

neuroinflammation, which may underlie outcomes such as chronic pain or depression. Studies 

have shown the kynurenic pathway (KP) mediates neuroinflammatory responses, specifically 

implicating KP metabolites, kynurenic acid (KynA, anti-inflammatory) and quinolinic acid 

(QUIN, pro-inflammatory). However, the roles of the KP and its metabolites in TBI-induced 

inflammation and pain remain elusive. KP inhibitors attenuate neuroinflammation, pain 

sensitivity and depression-like symptoms after nerve injury in rodents, highlighting the 

unrealized potential of KP modulation to mitigate these symptoms post-TBI. 

To examine KP activation after TBI, we quantified a comprehensive panel of KP metabolites in 

C57Bl/6 adult male mice (n=5-8 per group) at 1, 7, or 14 days after injury. Mice were secured in 

a stereotaxic frame and administered isoflurane to induce anesthesia. A 5mm diameter metal tip 

was aligned along the midline suture of the intact mouse skull and driven to a 2 mm depth at 5 

m/s velocity using an electronically-controlled impact device, producing a moderate, non-

contusive TBI. Sham mice were surgically prepared, but not impacted. As a third group, naïve 

animals were not exposed to any intervention, including anesthesia. Serum was harvested and 

analyzed using ELISAs at each timepoint. One-way ANOVAs, using injury as the main factor, 

followed by Šídák's multiple comparisons post-hoc tests were performed. Kynurenine (KYN) 

was significantly increased on days 1 (p=0.02) and 7 (p=0.02) in injured mice, with no difference 

on day 14 (p=0.71), compared to respective sham controls. Similarly, QUIN was increased on 

days 1 (p=0.01) and 7 (p=0.02) in injured mice, with no difference on day 14 (p=0.85) compared 

to respective sham controls. KynA was increased only on day 7 (p=0.003) in injured mice, with 

no differences compared to respective sham controls on days 1 and 14 (p=0.83 and p=0.10, 

respectively). All KYN and KynA levels in naïve animals were comparable to sham. However 

QUIN was significantly elevated in 14 day sham (p=0.02) compared to naïve animals, 

warranting further investigation.These findings suggest that QUIN activation, is acutely initiated 

by 1 day and sustained out to 7 days after injury. In contrast, KynA levels are elevated only 7 

days after injury, occurring after QUIN activation, returning to sham levels by 14 days after TBI. 

Due to divergent effects of QUIN and KynA on inflammation, analyses of cell-specific 

expression may be warranted. 
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Abstract: Alzheimer’s disease (AD) is a multifactorial disease that extends beyond the gold 

standard amyloid and tau. Our group and others have shown that alterations in metabolism are 

central to the development of AD. While regional hypometabolism associated with 

neurodegeneration is well established in late stage AD, recent studies suggest that changes in 

glial metabolism may occur much earlier in disease progression. In this study, we explore how 

amyloid-beta (Aβ) aggregation impacts brain metabolism and metabolic reprogramming in 

microglia. Using in vivo microdialysis to measure the hippocampal interstitial fluid (ISF) levels 

of glucose and lactate, we demonstrate, as expected, that ISF glucose levels decrease in the 

hippocampus with Aβ pathology in APP/PS1 mice; however, this is accompanied by a 

concurrent rise in the ISF lactate levels, suggesting the brain is becoming increasingly glycolytic. 

Using metabolomics, we confirmed that the total abundance of brain lactate increases with Aβ 

pathology. Next, we show that pharmacologically blocking lactate metabolism reduces ISF 

lactate and ISF Aβ levels by 50%. Lactate is the metabolic end product of glycolysis and is 

produced in excess during shifts from oxidative metabolism to glycolysis. While the role of 

lactate in the brain and in AD is widely debated, reactive microglia undergo a metabolic shift 

from oxidative metabolism to glycolysis upon activation. Therefore, we hypothesized the brain’s 

glycolytic shift in AD may be due to reactive, proinflammatory microglia. We found that the 

genes responsible for lactate production (Ldha) and lactate consumption (Ldhb) are highly 

expressed in microglia, and Ldha expression increases proximal to amyloid plaques. Using single 

cell RNAseq in 5xFAD mice, we delineated subpopulations of homeostatic (Hm), disease 

associated (DAM), and interferon responsive (IRM) microglia and show that Ldha is upregulated 

in DAMs and IRMs. Finally, we show that systemic injections of the proinflammatory 

endotoxin, lipopolysaccharide (LPS), increases hippocampal lactate levels, CD68 expression 

(DAM marker), and MCT4 expression (glial lactate transporter). This suggests that microglia 

produce and release lactate in response to pro-inflammatory stimuli like Aβ and LPS. Moreover, 

it suggests the metabolic reprogramming early in AD could be driven by reactive microglia and 

represents an important therapeutic target for treating AD. 
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Abstract: Extensive research demonstrated that traumatic brain injury causes mitochondria 

dysfunction, characterized by reduced ATP production, increased reactive oxygen species 

generation, calcium dysregulation, and eventual apoptosis. However, cell-specific mitochondrial 

alterations in response to trauma remain to be elucidated. This study aimed to determine short-

term and long-term cell-specific alterations of mitochondrial function post-moderate brain 

injury.We tagged brain cells' mitochondria with a fluorescent probe and seeded 2 mln mtRFP-

neurons, 0.5 mln mtGFP-astrocytes, and 0.1 mln mtBFP-microglia in 3D silk scaffolds 

embedded in collagen type 3 the following day, and cultured for 6 weeks before treatment. 

Controlled cortical injury (CCI) was used to inflict moderate injury (6m/s, 3mm tip, 0.6mm 

penetration). At 24h, 72h, 1 wk, 4 wk, and 8 wk post-injury, we measured the bioenergetic 

function of FACS-sorted cell-specific mitochondria. The results demonstrated an acute (24h) 

increase in total mitochondria amount for each cell type, followed by a significant drop in long-

term (4w). Neuronal oxygen consumption (OCR) substantially dropped 24h after injury, while 

the extracellular acidification rate (ECAR) increased 4-fold. The neuronal bioenergetic function 

and TUJ1 network return to sham level within 4 weeks post-injury. While neurons quickly 

recovered to baseline post-injury, astrocytes demonstrated a prolonged increase in both OCR and 

ECAR rates, potentially producing energy to support neurons. Finally, microglial mitochondria 

increase their ATP production through OCR and ECAR only in an 8-week period.The acute 

spike in mitochondria amount correlates with increased cellular demand for ATP production 

after injury. In contrast, the decrease in mitochondria suggests progressive mitophagy due to 

increased oxidative stress and mtDNA damage. Neuronal switch to glycolytic energy production 

acutely after injury correlates with diffuse axonal injury and is associated with severe damage to 



mitochondria networks with compromised OXPHOS. At the same time, astrocytes increased 

ATP production, suggesting their support of neuronal repair and activity. At last, microglial 

increase in the baseline energy production 8 weeks post-injury suggests their transition to a 

chronic activation state. Our next steps focused on the correlation of mitochondria bioenergetic 

and metabolic functions.We thank the University of Cincinnati Start-Up Funds, Research 

Scholar Award, Cincinnati Children’s Hospital Bioimaging and Analysis Facility, and Research 

Flow Cytometry Facility. 
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Abstract: One of the major adverse effects of insulin therapy in patients with diabetes is severe 

hypoglycemia (HPG), which can cause neuronal damage, potentially leading to cognitive 

impairment. Our recent study showed that increased neuronal mitochondrial fission in the 

retrosplenial cortex (RSC) after HPG leads to oxidative damage and neuronal death, resulting in 

cognitive impairment. As we had also defined the effect of low-dose pancreatic endoplasmic 

reticulum kinase inhibitor (PERKi) on modulating ER stress and related metabolic diseases, the 

current study aimed to examine the role of PERK, a mediator of ER stress, in our model of HPG-

induced neuronal damage. For the HPG mouse model, 9-week-old male C57BL/6 mice were 

fasted for 24 hours, and insulin-induced hypoglycemia (blood glucose levels below 20 mg/dl) 

was maintained for 5 hours. Seven days after HPG, oxidative damage [4-HNE] increased and ER 

stress [pPERK] was activated in neurons of RSC. A significant increase in pDrp1 was detected 6 

hours after HPG, while pPERK started to increase 24 hours after HPG, suggesting that 

mitochondrial fission may precede ER stress. Intracerebroventricular administration of glucose 

reduced pPERK, suggesting that pPERK elevation is dependent on neuroglycopenia. PERKi 



treatment reduced pPERK and 4-HNE signals, indicating that the PERK pathway is critical to 

HPG-induced neuronal damage in the RSC. In contrast, there was no difference in pDrp1 signal, 

confirming that ER stress follows mitochondrial fission. In line with this finding, administration 

of mdivi-1, a mitochondrial fission inhibitor, resulted in decreased pPERK levels. For the in vitro 

study, a neuronal cell line SH-SY5Y was used. Glucose deprivation led to an increase in pDRP1 

at 12 hours and an increase in mitoSOX signals at 18 hours, indicating that mitochondrial fission 

precedes the generation of mitochondrial-derived superoxide. Treatment with a low dose 

superoxide scavenger reduced pPERK and cleaved caspase 3, confirming that mitochondria-

derived superoxide contributes to ER stress and subsequent neuronal damage. However, there 

was no change in pDRP1 levels, suggesting that mitochondrial fission is rather upstream signal 

for ROS generation. In summary, our findings demonstrate that severe hypoglycemia leads to 

increased mitochondrial fission, subsequent ROS generation, and ER stress through PERK 

pathway, resulting in neuronal oxidative damage and death. 
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Abstract: Neonatal brains are vulnerable to a range of potential injuries including hypoxic 

ischemic encephalopathy and, for premature neonates, periventricular-intraventricular 

hemorrhage. Cranial transfontanelle ultrasound (ctUS) is the standard of care for assessing the 

neonatal brain and is routinely performed on neonates. ctUS is based on a transducer sending out 

acoustic waves and reading the reflected waves. ctUS lacks sensitivity for detection of small 

hemorrhages and also cannot provide functional information on intracranial tissue. We have 

developed low cost, bedside instrumentation for two acoustic-induced based imaging techniques 

(photoacoustic imaging (PAI) and thermoacoustic imaging (TAI)) that, like ultrasound, do not 



require either ionizing radiation or sedation. Here we show that transfontanelle PAI (tPAI) and 

transfontanelle TAI (tTAI) can provide functional information (tissue oxygenation) and higher 

sensitivity for hemorrhage detection than ctUS. Relying on chromatic differences in the light 

absorption of oxyhemoglobin and deoxyhemoglobin, we analyzed the ability of tPAI to measure 

oxygen saturation (sO2) in an in vivo large animal model in which we constructed an artificial 

fontanelle. Compared with results from a blood gas analyzer (BGA), tPAI measured sO2 values 

with less than 3.5% deviation from the readings from the BGA. Next, we tested the capability of 

tPAI to detect small hemorrhages. tPAI was able to detect periventricular and intraventricular 

hemorrhages with a limit of quantification (LOQ) of 0.3mL, whereas ctUS demonstrated a LOQ 

of 0.5mL. Relying on the high dielectric constant of hemorrhaged blood, the sensitivity was 

further improved by implementing tTAI, which demonstrated 0.1mL LOQ for detection of 

intraventricular hemorrhages. Our findings suggest the acoustic-based technologies tPAI and 

tTAI hold promise for a new generation of clinical neonatal brain imaging. 
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Abstract: The extracellular space (ECS) acts as an ionic reservoir between cells and is the 

primary avenue of neuronal signaling. A shrinkage in ECS volume increases concentrations of 

the ions and neurotransmitters it contains. Recently, we reported that transient shrinkages of the 

ECS, Rapid Volume Pulsations (RVPs), coincide with epileptiform activity in the neocortex of 

rats after controlled cortical impact (CCI), an established model for Post Traumatic Epilepsy 

(PTE) (Fringuello et al. 2024, Epilepsy Res). RVPs may promote epileptogenesis after traumatic 



brain injury (TBI) by increasing neuronal excitability and synchrony within an epileptic region 

and by recruitment of neighboring healthy cells into epileptic focus through increased diffusive 

spread of neuroactive substances. To test this, we investigated RVPs at early and chronic 

timepoints after TBI and performed dynamic MCell numerical modeling.We assessed RVPs at 

an early timepoint associated with hyperexcitability (4 weeks) and a chronic timepoint where 

spontaneous recurrent seizures occur (12 weeks) following CCI in rodents. Epileptiform activity 

and RVPs were triggered in neocortical slices with a low dose of 4-Aminopyridine (10 µM). 

Probe Transients Quantification (PTQ) with the extracellular probe tetramethylammonium 

(TMA) was used to detect RVPs. RVPs were then analyzed to calculate relative ECS shrinkage 

(Colbourn et al. 2021, J Physiol.). Using dynamic MCell software, RVPs were simulated in a 

grid of cells surrounded by ECS containing TMA. RVPs were induced by rapidly swelling a 

central region of cells. In PTQ experiments, RVPs always accompanied epileptiform activity. At 

four weeks, RVP shrinkage averaged 5.2% (SEM ± 0.34, 10 slices, five rats) and averaged 5.7% 

(SEM ± 0.76, 12 slices, seven rats) at 12 weeks. Between timepoints, we observed an increased 

range of shrinkages between slices (4 weeks, 3.9-7.5%, 12 weeks, 2.0-11.9%). MCell simulation 

revealed increased concentration of molecules surrounding the swollen cells, and a wave of 

diffusion spread TMA to neighboring cells. Together, these results show that RVPs accompany 

epileptiform activity in early and late timepoints after CCI, suggesting a close relationship with 

ictal activity following TBI. MCell simulations illustrate how RVPs enhance two components 

that govern seizure activity: 1) hyperexcitability through the increased concentration of 

neuroactive agents within the ECS, and 2) hypersynchrony through increased diffusive range of 

neuroactive agents to neighboring cells, possibly recruiting them into epileptic focus. These data 

implicate RVPs as a potential ictogenic and epileptogenic factor in the brain following TBI. 
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Abstract: Research Objectives and Rationale: Disrupted sleep is a common and persistent 

symptom after traumatic brain injury (TBI), which can significantly complicate recovery and 

contribute to cognitive dysfunction. While sleep disturbances such as difficulty falling and 

staying asleep are often caused by abnormal circadian rhythm, the extent of circadian-related 

sleep disruption following TBI remains poorly understood. Circadian rhythms are generated by a 

highly synchronized activity of the GABAergic interneurons in the suprachiasmatic nucleus of 

the hypothalamus (SCN). Previously, it has been reported that interneurons in the cortex and 

hippocampus are selectively vulnerable following TBI. However, the effects of TBI on the 

circadian circuitry and its neuronal network have not been explored. Methods: Using a novel 

porcine model of controlled cortical impact (CCI) injury (6-month-old male Yucatan miniature 

pigs), we performed in vivo electrophysiological examination of the circadian network at 6hr 

post-CCI (n=3) versus shams (n=2). MRI-based neuronavigation (Brainsight system) was used to 

place 128-channel silicon probes into the SCN precisely. Chronic SCN implantations for 

continuous video EEG recordings were also performed in the sham (n=1) and CCI-injured (n=2) 

animals, with four ECoG screws placed on both hemispheres for sleep detection. Results: Under 

anesthesia, the firing rate of the SCN neurons significantly decreased while the spike amplitude 

significantly increased (p=0.0323). Light stimulation caused sham activation (p=0.0024) but not 

CCI-injured SCN interneurons, despite more active cells being detected electrophysiologically. 

In addition, continuous video recordings of both sham and CCI-injured groups were analyzed 

pre- and up to 4 weeks post-implantation using animal pose estimation software DeepLabCut to 

determine changes in sleep patterns. Home cage behavior was analyzed for velocity, 

moving/still, and occupancy, while synchronized video EEG data were analyzed for sleep and 

circadian behaviors. KiloSort4 software was used to detect single units in the SCN, with 

continuous over 48-hour weekly recordings up to the study's endpoint. Chronic neuronal activity 

of the SCN neurons (firing rate, spike amplitude, and width) was analyzed for their contribution 

to the circadian network post-injury. Conclusions: We demonstrated that changes in the firing 

properties of the SCN interneurons may indicate hyperexcitability of the circadian network post-

injury. Understanding how early changes in the circadian network might contribute to TBI-

disrupted sleep will provide important insights into recovery post-injury. 
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Abstract: Traumatic brain injuries (TBI) may influence cognition related to anxiety or risk-

taking behavior. Preclinical models of TBI are useful for understanding the biological 

mechanisms leading to potential impairments in cognition. Rodent models of TBI include 

controlled cortical impact, fluid percussion, blast injury, and weight drop models, which vary in 

severity and mode of injury. In all four models, anxiety levels have been measured using the 

Open Field Test (OFT), typically by comparing the time spent in the center versus the periphery. 

Here, decreased time spent in the center is interpreted as an anxiety-like trait, while increased 

time in the center has variable interpretations. Some studies interpret increased time in the center 

as either decreased anxiety or increased risk-taking behaviors. In the current study, we use a 

weight drop model that is well-established in rodents to decode the mechanisms behind increased 

time in the center in the OFT. Preliminary results showed that one closed head impact results in 

increased time in the center in both male and female rats. Specifically, male rats (Sham: n=10; 

CHI: n=10) that underwent CHI showed increased time in the center 1-day post-injury compared 

to Sham-injured controls (Sham=8.07% ± 1.47, CHI=13.65 % ± 1.65; p=0.0244, t17=2.471). 

Additionally, female rats (n=12) that underwent CHI showed increased time in the center on day 

8 (Sham=8.65% ± 1.45, CHI 15.01% ± 1.74 , p=0.01, t17=2.776), day 13 (Sham=11.28% ± 1.79, 

CHI= 18.05 % ± 2.67 , p=0.045, t17=2.125), and day 17 post-injury (Sham= 6.57 % ± 1.11 , 

CHI= 13.07% ± 1.34, p=0.001, t17=3.698). Next, we are now evaluating brain tissue of the same 

rats for biomarkers of neuronal change in brain regions implicated in anxiety (i.e. insular cortex 

and amygdala) and decision making (i.e. prefrontal cortex). This will set us up for our future 

studies which would incorporate the administration of either an anxiolytic or a psychostimulant, 

with the goal of dissociating the mechanisms of changes in the brain with anxiety-like and risk-

taking behaviors induced by TBI. 
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Abstract: Traditional nodal-based functional MRI data analysis has long been employed to 

investigate brain connectivity. In early 2020, the application of connection-wise analysis 

emerged as a novel approach in the field of neurological disorders. However, it has not been 

applied to rodent models or Traumatic Brain Injury (TBI), despite its potential to provide 

additional insights beyond region-based analysis.  



 

Entropy, as a measure of community diversity for all connections, was calculated in each 

hemisphere and network for both naïve rats (n=48) and TBI-chronic injured rats (n=18). Brain-

specific functional networks were developed to examine entropy changes in Emotion, Motor, 

Sensory, Memory, and Homeostasis & Sleep-related brain areas. Significant differences were 

observed in entropy measures in the TBI group compared to naive. In the Memory network, a t-

test between naïve and TBI rats revealed a t-statistic of 3.3574 and a p-value of 0.0020. In the 

Homeostasis & Sleep function-specific areas, the t-test indicated a t-statistic of -2.4661 and a p-

value of 0.0228. We also analyzed the left and right hemispheres separately. The right 

hemisphere showed significant differences in Sensory, Memory, and Homeostasis & Sleep areas 

when compared to those of naïve values. However, no significant differences were observed in 

the left hemisphere. These results suggest that connectivity and community overlapping indices 

in one hemisphere are altered more than in the other. Our study introduces a novel approach by 

using connection-wise network analysis with functional network categories instead of 

structural networks. In addition, our study found that community structures within brain 

connections in chronic TBI rats differ from those in naïve rats, particularly in two specific 

networks, indicating potential biomarkers for TBI. Finally, our results highlight that connection-

wise analysis effectively identifies important brain connectivity changes in a clinically relevant 

TBI model providing a valuable addition to traditional region-based analysis. 
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Abstract: Mild Traumatic Brain Injury (mTBI) is a prevalent health issue, and predicting which 

individuals develop persistent disability remains a challenge. Variability in patient data and the 

scarcity of high-quality data poses challenges in deploying machine learning (ML) models in the 

real world. Our research addresses this gap by introducing Transfer Euclidean Alignment (TEA), 

an unsupervised transfer learning (TL) technique that aims to identify EEG biomarkers for mTBI 

prognostication representing the first use of TL from mouse to human data. The study utilizes 2 

mouse datasets. Dataset 1 includes 10 male C57BL/6J mice with TBI induced by Fluid 

Percussion Injury, while Dataset 2 consists of 18 male mice with TBI induced by Controlled 

Cortical Impact, both divided equally into TBI and sham groups. Human dataset constitutes EEG 

recordings from 35 participants (19 TBI patients and 16 age-matched controls) who underwent 

overnight polysomnography at the VA Portland Health Care System. In this study, a common 

analysis pipeline for mouse and human EEG data is developed. For the classical ML approach, a 

comprehensive set of features, including spectral, connectivity, time-domain, and non-linear 

features, is extracted, normalized, transformed, and selected using the recursive feature 

elimination method. For the DL approach, a refined EEGNet architecture tailored for mouse and 

human EEG data is utilized, and its performance is evaluated using independent validation. TEA 

aligns the mean covariance matrices of different datasets to the identity matrix, significantly 

reducing differences between them. Transforming EEG trials into a common Euclidean space 

allows for the direct application of ML algorithms to the aligned data. The study reduces 

covariate shifts in EEG datasets through TEA in both intraspecies case, involving mice data as 

source and target datasets, and interspecies case, involving mouse data as the source and human 

data as the target dataset. We show that the use of models pre-trained on TEA source dataset 

significantly improves classification accuracy on the target dataset across all models, with 

EEGNet-based DL showing a 40% average performance increase post-TEA. Models pre-trained 

with aligned mouse data achieve higher accuracy on human data, highlighting TEA’s 

effectiveness in reducing the need for extensive human data during the training phase. The 

average accuracy increase of 14.42% for intraspecies and 5.46% for interspecies datasets 



underscores the importance of TEA in boosting the performance of ML models trained on 

diverse datasets, enhancing cross-species TL. 
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Abstract: Current prognostic models for traumatic brain injury (TBI) consider clinical and 

demographic factors collected at the bedside to predict favorable or unfavorable long term 

outcomes, but do not incorporate imaging-derived features which may be associated with 

recovery trajectories in disorders of consciousness. The goal of this study is to assess the added 

utility of multimodal MR imaging features in predicting 6 month outcomes following TBI. 

Aggregate multimodal MR scores were computed from 84 patients with moderate to severe TBI 

using non-parametric combination (NPC) joint inference over T1-weighted, T2-weighted, 

susceptibility weighted imaging (SWI), and apparent diffusion coefficient (ADC) modalities 

using FSL PALM. Logistic regression models were developed using combinations of clinical 

(age, sex, Glasgow Coma Scale) and NPC features to predict 6 month functional impairment 

based on Glasgow Outcome Scale-Extended (GOSe) score and assessed using cross-validation. 

A data driven clinical score (IMPACT) and neural network model (CNN) were also assessed. 

Statistical significance was assessed using two sample nonparametric bootstrap tests. 

Performance was quantified in terms of area under the receiver operating characteristic 

(AUROC) and precision-recall curve (AUPRC). The clinical IMPACT score and all models 

including multimodal MR features significantly outperformed logistic regression models using 

clinical and demographic covariates alone. No significant differences were observed between 

IMPACT, NPC, and CNN predictions of 6 month outcome. Combining the NPC and IMPACT 

features (NPC+IMPACT: 0.80, 95% CI [.69, .89]) resulted in significantly improved AUPRC 

relative to the clinical IMPACT model alone (IMPACT: 0.70 [0.54, 0.83], p=0.04), with a 

trending improvement in AUROC (NPC+IMPACT: 0.73 [.62, .83], IMPACT: 0.65 [0.53, 0.77], 

p=0.1). Overall, machine learning models can predict 6 month GOSe outcomes following severe 



traumatic brain injury. Features derived from multimodal MR improve prognostic performance 

relative to the clinical standard. 
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Abstract: Gliomas can infiltrate functional brain networks, resulting in widespread changes in 

functional connectivity. These dynamic network alterations can extend into the contralesional 

hemisphere. This study investigated whether the presence of a glioma in a given brain region is 

linked to specific patterns of contralesional functional connectivity. We hypothesized that resting 

state functional connectivity patterns in the right hemisphere could predict glioma lesion location 

in the left hemisphere. 

High resolution T1 imaging and resting state fMRI data were acquired in 48 left unilateral 

glioma patients in the pre-operative phase of their neurosurgical care. We used the Yan 2021 

homotopic atlas to quantify the percent lesion damage in each left hemisphere region-of-interest 

(ROI). We identified 49 ROIs that were lesioned in at least 10 patients. We then calculated ROI-

to-ROI connectivity (RRC) matrices across the 100 right hemisphere ROIs. For each left 

hemisphere ROI, support vector regression with leave-one-out cross-validation was used to train 

a model to learn the relation between the percent lesion damage in that ROI and the RRC matrix 

within the right hemisphere. Given a left out patient’s right RRC matrix, the model predicted that 

patient’s percent of lesion damage in the left hemisphere ROI. This was repeated across all 

patients and all 49 left hemisphere ROIs. Spearman correlations between actual and predicted 

percent lesion damage scores were calculated and assessed for significance with permutation 

tests (with Benjamini-Hochberg correction for multiple comparisons across the 49 left 

hemisphere models). 

We found that right hemisphere functional connectivity patterns predicted glioma lesion damage 

in 10 left hemisphere ROIs (p < 0.10). The areas identified were concentrated around the left 

inferior parietal lobule and the left posterior insular lobe, suggesting tumors in these areas may 

be associated with greater recruitment of contralesional functional connectivity. We propose that 

this regional focus in the inferior parietal and insular cortex of the core finding is driven by the 

reorganization of functional connectivity to both homologous and non-homologous regions in 

the non-lesioned hemisphere, potentially representing a strategy to preserve cognitive function. 

In sum, right hemisphere functional connectivity patterns predict left hemisphere glioma 

infiltration in posterior insular and inferior parietal regions. These findings demonstrate the 

widespread impact that gliomas have on functional networks well beyond the radiological 

boundaries of the lesion. 
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Abstract: NTRX-07, an orally bioavailable, small molecule, has been shown in several animal 

models of Alzheimer’s Disease (AD) to bind to the CB2 receptor on reactive microglia, causing 

them to revert to their surveillance state. Importantly, this led to reduced neuroinflammation, the 

clearance of Aβ, improved long-term potentiation, and improved learning and memory. 

NeuroTherapia has recently completed a 7-day Phase 1b study in healthy volunteers and a cohort 

of AD subjects that demonstrated the safety and tolerability of the molecule at blood levels 

consistent with the bioactivity observed in animal models of AD. In addition, in the AD cohort, a 

trend was observed in reducing errors in the ADAS-cog test and in partially reversing the AD 

deficits in quantitative EEG. To determine whether these trends will continue to be observed 

with more subjects and for a longer duration of treatment, a 28-day, single-dose study will be 

carried out in AD subjects. Quantitative EEG recordings (10 minutes eyes shut followed by 10 

minutes eyes open) and CSF biomarkers for neuronal function will be collected pre- and post-

treatment in all 48 subjects. In addition, free-water MRI and CSF biomarkers of inflammation 

will be collected to determine whether treatment is acting directly to reduce neuroinflammation. 

We aim to determine whether plasma biomarkers can be identified that correlate to the CSF 

findings, providing a potential screening tool in future trials to identify subjects who might best 

respond to treatment with NTRX-07 or other neuroinflammatory inhibitors. We will recruit AD 

subjects with an ApoE4 allele since these patients are most likely to have a high amyloid burden 

and neuroinflammation. The primary endpoint of the study will be to assess safety and 

tolerability following 28 days of treatment in AD subjects. Although 24 subjects per group may 

not be enough to demonstrate statistically significant improvement, coupling this with changes in 

biomarkers from the CSF associated with neuronal function will provide compelling support that 

NTRX-07 can improve neuronal function. In addition, the free-water MRI and 

neuroinflammatory CSF biomarkers will potentially link the changes in neuroinflammation to 

improved neuronal activity, translating the results observed in the preclinical animal studies. 

Furthermore, a change in a plasma biomarker following NTRX-07 treatment could be used to 

inform the subsequent trial as an inclusion criterion. 
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Abstract: Traumatic brain injuries (TBIs) are a global health concern, causing a spectrum of 

effects from mild symptoms to severe neurological impairments that impact cognitive, physical, 

and emotional well-being. Pregnant women with acquired TBI face heightened rates of 

morbidity and mortality, necessitating complex management during this critical period. In this 

study, we conducted a systematic review to investigate the effects of TBI during pregnancy on 

maternal and fetal outcomes and identify appropriate management strategies for this population. 

The systematic literature search was conducted in the electronic databases PubMed, Web of 

Science, and PsycInfo to identify eligible studies published in English, German, or Spanish 

between 1990 and 2023, that included at least one pregnant individual with TBI. Two 

independent reviewers screened abstracts and potentially relevant full-text articles to extract 

study characteristics, pregnancy outcomes, management methods, and authors’ conclusions and 

suggestions. The Preferred Reporting Items for Systematic Reviews and Meta-analyses 

(PRISMA) guideline was followed. 16 eligible studies were included involving 4,112 individuals 

who experienced TBI during pregnancy. The included studies comprised 10 case reports, 2 case 

series, and 4 cohort studies. Motor vehicle accidents (MVA) were the most common cause of 

injury, reported in 12 studies. The average Glasgow Coma Scale (GCS) score was 9.11, 

including 1 case of mild, 3 cases of moderate, and 6 cases of severe TBI. Conservative 

management was reported in 7 studies, and surgery was performed in 6 cases. Maternal 

outcomes ranged from improved functional recovery to severe cognitive impairment, while fetal 

outcomes varied from stable to severe adverse outcomes such as stillbirth and death. Risk of bias 

assessment indicated moderate to good methodological validity overall, yet most studies 

demonstrated poor quality of evidence. This systematic review confirms that pregnant 



individuals who experience TBI face heightened risks of adverse pregnancy outcomes, including 

placental abruption and cesarean delivery, as well as adverse maternal and fetal outcomes, 

requiring specialized and multidisciplinary care. Early intervention and collaborative 

management involving neurosurgeons, obstetricians, neonatologists, and anesthesiologists are 

essential to optimize outcomes for both mother and fetus. 
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Abstract: Lesions in the motor cortex induced by contusions or pathological insults can exert the 

degeneration of afferent neurons lying distal to these lesions. Axon degeneration and 

demyelination are hallmarks of several diseases sharing pathophysiological and clinical 

characteristics, mainly affecting motor function. These conditions are very disabling due to the 

disruption of motor abilities, with lesions that affect motor areas proving to be a therapeutic 

challenge, which has driven increasing efforts to search for treatments. Cerebrolysin contains a 

mix of pig brain-derived peptides with activity similar to neurotrophic factors. Here, the effect of 

cerebrolysin administration on the motor impairment produced by kainic acid (KA) lesion of the 

motor cortex was evaluated in Sprague-Dawley female rats (n=27), defining its effect on 

motoneurons dendritic tree and spine density from the thoracolumbar regions of the spinal cord. 

Ten days after the KA lesion of the motor cortex, rats were administered cerebrolysin, and their 

motor performance was evaluated using the “Basso, Beattie, and Bresnahan” (BBB) and 

Bederson scores. Cerebrolysin administration improved motor activity according to the BBB and 

Bederson scales, in conjunction with an increase in dendritic intersections and spine density on 

motoneurons.Hence, this study suggests that cerebrolysin could promote motor recovery 



following motor cortex lesions by driving dendritic tree intersections and spine density increase 

in motoneurons. 
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Abstract: Role of RNA stress granules in axonal repair after spinal cord injury. 

M Hernaiz-Llorens1, Y Jin1, 2, 3 and B Zheng1, 41Department of Neurosciences, School of 

Medicine, University of California San Diego, La Jolla, California 920932Department of 

Neurobiology, School of Biological Sciences, University of California San Diego, La Jolla, 

California 920933Department of Cellular and Molecular Medicine, School of Medicine, 

University of California San Diego, La Jolla, California 920934VA San Diego Healthcare 

System Research Service, San Diego, California 92161 

Neuron-intrinsic mechanisms that regulate axon regeneration remain incompletely understood. 

As a response to cellular stress, cytoplasmic mRNA is sequestered into insoluble 

ribonucleoprotein granules, known as stress granules. These are membraneless mRNA-protein 

assemblies that prevent trapped mRNA species from being actively transcribed. Stress granules 

are assembled upon non-translating mRNAs which serve as scaffolds for RNA-binding proteins 

such as G3bp1 and Tia1. These core components of the stress granules are required to nucleate 

granule formation through protein-protein interactions. Recent findings have demonstrated that 

such core components of RNA stress granules regulate axon regeneration in C. elegans and the 

mammalian peripheral nervous system (PNS).In this study we show that G3bp1+ and Tia1+ 

stress granules form upon different stressors. Intriguingly, Bortezomib treatment in vitro, a 

chemotherapeutic agent, results in axon degeneration and triggers stress granule aggregation, 

making it a useful tool to study stress granule aggregation in the context of axonal damage. 

Moreover, we have found that AAV-mediated overexpression of G3bp1 and Tia1 limits axon 

elongation in cortical neurons in vitro. In vivo, overexpression of these proteins limits the ability 

of intact axons to sprout after unilateral pyramidotomy model in Pten deleted mice. Our ongoing 



work includes assessing the genetic loss of function for G3bp1 and Tia1 in axonal sprouting and 

regeneration post-spinal cord injury. Overall, our findings suggest a detrimental role of stress 

granule aggregation in response to axonal injury, providing insights into potential therapeutic 

targets for enhancing axon regeneration after nervous system trauma. 
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Title: Endogenous opioid signaling regulates scar formation in spinal cord injury 
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Abstract: After injury, mammalian spinal cords form scars to limit tissue damage, but excessive 

scarring can hinder neural regeneration and functional recovery. While previous research has 

focused on astrocytes, recent evidence highlights the role of ependymal cells. These cells, 

usually lining the central canal, proliferate and differentiate into astroglia post-injury, becoming 

core components of the scar. We identified an endogenous kappa (κ) opioid signaling pathway 

that regulates ependymal proliferation. The κ opioid receptor, OPRK1, is expressed in 

cerebrospinal fluid-contacting neurons (CSF-cNs), with nearby cells expressing the ligand 

prodynorphin (PDYN). Contrary to the typical inhibitory role of κ signaling, κ opioids excite 

CSF-cNs to inhibit ependymal proliferation. Systemic administration of a κ antagonist enhances 

proliferation in uninjured condition. Most recently, we also found that a κ agonist significantly 

reduces proliferation post-injury, impacting scar formation and motor function. These findings 

reveal a paracrine signaling mechanism where PDYN+ cells release κ opioids to modulate 

ependymal proliferation, providing potential therapeutic targets for controlling scarring and 

improving recovery after spinal cord injury. 
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Title: Development of a functional silicon chamber for in vitro spinal cord tissue regeneration 

with support for cell migration and neurite outgrowth. 
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Abstract: Unlike the peripheral nervous system, the mammalian central nervous system does not 

have the ability to regenerate after injury. This is due to the presence of inhibitory molecules, 

such as those derived from myelin degradation, which create a toxic environment for neurons 

and prevent their survival and regeneration. Strategies to overcome this limitation have received 

increasing attention over the years, mainly in the development and application of biomaterials. 

The aim of this work was to evaluate the growth of motor neuron axons from the spinal cord of 

embryonic rats (CEUA protocol #092/20) from a tissue culture model using modified chambers 

and surfaces. Polycaprolactone (PCL) filaments coated with laminin were used as an 

extracellular matrix mimetic support, and three-dimensional silicone chambers (Sylgard 184) 

provided a hermetic environment for culture. Both were prepared in three steps: surface 

hydrophilization by O2+ plasma discharge, washing, and sterilization by ultraviolet radiation. To 

prepare the culture environment, the chambers were placed in Petri dishes and the filaments were 

cut to uniform thickness and length before being placed in the chambers. Pregnant Wistar rats at 

17-18 days of gestation were euthanized, and the embryos were collected, decapitated 

individually, and the bodies placed in ventral decubitus in Petri dishes containing DMEM 

medium. Samples were obtained from the lumbar portion of the spinal cord, and the ventral 

region of the H-medulla was accessed via a transverse cut, resulting in small fragments that were 

placed on the filaments. One set of chambers was filled with 100 µL of neurobasal medium and 

another set with 100 µL of motor neuron selective medium (Cold Spring Harbor protocol). After 

six days of incubation, fixation, immunostaining (Tuj-1, GFAP) and histological staining 

(DAPI), the filaments were visualized by fluorescence optical microscopy (Colibri Zeiss). 

Consistent adherence of explants to the filaments and intense cell migration along the filaments 

were observed. Tuj-1 immunostaining showed that these neurons survived and projected neurites 

along the filaments, while GFAP indicated astrocytic proliferation on the filaments in both 

culture medium. Despite a visual difference in cellular migration from the explants between 

Neurobasal and CSH conditions, quantitative analyses did not show a significant difference. 
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Title: Conditioning electrical stimulation enhances functional rewiring in a mouse model of 

nerve transfer to treat chronic spinal cord injury 
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Abstract: Nerve transfer surgery is a state-of-the-art surgical approach to restore hand and arm 

function in individuals living with tetraplegia, significantly impacting daily life. While nearly a 

third of all individuals with chronic SCI may benefit from this intervention, variability in 

outcomes can limit the functional impact. A bedside to bench approach was taken to address the 

variable response of tetraplegic individuals to nerve transfer surgery. We used a hierarchical 

multiple factor analysis to evaluate the effects of conditioning electrical stimulation (CES) on 

outcomes in a mouse model of nerve transfer to treat chronic cervical spinal cord injury. We 

found that CES of donor nerves one week prior to nerve transfer surgery enhanced anatomical 

and functional measures of innervation of targeted muscles. Furthermore, CES increased the rate 

of recovery of naturalistic behavior. While the model has some limitations due to the small size 

of the rodent, our results support the use of CES as an effective approach to improve outcomes in 

clinical nerve repair settings. 
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Title: Adam17 regulates neutrophil activity after spinal cord injury 
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Abstract: After traumatic spinal cord injury (SCI), inflammation and other reactive processes 

can exacerbate tissue damage and worsen long-term functional recovery. Circulating neutrophils 

invade the spinal cord in large numbers after injury and peak within the first day after SCI; 

however, the molecular mediators of pathogenic neutrophil activities in SCI remain unclear. One 

potential master regulator of cytotoxic neutrophil function(s) is ADAM17, a metalloprotease 

responsible for cleavage of over 90 substrates including TNF-α and L-selectin. Prior work has 

shown that conditional knockout of ADAM17 in myeloid cells improves motor recovery after 

hemisection SCI, however, the role of neutrophils in ADAM17-mediated pathogenesis has yet to 

be investigated. Our preliminary studies have indicated a possible role for neutrophil ADAM17 

in impairment of long-term functional recovery. To explore the role of ADAM17 in neutrophil 

function following SCI, we utilized a neutrophil specific knockout of ADAM17 (Adam17cKO). 

Using immunofluorescence, we quantified neutrophil numbers (Ly6G+) across the SCI lesion 

and found fewer neutrophils in Adam17cKO mice relative to WT controls at 1 day post-injury, 

indicating that ADAM17 may support neutrophil accumulation in the spinal cord after injury. To 

characterize further the neutrophils that accumulate in the injured spinal cord, we performed flow 

cytometry after SCI in Adam17cKO and wild-type controls. At 1 day post-injury, we found that 

surface L-selectin (CD62L) on neutrophils isolated from the injured spinal cord was elevated in 

Adam17cKO animals compared to WT controls. Additionally, Adam17cKO neutrophils 

exhibited increased activation (CD11b MFI of neutrophils) and increased neutrophil extracellular 

trap formation (CitH3+ neutrophils) compared to WT controls. Together, these data indicate a 

potential novel role of ADAM17 in regulation of neutrophil accumulation, activation, and 

effector functions (NETosis) in the injured spinal cord and expand the understanding of 

neutrophil pathogenesis in SCI. 
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Title: Targeting retinoid acid metabolic pathway to improve neurobehavioral function after 

spinal cord injury 
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Abstract: Targeting retinoid acid metabolic pathway to improve neurobehavioral function 

after spinal cord injury Guoying Xu, Kasumi Sato, Zizhen Wu, Qing YangDepartment of 

Neurobiology, University of Texas Medical Branch, Galveston, TX 77555 

Neuroinflammation and neurodegeneration are key events contributing to poor patient outcomes 

following spinal cord injury (SCI). The strategies to reduce neuroinflammation hold potential to 

prevent neurobehavioral function and improve patient outcomes after SCI. Considering the role 

of retinoic acid (RA) in neuroinflammation under pathological conditions, strategies to inhibit 

RA clearance could be beneficial for SCI. We hypothesize that targeting CYP26s, the enzymes 

that predominantly mediate clearance of a major isomer of endogenous RA, will improve 

neurobehavioral function following SCI by reducing neuroinflammation. We used DX308, a 

patented specifical inhibitor of CYP26A1 and CYP26B1 from Dr. Philippe Diaz, to test this 

hypothesis in a preclinical T10 contusion model. Multidisciplinary approaches including 

behavioral tests of sensory (Von Frey, Thermal Hargreaves, and CPP tests) and locomotor (BBB, 

and Horizonal Ladder tests) function, and immunohistochemistry are utilized in the study. We 

found that 1) DX308 prevent development of SCI-chronic pain at three different dosages (i.p. for 

10 days, 3,10, and 20 mg/kg; 3 hrs after contusion), without significant differences in efficacy 

among the dosages; 2) DX308 improved locomotor dysfunction of SCI at three different 

dosages; 3) There is no gender difference of improvement in locomotor and sensory dysfunction 

after DX308; 4) DX308 increased spared spinal tissue at the lesion site; 5) DX308 decreased the 

expression of GFAP and Iba-1 of spin cord. Our result indicated that application of DX308 

during the acute/subacute stage improves morphological and functional outcomes after SCI. This 

study provides promising evidence that inhibiting CYP26 enzymes by DX308 to maintain higher 

levels of endogenous retinoic acid can mitigate the detrimental effects of SCI and enhance 

neurobehavioral recovery. 
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Abstract: Traumatic spinal cord injury (SCI) is a devastating event that disrupts spinal cord 

neuronal homeostasis, inducing chronic pain and spasticity in patients. Although these 

pathological symptoms and related mechanisms following SCI have been widely studied, the 

association between sensory-motor dysfunction and spinal neuronal hyperexcitability remains 

unclear. The present study aimed to investigate the association between behavioral changes 

related sensory-motor function and neuronal firings in the spinal cord following SCI in rats. The 

spinal cord was contused at T11 spinal segment using Infinite Horizons (IH) impactor (150 

kydn) in adult male Sprague-Dawley rats. The Basso, Beattie, and Bresnahan (BBB) locomotor 

scale and combined behavioral score (CBS) were performed to evaluate motor functions and 

Modified Ashworth Score (MAS) for spasticity, a sensory-motor disorder, was measured. Paw 

withdrawal threshold (PWT) for mechanical sensitivity and acetone drop test for cold allodynia 

were tested before and after SCI. At 28 days post-SCI, in vivo electrophysiological studies were 

performed to observe evoked (maximal firings/sec; 0.16-26 g von Frey filaments to hind paw) 

and spontaneous (regular, irregular, and burst pattern) neuronal activities at the L4-6 spinal 

segment. Immediately after SCI, paralysis in bilateral hindlimbs was observed with a BBB score 

of zero. SCI rats showed a joint movement from 3 days post-SCI and then gradual motor 

recovery was continued until day 28. Following SCI, MAS was progressively increased and 

PWT decreased until 21d after SCI. Sensory and motor behaviors showed an almost plateau at 

around 28 days post-SCI. In the case of evoked neuronal responses, the response threshold to 

mechanical stimuli significantly decreased in the SCI group and neuronal firing rates of the SCI 

group were higher than in both normal and sham groups. In spontaneous neuronal responses, SCI 

groups also showed a significant increase in neuronal firing in both regular and burst patterns, 

but not in an irregular pattern, compared to normal and sham groups. The present data 

demonstrated that behavioral changes representing impaired locomotor function, spasticity, and 

pain-related behavior are strongly associated with changes in neural excitability after SCI. In 

future studies, it is necessary to validate changes in neural excitability and sensory-motor 

behavior in a time-dependent manner after SCI. 
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Title: Memantine enhances motoneuron survival and reduces gliosis after spinal root crush in 
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Abstract: Injuries within the spinal canal often involve the spinal roots, leading to longitudinal 

spinal cord injuries, which cause significant changes in the spinal cord microenvironment. These 

include motoneuron death, chronic gliosis, and synaptic pruning stand out. Glutamate 

excitotoxicity, mediated by excessive NMDA receptor (NMDAr) stimulation, is detrimental in 

this pathological scenario. Therefore, NMDAr antagonists, such as memantine, are considered 

putative treatments for central and peripheral nerve injury. The present study investigated the 

neuroprotective effects of memantine following ventral spinal root crush (VRC) in mice. Adult 

C57BL/6J mice underwent unilateral L4, L5, and L6 motor root crush and were divided into four 

groups: Vehicle, and Memantine at 30 mg/kg, 45 mg/kg, and 60 mg/kg. Memantine or Vehicle 

was administered daily for 14 days post-injury. Twenty-eight days post-lesion, mice were 

perfused, and lumbar intumescences were processed for immunohistochemistry. The animal use 

and handling protocol was approved by the local ethics committee (CEUA/IB/UNICAMP, 

protocol number 5740-1). Motoneuron survival was quantified via toluidine blue staining, and 

gliosis was assessed using GFAP and Iba-1 immunolabeling. Synaptophysin and VGLUT-1 

(glutamatergic inputs) staining assessed the density of pre-synaptic terminals at the motor 

nucleus (Rexed lamina IX). All memantine doses significantly increased motoneuron survival, 

with the highest effect at 45 mg/kg (p<0.001). Memantine reduced microgliosis at 45 mg/kg and 

60 mg/kg (p<0.01 and p<0.05, respectively) and astrogliosis at all doses (p<0.01). Additionally, 

memantine enhanced motoneuron input coverage (p<0.001), although VGLUT-1 expression 

showed no significant differences among groups (p=0.08). In conclusion, memantine 



significantly improved motoneuron survival, reduced gliosis, and inhibited synaptic pruning, 

suggesting its potential clinical application. 
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Abstract: Alzheimer’s disease (AD) is a complex neurodegenerative disorder with multiple 

genetic and environmental factors contributing to its pathogenesis. Genetic studies have 

identified several risk factors for AD, among which the ABCA7 gene encoding ATP-binding 

cassette (ABC) subfamily A member 7 has emerged as significant risk factors for late-onset AD. 

Particularly, ABCA7 loss of function variants have been demonstrated to increase AD risk. The 

ABC transporter family is known to be involved in lipid homeostasis and the regulation of 

various proteins, ions, and peptides that are crucial for neuronal health and function. While 

ABCA7 expresses in various bran cell types, our previous study demonstrated that ABCA7 

deficiency influences mitochondrial lipid metabolism in neurons. In this study, we focused on 

oligodendrocytes, a critical glial cell type that support neuronal function and stability. To 

investigate the specific effects of ABCA7 deficiency on glial cell types, we conducted 

experiments using oligodendrocytes differentiated from ABCA7 knockout (KO) and isogenic 

control iPSCs. We assessed mitochondrial respiratory function in the iPSC-derived 

oligodendrocytes using the Seahorse XF Analyzer. This high-throughput assay assessed 

parameters such as oxygen consumption rate (OCR) and extracellular acidification rate (ECAR), 

providing insights into cellular metabolic states. The Cell Mito Stress Test showed that ABCA7-

KO iPSC-derived oligodendrocytes exhibited a significant reduction in mitochondrial respiratory 

capacity compared to controls. This was evidenced by reductions in basal respiration, ATP 

production, and maximal respiration rates. Furthermore, the Glycolysis Stress Test showed that 

ABCA7deficiency reduced glycolytic activity in the iPSC-derived oligodendrocytes. The lower 

glycolysis rate was indicated by a significant decrease in ECAR, which measures glycolytic flux. 



Our study demonstrated that ABCA7 deficiency leads to significant impairments in 

mitochondrial respiration and glycolysis in iPSC-derived oligodendrocytes. These metabolic 

disruptions may contribute to the neurodegenerative processes observed in AD. Understanding 

cell-type specific metabolic changes could inform the development of targeted therapeutic 

strategies for AD. 

Disclosures: T. Nambara: None. T. Kanekiyo: None. 

Late-Breaking Poster 

LBA003: Theme C Late-Breaking Posters 

Location: MCP Hall A 

Time: Sunday, October 6, 2024, 1:00 PM - 5:00 PM 

Program #/Poster #: LBA003.170/LBA165 

Topic: C.11. Spinal Cord Injury and Plasticity 

Support: Cervical Spine Research Society Post-Doctoral Grant 

Title: Assessing “LDX” Induced Restoration of Inhibitory Signaling after Traumatic Spinal 

Cord Injury 

Authors: *O. I. HASSAN1, S. TAKAMIYA2, A. ASGARIHAFSHEJANI3, M. ZAVVARIAN4, 

A. D. MODI4, T. MIMURA2, J. HONG6, M. G. FEHLINGS5;  
1Inst. of Med. Sci. Univ. of Toronto, Toronto, ON, Canada; 2Krembil Brain Inst., Toronto, ON, 

Canada; 3Dept. of Cell and Systems Biol., 5Div. Neurosurg., 4Univ. of Toronto, Toronto, ON, 

Canada; 6Genet. and Develop., Krembil Res. Inst., North York, ON, Canada 

Abstract: Traumatic spinal cord injury (SCI) is a life-threatening condition which threatens the 

physical, social, and vocational well-being of patients. The initial injury in SCI involves the 

mechanical disruption of neural tissue and is followed by secondary injury which impedes 

recovery in the spinal cord around the lesion site. Furthermore, functional losses extend beyond 

the lesioned area, disrupting synapses in anatomically preserved tissue, worsening SCI 

symptoms and recovery. The aim of this study was to evaluate the optimal dosage and efficacy 

of ‘Loop Diuretic X’ (LDX), a pharmacological inhibitor of NKCC1 in enhancing 

neurobehavioral outcomes in a cervical SCI model of injury. Female Wistar rats (4 weeks) 

received a clip compression-contusion injury at the C6/C7 level of the spinal cord as the model 

for patients with SCI. The SCI model is highly clinically relevant with 60% of all traumatic SCI 

cases occurring at the cervical level. An initial drug dosage curve was generated through LDX IP 

administration bidaily in non-injured rats with n=5 in 0mg/kg (vehicle), 4mg/kg, 8mg/kg, and 

12mg/kg. This found no significant adverse effects on neurobehavioral outcomes 8 mg/kg and 

below, with 12 mg/kg reducing grip strength. Subsequently, finding the optimal LDX 

concentration for recovery in rats with SCI, n=7,8,8,7 rats with corresponding dosages of 0, 2, 4, 

& 6 mg/kg of LDX were administered the drug over 8 weeks. Significant improvements in grip 



strength (p<0.05) and trunk balance (p<0.05) were observed. Electrophysiological assessments 

found a decreased latency between motor evoked potentials in the forelimbs of the 6 mg/kg 

group (p<0.05). The novelty and significance of the study is in the model, drug, and patient 

applicability. Other studies of different NKCC1 inhibitor drugs have been limited in effect after 

BSCB repair due to poor permeability. LDX’s neutral pH, low affinity for hydrogen bonding, 

and no carboxyl group presents it as a hopeful candidate over its predecessors for better BSCB 

penetrance. Hence, in comparison to other proposed SCI treatments, this therapy closely 

addresses patient requirements for long-term neuromodulation therapy after SCI — beyond the 

acute phase of injury. 
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Abstract: Spinal cord injury (SCI) causes permanent loss of sensory and motor function below 

the level of injury due to neuron and oligodendrocyte death. A variety of factors exacerbate the 

injury and limit the regenerative capability of the spinal cord. First, the infiltration of myeloid 

cells and the cytokines that they secrete exacerbate cell death and create a pervasive 

inflammatory environment. Second, fibroblasts and astrocytes migrate to the injury site and form 

scar tissue. Third, low expression of regeneration associated genes in the CNS and the presence 

of myelin debris and scar tissue inhibit axonal regeneration by neurons. To combat these issues, 

we proposed a combinatorial approach in a chronic model of a cervical hemisection injury. First, 

to combat the inflammation following injury, we administered cargo-less poly(lactide-co-

glycolide) (PLG) nanoparticles (NPs). NPs are injected intravenously following injury and are 

phagocytosed by circulating monocytes and neutrophils, decreasing their migration to the SCI 

and reprogramming them towards an anti-inflammatory phenotype. Mice that received NP 



treatment made fewer mistakes on a ladder beam test of motor performance. Second, 4 weeks 

after injury, we resected scar tissue and inserted a microporous, multichannel PLG bridge. This 

removes inhibitory astroglial scar tissue and provides a scaffold to guide regenerating axons 

across the injury site. We tested whether NP administration after the resection surgery can have a 

further beneficial effect. Mice that received NPs after both the initial injury and resection 

performed better on the ladder beam test than mice that received vehicle or NPs after only one 

surgery. Lastly, we administered epothilone D (epoD), a microtubule stabilizer that can penetrate 

the blood-brain barrier, to limit axon retraction and boost elongation. Mice received two doses of 

epoD, the first after the resection surgery, and the second two weeks post-resection. Mice that 

received epoD performed better on the ladder beam task than mice that did not, and mice that 

received both epoD and NPs after both surgeries performed the best out of all groups. 

Underlying this performance, all mice that received NPs or epoD exhibited robust axon growth 

into the injury and both oligodendrocyte and Schwann cell myelination of regenerating axons. 

Together, these results suggest that a combinatorial treatment plan that targets both inflammation 

and growth-inhibitory factors can improve motor performance following SCI. 
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Abstract: Spinal cord injury (SCI) causes severe motor and sensory deficits, and there is 

currently no approved treatment for recovery. Recently, the integration of epidural electrical 

stimulation (EES) with rehabilitation has demonstrated significant potential in enhancing the 



restoration of motor functions. However, individuals with abnormal muscular co-contraction and 

spasticity may not benefit fully from these interventions. Here, we demonstrate the efficacy of 

high-frequency EES (HF-EES) in alleviating undesired muscular co-contraction and spasticity in 

two patients with incomplete SCI. Moreover, we exploited a combination of HF-EES and low-

frequency EES (LF-EES) to enhance various functional movements, with notable improvements 

in lower limb kinematics, muscle performance and functional assessments. This study suggests 

that HF-EES could be an important supplementary tool in SCI treatment, emphasizing the 

importance of personalized rehabilitation approaches and advanced tools to optimize EES 

treatments, offering hope for individuals with SCI-related deficits. 
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Abstract: After spinal cord injury (SCI), voluntary control of the muscles below the level of 

injury is severely impaired. Functional electrical stimulation (FES) has been used to help patients 

withSCI regain control of their paralyzed limbs. It has further been suggested that delivering FES 

inaccordance with movement intent decoded by a brain machine interface (BMI) can aid 

inrehabilitation and recovery in patients with SCI by strengthening descending 

supraspinalprojections. In a BMI-FES system, neural signals are recorded and decoded into 

motor intent,which is then used as the control signal to stimulate muscles to evoke the intended 

movement.Our group has been working on developing a BMI-FES system to restore hindlimb 

movementduring locomotion in a rat model. We examine here the ability of two different 

decoders toestimate intended locomotor phase from cortical activity that can be used within a 

BMI-FESsystem after SCI. Following previous work in our group, we recorded hindlimb cortical 

activityin rats following SCI and created decoders to estimate intended movements. Since 



hindlimbmovements were impaired after SCI, we trained decoders to predict ongoing 

forelimbmovements, relying on the close coupling between forelimb and hindlimb movements 

duringquadrupedal locomotion in rats. We evaluated predicted locomotor phase using either a 

Wiener filter or a Kalman filter. We found that the Wiener filter had marginally better accuracy 

than theKalman filter, as evaluated by the root mean squared error. Predictions using the Kalman 

filter,however, significantly outperformed the Wiener filter in producing a useful signal for 

drivingmuscle stimulation as part of a BMI-FES system, as evaluated by measures assessing 

phasevariability and similarity of predicted step durations to those typically observed in rats. We 

conclude that the Kalman filter is a better decoder for predicting simple locomotion intent in 

ratswith SCI when used within a system for BMI-FES. 
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Abstract: In this study, we used electroencephalography (EEG) to determine the effect of 4 

weeks of hand dexterity training on post-surgical cortical plasticity in degenerative cervical 

myelopathy (DCM). DCM is the most common cause of adult spinal cord dysfunction, often 

resulting in impaired hand dexterity. Over 30% of DCM patients do not achieve meaningful 

recovery of hand dexterity after surgery. Currently, there are no targeted interventions available 

to augment recovery for DCM and no available evidence of how hand motor rehabilitation alters 

cortical motor processing. Post-surgical DCM participants (n=13, mean age = 68±11 years, 10 



males, 4.71±2.59 months post-surgery) participated in the study for 11 weeks. EEG signals were 

recorded before the start of training, after 4 weeks of training, and 4 weeks after training ended. 

For all visits, we investigated changes in the EEG temporal patterns in the β-band (13-30Hz) 

during and after simple individuated finger movements. We quantified the change in β-band 

power relative to baseline, as cortical activation or event-related desynchronization and 

synchronization (β-ERD & β -ERS) and change in β-band task-based coherence relative to 

baseline (β-tbCoh) as connectivity. Contralateral cortical activity and connectivity between 

motor and frontal regions after movement showed statistically significant differences between 

pre- and post-training. At post-training, the contralateral β-ERS area was significantly higher 

(median = 11.34%, W = 6, z = 2.76, p = 0.006) than pre-training (median = 3.54%). There was 

also a significant increase in β-tbCoh post-task between the contralateral motor and frontal 

region post-training (mean = -0.001, SD = 0.0235) compared to pre-training (mean = 0.0157, SD 

= 0.0223); t(12)=3.602, p = 0.004. A similar trend was observed in β-tbCoh post-task between 

contralateral sensory region and frontal region post-training (mean = -0.0038, SD = 0.0257) 

versus pre-training (mean = 0.0164, SD = 0.0256); t(12) = 3.546, p = 0.004. These results 

suggest training-induced cortical changes potentially indicating improved sensorimotor function 

and better synchronization of neural activity, consistent with significant improvements in Jebsen 

Taylor Hand Function scores at post-training (t(13) = 4.075, p = 0.002). 
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Abstract: Previously, sustained expression of brain-derived neurotrophic factor (BDNF) during 

SCI therapy spontaneously induced stepping in rats. However, the increasing prevalence of 

developing hyperreflexia after 3-4 weeks caused functionally deleterious ‘collapse’ in 



locomotion. Collapse is a process that can be phenotypically characterized as the increase in 

frequency of one or more symptoms of hyperreflexia in the trunk and/or hindlimbs, including 

rapidly progressing clonic movements, twitching, and prolonged flexion of the hindlimbs at the 

knee or hip. Although the precise mechanism of collapse is unknown, the dysregulation of spinal 

interneurons modulating spinal reflexes may result in dysregulated spinal circuit excitability that 

contributes to the hyperreflexia phenotype of collapse. To investigate this outcome and further 

improve BDNF-based rehabilitation, we explored combined rehabilitations using gene therapy 

(AAV-BDNF), different epidural stimulation types (ES), and robotic training for SCI in rats. To 

understand chronic spinal circuit-level changes mediating locomotor reflexes in gastrocnemius, 

we implanted a stimulating cuff around the tibial nerve, and monitored hindlimb muscle 

responses over the course of robot rehabilitation. Monosynaptic reflex testing and reflex rate 

depression (frequency dependent depression, FDD) was used to test spinal excitability. We tested 

if different types of ES therapy can better recover and maintain locomotion by preventing 

BDNF-associated hyperreflexia in the combined therapy. We hypothesized that the spinal reflex 

controls are altered in rats with hyperreflexia collapse. Our data show that suprathreshold ES 

extends the therapeutic window of BDNF-induced plasticity to significantly improve assisted 

locomotion before any BDNF-driven ‘collapse’. Analysis of tibial nerve H-reflex tests revealed a 

loss of part of the range of FDD modulation in the collapsed rats, whereas rehabilitated rats 

without collapse had reflex modulation similar to uninjured rats. Independent component 

analysis (ICA) of hindlimb electromyography in these rats revealed high post-SCI correlation 

values of the weighting matrices and synergy matching in all groups, supporting a conserved 

modular control of locomotion after SCI, even in collapse patterns. Altogether, the data suggest 

that the development of hyperreflexive collapse after the combined SCI treatments is associated 

with the progressive dysregulation of spinal interneurons modulating the spinal reflexes, at 

higher frequencies of activation, which can be delayed by appropriate ES. 
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Abstract: Alzheimer’s disease (AD) is the most common age-related neurodegenerative disease, 

with 58 million individuals affected worldwide. Pathological sequelae include abnormal 

aggregation of β-amyloid (Aβ) peptides and neurofibrillary tangles (NFTs), neuronal loss and 

astrocyte and microglial activation. Astrocytes play an important role in brain health and express 

high levels of the three AD causative genes APP, PSEN1 and PSEN2 and are the primary cell 

type expressing the strongest risk factor gene in late onset Alzheimer disease, APOE. Research 

obtained evaluating astrocyte gene expression in bulk, single cell, single nuclei and spatial 

transcriptomic RNA sequencing in human AD tissue, IPSC derived astrocytes and in AD animal 

models reveal alterations in genes driving inflammation, cell senescence, morphology and 

territory size. It is not clear how these transcriptomic changes relate to protein expression and 

astrocyte cell function. Here, we applied a multi-omics unbiased, transcriptome and proteome 

approach in hAPPJ20 mice (a commonly used AD animal model, with vascular Aβ 

accumulation) to evaluate the astrocyte transcriptome and proteome across healthy aging and AD 

disease progression (3, 6, 12 and 18 months) in female J20 and WT mice. Our data indicate 

robust astrocyte gene and protein expression differences increase with age, and disease 

progression. Gene Ontology (GO) enrichment analysis indicates global inflammation, disrupted 

astrocyte metabolism and vascular dysfunction after the 6-month time point. Intriguingly, we 

identified cell apoptotic pathways in female J20 mice relative to WT littermates. 

Immunohistochemistry reveals astrocyte numbers are significantly decreased in J20 mice at 12 

months. Ongoing work includes identifying if loss of astrocytes is plaque-associated and 

integrating data from our studies with publicly available data in other AD murine models and 

human AD tissue. 
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Abstract: Advances in biotechnology have generated a deeper understanding of Alzheimer’s 

Disease (AD) pathophysiology, yet many therapeutic targets remain undruggable either due to 

their protein structure or location within the brain. Notably, CD33 is implicated as an AD risk 

gene because its activation in microglia inhibits clearance of Aβ. Genetic knockout of CD33 

reduces amyloid burden and improves cognition in mouse models, yet current therapeutic 

approaches to inhibit CD33 are ineffective. Traditional small molecule therapies are challenging 

because CD33 does not contain specific binding pockets, and gene therapy approaches to lower 

CD33 expression are ineffective because microglia are notoriously difficult to transfect. We 

previously identified a non-viral conjugate (termed L2-siRNA) that mediates gene silencing in 

microglia after delivery into the CSF (Fig 1A). Here, our aim is to identify a potent siRNA 

against CD33 by screening sequences in vitro and in vivo. We evaluated two lead candidates 

(1152, 2288) in RAW 264.7 macrophages and observed that both sequences exhibited dose-

dependent carrier-free gene silencing (Fig 1B). Next, we injected C57Bl/6J mice 

intracerebroventricular (ICV) with the L2-siRNA sequences and assessed knockdown compared 

to a non-targeting control (L2-siRNANTC) (Fig 1C). CD11b positive cells were isolated to 

evaluate knockdown in myeloid cells selectively, and both sequences exhibited robust CD33 

knockdown (Fig 1D). Under the premise that CD33 is exclusively expressed by microglia and 

macrophages, we also examined regional tissue gene silencing in the CNS. The most potent gene 

silencing was observed within the thoracic and lumbar regions of the spinal cord, hippocampus, 

and cerebellum (Fig 1E,F). Overall, we demonstrated that L2-siRNA achieves potent 

knockdown of CD33 with two different sequences. Subsequent studies will investigate 

therapeutic efficacy in the 5xFAD disease mouse model by assessing Aβ plaque density, 

neuroinflammation, and cognitive function. 
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Abstract: Our recent findings indicate a significant deficiency in the hemodynamic substrate 

supply in cerebral cortex in transgenic Alzheimer’s (CVN-AD) mice, which exhibit both AD-

like behavior and pathology. However, the neurovascular mechanisms underlying these 

hemodynamic changes are poorly understood. We performed time-lapse IR-DIC imaging of the 

microvasculature in an acute slice preparation to investigate the dynamics of pericytes and 

capillaries in both cortical and hippocampal region. These microvessels are susceptible to the 

toxicity of Aβ amyloid plaques deposited near or in the walls of both arterioles and capillaries. 

We analyzed capillary diameter of both male and female CVN-AD mice. We compared cortical 

and hippocampal microvessel reactivity to a vasodilator, glutamate, in WT and age-matched 

CVN-AD mice. We further examined NVC reactivity in the hippocampus with NMDA and 

adenosine stimulation, two potent vasodilators. We found that, in mice younger than 20 weeks, 

glutamate (500μM) fully dilated pre-constricted capillaries, previously induced by 

norepinephrine (2μM), in both cortex and hippocampus of WT and CVN-AD mice. Hence, there 

is evidence for normal neurovascular coupling (NVC) function in younger mouse. However, the 

glutamate-induced vasodilatory effect was significantly attenuated in both 31-40 and 50-week-

old CVN-AD mice but not in the age-matched WT mice, respectively, revealing impaired NVC 



function in these aging CVN-AD mice. Activation of NMDA receptors with NMDA (100μM) 

also caused a full vasodilation of the pre-constricted hippocampal capillaries in WT but not in 

the age-matched (31 to 40 weeks old) CVN-AD mice. NMDA-induced vasodilation was, 

however, abolished by inhibiting NMDA receptors with APV, a specific NMDA receptor 

blocker, suggesting the involvement of the glutamatergic NMDA receptors in the NVC 

dysfunction. Tested in the same age group, adenosine (1mM), also fully restored the pre-

constricted capillaries to control level in WT but this vasodilatory effect was significantly 

reduced in CVN-AD mice, implying that purinergic signaling is also involved in the NVC 

dysfunction in CVN-AD mice. Taken together, our novel results provide strong evidence for a 

progressive, age-related impairment of NVC reactivity with the reduced vasodilation in the 

neocortex and hippocampus in aged CVN-AD mice. More importantly, our results indicate that 

the reduced neurovascular responsivity in these brain regions could result in a focal blood flow 

decrease and, thus contribute to local neuronal and synaptic dysfunction and cell loss leading to 

cognitive decline in AD. 
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Abstract: Cerebral amyloid angiopathy (CAA) is a major co-pathology present in over 80% of 

Alzheimer’s disease (AD) patients. This neuropathological hallmark is defined by an 

accumulation of amyloid deposits in cerebral cortical and leptomeningeal vessels. Although 

pathogenesis is poorly understood, CAA leads to perivascular leakage, microaneurysms and an 

increased risk of cerebral hemorrhages. Vascular amyloid deposition is also associated with an 

elevated neuroinflammatory response. To identify CAA-specific inflammatory pathways, we 

evaluated multiple markers using the GeoMx® digital spatial profiler (DSP) in pathology-

enriched microenvironments such as amyloid deposition (plaques, parenchymal and 

leptomeningeal CAA) in postmortem human brain regions from AD patients with and without 

CAA. Using the comprehensive whole transcriptome atlas (WTA) panel that targets 18,000 

transcripts, we analyzed gene expression of pathologically relevant pathways in select regions of 

interest. We found reduced expression of neuronal-signature genes and greater abundance of 



pericytes and astrocytic signature genes in AD+CAA compared to AD and control, per cellular 

deconvolution estimates. A significant enrichment of genes was associated with the epithelial 

cell apoptosis regulation, cytokine binding and blood microparticles, which include apoE, 

interleukins, and members of the complement system, in AD compared to control tissues within 

amyloid enriched microenvironments. Pathways such as adaptive immune response, response to 

LPS, vasculature reorganization, and extracellular remodeling were exacerbated in AD+CAA, 

compared to AD. GeoMx proteomic assessment (76+ protein panel) confirmed upregulation of 

activated state for microglia and astrocytes within amyloid enriched microenvironments with 

additional differentiation in parenchymal CAA (GFAP and C4B). Based on our findings, 

astrocytic markers are a potential effective indicator of CAA in AD. 
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Abstract: The severity of cognitive decline in Alzheimer’s disease (AD) correlates with the 

extent of tau pathology accumulation across the brain. In AD, pathologic tau likely spreads from 

the entorhinal cortex (EC) to other brain regions via synaptic connections. It has been proposed 

that pathologic tau can act as a “prion-like” seed which can drive misfolding and aggregation of 

physiological tau. Therefore, tau seeds residing in synaptic compartments may be crucial to the 

spread or propagation of tau in AD. In this study, we tested whether relationships exist between 

the bioactivity of synaptic tau seeds and cognitive or neuropathological data among individuals 



within the Religious Order and Rush Memory and Aging Project (ROSMAP). Inferior temporal 

gyrus (ITG) synaptosome fractions were prepared from 128 ROSMAP postmortem tissue 

samples. We detected synaptic tau seed bioactivity from cases at high Braak stages, but little to 

no bioactivity from early Braak stage cases. Synaptic tau bioactivity was not correlated with age 

but was inversely correlated with episodic, semantic, and working memory scores. 

Neurofibrillary tangles and amyloid-β pathology scores were positively correlated with synaptic 

tau seed bioactivity. Synaptic tau seed bioactivity was integrated with multiplex tandem mass tag 

mass spectrometry (TMT-MS) ITG proteomics. Proteomic association analysis uncovered 

protein signals that could indicate key pathways involved in synaptic tau seed bioactivity in the 

ITG. Collectively, this data provides further evidence that the aggregative propensity of tau 

within synapses strongly links to AD pathology and cognitive decline. 
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Abstract: Alzheimer's disease (AD) is a complex neurodegenerative disorder and the leading 

cause of dementia globally, marked by the accumulation of β-amyloid (Aβ) plaques in the brain. 

The precise roles of Aβ peptides and their precursor protein (APP) in AD pathogenesis are not 

fully understood. Aβ plaque formation sequesters free Aβ peptides, reducing their levels in 

cerebrospinal fluid and blood. Pharmacological efforts to reduce soluble Aβ have generally 

failed to demonstrate therapeutic benefits and, in some cases, have even worsened cognitive 

decline, indicating a critical physiological role for Aβ. To address these knowledge gaps, we first 

investigated the individual activities of Aβ42 and Aβ40, the most abundant Aβ peptides. Despite 

differing by only two amino acid residues, these peptides exhibit markedly different properties. 

Aβ42 has two additional hydrophobic amino acids (Ile-41 and Ala-42) at its C-terminus 

compared to Aβ40, making it more prone to aggregation, even at much lower concentrations. 

Using induced human neurons (hiNs), we found that Aβ42 administration significantly increases 

the number of synapses and overall network activity in cultured neurons before exerting its toxic 

effects. Surprisingly, Aβ40 also maintains this synaptogenic activity, albeit at higher 

concentrations. Additionally, unlike Aβ40, Aβ42 influences the formation and distribution of 



pre-synaptic vesicles. Super-resolution microscopy revealed that the synaptogenic effect of Aβ42 

is accompanied by an increased area occupied by pre-synaptic vesicles compared to controls. 

However, during its toxic phase, Aβ42 reduces the area occupied by pre-synaptic vesicles, 

thereby impacting synaptic architecture. Given the dual ability of the Aβ42 to induce 

synaptogenesis and synaptotoxicity, we explored a mutated form of Aβ42 found in AD patients 

caring the Arctic mutation in the APP gene. This Aβ42-am form is more prone to aggregation, 

leading to earlier disease onset. Our findings showed that Aβ42-am lacks synaptogenic activity 

and is more toxic, even at low concentrations, than non-mutated Aβ42. All investigations were 

blinded to reduce bias and utilized four different batches of hiNs cultures per experiment for 

statistical reliability. Results were compared to controls treated with vehicle alone, and data were 

rigorously analyzed for significance. These results collectively shed light on the still unknown 

physiological roles of Aβ peptides, supporting the hypothesis that they could be involved in 

synapse formation. Moreover, mutations of these peptide structures might ultimately result in the 

loss of their physiological functions and exacerbate their toxicity. 
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Abstract: Age-related dysregulation of D-serine metabolism may contribute to cognitive decline 

and Alzheimer’s Disease (AD). D-serine acts as an essential co-agonist of NMDA receptors at 



synaptic sites, pivotal for promoting neuroplasticity. Notably, D-serine levels and NMDAR 

activity decline with age. Research indicates age-related reduction of serine racemase (SRR), the 

enzyme that converts L-serine to D-serine, whereas D-serine supplementation has shown 

potential to reverse memory loss in aging. Of critical note, while studies on normally aging 

brains suggest that the loss of D-serine may contribute to memory decline, findings from AD 

brains propose that increased D-serine is indicative of disease progression. However, 

comprehensive analysis across the complete serine metabolic pathway encompassing aging, AD 

diagnosis, and memory performance remains scarce. Leveraging publicly available gene 

expression datasets, our study examined the impact of age, AD pathology, and memory 

performance with a focus on 11 mRNAs encoding proteins associated with serine metabolism 

and transport. We compared hippocampal mRNA profiles from normally aging rats and AD-

affected humans. Findings reveal upregulation of PHGDH and PSAT1, involved in L-serine 

synthesis, in both aging and AD samples. Conversely, PSPH, another L-serine synthesis enzyme, 

was downregulated, along with SRR and genes related to D-serine vesicle packaging 

(ATP6AP1/2). In aged rats, SLC7A10, encoding a D-serine transporter, exhibited an inverse 

correlation with spatial learning, suggesting potential D-serine transport dysregulation in age-

related cognitive decline. Additionally, D-amino acid oxidase (DAO), which degrades D-serine 

and is minimally expressed in the rat hippocampus regardless of age, was upregulated in the 

human hippocampus in AD. These findings underscore significant parallels in mRNA expression 

profiles between the hippocampi of aged rats and AD-affected humans, despite some differences. 

Ongoing investigations will analyze additional gene profiling datasets to further elucidate how 

aging and AD interact to influence D-serine metabolism and transport. Future studies will 

leverage the TgF344-AD transgenic rat model to investigate how D-serine signaling mechanisms 

impact learning and memory decline in both normal aging and AD. 

Disclosures: M.J. Pitre: None. A.E. Sikora: None. D.J. Horovitz: None. C.M. Hernandez: 

None. J.A. McQuail: None. 

Late-Breaking Poster 

LBA003: Theme C Late-Breaking Posters 

Location: MCP Hall A 

Time: Sunday, October 6, 2024, 1:00 PM - 5:00 PM 

Program #/Poster #: LBA003.025/LBA25 

Topic: C.02. Alzheimer's Disease and Other Dementias 

Support: NIH/NIA Grant P20AG068077 

Title: Effects of acute antalarmin treatment on Alzheimer's Disease TgF344-AD rats: examining 

hippocampal-dependent neuronal firing and spatial navigation 



Authors: *N. C. REYNA1, D. A. HAMILTON2;  
1The Univ. of New Mexico, Albuquerque, NM; 2Psychology, Univ. New Mexico, Albuquerque, 

NM 

Abstract: Alzheimer’s disease is characterized by neurobiological deterioration and cognitive 

impairment that is irreversible. Alzheimer’s disease patients exhibit increased stress system 

abnormalities including upregulation of the corticotropin releasing factor type 1 receptor (CRF1) 

and elevated levels of cortisol. Further, those who experience increased psychological distress in 

life are more likely to be diagnosed with Alzheimer’s disease later in life and experience faster 

rates of neurocognitive decline following a diagnosis. Therefore, the current project examined 

the underlying systems involved in Alzheimer’s disease neuropathology and stress. Previous 

studies have shown that administration of the CRF1 antagonist, Antalarmin, reduced AD 

pathogenesis and anxiety-like behavior in mouse models of Alzheimer’s disease. A newer rat 

model of Alzheimer’s disease (TgF344-AD) has become widely used in recent years due to its 

ability to represent different stage of Alzheimer’s disease (e.g., preclinical and MCI) as well as 

expression of robust neuropathology (e.g., tau, amyloid-beta, neuroinflammation and neuronal 

loss). Thus, the current project used the TgF344-AD model to elucidate the mechanistic 

functions of CRF1 on the progression of AD neuropathology. We report on the effects of CRF1 

antagonism on anxiety-like behavior, spatial navigation and memory, olfactory memory, and 

alterations of long-term potentiation in the hippocampus. Our results currently indicate that 

Antalarmin decreased anxiety-like behavior in the EPM (p<0.05). Further, TgF344-AD rats who 

received acute Analarmin injections took more direct paths to the platform in the MWT and had 

shorter swim latencies compared to saline treated TgF344-AD rats (p<0.05). Hippocampal firing 

was significantly reduced in all TgF344-AD animals, regardless of drug treatment (p<0.05). 

Interestingly, TgF344-AD rats demonstrated similar olfaction memory in the socially 

tranmissible food preference compared to WT (p>0.05). This project provides a more 

comprehensive understanding of Alzheimer’s disease and expand treatment options available 

while prioritizing early-interventions and promoting mental well-being. 
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Abstract: The relationship between brain-wide functional decline and accumulation of 

pathological protein aggregates in Alzheimer’s disease (AD) is complex and not well 

understood. A set of highly interconnected cortical regions known as the default mode network 

(DMN) exhibits selective vulnerability to both functional decline and amyloid beta (Aβ) plaques 

in early AD. One possibility is that early Aβ accumulation in the DMN drives vulnerability. It is 

unknown whether there is something intrinsic to neuronal projections within the DMN that 

biases these circuits towards dysfunction. Here we directly test this hypothesis using long-term 

recordings of the spiking activity of ensembles of single units in freely behaving APP/PS1 mice, 

a model characterized by global cortical and hippocampal Aβ burden, at ages before and after 

widespread amyloid plaque deposition. We track the interactions between a population of 

neurons within a DMN region and two additional populations that comprise monosynaptic 

targets, one within and one outside the DMN. In addition, we record single neurons in 

hippocampus and examine interactions between the in-DMN and out-DMN cortical circuits 

triggered on hippocampal sharp-wave ripples, stereotyped hippocampal events that contribute to 

memory consolidation in the cortex. We examine the statistics of local activity and inter-regional 

communication in a region, genotype, and brain-state dependent manner. Our data reveal a 

progressive dysfunction restricted to the in-DMN projecting circuit only in APP/PS1 mice 

following plaque accumulation. In contrast, communication along neuronal projections that 

originate in the DMN but target an out-DMN population is equivalent in APP/PS1 and WT mice. 

Circuit dysfunction is most evident throughout sleep, and particularly disrupted within sharp-

wave ripples. Summarily, our results indicate that, even in the face of transgene overexpression 

and widespread Aβ, there is distinct intrinsic and selective vulnerability. This vulnerability to 

amyloidosis is circuit-specific and conditioned on target, and neither source nor amyloid burden. 

These data raise the possibility that neuronal function in the DMN is not universally vulnerable; 

DMN subnetworks whose interactions involve targets outside the DMN may be resilient to Aβ. 
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Abstract: Currently, the role of MRI for Alzheimer’s disease diagnosis is limited to 

identification late-stage atrophy1. Microstructural MRI methods, especially diffusion MRI 

(dMRI), can potentially capture cellular changes that precede neurodegeneration. Recently, we 

have reported that microscale anisotropy (μA) changes can be detected at earlier stages of AD 

than other MRI alterations2. These initial studies used conventional dMRI acquisition - single 

diffusion encoding (SDE) - but we hypothesize that specificity to altered μA in AD can be 

greatly improved by employing the more sophisticated double diffusion encoding (DDE) 

strategy. Bench experiments have shown that DDE provides length-scale and μA specificity that 

is not possible using SDE protocols and there have been several technical demonstrations of new 

DDE mapping strategies in the in vivo human brain, among the most promising is diffusion 

tensor subspace imaging (DiTSI)3, which provides new μA metrics of radial and spherical 

anisotropy (RA and SA). However, these new tools require comprehensive comparison to 

existing dMRI frameworks and radiologic-pathologic validation if they are to become successful 

in providing early AD markers. In the current study, we have collected a comprehensive set of 

high resolution and high quality SDE and DDE MRI data in postmortem human temporal lobe 

specimens with and without AD pathology. Using this data, we have implemented DiTSI and 

compared RA and SA maps in AD and non-AD tissue to maps from SDE frameworks including 

fractional anisotropy (FA, DTI)4, Kurtosis anisotropy (DKI-μA, DKI)5 and propagator anisotropy 

(PA, MAP-MRI)6. The accompanying figure shows these metric maps for a longitudinal slice 

through both healthy and AD specimens along with histogram profiles for the specimens. FA did 

not show prominent differences, PA and DKI-μFA showed hippocampal reductions only and SA 

and RA were strongly decreased in the hippocampus and white matter of the AD specimen. 

Based on these results, DDE appears to have greater sensitivity to microscale features associated 

with AD pathology. 
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Abstract: Previous work has shown that the overall MRI-derived volume of the dopaminergic 

Substantia Nigra (SN) is associated with recognition memory and is decreased in clinical 

Alzheimer’s Disease dementia (ADD) (Krohn et al., 2022) and Parkinson’s Disease (PD). This 
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work assesses the sensitivity of a previously published probabilistic SN-specific tissue prior 

model (Krohn et al., 2023) to cognitive and functional decline in ADD and PD cohorts. 

We estimated SN volume from T1-weighted FLASH images of 89 healthy controls (HC), 70 

participants with subjective cognitive decline (SCD), 25 with mild cognitive impairment (MCI), 

and 13 individuals with ADD from the multi-site DZNE Longitudinal Cognitive Impairment and 

Dementia (DELCODE) study aging and dementia study and site-harmonized the volumina. 

Participants performed a recognition memory task, the preclinical PACC5, and the clinical 

Alzheimer’s Disease Assessment Scale (ADAS-cog) task batteries. They also performed 

cognitive task batteries, from which a global cognitive score was calculated. We assessed 

FLASH images and symptom severity scores (UPDRSIII) of 22 individuals with PD. Linear 

regression models were generated to assess associations between SN volume and recognition 

memory, PACC5 and global cognition, ADAS-cog, and UDPRSIII. We used site, gender, age, 

and years of education as covariates. 

In line with previous results, SN volume was reduced in MCI (p<0.001) and ADD (p=0.02) 

compared to HC and reduced in PD compared to age- and sex-matched HC (p<0.001). It was 

associated with recognition memory (p=0.04, r2=0.01) in line with previous results, PACC5 

(p=0.003, r2=0.04), the ADAS-cog 13 score (p=0.006, r²=0.04) and global cognition (p=0.003, 

r²=0.04). In PD, SN volume was associated with symptom severity (p=0.04 r²=0.2). 

We confirm previous results showing decreased model-based SN volume in ADD and PD and an 

association between SN volume and both recognition memory and preclinical and clinical 

dementia scores. We further show an association between general cognitive function and SN 

volume. Therefore, our tissue prior model is suitable for SN segmentation in (longitudinal) 

datasets and other neurodegenerative and aging cohorts. 
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Abstract: Recent studies have suggested that prodromal stages of AD are accompanied with 

central auditory system dysfunction (Swords et al., 2018), which may be used as early indicators 

of disease onset and progression. In AD patients of 60 years old and more, atypical patterns of 

oscillatory entrainment to repetitive sound transients have been reported and suggested as 

potential neuromarker of Alzheimer's disease (van Deursen et al., 2011). Whether such 

alterations of auditory functions relate to genetic risk factor of AD (APOE4) at an early age 

(<30) is unknown. Here we used EEG recordings to measure auditory responses to repetitive 

sounds (1 second click trains presented at various frequencies between 10 and 250 Hz) in 34 

young normal hearing participants with no known neurological impairments. To test whether 

auditory responsivity is affected by AD risk factor, we compared auditory brain responses from 

17 APOE3 (age mean=21.6, sd=1.8) and 17 APOE4 carriers (age mean=23.6, sd=4.9). 

Comparing the magnitude of auditory event related potentials (ERPs) we observe that APOE4 

carriers exhibit slightly lower P2 and P3 ERP responses compared to APOE3 carriers, with a 

consistent delay starting from the N1 component. Focusing on ASSR power across frequencies 

(10–90 Hz), we observed that APOE3 carriers exhibit reliably stronger neural entrainment than 

APOE4 carriers (Cohens’ d = 0.8, ‘large’ effect size). This difference was sustained across 

stimulus time course and seems mostly frontal and at low stimulus frequencies. Overall, these 

results suggest that central auditory differences can be detected very early in at-risk populations. 

Studying these signals could help identify early AD pathology and provide an entry point for 

therapeutic interventions against neurodegeneration. 

Swords, G. M., Nguyen, L. T., Mudar, R. A., & Llano, D. A. (2018). Auditory system 

dysfunction in Alzheimer disease and its prodromal states: A review. In Ageing Research 

Reviews. https://doi.org/10.1016/j.arr.2018.04.001 

van Deursen, J. A., Vuurman, E. F. P. M., van Kranen-Mastenbroek, V. H. J. M., Verhey, F. R. 

J., & Riedel, W. J. (2011). 40-Hz steady state response in Alzheimer’s disease and mild 

cognitive impairment. Neurobiology of Aging, 32(1), 24-30. 

https://doi.org/10.1016/j.neurobiolaging.2009.01.002 
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Abstract: Multimodal data analysis can lead to more accurate diagnoses of brain disorders due 

to the complementary information that each modality adds. However, a major challenge of using 

multimodal datasets in the neuroimaging field is incomplete data, where some modalities are 

missing for certain subjects. Hence, effective strategies are needed for completing the data. In 

this study, we proposed a generative method designed to reconstruct missing modalities from 

existing ones while preserving disease patterns. Specifically, we employed a cycle-generative 

adversarial network (Cycle-GAN), as illustrated in Fig. 1, to transform functional network 

connectivity (FNC) maps into T1-weighted structural magnetic resonance imaging (sMRI) 

images and vice versa in the context of Alzheimer's disease (AD). We used 2910 T1 images and 

414 FNC maps from the Alzheimer's Disease Neuroimaging Initiative (ADNI). To evaluate the 

quality of the generated samples, we adopted the structural similarity index measure (SSIM) 

between the real T1 images and their corresponding generated T1 images, and the Pearson 

correlation between the real FNC features and the generated ones. Our results showed an SSIM 

of 0.89±0.003 and a Pearson correlation of 0.71±0.004. Using the real T1 and FNC data along 

with the generated data, we trained a multi-modal classification model of AD vs. cognitively 

normal (CN) and measured the performance of the model with accuracy, precision, recall, and F1 

score. Furthermore, we compared the performance of the model with the following baselines: 1) 

subsampling, where the input data includes only the data for which both modalities are available, 

and 2) zero-imputation, where the missing modality is replaced with zeros. According to our 

results, our generative-imputation approach achieved an accuracy of 86.87%±2.9, outperforming 

the subsampling and zero-imputation approaches by 8.6% and 9.4%, respectively. Additionally, 

our proposed approach achieved an F1 score of 0.88, a recall of 0.86, and a precision of 0.91, all 

of which were superior to the baselines. 
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Abstract: Alzheimer's disease (AD) is a progressive neurodegenerative disorder characterized 

by cognitive impairment, memory loss, and changes in behavior. The pathological hallmarks of 

Alzheimer's disease include the presence of amyloid-beta plaques and neurofibrillary tangles of 

hyperphosphorylated tau proteins. In the present study, we leveraged functional magnetic 

resonance imaging (fMRI) and positron emission tomography (PET) data from the Alzheimer's 

Disease Neuroimaging Initiative (ADNI) database. We characterized the effects of amyloid and 

tau levels in older adults without dementia on resting-state functional connectivity, cross-
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sectionally. Given that the study focused on preclinical individuals, participants included in this 

study were diagnosed as either cognitively normal (CN, N=209) or as having mild cognitive 

impairment (MCI, N=88). A small AD sample (N=29) was included for comparative purposes. 

In particular, we examined associations between pathological protein levels with seed-based 

connectivity and functional network connectivity during resting state scans. Seed-based 

functional connectivity analyses showed a significant negative effect of entorhinal tau level on 

connectivity within the temporal lobe in this group of older adults without dementia. No previous 

studies have shown this pattern in individuals without dementia, who have a much lower level of 

tau presence. Functional network connectivity analysis revealed a reduction in within-network 

connectivity in subjects with greater tau levels in ventral and temporal networks, more 

specifically in limbic, temporal parietal, and DMN based on the Schaefer 17-network whole 

brain parcellation atlas. Such findings agree with previous studies showing that the entorhinal 

cortex lobe seems to harbor tau preclinically and the elevated tau impacts functional network 

connectivity. Amyloid, however, was related to higher within-network connectivity in the 

following networks: dorsal attention, limbic, salience/ventral attention, and somatomotor. 

Amyloid was also related to higher overall between-network connectivity. Therefore, in this 

ADNI sample, older adults without dementia seem to have the same pattern as in previous 

reports of amyloid-related connectivity alterations in AD samples. In conclusion, the analysis 

showed that tau is related to decreased network connectivity, while amyloid is related to 

increased network connectivity in subjects without dementia. Characterizing the effects of 

dementia-related pathological proteins on brain network connectivity may clarify the course of 

cognitive decline in both normal and pathological aging. 
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Abstract: Neural reserve (NR) refers to the brain's ability to stay functional despite aging or 

disease; individuals with high NR may have more efficient, capacious, and/or flexible brain 

networks than those with low NR. While previous studies have focused on network efficiency 

analyzing the shortest path length, they have often overlooked other important aspects of NR 

such as capacity and flexibility. This may be due to the lack of standardized measures for 

assessing them. In this study, we propose using the number of alternative paths and 

communicability as their surrogates. Specifically, we hypothesized that higher education may 

correlate with more alternative brain paths and higher communicability, since education is one of 

factors that increase NR. We first identified brain pathways whose communicability was 

associated with the education duration using DTI-derived structural brain networks. We recruited 

21 healthy subjects (age: 68.86±4.59 years, 12 female and 9 male, education duration: 

13.33±4.23 years) from Korea University Guro Hospital. Communicability is the length-

penalized summation of the number of alternative paths, and calculated between all pairs of brain 

nodes (regions). We identified 8 positively and 6 negatively correlated node pairs between 

education and their communicability. The node pairs with positive correlations resided in the left 

hemisphere, while those with negative correlations were in the right hemisphere. We calculated 

the average number of alternative paths for all the node pairs. The node pairs with positive 

correlations had more alternative paths than the others. However, for the short path lengths 

(<=4), the numbers of alternative paths did not significantly differ. This suggested that the larger 

number of relatively longer paths contributes to increased communicability; the efficiency 

measures solely based on the shortest path may overlook such changes. We noted the role of the 

identified node pairs in information transmission architecture. The node pairs with positive 

correlations utilized inter-hemispheric connections, showing potential relationship with 

functional integration. In contrast, the node pairs with negative correlations relied on paths 

within the right hemisphere, which might increase the efficiency of intra-hemispheric 

communication by reducing interference. In summary, our findings suggest that individuals with 

higher education have more alternative paths and higher communicability for certain pathways, 

that show greater capacity for information transfer, and may have higher resilience to network 

damage by flexible reconfiguration of information pathways; this implies increased NR. 
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Abstract: Alzheimer’s Disease (AD) is characterized by the presence of β-amyloid plaques and 

neurofibrillary tau tangles, with tau strongly linked to neurodegeneration and cognitive 

impairment. Braak and Braak (1991) found that tau tangles first appear in the entorhinal cortex, 

then spread to limbic regions, and finally disperse throughout cortex. Recent research 

demonstrates that tau can propagate across brain regions through structurally and functionally 

connected neurons in a prion-like fashion. In a large preclinical dataset (n=317 amyloid-positive 

individuals from the Anti-Amyloid Treatment in Asymptomatic Alzheimer’s Disease (A4) 

study), we sought to identify brain regions that (1) have the greatest potential to spread tau and 

(2) are most susceptible to tau spread before symptom onset. Structural and functional MRI and 

tau PET data were parcellated using the Human Brainnetome Atlas. We computed two 

multimodal graph-theoretic metrics, including a novel weighted metric of node strength, for all 

brain regions across participants. Tau-weighted node strength was defined as the product of 

regional tau uptake and its summed functional connectivity with the rest of the brain. Nodal 

hazard was calculated as the sum of tau uptake in all other brain regions, weighted by their 

connectivity to the given region. Brain regions with the highest tau-weighted node strength and 

nodal hazard (top 15 percent) across all subjects were identified. We found the highest tau-

weighted node strength in limbic and subcortical regions, including the medial dorsal thalamus, 

medial amygdala, posterior hippocampus, nucleus accumbens, ventral caudate and ventromedial 

putamen. As expected, these regions demonstrated significantly greater tau levels than other 

regions (t = 28.44, p = 3.97e-89). Conversely, the group with the highest nodal hazard primarily 

featured multimodal association cortex, particularly the inferior frontal gyrus, inferior parietal 

lobule, superior temporal gyrus, middle frontal gyrus, and orbital gyrus.Our results show that 

regions with the highest tau-weighted node strength generally represent earlier Braak stage 

regions and may facilitate early tau spread. These regions are also heavily involved in emotion 

regulation and memory, and could contribute to the development of neuropsychiatric symptoms 

in AD. Regions with high nodal hazard, on the other hand, may play a critical role in the 

dispersion of tau pathology in later stages. Future analyses will predict the longitudinal spread of 

tau in preclinical individuals and its association with neuropsychiatric symptoms, potentially 

paving the way for new treatments and early therapeutic intervention. 
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Abstract: Alzheimer’s disease (AD) affects 6.9 million people in the United States. AD is 

characterized by loss of cognitive functioning and build up of beta-amyloid (Aβ) which can 

aggregate to form plaques. These plaques have been shown to contribute to memory deficits and 

correlate with disease progression. Overexpression of PSD-95, a synaptic protein, has been 

shown to block the negative effects of Aβ on synapses. PSD-95 binds to the NMDAR C-terminal 

domain and must be palmitoylated to remain at the synapse. ABHD17a has been shown to be the 

most aggressive depalmitoylating enzyme for PSD-95 which could lead to a reduction in 

trafficking and detachment from the membrane. We aim to further investigate the relationship 

between ABHD17a and PSD-95 in the presence of Aβ. Primary hippocampal neurons were 

cultured from P0 rodents, and cultures were transfected with ABHD17a-GFP and PSD95-

mApple, then infected with fragments of the amyloid precursor protein (APP) that would either 

produce beta-amyloid (CT100), or the non-amyloidogenic APP fragment (CT84).To investigate 

the interaction between PSD-95 and ABHD17a, we used fluorescence lifetime imaging (FLIM) 

to measure the GFP lifetime and interaction between ABHD17a-GFP and PSD-95-mApple in 

dendritic spines. We found a decreased GFP lifetime in dendritic spines infected with CT100, 

suggesting that Aβ increases the interaction between ABHD17a and PSD-95. Future directions 

would be to decrease endogenous ABHD17a to investigate the therapeutic advantage of 

increasing PSD-95. 
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Abstract: In 2024, an estimated 6.9 million people in the United States are living with 

Alzheimer’s disease (AD). Neuropathologically, AD is characterized by the accumulation of 

amyloid-beta plaques and aggregates of tau in the brain, yet how amyloid-beta drives tauopathy 

is still under debate. Neuritic plaques, a subcategory of amyloid-beta plaques that contain tau-

positive dystrophic neurites are a potential window into how these two protein pathologies 

converge. In post-mortem brain tissue, neuritic plaques have a strong correlation with cognitive 

decline associated with AD. Our group has previously shown that neuritic plaques increase in 

numbers as AD pathological changes progress and that in cortical regions this increase precedes 

the appearance of tau-positive neurofibrillary tangles in neurons. Dystrophic neurites in neuritic 

plaques contain many axonally transported proteins, including ubiquitin 1 (Ubi-1), lysosome-

associated membrane protein 1 (LAMP1), and reticulon 3 (RTN3), and previous studies in 

animal models suggest that these proteins are found in a distinct temporal sequence as neuritic 

plaque pathology evolves. To test if this theory holds true in human postmortem brains, we 

quantified the number on Ubi-1, LAMP1, RTN3 and tau-positive amyloid-beta plaques in a 

cohort of AD patient brains at different stages of AD progression. We identified disease stage 

and brain region specific differences in the temporal appearance of these proteins. Most notably, 

in the cortical region, the percentage of RTN3-positive plaques increased from low to 

intermediate AD cases and then decreased from intermediate to high AD cases. However, in the 

hippocampus region, the percentage of RTN3-positive plaques decreased from low to 

intermediate AD cases and then increased from intermediate to high AD cases. Understanding 

the sequence of molecular processes leading to neuritic plaque formation will enhance our 

knowledge of disease progression in AD and aid in identifying potential new therapeutic targets 

to stop the pathological cascade leading to dementia. 
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Abstract: Amyloid-β (Aβ) is a protein that can misfold into pathological fibril aggregations and 

lead to the formation of plaques in the brain—a hallmark of Alzheimer’s disease (AD). While the 

causes of AD are not well understood, there is strong evidence of a correlation between type 2 

diabetes and AD that implicates diabetes as a potential modifiable risk factor for AD prevention. 

The mechanisms underlying this association are not understood, but one possible explanation is 

that diabetics often consume artificial sweeteners as an alternative to natural sugars. The ten-year 

Framingham longitudinal study found a significant link between artificial sweetener 

consumption and AD (Pase et al., 2017); daily consumption of artificial sweeteners nearly tripled 

the risk of AD. This current study sought to determine whether artificial sweeteners promoted 

Aβ plaque aggregation in vitro to investigate a mechanism underlying Pase’s findings. Methods: 

We used Thioflavin T (ThT) to assay Aβ42 aggregation in the presence of natural sugar (glucose) 

and artificial sweeteners at physiological temperature (37° C). ThT is a natural fluorescence dye 

that binds with amyloid-fibrils. It is a widely used and sensitive reporter of fibril aggregation, 

with the level of fluorescence depending on the amount of Aβ aggregation. Aβ42 has two more 

residues than Aβ40 and is more prevalent in plaques. Using a 384 well plate and a GloMax 

microplate reader, ThT fluorescence was excited at 405 nm and measured at 505-550 nm. 

Background fluorescence levels of ThT with each sugar alone were measured and subtracted 

from the experimental results. Iglewicz and Hoaglin's robust test for outliers (z=3.0) was used as 

an outlier criterion. Pairwise two-tailed t-tests compared the glucose control (n=12) with each of 

the four artificial sweeteners: Equal Saccharin (p<0.000, n=12), Equal Original (p<0.000, n=10), 

Splenda Stevia (p<0.006, n=14), and Sweet’N Low (p<0.000, n=15) (Bonferroni correction 

α=0.05/4, α<0.0125.) Results: Wells contained Aβ42 and ThT, either alone, with glucose, or with 

an artificial sweetener. Fibril formation, measured by ThT fluorescence, was significantly greater 

with the four artificial sweeteners than either of the two controls: glucose or Aβ42 and ThT alone. 

Fibril formation with glucose was not different from the baseline level of Aβ42 and ThT alone. 

Conclusion: These results indicate that artificial sweeteners can promote fibril formation in vitro 

when compared to glucose or no sugar. This study offers an important insight into the link 

between artificial sweeteners and AD, especially for those with diabetes, and suggests a 

mechanism explaining the Framingham study’s finding. 
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Abstract: Alzheimer’s disease (AD) is characterized by the aggregation of amyloid beta (Aβ) 

peptides generated from the proteolytic cleavage of amyloid precursor protein (APP). APP is a 

transmembrane protein widely expressed in the central nervous system but also secreted by the 

various cell types of peripheral tissues. AD patients experience decreased salivation over the 

course of disease and display higher levels of salivary Aβ42. We have previously demonstrated 

salivary gland epithelial cell APP immunoreactivity and saliva Aβ levels while examining 

APP/PS1 and AppNL-G-F mouse models of AD. However, minimal immunoreactivity for salivary 

gland Aβ was observed. Based on these findings, we hypothesized that epithelial APP processing 

results in ductal secretion of Aβ into the saliva. To begin testing this idea, submandibular glands 

were collected from 6-7 months old male and female wild type (WT) and AppNL-G-F mice. 

Immunostaining demonstrated, once again, robust epithelial APP immunoreactivity in both sexes 

and genotypes with no evidence of plaque-like Aβ deposition in either male or female AppNL-G-F 

mice. Immunohistochemistry for tyrosine hydroxylase (TH) and choline acetyltransferase 

(ChAT) to visualize noradrenergic and cholinergic innervation, respectively, demonstrated a 

surprising increase in TH staining in female AppNL-G-F mice suggesting dysfunctional regulation 

of secretion. To directly assess regulation of Aβ secretion, submandibular glands from AppNL-G-F 

mice were cultured to quantify secretion of Aβ in vitro through ELISA and the levels of both 

Aβ40 and Aβ42 were detectable in the culture media. These data suggest that salivary gland 

dysfunction and saliva composition changes may occur in AD. Further work is required to fully 

validate the cellular source, regulation, and consequence of salivary Aβ. These data also support 

the idea that salivary gland dysfunction is a peripheral characteristic of AD. 
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Abstract: Alzheimer’s disease (AD) is a neurodegenerative disease and the most common form 

of dementia, affecting more than 6 million Americans. A pathological hallmark of AD is the 

accumulation of amyloid-beta (Aβ) peptides formed by the proteolytic cleavage of the amyloid 

precursor protein (APP) by β and γ secretases. It is known that type 2 diabetes mellitus (T2DM) 

is a strong independent risk factor for developing AD, and although the relationship between 

T2DM and AD is certainly multifactorial, some studies have indicated a connection between 

insulin signaling in neurons and APP amyloidogenic processing. We have recently discovered 

that the exocyst, an insulin-responsive eight-protein trafficking complex, regulates APP 

intracellular trafficking and processing in neurons, which would represent an exciting new 

molecular mechanism directly linking insulin signaling and AD. Our current working hypothesis 

is that the exocyst is required for the delivery of APP from the trans-Golgi network to the plasma 

membrane, and for the transcytosis of APP through the endocytic pathway into axons, and that 

insulin redirects the exocyst away from transport vesicles carrying APP. We are utilizing mouse 

primary hippocampal neurons and SH-SY5Y cells to further investigate the relationship between 

APP, the exocyst, and insulin-signaling pathways. Using high resolution microscopy, we show 

that the exocyst and APP colocalize in insulin-starved cells, but with insulin treatment, this 

colocalization significantly decreases specifically in dendrites and axons. We have further 

analyze this relationship using live-cell TIRF microscopy of fluorescently labeled APP and 

exocyst proteins in SH-SY5Y neurons. In our fluorescent lines, we observed highly coordinated 

movement of APP and exocyst subunits in soma and along neurites. Moreover, recent proteomic 

analysis of biotinylated cell-surface proteins showed significant reductions of plasma membrane 

APP, but not its paralogs APLP1 and APLP2, after treatment with the exocyst inhibitor, 

endosidin-2. These data suggests that the exocyst specifically targets APP-containing vesicles via 

the secretory pathway. Interestingly, endosidin-2 treatment also led to decreased levels of 

RAB5B (endocytic trafficking), EEA1 (early endosome), and APPL1 (early endosome) co-

purifying with biotinylated proteins, indicating a role of the exocyst in the endocytic pathway of 

neurons. Elucidating the relationship of insulin, exocyst, and APP in neurons may identify novel 

mechanistic pathways connecting insulin dysfunction and AD pathophysiology and ultimately 

may identify potential targets for new therapeutic approaches. 
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Abstract: Cancer and Alzheimer’s disease (AD) are common age-associated diseases with 

intriguing inverse epidemiological correlations. Amyloid precursor protein (APP) is primarily 

recognized for its role in Alzheimer's disease, where its enzymatic cleavage results in the 

accumulation of amyloid-beta peptides. Additionally, elevated expression of APP and its N-

terminal fragment, sAPP, has been observed in various types of cancer, hinting at a potential 

mechanistic link between APP biology and tumor progression. However, the underlying 

mechanisms of this association remain unclear. In exploring the relationship between AD and 

colon cancer, we utilized the amyloidosis AD mouse model, AppNL-G-F, which features three AD-

related mutations in the human Aβ sequence that are knocked into the mouse App gene. Male 

and female AppNL-G-F mice were subjected to a colitis-associated colorectal cancer protocol 

induced by azoxymethane (AOM) and dextran sodium sulfate (DSS). These mice exhibited sex-

dependent tumor outcomes: males showed increased tumor number and size, while females 

displayed a protective phenotype against tumorigenesis compared to wild-type C57BL/6 mice. 

APP immunoreactivity was observed in both normal and cancerous epithelium, as well as in 

enteric neurons, underscoring mutant APP’s potential contribution to sex-specific tumorigenesis 

effects. Additionally, immunostainings for BACE1, TACE, and Presenilin 1 were observed in 

both normal and cancerous epithelium. The widespread presence of BACE1, TACE, and 

Presenilin 1 in these tissues underscores ongoing APP processing in these environments, which 

could be contributing to the pathology observed in both AD and cancer. To investigate nerve 

invasion in tumor tissue, we performed immunostainings for PGP 9.5, choline acetyltransferase 



(ChAT), and tyrosine hydroxylase (TH). PGP 9.5 and ChAT were observed in both normal and 

cancerous epithelium, but TH was only present in normal epithelium. The exclusive presence of 

TH in normal epithelium could indicate a disruption of catecholamine synthesis pathways in 

cancerous tissues, potentially affecting tumor behavior and local immune responses. These 

findings not only provide insights into the biochemical landscape of the tumor microenvironment 

influenced by neural components but also underscore the importance of APP and its metabolites 

in the pathology of colon cancer. 
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Abstract: The prion-like propagation of protein aggregates in the brain has emerged as a key 

hypothesis for the cell-to-cell spread of pathology in Alzheimer's disease (AD) and related 

disorders. In this model, pathological tau aggregates, or "tau seeds," are internalized by target 

cells via endocytosis, traverse the endolysosomal pathway, escape from lysosomes, and 

subsequently induce the aggregation of endogenous soluble tau in the cytoplasm. Lysosomal 

escape is a critical step in the amplification of tau seeds, which is crucial for AD progression. 

However, significant questions remain about the exact mechanism by which tau seeds breach 

lysosomal membranes and the role of cellular membrane repair machinery in specifically 

preventing this escape. To address these questions, we employed a combination of in vitro 

reconstitution and cell-based assays. Our results demonstrate that internalized tau seeds cause 

nanoscale permeabilization of the lysosomal membrane in neurons. Using super-resolution 

microscopy, we observed that soluble tau monomers undergo templated aggregation on the 

surface of damaged lysosomes. Recently, the endosomal sorting complex required for transport 

(ESCRT) machinery has been implicated in the repair of damage to both plasma and lysosome 

membranes. We found that components of the ESCRT repair machinery are recruited to 



lysosomes compromised by internalized tau seeds. To identify upstream protein components that 

facilitate the recruitment of ESCRT machinery to damaged sites, we utilized an in vitro 

reconstitution system with a simplified membrane model. Our findings reveal that the Ca²⁺-

binding regulatory protein, Apoptosis Linked Gene-2 (ALG-2), binds directly to negatively 

charged membranes in a Ca²⁺-dependent manner and orchestrates the downstream assembly of 

ESCRT-III machinery through two parallel pathways. Furthermore, using structure-inspired 

mutants of ALG-2 validated through molecular dynamics simulations, we show that ALG-2's 

binding to acidic membranes in the presence of Ca²⁺ is mediated by a combination of 

electrostatic and hydrophobic interactions. In conclusion, our study demonstrates that tau seeds 

induce lysosome membrane permeabilization, outlines the minimal set of components required to 

assemble the complete membrane repair machinery, and elucidates the essential role of Ca²⁺-

dependent membrane binding by ALG-2 in counteracting lysosomal tau seed escape. 
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Abstract: Neurotransmitters (NTs) are crucial signaling molecules in animals and imbalances in 

NT concentrations is associated with aging and brain disorders. Here, we uncover a role for 

intracellular NTs in mediating neurodegeneration by direct interaction with cytosolic proteins. 

Because polyphenols are inhibitors with disaggregating effects on fibril-type protein aggregates, 

we investigated a library of 931 chemicals to identify structural features of polyphenols that 

inhibit seeding. Seeding is a disease-relevant mechanism involving catalysis by fibrils, which 

leads to aggregation of proteins in Alzheimer’s disease (AD) and other neurodegenerative 

diseases. Chemotyping identified monoaminergic NTs such as dopamine, norepinephrine, 

epinephrine, and serotonin as phenol- and polyphenol-type effectors of tau aggregation. Dose 

titrations using catecholaminergic NTs revealed bimodal effects, with aggregation catalysis 

occurring at low ratios of NTs to tau fibrils and inhibited seeding ensuing with increasing NT 

concentrations. Bimodal effects on seeding are indicative of disaggregant-type inhibitors, which 



catalyze seeding by increasing seeding-competent fibril nucli at low concentrations, and inhibit 

at high concentrations by eliminating fibril templates. By establishing that monoaminergic NT 

levels contribute bimodally to the aggregation environment, these results pave the way for 

pharmacotherapy approaches to manage AD and other neurodegenerative diseases by modifying 

intracellular levels of NTs. 

Disclosures: P. Seidler: None. 

Late-Breaking Poster 

LBA003: Theme C Late-Breaking Posters 

Location: MCP Hall A 

Time: Sunday, October 6, 2024, 1:00 PM - 5:00 PM 

Program #/Poster #: LBA003.042/LBA40 

Topic: C.02. Alzheimer's Disease and Other Dementias 

Title: A novel humanized TAU mouse model for preclinical development of oligonucleotide 

drugs for Alzheimer's Disease 

Authors: *D. HAN1, S. WANG2, D. HUANG2, Q. XU2, F. GU2, X. ZHOU2;  
1Biocytogen Boston Corp., Waltham, MA; 2Biocytogen Pharmaceuticals (Beijing) Co., Ltd., 

Beijing, China 

Abstract: Introduction: TAU protein, a microtubule-associated protein primarily expressed in 

neurons, plays a crucial role in the progression of Alzheimer's disease. The accumulation of 

hyperphosphorylated tau proteins within cells forms neurofibrillary tangles that disrupt normal 

neuronal cell function and ultimately lead to Alzheimer's disease (AD). Objectives: Given the 

pivotal role TAU protein plays in the pathophysiology of AD and the symptoms of AD can be 

alleviated by reducing TAU protein levels, there has been considerable interests in the 

development of TAU-targeting oligonucleotide drugs for treating AD. Therefore, it is essential to 

have scientifically appropriate mouse models for such research needs. Results: We successfully 

developed a mouse models, B-hTAU, which expresses humanized TAU, in which the exons 

2~10 of mouse Tau gene that encode the full-length protein were replaced by human TAU exons 

2~15. The 3’UTR region of the mouse gene is replaced by its human counterpart. The chimeric 

TAU expression is driven by endogenous mouse Tau promoter, while mouse Tau gene 

transcription and translation will be disrupted. Human TAU mRNA was detectable only in 

homozygous B-hTAU mice but not in wild-type littermates. In the B-hTAU mice, we detect all 

six isoforms (including both 3R and 4R forms) of human TAU gene present in human brain and 

confirmed by Sanger Sequencing. Human and mouse TAU protein expression was detectable in 

the brains of wild-type mice and homozygous B-hTAU mice due to cross-recognition of 

antibodies. Additionally, through collaboration we evaluate the inhibitory efficiency of nucleic 

acid drugs against human TAU in the B-hTAU mice. The human TAU-targeting nucleic acid 

drug or PBS were administered intracerebroventricularly to mice. And the mice were sacrificed 



after 7 days, the brains were collected for the detection of human TAU expression. Compared 

with control group, there is a significant decrease in both mRNA and protein levels of human 

TAU in the treatment group. Conclusions: In summary, B-hTAU mice is a powerful preclinical 

model for in vivo evaluation of human TAU-targeting nucleic acid drugs. 
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Abstract: Dynamin is a microtubule (MT) binding protein that supports synaptic transmission 

by playing a key role in synaptic vesicle endocytosis and recycling in the presynaptic terminal. In 

the calyx of Held of mouse brainstem slices, tau loaded in presynaptic terminals induces MT 

over-assembly, which strongly binds to dynamin, impairing vesicle endocytosis via depletion of 

cytosolic dynamin. This result suggests that accumulation of tau in presynaptic terminals impairs 

vesicle endocytosis and synaptic transmission, leading to cognitive impairment in Alzheimer's 

disease (AD). The synthetic dodecapeptide PHDP5, corresponding to amino acids 560-571 of the 

dynamin 1 pleckstrin-homology (PH) domain, inhibits the MT-dynamin interaction and rescues 

endocytic impairments and EPSC rundown (Hori et al., 2022). Furthermore, intranasal 

administration of PHDP5 rescues learning and memory deficits of male AD model mice in a 

maze task, suggesting its potential as a candidate for AD therapy (Chang et al., 2024). However, 

almost 65% of AD patients are females, with greater frequency of tau pathology than males, and 

the sex difference can be critical in response to drug treatment. Therefore, potential sex-specific 

differences in the response to PHDP5 need investigation. We set out to compare the efficacy of 

PHDP5 in rescuing cognitive deficits in both female and male AD model mice. Modified 

PHDP5, linked to a cell-penetrating peptide (CPP) and a FITC fluorescent marker, was delivered 

intranasally to 6-month-old female and male 3xTg-AD mice for 4 weeks. Their spatial memory 

abilities were then assessed using the Morris water maze. FITC signals were found in the 



hippocampal CA1 region after administration, indicating the peptide crossed the blood-brain 

barrier (BBB). Compared to non-treated controls, PHDP5-treated mice exhibited significant 

cognitive improvements in both genders, including shorter latencies and increased occupancy in 

the target quadrant of the water maze. These results indicated that 4 weeks of PHDP5 treatment 

could rescue spatial learning and memory deficits in both male and female 3xTg-AD mice, 

demonstrating its potential as a therapeutic candidate for human AD therapy. 
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Abstract: Alzheimer's disease (AD) is characterized by two protein aggregates called senile 

plaques consisting of amyloid-β (Aβ) and neurofibrillary tangles (NFTs) consisting of 

phosphorylated tau protein (tau). In the AD brain, senile plaques have been found in cerebral 

parenchyma, following NFTs have been found in neuron. After decades of these by neuronal cell 

death. This process was called amyloid cascade hypothesis, and inhibiting the aggregation of 

these proteins is considered a therapeutic strategy for AD. 

Aβ is generated from amyloid precursor protein (APP) and it aggregates extracellular region. In 

contrast, tau has aggregated in neuron cell bodies. Previous studies have suggested that cognitive 

dysfunction in AD, it has been caused by tau, not Aβ. The APPNL-G-F/NL-G-F KI (NLGF) mouse is 

one of the widely used AD models carrying familial AD mutation in APP. There are no 

mutations in those of mouse tau. However, their cognitive function has been declined. This 

suggests that tau pathology might be undergoing in NLGF mouse. 

Recently, we have just developed a High Affinity Staining in Histochemical Immunology 

(HIGASHI) method for phosphorylated proteins. In HIGASHI method, frozen sections are 

treated with viper 4%PFA for fixation and 2%SDS for antigen retrieval. Using this method, we 

detected the phosphorylated tau histologically in the 12months old NLGF mouse brain. 

Interestingly, the phosphorylated tau was accumulated as a core of senile plaque in the cortex 

and hippocampus with anti-P-tau antibody, AT8. Staining with other anti-tau antibodies also 



showed tau accumulation. In addition, microglial staining merged the phosphorylated tau. 

We are the first that microglia-derived phosphorylated tau associate with senile plaques. 

Accumulation of phosphorylated tau in microglia is a potential factor in senile plaque bearing. 

The relationship between Aβ and tau has not been discussed histologically in conventional 

methods. The HIGASHI method was a good tool for detection of amyloid-dependent tau without 

mutations of mouse tau. In conclusion, our findings provide a new method for amyloid 

dependent tau and a new target for research of AD. 
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Abstract: Mitochondria are crucial in meeting cellular metabolic demands, and their dysfunction 

has been detected as an early driver of neurodegenerative diseases, including Alzheimer’s 

disease (AD). Previous studies identified bioenergetic deficits linked with mitochondrial 

morphology between AD and age-matched control (AMC) neurons and fibroblasts, including 

smaller mitochondrial size and volume, in addition to their increased abundance. However, 

research on mitochondrial morphology in fibroblasts that considers critical AD risk factors such 

as age, female sex, and APOE ε4 genotype is limited. Developing our understanding of fibroblast 

mitochondrial morphology has the potential to advance precision medicine for AD. 

We explored phenotypic differences in fibroblast mitochondria between clinically diagnosed AD 

(N=15, 62.8 ± 12.9 years old, 8 female, 6 male, and one patient lacking sex information, 11 

APOE ε4 carriers) and AMC patients (N=19, 75.8 ± 10.2 years old, 8 female, 11 male, 0 APOE 

ε4 carriers). Fibroblasts were analyzed using immunofluorescent microscopy and Imaris software 

(v9.7.2, Bitplane, Oxford Instruments) was used to quantify mitochondrial volume (µm³), 

abundance, and density (# mitochondria / fibroblast volume). Statistical analyses included 2-way 



ANOVA with multiple comparisons in GraphPad Prism and considered significant at p<0.05. 

Imaging analysis revealed abnormal mitochondrial morphology in AD fibroblasts when 

considering age and female sex as risk factors. Interestingly, APOE ε4 status did not impact any 

observed mitochondrial phenotypes in the AD group. Age significantly impacted mitochondrial 

morphology with older patients (>65 years old) exhibiting decreased mitochondrial volumes and 

greater abundance in AD than AMC fibroblasts compared to younger patients (<65 years old) 

suggesting increased mitochondrial fragmentation. Women older than 65 with AD demonstrated 

an accumulation of smaller mitochondria in their fibroblasts. 

Mitochondrial fragmentation associated with AD diagnosis, as well as critical AD risk factors 

including age and female sex supports the importance of mitochondrial contribution to AD 

pathobiology. AD-diagnosed patients had exacerbated phenotypes suggesting accelerated aging, 

impaired mitophagy and fission-fusion events, and may indicate mitochondrial dysfunction 

intended to compensate for bioenergetic changes in AD pathogenesis. Older women with AD 

may face a heightened risk of mitochondrial dysfunction. Fibroblasts may offer a promising, 

patient-specific model for investigating novel and conserved pathological mechanisms of AD 

and its mitochondrial bioenergetic crises. 
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Abstract: The pathogenesis of Alzheimer's disease (AD) is recognized to be significantly 

influenced by mitochondrial dysfunction. However, the precise connection between 

proteinopathies in AD and mitochondrial dynamics is yet unclear. This study aimed to 

investigate ultrastructural and molecular changes in mitochondrial dynamics in the 5xFAD 

transgenic AD model. To identify ultrastructural alterations in the hippocampus, proximal and 

distal dendrites of CA1 neurons from 9-month-old 5xFAD mice and littermate control brains 



were imaged using transmission electron microscopy. Transgenic brains displayed significant 

alteration in mitochondrial structure including larger mitochondria areas and diameter. In 

addition, teardrop-shaped mitochondria that connect to others via string-like mitochondrial 

extensions were observed in CA1 pyramidal dendrites, and these constituted around 30% of all 

mitochondria encountered in transgenic brains. Strings of the mitochondria display the typical 

cristae structure, suggesting that mitochondria strings can be a result of an incomplete fission 

process. Mitochondria-Endoplasmic Reticulum Contact Sites (MERCs) distances measured in 

CA1 cell bodies revealed a significant increase in the MERCs distance of transgenic mice, 

suggesting that the short-distance MERCs with vital functions such as lipid transfer and 

intracellular Ca2+ metabolism may be selectively affected. Similarly, western blot analysis 

revealed alterations in proteins regulating mitofusion and mitofission: L and S-OPA1 and MFN2 

protein levels in the hippocampus of 6- and 9-month transgenic mice were significantly lower 

than in control mice. DRP1 protein levels, a measure of mitofission, of transgenic mice were 

significantly lower, providing further evidence that impaired mitochondrial fission mechanisms 

may underline changes in mitochondrial shape, size, and location detected during ultrastructural 

analysis. Our study emphasizes that mitochondrial alterations were seen as early as 6 months in 

5XFAD mice and are evident in brain tissue, offering potential biomarkers for early diagnosis 

and therapeutic intervention in AD. 
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Abstract: Hyperphosphorylation and aggregation of microtubule-associated tau is a pathogenic 

hallmark of tauopathies and a defining feature of Alzheimer disease (AD). Pathological tau is 



targeted by autophagy for clearance after sequestration within autophagosomes, but autophagy 

dysfunction is indicated in tauopathy. While mitochondrial bioenergetic deficits have been 

shown to precede tau pathology in tauopathy brains, it is unclear whether energy metabolism 

deficiency is involved in the pathogenesis of autophagy defects. Here, we reveal that stimulation 

of anaplerotic metabolism restores defective oxidative phosphorylation (OXPHOS) in tauopathy 

neurons which, strikingly, leads to pronounced tau clearance by boosting autophagy functionality 

through enhancements of mitochondrial biosynthesis and supply of phosphatidylethanolamine 

for autophagosome biogenesis. Furthermore, early anaplerotic stimulation of OXPHOS elevates 

autophagy activity and attenuates tau pathology, thereby counteracting memory impairment in 

tauopathy mice. Taken together, our study sheds light on a pivotal role of mitochondrial 

bioenergetic deficiency in tauopathy-related autophagy defects and suggests a new therapeutic 

strategy to prevent the buildup of pathological tau in AD and other tauopathy diseases. 
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Abstract: We have developed the Alzheimer’s Disease (AD) Panel, an innovative iPSC cell-

based model designed to accelerate AD research. Our team has meticulously profiled AD 

patient-derived iPSC excitatory neurons, microglia, and astrocytes using high-resolution 

immunofluorescence imaging. This approach has allowed us to gain detailed insights into 

cellular morphology and the expression of key markers, including vGLUT1, MAP2, TUBB3, 

Synapsin, IBA1, TMEM119, GFAP, and S100B. Our observations reveal that iPSC-derived 

excitatory neurons from both AD patients and healthy age and race-matched controls express 

neuronal markers and exhibit typical neurite growth. These cells, which can be maintained for 

over 100 days in culture, are also serving as an excellent model for mature neuron studies. 

Preliminary studies indicate that AD neurons, which exhibit high levels of Amyloidꞵ42 and 

pTau, may have detectable but less developed synapses as indicated by Drebrin A and Synapsin 



expression and localization. To further validate the utility of the AD Panel, we profiled the 

expression and release of Amyloid ꞵ42, ꞵ40, Tau, and pTau in over 10 AD lines and 5 healthy 

controls. Our findings suggest a slight trend for neurons homozygous for ApoE4 to express 

higher levels of these markers. Notably, AD-patient derived excitatory neurons present higher 

levels of Amyloid ꞵ42, ꞵ40, Tau, and pTau compared to healthy controls. Our preliminary 

findings suggest that ꞵ-secretase inhibitors consistenty decrease Amyloid ꞵ42 in AD and healthy 

lines, while ꞵ-secretase inhibitors decrease Amyloid ꞵ42 in a more donor-dependent manner.This 

unique cell-based patient-derived iPSC model, offers invaluable insights into the genetic 

influences on sporadic AD. We offer to the research community access to numerous neuronal 

lines and glial cells from AD patients’s iPSCs as an advanced cell-based model for tri-

culture/organoid studies, target validation, drug discovery and development, biomarker 

identification, patient stratification, and personalized drug screening in AD research and drug 

development. 
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Abstract: Alzheimer's Disease (AD), the most common form of age-related dementia, is 

characterized by progressive memory loss and cognitive disturbance. Two of the 

neuropathological hallmarks of AD include amyloid plaques and neurofibrillary tangles (NFTs). 

Amyloid plaques result from the aggregation of toxic Aβ peptides, which are produced by 



sequential cleavages of the amyloid precursor protein (APP) by β-site APP-cleaving enzyme 1 

(BACE1) and γ-secretase. NFTs consist of filamentous accumulations of hyperphosphorylated 

tau (pTau). Brain-derived neurotrophic factor (BDNF), a nerve growth factor with many diverse 

functions, has been a focus of intense interest in AD research. While it is known that BDNF 

plays a role in modulating cognitive function as well as synaptic and neuronal dysfunction, its 

effects on Aβ and tau pathologies remain poorly understood. Past studies have produced 

conflicting results, with some showing a reduction in these pathological hallmarks and others 

indicating no effect on AD pathogenesis, warranting further study. Our study is the first to 

investigate the effects of BDNF on AD pathology in a three-dimensional (3D) "human" neural 

cell culture model of AD (3D-AD cultures), which was previously developed by our lab (Choi et 

al., Nature 2014). These 3D-AD cultures display robust Aβ deposits and tauopathy and more 

closely model the pathological development of AD, which occurs in humans, as they 

successfully recapitulate pathological amyloid-driven tau accumulation. We found that BDNF 

treatment significantly reduced the levels of Aβ40 and Aβ42, as well as the Aβ42/Aβ40 ratio, in 

the conditioned media of 3D cultures that harbor APP Swedish/London mutations. BDNF also 

reduced the levels of APP C-terminal fragments α and β (APP-CTFα and APP-CTFβ, 

respectively), which suggests that BDNF might affect APP processing. Our results demonstrate 

that BDNF may mediate amyloid and tau pathologies in AD, and these findings, along with 

insights into its potential mechanisms, warrant further study to better understand how BDNF 

could serve as a beneficial therapeutic target for AD. 
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Abstract: PDE2A is the major phosphodiesterase expressed in the hippocampus and 

frontal/temporal cortex which plays an important role in the regulation of memory and cognition 



through modulation of cAMP and cGMP(1). Recent studies demonstrated that inhibition of 

PDE2A affects mitochondrial morphology and cell death, presumably by enhancing cAMP and 

PKA-dependent phosphorylation of Drp1(2). However, as PDE2 also modulates cGMP levels 

and PKG activity, it remains to be determined whether cGMP and PKG was involved in PDE2-

dependent regulation of mitochondrial morphology. In fact, bioinformatic analysis revealed that 

PKA and PKG share the same consensus site on Drp1 (S637) in addition to several other putative 

sites for each. In vitro kinase assay confirmed the direct phosphorylation of Drp1 by PKG. 

Overexpression of PKG and Drp1 in HEK293T cells led to a robust increase in pS637 Drp1 

levels as detected by both immunoblotting and mass spectrometry of IP-enriched Drp1. 

Moreover, the selective PKG activator, 8-Br-cGMP, induces mitochondrial elongation as well as 

increased pS637 of endogenous Drp1 level in the M17 neuroblastoma cell line. More 

importantly, PKG inhibitor KT5823, similar to PKA inhibitor H89, partially blocked the 

rescuing effect of Bay 60-7550, an inhibitor of PDE2A, on PDE2A overexpression-induced 

mitochondrial dysfunction and morphology. Taken together, these results demonstrate that PKG 

phosphorylates Drp1 at Ser637 and that the cGMP-PKG-Drp1 axis is one mechanism via which 

BAY-60-7550 exhibits its neuroprotective effects.1. Yan, Y. et al. Protective effects of 

phosphodiesterase 2 inhibitor against Aβ1-42 induced neuronal toxicity. Neuropharmacology 

213, 109128 (2022).2. Monterisi, S. et al. PDE2A2 regulates mitochondria morphology and 

apoptotic cell death via local modulation of cAMP/PKA signalling. eLife 6, e21374 (2017). 
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Abstract: Background: Alzheimer's disease (AD) is a progressive neurodegenerative disorder 

marked by the accumulation of oligomeric Amyloid Beta (Aβ) and lysosomal dysfunction in 

neurons. Recent advancements in anti-amyloid antibody therapies have shown efficacy in 

reducing amyloid plaque burden. However, these treatments are costly and associated with 

significant side effects, including brain swelling. Consequently, there is a pressing need for 

novel, cost-effective therapies that can reduce amyloid plaque burden and improve cognitive 

function in AD patients at an early stage. 

Methods: We investigated the effects of Ambroxol and its family of chemically modified 

dereivatives on lysosomal function and amyloid beta (Aβ) levels in neurons derived from 

induced pluripotent stem cells (iPSCs) of Alzheimer's disease (AD) patients. Our study utilized 

iPSCs harboring mutations in the Amyloid Precursor Protein (APP) gene, specifically the 

Swedish mutation (increasing Aβ production). Lysosomal protein expression was measured via 

quantitative western blot analysis. Furthermore, the activities of lysosomal cathepsins B and D 

were assessed using Magic Red substrate and Pepstatin A, along with BODIPY FL conjugates. 

Aβ40 and Aβ42 levels were quantified using ELISA on neuronal cell culture supernatants and 

total protein extracts. 

Results: Ambroxol and its derivatives improved the expression and activity levels of lysosomal 

enzymes β-Glucocerebrosidase (GBA), cathepsin D, and cathepsin B in APP neurons upon 

treatment. The expression of LAMP1, a lysosomal membrane marker, was decreased in APP 

neurons and restored to normal cellular levels following treatment with ambroxol and its 

derivatives. There was a significant decrease in Aβ40 and Aβ42 levels in both wild type and APP 

Swedish mutant neurons following treatment with ambroxol and its modified forms. These 

findings indicate that ambroxol and its analogues not only reduce Aβ levels but also enhance 

lysosomal function in AD patient-derived neurons, suggesting a potential therapeutic approach 

for Alzheimer's disease. 
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Abstract: Agastache rugosa, a traditional herbal medicine of Asia, is commonly utilized for 

treating digestive problems. Nevertheless, its cognitive benefits have not been investigated. This 

study aimed to assess the potential of A. rugosa extract (ARE) to mitigate scopolamine-induced 

amnesia in mice and explore processes related to the cholinergic system and antioxidant effects. 

Mice orally received 100 or 200 mg/kg ARE for 5 days before intraperitoneal injection with 

scopolamine to induce memory impairment. Learning and memory were then evaluated with the 

novel object recognition, passive avoidance, and Morris water maze tests. Additionally, ARE 

effects on hippocampal AchE, ChaT, and mAchR1 mRNA levels and adult neurogenesis 

modification were evaluated. Antioxidant and anti-inflammatory activities of ARE were assessed 

using the 2,2-diphenyl-1-picryl-hydrazyl-hydrate and nitric oxide assays. ARE therapy corrected 

learning and memory deficits caused by scopolamine in the initial learning and long-term 

retention stages. The scopolamine-induced model showed decreased hippocampal AchE levels, 

but increased ChaT and mAchR1 levels. These observations were corroborated by elevated 

doublecortin and KI-67 staining. Additionally, ARE exhibited significant antioxidant and anti-

inflammatory properties. In conclusion, these findings indicate that ARE has significant anti-

amnesic effects by influencing the cholinergic system and acting as an antioxidant, suggesting 

ARE could be used as a cognitive enhancer for amnesia. 
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Abstract: AimsThis study aimed to examine the therapeutic effects and response mechanisms of 

4-OI in alcohol abuse individuals with Type 2 diabetes (T2DM+AL). MethodsIn this study, 



network pharmacology was used to identify potential targets for individuals with Type 2 diabetes 

and alcohol abuse (T2DM+AL). Immunofluorescence and Western blot techniques were 

employed to detect inflammatory phenotypes in a 4-octyl itaconate (4-OI) resistant mouse 

microglia cell line (BV2). We conducted two behavioral tests the novel object recognition test 

and the Y-maze test, to evaluate the cognitive impairment of mice before and after 4-OI 

treatment. Western blotting and immunofluorescence staining were performed to assess 

mitochondrial dysfunction. To explore the underlying molecular mechanisms of 4-OI treatment, 

RNA sequencing and transcription factor prediction analyses were conducted. Additionally, 

Western blot analysis of mouse BV2 cells was performed to further elucidate the potential 

molecular mechanisms driving the observed effects.ResultsWe found that 4-OI inhibits 

neuroinflammation by enhancing mitophagy, which is mediated through the activation of the 

AMPK/mTOR/ULK1 pathway. This is achieved by increased phosphorylation of AMPK and 

ULK1, along with decreased phosphorylation of mTOR. Additionally, 4-OI markedly improves 

cognitive function.ConclusionsOverall, this study demonstrated that 4-OI improved 

mitochondrial dysfunction and cognitive deficits in individuals with Type 2 diabetes and alcohol 

abuse (T2DM+AL). 
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Late-Breaking Poster 

LBA003: Theme C Late-Breaking Posters 

Location: MCP Hall A 

Time: Sunday, October 6, 2024, 1:00 PM - 5:00 PM 

Program #/Poster #: LBA003.054/LBA52 

Topic: C.02. Alzheimer's Disease and Other Dementias 

Support: NIH UO1 AG074960 
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Abstract: Alzheimer’s disease (AD) is the most prevalent neurodegenerative cause of dementia 

and is characterized by the presence of amyloid-β plaques and neurofibrillary tangles along with 

gliosis and synaptic loss. As such, there is an urgent unmet need to develop treatments to slow 

disease progression. In this regard, it has been shown that restoration of pontine noradrenergic 

and midbrain dopaminergic systems, which falter very early in mild cognitive impairment and 

AD, may improve cognitive processes and stabilize activities of daily living. To address this 

possibility, we leveraged a custom-designed E. coli EcN4R probiotic that produces sustained and 

titratable L-DOPA as a novel gut-brain mechanism to boost norepinephrine and dopamine levels 



during the incipient stages of AD. To test the preclinical efficacy of the EcN4R-L-DOPA 

probiotic, we replicated AD-associated locus coeruleus noradrenergic neurodegeneration by 

administering a dopamine-β-hydroxylase IgG-saporin immunotoxin into the prefrontal cortex of 

6-month-old Tg344-19 AD rats. The animals then received EcN4R-L-DOPA (1.54 x 1011 cfu, 

plus 40 mg/kg benserazide) or placebo by oral gavage daily for 6 weeks. Cognitive behavioral 

function was tested at 4 weeks by open field, Barnes maze, and elevated plus maze tests. In 

addition, amyloid-β plaque load and glial cell activation were evaluated by quantitative 

immunohistochemical methods. Gut colonization and plasma and brain L-DOPA levels are being 

evaluated. The EcN4R-L-DOPA and placebo groups performed similarly in the open field and 

elevated plus maze tests. By contrast, EcN4R-treated rats showed improved spatial and working 

memory on the Barnes maze (p < 0.01). Moreover, the EcN4R L-DOPA probiotic reduced 

amyloid-β plaque deposition and attenuated MHC-II microglial cell antigen-presentation activity 

in both the cortex and hippocampus (p < 0.01). However, GFAP expression levels were 

unaffected. We are currently conducting additional experiments to determine neuronal cell 

counts and synaptic protein levels. These preliminary preclinical studies suggest that a novel, 

titratable L-DOPA replacement therapy may be a promising therapeutic strategy for AD. 

Disclosures: M. Abdelhamid: None. M. Gifani: None. J. Beck: None. P. Padhi: None. G. 

Phillips: None. A.G. Kanthasamy: None. S.E. Counts: None. 
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Title: β-amyloid inhibits 20s proteasome activity and drives 26s proteasome disassembly, 

proteasome activation mitigates amyloid induced toxicity and cognitive deficits  

Authors: *K. DAVIDSON;  

Integrative Biol. and Pharmacol., Univ. of Texas Hlth. Sci. Houston, Houston, TX 

Abstract: ABSTRACTBackground: Alzheimer’s Disease (AD) is the leading cause of 

dementia globally, affecting around 50 million people and marked by cognitive decline and the 

accumulation of β-amyloid plaques and hyperphosphorylated tau. The limited treatment options 

and numerous failed clinical trials targeting β-amyloid (Aβ) highlight the need for novel 

approaches. Reduced proteasome activity is a consistent feature in AD, particularly in the 

hippocampus. β-amyloid and/or hyperphosphorylated tau are hypothesized to impair proteasome 



function in AD by disrupting critical neuronal processes such as memory formation and synaptic 

plasticity. 

Objectives: This study hypothesizes that AD-related deficits are driven in part by impaired 

proteasome function as a consequence of inhibition by Aβ. We investigated the role of Aβ in the 

modulation of proteasomal function, the capacity of two proteasome-activating compounds, 

TAT1-8,9-TOD and TAT1-DEN, to rescue Aβ-induced survival deficits in cell culture, and Aβ-

induced cognitive deficits in drosophila and mice.Results: The study demonstrates that β-

amyloid inhibits 20S proteasome function while simultaneously driving disassembly of 26S 

proteasome into free 20S proteasome. Treatment with proteasome activators TAT1-8,9TOD and 

TAT1-DEN enhances 20S and 26S proteasome function and reduces cell death caused by Aβ42 

toxicity in SK-N-SH cells (n=15, p < 0.05, p < 0.01, and p < 0.001). In Drosophila models 

overexpressing Aβ42, oral administration of these compounds delayed mortality and restored 

cognitive function (n=89-150, p < 0.05, p < 0.01, and p < 0.001). Chronic treatment with 

TAT1-DEN protected against deficits in working memory caused by Aβ42 in mice and in 

hAPP(J20) mice with established deficits, acute TAT1-DEN treatment significantly improved 

spatial learning deficits, with treated mice performing comparably to controls (n=9-11, p < 

0.05). 

Conclusions: Aβ has dual impacts on 20S and 26S proteasome function and stability. 

Proteasome activation using TAT1-8,9TOD and TAT1-DEN shows promise in mitigating AD-

like deficits by protecting against amyloid toxicity and enhancing proteasome function. These 

findings suggest that targeting proteasome activity could be a viable therapeutic approach for 

AD, warranting further investigation into the broader impacts of proteasome modulation on AD 

pathology. 
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Abstract: Abstract: This research explores the utilization of targeted acoustic therapies to 

address Alzheimer's disease (AD) and related dementias. By examining the impact of acoustic 

stimulation on cognitive function and neuronal health, we aim to establish an innovative, non-

pharmacological approach to combatting neurodegeneration.Objectives: 1.Investigate Acoustic 

Impact: To evaluate how specific acoustic frequencies influence neuroplasticity, amyloid-beta 

clearance, and neuroinflammation, we aim to analyze optimal frequencies for 

neuroprotection.2.Assess Efficacy: To conduct clinical trials to measure the therapeutic effects 

of acoustic therapies in patients with early to moderate AD. Comprehensive evaluations will 

include cognitive tests, daily functioning assessments, and neuroimaging 

techniques.3.Mechanistic Insights: This research will dissect the biological mechanisms 

involved, analyzing the modulation of hallmark features of AD, such as amyloid-beta plaques 

and tau tangles.4.Protocol Optimization: Based on gathered data, we will refine therapy 

protocols to enhance efficacy and patient outcomes.Theoretical Framework: Our model 

postulates that specific acoustic frequencies can modulate amyloid-beta metabolism and enhance 

synaptic functioning. Using computational simulations, we predict how these therapies interact 

with AD pathologies.Experimental Validation: We will employ in vitro studies with neuronal 

cultures and in vivo experiments on AD models, analyzing changes in synaptic activity, neuronal 

health, and behavioral performance following acoustic stimulation.Clinical Application: Our 

multi-phase clinical trial includes a structured acoustic therapy regimen, pairing cognitive 

assessments and neuroimaging to monitor changes in amyloid burden and cognitive 

function.Outcomes: Our preliminary results revealed significant cognitive improvements and 

enhanced daily living activities among the majority of participants. Neuroimaging studies 

showed a marked reduction in amyloid-beta plaque load and improved connectivity in brain 

regions related to memory and cognition. Behavioural assessments indicated notable 

enhancements in memory recall, attention, and executive functions. These results suggest that 

acoustic therapies can positively impact both the pathological and functional dimensions of 

dementia and ADConclusion: This research underscores the therapeutic promise of acoustic 

interventions for AD and related dementias, advocating for further exploration into their efficacy 

and long-term benefits 

Disclosures: D.S. Aasim: None. 
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Title: Physical exercise upregulates FNDC5/irisin in extracellular vesicles from the serum of 

humans 
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MUNOZ12, M. FAHNESTOCK11, S. T. FERREIRA13, F. DE FELICE2;  
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Federal Univ. of Rio De Janeiro, Rio de Janeiro, Brazil; 8Federal Univ. of Rio De Janeiro, Rio 
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Abstract: Physical exercise improves overall brain health, cognition, and stimulates the release 

of extracellular vesicles (EVs) in humans. Exercise upregulates irisin, a myokine derived from 

fibronectin type III domain-containing protein 5 (FNDC5) previously shown to mediate the 

beneficial actions of exercise on memory in mouse models of Alzheimer’s disease (AD). Here, 

we investigated if EV’s cargo includes FNDC5/irisin and tested whether physical exercise 

protocols modulate its content in EVs. Method: 14 male participants (aged 18-30 years) 

underwent a high intensity interval training exercise program. HIIT sessions were performed 3 

times a week, over 6 weeks. Serum was collected before and the day after the last exercise 

session. Plasma from healthy human donors at rest was also collected. Cerebrospinal fluid (CSF) 

from cynomolgus monkeys at rest was obtained by lumbar punctures. EVs from biofluids were 

isolated using Exoquick ULTRA (serum and plasma), SEC (plasma) and Exoquick-TC (CSF), 

followed by nanoparticle tracking analysis. FNDC5/irisin in EVs was detected by Western 

blotting, and ELISA.Result: Our results indicate that FNDC5/irisin is associated with serum, 

plasma and CSF EVs from humans, and monkeys. Exercise upregulated EV- FNDC5/irisin in 

humans, but did not alter circulating EV concentration. EV- FNDC5/irisin correlated positively 

with BDNF levels in serum obtained from humans post-exercise. Conclusion: These findings 

indicate that exercise induces upregulation of FNDC5/irisin in EVs, which may be involved with 

the delivery of this hormone to different organs, including the brain. 

Disclosures: N.D. Silva: None. T. Rody: None. T. Hunter: None. A. Da Conceicao: None. E. 
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Title: Towards a detailed mechanistic model of human cortical microcircuits that accurately 

predicts the cellular- and circuit-level effects of TMS 
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Abstract: Transcranial magnetic stimulation (TMS) is a non-invasive neuromodulation 

technique which alters activity in a relatively small brain region and can treat a range of 

neurological conditions. TMS parameters, including stimulation location, intensity and 

frequency, are generally chosen using a “one-size-fits-all” approach. Personalizing TMS to each 

patient can dramatically enhance target engagement and increase treatment efficacy. This 

requires accurately predicting how TMS will affect brain circuit dynamics, which remains an 

unsolved problem. Multiscale mechanistic biophysical simulation of brain circuits offers an 

unrivaled approach to integrate available experimental data and generate accurate predictions at 

the molecular, cellular and circuit scales. They can simulate local field potentials (LFP) and 

electroencephalogram (EEG) recordings and TMS stimulation effects, and can therefore be used 

to inform TMS optimal parameter selection. 

We present preliminary results of simulating TMS effects in a detailed biophysical circuit model 

of human cortical circuits. Our model, adapted from a previous rat somatosensory cortex model, 

includes 6796 neurons of 55 cell types distributed across 6 layers. We adapted neuron models to 

human dimensions and included morphologically and physiologically realistic axons, required to 

accurately simulate TMS effects. We included distance-dependent connectivity rules, synaptic 

background stimulation and short-term plasticity to reproduce in vivo-like firing patterns. We 

implemented the model using the NEURON simulator and NetPyNE modeling tool. 

We simulated neuron membrane voltages, spiking activity, LFPs and EEG signals, during 

baseline and repetitive TMS stimulation. Simulating trains of biphasic TMS pulses at 30 Hz, 

with 1 sec duration and 60 V/m amplitude, resulted in spiking of layer 5 pyramidal neurons 

synchronized to individual stimulation pulses. Increasing TMS amplitude to 80 V/m neurons 

resulted in synchronous firing of neurons across all layers. The same TMS stimulation applied to 



disconnected neurons did not elicit spikes, indicating that the circuit synaptic connectivity and 

ongoing activity lowers the TMS response threshold of neurons. 

These results support the need to simulate circuit activity to adequately characterize the effects of 

TMS. Next steps will include validating against human TMS-EEG clinical data, simulating 

known electrophysiological biomarkers of diseases such Alzheimer's disease, epilepsy and 

schizophrenia, and systematically evaluating the effects of TMS parameters aimed at restoring 

healthy dynamics. 

Disclosures: F.S. Borges: None. J. Tajchman: None. T. Khashan: None. E. Urdapilleta: 
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Title: A Multimodal Music-Based Intervention and its Effects on Associative Memory in Mild 

Cognitive Impairment 
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Abstract: Music-based interventions (MBIs) have gained popularity as a non-invasive and 

sustainable approach for managing dementia-related disorders, including Mild Cognitive 

Impairment (MCI) and Alzheimer's disease (AD). However, evidence regarding effectiveness of 

MBIs in achieving positive patient outcomes is mixed. Recent research has explored the potential 

clinical impact of non-invasive Gamma frequency (e.g., 40 Hz) sensory stimulation on dementia. 

Preliminary findings indicate that such stimulation can address molecular, cellular, and neural 

systems pathophysiologies associated with dementia, ultimately leading to improvements in 

cognitive functioning. We are testing a receptive MBI that combines self-selected music with 

rhythmic light stimulation at delta, theta, and gamma frequencies. We provide preliminary 

results for older adults with mild-to-moderate cognitive impairment [MCI] (CDR > 0.5) who 

completed a face-name association task during fMRI scanning before and after either an 8-week 

MBI (N = 13) or an 8-week control intervention (N=8). Performance improved significantly for 

MBI participants but not control participants. Moreover, increased activation was observed in 



middle temporal gyrus, fusiform gyrus, lateral occipital cortex, parahippocampal gyrus, and 

dorsolateral prefrontal cortex for MBI participants. Activations in the fusiform face area 

correlated with associative memory performance, and increased after the MBI intervention. Data 

collection is ongoing. 

Disclosures: H. Weibley: None. P. Loui: None. E. Large: E. Ownership Interest (stock, stock 

options, royalty, receipt of intellectual property rights/patent holder, excluding diversified mutual 

funds); Oscillo Biosciences. 
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Title: Ezetimibe lowers risk of Alzheimer’s and Related Dementias over 7-fold, reducing 

aggregation in model systems by inhibiting 14-3-3G::hexokinase interaction 

Authors: *S. AYYADEVARA1, A. GANNE3, N. MAINALI2, M. BALASUBRAMANIAM4, J. 

ASANTE1;  
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Abstract: Numerous factors predispose to progression of cognitive impairment to Alzheimer’s 

disease and related dementias (ADRD), most notably age, APOE(ε4) alleles, traumatic brain 

injury, heart disease, hypertension, obesity/diabetes, and Down’s syndrome. Protein aggregation 

is diagnostic for neurodegenerative diseases, and may be causal through promotion of chronic 

neuroinflammation. We isolated aggregates from postmortem hippocampi of ADRD patients, 

heart-disease patients, and age-matched controls. Aggregates, characterized by high-resolution 

proteomics (with or without crosslinking), were significantly elevated in heart-disease and 

ADRD hippocampi. Hexokinase-1 (HK1) and 14-3-3G/γ proteins, previously implicated in 

neuronal signaling and neurodegeneration, are especially enriched in ADRD and heart-disease 

aggregates vs. controls (each P<0.008), and their interaction was implied by extensive 

crosslinking in both disease groups. Screening the hexokinase-1::14-3-3G interface with FDA-

approved drug structures predicted highest affinity for ezetimibe, a benign cholesterol-lowering 

medication. Diverse cultured human-cell and whole-nematode models of ADRD aggregation 



showed that this drug potently disrupts HK1::14-3-3G adhesion, reduces disease-associated 

aggregation, and activates autophagy. Mining clinical databases supports drug reduction of 

ADRD risk, decreasing it to 0.14 overall (P<0.0001; 95% C.I. 0.06-0.34), and <0.12 in high-risk 

heart-disease subjects (P<0.006). These results suggest that drug disruption of the 14-3-3G::HK1 

interface blocks an early “lynchpin” adhesion, prospectively reducing aggregate accrual and 

progression of ADRD. 

Disclosures: S. Ayyadevara: None. A. Ganne: None. N. Mainali: None. M. 
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Abstract: Chronic hypertension is a leading cause of vascular dementia known to damage brain 

regions involved in learning and memory, such as the hippocampus that accelerates age-related 

memory decline in men and women. However, whether one sex is more susceptible to 

hypertension-induced memory deficits remains unclear. Here, we used adult spontaneously 

hypertensive rats (SHR) of both sexes and compared to normotensive Wistar (Wis) rats 

(n=6/group). Two hippocampal-dependent tests were used. Spatial memory was tested using a 

Morris water maze task: three training days of four consecutive 120 sec swim trials where the 

time to find the hidden platform (escape latency) was measured. Memory was probed the next 

day by removing the platform and quantifying latency to and crossings through the platform 

zone. Reference memory was tested using a radial arm maze (RAM) task: the time it took to 

retrieve rewards from three baited arms during six daily 10-min sessions was measured. Data are 

mean ± SEM. Comparisons made between groups via a 2-way ANOVA with a post-hoc Tukey 

test. There were main effects of sex and hypertension on escape latency, with female SHR and 

male Wis rats finding the platform faster than female Wis rats on training days 1 and 2; however, 

all rats had similar escape latency on day 3 (Fig 1). There were no differences between groups in 

latency to the platform zone during the probe, although female rats trended towards crossing the 



platform zone fewer times compared to males (F(1,20)=3.29; p=0.08). There was a main sex effect 

on reference memory, as females completed the RAM in less time with each session (e.g., 

steeper learning curve) with faster retrieval times on the sixth day (Wis: 111±15 sec; SHR: 

122±6 sec) versus males (Wis: 570±2 sec; SHR: 297±10 sec; F(1,20)=8.05; p=0.01). These data 

suggest females, regardless of hypertension, have stronger reference memory than males, and 

may have some degree of disrupted long-term memory. These findings highlight the importance 

of understanding sex differences in brain region-specific susceptibility to chronic hypertension. 
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Title: Proteasomal Inhibition Triggers Transactive Response DNA-binding Protein-43 

Mislocalization and Enhanced Ubiquitinated Axonal Ribonucleoprotein Condensates in iNeurons 

Authors: *S. MATHEW, P. P. GOPAL;  

Dept. of Pathology, Yale Sch. of Med., Yale Univ., New Haven, CT 

Abstract: Pathologic mislocalization and aggregation of TDP-43, an essential RNA/DNA-

binding protein, is central to the pathophysiology of amyotrophic lateral sclerosis (ALS), 

frontotemporal lobar degeneration with TDP-43 inclusions (FTLD-TDP), limbic predominant 

age-related TDP-43 encephalopathy (LATE), and is a feature of Alzheimer’s disease and related 

dementias (AD/ADRDs). The molecular mechanisms underlying TDP-43 redistribution, the 

variables controlling it, the cellular insult that promotes it and the cellular consequences are 

poorly understood. We tested the hypothesis that blocking the proteasome causes accumulation 

of hyperphosphorylated and ubiquitinated TDP-43 condensates in the axon and dendrites. We 

used human induced pluripotent stem cell derived iNeuron model, in which endogenous 

TARDBP locus has a Dendra2 fluorescent tag and control cell line. iNeurons (DIV14) which are 

immunopositive for the neuronal markers TuJ1 and MAP2 were treated with proteasomal 

inhibitor MG132 or DMSO. We then examined how proteasome inhibition affects the 

localization and trafficking of ubiquitinated TDP-43 in the cytoplasm and TDP-43 distribution in 

the dendrites and axons of Dendra2 iPSC-derived neurons.The nuclear temporal profile of TDP-

43 shifts or has significantly downregulated expression as a result of altered proteostasis. 

Moreover, upon proteasome inhibition, there is a notable and increased trafficking of 

ubiquitinated TDP-43 puncta in the dendrites and axons. In DMSO-treated control iNeurons, 

TDP-43 is restricted to the nucleus. Our data indicate that either local synthesis of TDP-43 or 

impeded proteolysis may have caused the abnormal spatial mislocalization and ubiquitination of 

TDP-43. In ongoing work we are examining sequestration of critical cellular constituents by 

altered proteostasis and the role of lysosomal degradation mechanisms which may have been 

upregulated by proteasomal suppression. 

Disclosures:  S. Mathew: A. Employment/Salary (full or part-time):; Yale University, (Full). 

P.P. Gopal: A. Employment/Salary (full or part-time):; Yale University, (Full). B. Contracted 
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Stroke/NIH under Award R01NS122907. 
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Title: Role of GFAP in Hypertension-gated Alzheimer's disease 

Authors: *K. FATIMA SHAD;  

Life Sci., Univ. of Technol. Sydney, Sydney, Australia 

Abstract: Introduction: There are over ten million new cases of dementia each year worldwide, 

implying one new case every 3.2 seconds. The lack of early diagnostic biomarkers highlights the 

need for accurate tests. Recent focus on Glial fibrillary acid protein (GFAP) and astrocytes 

suggests their role in cognitive function and dementia. GFAP can influence the onset and 

progression of Alzheimer's disease (AD). GFAP is a key marker of astrocyte activation. 

Spontaneous hypertensive rats (SHR) are the unique animal models to study hypertension-gated 

Alzheimer's disease. Hypothesis: GFAP may act as a predictive biomarker for hypertension-

gated Alzheimer’s Disease, and reactive (A1) Human fetal astrocytes (HFAs) can mimic 

astrocytes in SHRs. Aims:1) Exploring the similarities between the cellular (HFAs) and animal 

(SHR) models for hypertension and related dementias such as Alzheimer's disease. 2) To 

compare the concentration of GFAP in SHR and WKY rat brainstem slices (Samples obtained 

from UNSW, animal ethics no. Acec 15/ 49b). 3) To culture human fetal astrocytes (HFAs) and 

to differentiate between reactive (A1 ) and normal (A2) HFAs (Samples acquired from Biobank 

of Macquarie University after approval from UTS Ethics no. ETH 17-1883).4) To estimate 

and compare the concentrations of calcium-dependent proteins in SHR and HFAs. Methods: 

Spontaneous Hypertensive Rats (SHRs)and Wistar Kyoto (WKY) rats were used as animal 

models. Normal (A2) and reactive (A1) Human fetal astrocytes as cellular models to test our 

hypothesis.Techniques: Four techniques were used to measure GFAP and other calcium-

dependent proteins: Light Microscopy, Confocal Microscopy, LC/MS/MS, and ELISA. Results: 

This study shows for the first time that A1 HFAs resemble astrocytes in SHR, as both have 

similar concentrations of GFAP mimicking a similar degree of reactivity and hence hypertensive 

condition. There are significantly higher numbers of GFAP-containing neurons in SHR, 

compared to WKY rat brain. Longer and thicker processes were observed in both experimental 

models, indicating higher levels of GFAP in both SHR and A1 HFAs. Conclusion: Greater 

intensity of GFAP in SHR astrocytes and A1 HFAs indicates their involvement in augmented 

reactivity leading to hypertension-gated Alzheimer’s disease. Both S100B and sRAGE proteins 

were at higher concentrations in A1 than in A2 HFAs. Literature shows that sRAGE 

concentration is lower in hypertension, suggesting that sRAGE, in addition to GFAP, could be 

targeted as a therapeutic agent for the treatment of both hypertension and Alzheimer's disease. 

Disclosures: K. Fatima Shad: None. 

Late-Breaking Poster 

LBA003: Theme C Late-Breaking Posters 

Location: MCP Hall A 

Time: Sunday, October 6, 2024, 1:00 PM - 5:00 PM 

Program #/Poster #: LBA003.064/LBA62 



Topic: C.02. Alzheimer's Disease and Other Dementias 

Title: Global DNA methylation as an early biomarker for Alzheimer’s disease 

Authors: *C. CAO1, F. LAM2, D. LLANO3, R. N. DILGER6, S. SILVERMAN6, Z.-P. LIANG4, 

K. C. LI7, G. ROBINSON5;  
1Univ. of Illinois, Urbana-Champaign, Urbana, IL; 2Univ. of Illinois at Urbana-Champaign, 

Champaign, IL; 3Molec & Integrative Physiol, 4Electrical and Computer Engin., 5Univ. of 

Illinois at Urbana-Champaign, Urbana, IL; 6Univ. of Illinois Urbana-Champaign, Urbana, IL; 
7Univ. of Illinois Urbana-Champaign, EMERALD HILLS, CA 

Abstract: Amyloid β deposition and intracellular aggregation of phosphorylated tau have been 

the main targets of investigation and therapeutics for Alzheimer’s disease (AD). In the 

meantime, there is increasing interest in alternative diagnostic biomarkers and treatment targets, 

including AD-associated risk genes, transcriptomics, lipid metabolism and small metabolites, 

which may also provide a better understanding of the complex etiology of AD. Altered DNA 

methylation, a key epigenetic mechanism that influences gene expression and exerts long-lasting 

effects on brain function and disease, has been identified in AD patients and animal models. This 

presents opportunities for new early biomarker discovery and intervention. However, current 

methods to measure methylation are destructive and require biopsy. Our team is developing a 

non-invasive approach known as epigenetic magnetic resonance imaging (eMRI) that has been 

shown to be able to detect DNA methylation changes in the brain. As a possible prelude to using 

eMRI to measure and map DNA methylation in AD, our current study aims to explore DNA 

methylation as an early biomarker by using conventional methods to measure spatiotemporal 

patterns during AD progression. We used two AD mouse models: a sporadic AD [apolipoprotein 

E4 (APOE4) knock-in] and a familial AD (5xFAD) model, as well as their respective controls, 

APOE3 and wild-type (WT). APOE4/APOE3 mice (n = 6) were sampled when 12-13 months 

old and 5xFAD/WT mice (n = 4) when 2 months old. DNA was extracted from five brain regions 

(cortex, hippocampus, striatum, midbrain, and cerebellum) and global methylation levels 

measured using an ELISA kit. APOE4 mice showed lower DNA methylation levels compared to 

APOE3 mice, with significant differences in the cortex (t = 2.81, df = 8, P < 0.05, Student’s t-

test), hippocampus (t = 6.34, df = 8, P < 0.001), striatum (t = 3.01, df = 9, P < 0.05), and 

midbrain (t = 4.58, df = 9, P < 0.01), but not the cerebellum (t = 1.68, df = 9, P = 0.13). The 

cortex and hippocampus, regions most vulnerable to AD, showed the most striking differences, 

with the latter exhibiting more than a 2-fold reduction in methylation. 5xFAD mice showed 

significantly lower DNA methylation across all examined regions relative to WT (P < 0.05 or 

0.01, df = 6 for all brain regions). These findings support the concept that AD is associated with 

global DNA methylation changes. More importantly, they suggest that DNA methylation 

differences in the brain could be detected before AD causes significant damage to the brain. This 

finding encourages further investigation of eMRI for non-invasively mapping this early 

biomarker for AD. 
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Abstract: Alzheimer’s disease (AD) is a prevalent neurodegenerative disorder characterized by 

gradual memory loss and cognitive decline. Given the irreversible nature of neurodegeneration, 

clinically reliable methods for early diagnosis and prediction of disease progression before the 

symptom onset are crucial. This study aims to develop new biomarkers from fluorodeoxyglucose 

positron emission tomography (FDG-PET) for diagnosing and predicting AD using deep 

learning models. Initially, we trained a modified 3D-DenseNet model to distinguish between 

healthy individuals and AD patients. AD probability score value was then extracted from the 

output of fully connected layer before the classifier, indicating abnormalities in brain metabolism 

patterns. The clinical implications of the AD probability score derived from the model was 

validated using a large database (n=4,446) of FDG-PET images from a clinically diverse patient 

population. The 3D-DenseNet achieved a test accuracy of 95.18% in classifying normal vs. AD 

using 5-fold cross-validation. AD probability score extracted from the trained model 

demonstrated statistical significance in differentiating mild cognitive impairment (MCI) from the 

cognitively unimpaired (CU) group (p<0.001, Student’s t-test), suggesting its applicability for 

early diagnosis of AD continuum. Additionally, we observed statistically significant correlations 

between the AD probability score and cognitive assessments such as the Clinical Dementia 

Rating (CDR) and Mini-Mental State Exam (MMSE), as well as other AD neuroimaging 

biomarkers (e.g., amyloid-beta PET and tau PET scans) (p<0.001, Pearson’s correlation). 

Furthermore, we found that the AD probability score value derived at baseline was associated 

with the progression of cognitive impairment over time, as evidenced by comparing CU to CU 

vs. CU to MCI/AD groups, with the latter representing the most recent diagnostic group 

assignment (p<0.001, Student’s t-test). In conclusion, AD probability score derived from FDG-

PET data using the CNN model demonstrates significant potential as a reliable biomarker for the 

early diagnosis and prediction of AD progression. 
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Abstract: Advanced Biomarker Analysis for Alzheimer's Disease DiagnosisUsing FDG 

PET: Radiomic Features of Hippocampal Subfields andAmygdala 

NucleiAbstractObjective: Our objective is to identify more effective features and regions for 

describing Mild CognitiveImpairment (MCI) and Alzheimer's Disease (AD) using only FDG 

PET images.Method: We downloaded baseline FDG PET and sMRI data of 555 individuals 

(189 CN, 201 MCI, and 165AD) from ADNI dataset. The sMRI and FDG PET images were co-

registered using the ANTx tool, and thehippocampus and amygdala were extracted utilizing the 

DKT-Atlas. These structures were furthersegmented into subfields and nuclei with Freesurfer. 

Using the PyRadiomics tool, we extracted 120radiomic features for each hippocampal subfield 

and amygdala nucleus. After preprocessing and featurereduction, we applied ANOVA, PCA, and 

LASSO feature selection methods to identify the most relevantfeatures. Our analysis focused on 

determining the key features that best describe AD. Finally, weemployed a 

RandomForestClassifier to test the performance of these features with 100 iterations on a30% 

independent dataset.Results: Our analysis identified two interpretable features in the 

hippocampus and amygdala thatdemonstrated superior diagnostic efficacy for AD progression. 

Specifically, glrlm_LongRunEmphasis inthe accessory basal nucleus and 

gldm_SmallDependenceEmphasis in the presubiculum-head showed aclassification capability 

with ROC AUC of 0.87 and ACC of 0.78 for AD vs CN, and ROC AUC of 0.80 andACC of 

0.75 for AD vs MCI. Additionally, we observed that the average values of these features 

areassociatewitdh AD progression.Conclusion: Our study investigated the subfields of the 

hippocampus and the nuclei of the amygdala tounderstand AD progression through radiomic 

analysis. We identified that two specific texture featuresare strongly linked to AD. The 

glrlm_LongRunEmphasis feature in the accessory basal nucleus effectivelydifferentiates between 

MCI and AD, suggesting its sensitivity to early AD-associated textural changes.However, our 

study also revealed a fascinating paradox concerning the presubiculum-head. While thisregion 

appears remarkably resilient compared to others in terms of severe neurodegeneration, 

ourfindings suggest it might undergo subtle changes following the MCI stage. This observation 

adds to thegrowing body of evidence that the presubiculum-head might play a unique role, 

potentially in the earlystages of AD progression. By focusing on such features in the future, 

researchers might be able todevelop more precise methods for diagnosing AD earlier and 

tracking its progression over time. 
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Abstract: Accurate quantification of fluid biomarkers in blood and cerebrospinal fluid is 

becoming increasingly important for diagnosis, prognosis, and monitoring of neurodegenerative 

disease. Growing evidence suggests a strong diagnostic utility for a phosphorylated isoform of 

the Tau protein (pTau217) as a specific biomarker for Alzheimer’s disease. However, many 

existing methods for detecting and quantifying pTau217 in CSF and blood are time-consuming, 

expensive, and/or technically complex. This study describes the analytical validation of a novel 

and fully automated immunoassay for measuring pTau217 in plasma and CSF. The assay utilizes 

a microfluidics approach (EllaTM) and highly specific pTau antibodies to measure up to 72 

samples within 90 minutes, using 25 ul sample volume or less. The limit of detection (defined as 

three standard deviations above the blank) was determined as 0.49 pg/mL, and the limits of 

quantitation were determined as 1.5 - 6,000 pg/mL. Intra-assay precision was measured at less 

than 5% CV using both high- and low-level controls (n=16 replicates per control), and inter-

assay precision averaged at 10.0% CV (n=174). Dilutional linearity experiments demonstrated 

good assay parallelism with recovery rates of 94-106% for plasma and 88-97% for CSF samples. 

Spike/recovery experiments demonstrated acceptable accuracy with mean recovery values of 86-

94% (plasma) and 93-137% (CSF). To assess the biomarker utility of the assay, endogenous 

plasma levels of pTau217 were measured in a pilot cohort of healthy control donors and 

Alzheimer's disease patients. Results showed strong elevation of pTau217 in AD samples 

(p=0.007, Mann-Whitney test), consistent with previous reports. In conclusion, this study 

supports the utility of an automated assay for fast and sensitive pTau217 quantification in plasma 

and CSF samples of AD patients, while demonstrating robust analytical performance 

characteristics. 
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Abstract: Introduction: Mitochondrial dysfunction associated with Alzheimer’s disease (AD) 

fails to satisfy the energy requirements of neurons and glia, which contribute to cognitive 

impairment. Ketone bodies, which are derived from fatty acids through beta-oxidation, are 

crucial for enhancing mitochondrial efficiency and maintaining sufficient cerebral energy for 

those who have impaired energy metabolism. Therefore, we hypothesize that plasma ketone 

body concentrations may be altered in AD patients compared to cognitively healthy 

individuals.Method: Older adults (>65 years) were recruited, and demographic and neurological 

data were obtained in an ongoing brain-aging project. Participants were classified as cognitively 

healthy with normal amyloid-tau levels (CH-NAT), cognitively healthy with AD-like 

pathological amyloid-tau levels having a high risk of cognitive decline (CH-PAT) and AD 

participants with pathological amyloid-tau levels (AD-PAT). We collected plasma samples from 

the participants after overnight fasting. Ketone bodies were extracted using ethyl acetate and 

were derivatized using dimethylaminophenacyl bromide (DmPABr). Derivatized compounds 

were analyzed using liquid chromatography mass spectrometry with multiple reaction 

monitoring. The group differences between CH-NAT, CH-PAT and AD-PAT were 

analyzed.Results: Ketone bodies (β-hydroxybutyric acid, acetoacetic acid, and 3-hydroxyvaleric 

acid) were detected and quantified in plasma samples. The findings indicated a general trend of 

decreased β-hydroxybutyric acid in AD-PAT plasma as compared to CH-PAT and CH-NAT, and 

it is in the order CH-NAT>CH-PAT>AD-PAT. Acetoacetic acid and 3-hydroxyvaleric acid 

levels were found to be increasing in AD-PAT compared to CH-PAT and CH-NAT. The order 

for both compounds was the same as in the order: AD-PAT>CH-PAT>CH-NAT. Using ROC, 

acceptable differences in the AUC were shown for each of the ketone bodies comparing CH-

NAT with AD-PAT. Conclusions: These data suggest that the levels of different ketone bodies 

are altered in AD patients compared to cognitively healthy people; therefore, plasma levels of 

ketone bodies can be used as biomarkers of early-stage AD detection. 

Fig 1: Derivatization of ketone bodies using DmPABr to enhance the sensitivity of 

detectionFig.2: Graphs showing the comparison of levels of different plasma ketone bodies 

between CH-NAT, CH-PAT & AD-PAT. Using ROC, we found all three ketone bodies have an 



acceptable difference in the AUC comparing CH-NAT with AD-PAT with a small sample size 

(each group, n = 4). 
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Abstract: Alzheimer’s Disease (AD) is the most common cause of dementia, with an estimated 

6.7 million Americans over 65 with AD in 2023. AD is characterized by β-amyloid (Aβ) and 

phosphorylated tau (p-tau) protein in the brain. Early detection of AD allows for timely 

intervention to slow disease progression. Blood-based biomarkers provide more accessible and 

less invasive testing options to help obtain an earlier diagnosis. One such biomarker is p-tau 

protein at threonine 217 (p-tau217). Plasma p-tau217 are elevated in the mild cognitive 

impairment (MCI) and dementia stages of AD and are associated with the presence of Aβ and tau 

pathology as assessed by PET and CSF. 

Increased baseline plasma p-tau217 can predict progression of cognitive impairment, and 

longitudinal increases correlate with declining cognition. 

The purpose of this study is to determine if the concentration of p-tau217 measured from blood 

samples collected using at home blood test is comparable to the results obtained from blood 

samples collected via venipuncture. 

In this study, healthy control subjects and subjects with AD were recruited to obtain blood 

samples for p-tau217 concentration. Subjects were enrolled to evaluate the alignment between 

the at home blood test and venipuncture p-tau217 concentration in each subject. Our results 

showed no significant difference (p> 0.05) between p-tau217 concentrations which support that 

there is an agreement between the concentrations using at home test and venipuncture method. 

We believe that the at home p-tau217 test will offer an accessible, non-invasive, and convenient 

method for early evaluation of AD. 
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Abstract: Parkinson’s disease (PD) is marked by the loss of dopaminergic (DA) neurons in the 

substantia nigra pars compacta (SNpc) and the presence of Lewy pathology. However, little is 

known about the precise mechanisms of cell death involved in the neuronal loss, or at which 

stage such pathways are initiated during PD progression. We examined neuronal loss in SN 

tissue of 23 PD cases and 12 non-neurological controls. We confirmed a significant loss of 

tyrosine hydroxylase (TH)-immunoreactive (p < 0.0001) and neural Hu (HuC/D)-

immunoreactive (p < 0.0001) neurons in PD cases compared to controls. Specifically, compared 

to controls, 46% of total neurons and 54% of DA neurons in the PD SN were lost at the time of 

post-mortem examination. Furthermore, we found that Lewy pathology, represented by Braak 

stage, strongly correlated with DA and total neuronal loss (Spearman r = -0.9014 and -0.8347, 

respectively). We also evaluated the mRNA and protein expressions of apoptotic markers (Fas-

associated protein with death domain, caspase-8, caspase-3), necroptotic markers (receptor-

interacting serine/threonine kinases 1 and 3 [RIPK1/3], mixed lineage kinase domain-like protein 

[MLKL]), and ferroptotic markers (glutathione peroxidase 4 [GPX4], transferrin receptor 

[TFR1]) in the same individuals, with an additional 12 controls by reverse transcriptase-PCR, 

Western blot and immunohistochemical staining. Protein levels were normalized to GAPDH and 

total neuron counts to account for neuronal loss. The absence of cleaved caspase 3 - the 

downstream executioner of the terminal apoptotic cascade - either by Western blot or 

immunohistochemical methods showed that apoptosis is not the main mechanism driving 

neuronal loss in PD. Instead, activation of inflammatory forms of cell death, namely necroptosis 

and ferroptosis, were noted by protein expression of specific markers including phosphorylated 



MLKL (pMLKL) and TFR1, respectively. When stratifying PD cases by Braak stages, pMLKL 

level decreased (mean ± SD Intermediate-PD: 0.03 ± 0.03, Late-PD: 0.01 ± 0.02; Dunn’s 

adjusted P = 0.22) and TFR1 level increased (Intermediate-PD: 0.01 ± 0.01, Late-PD: 0.08 ± 

0.09; Dunn’s adjusted P = 0.0006) in late-stage PD (stages V-IV) compared to intermediate-stage 

PD (stages III-IV), suggesting that ferroptotic signalling is more prominent in advanced PD. 

However, further clarification of the molecular underpinnings of ferroptosis, and usage of novel 

approaches to uncover additional specific ferroptotic molecular markers are required. Our 

findings have implications for our understanding of the pathological processes underlying 

neurodegeneration in PD. 
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Abstract: Parkinson’s Disease (PD) is a neurodegenerative disease marked by the toxic 

accumulation of insoluble α-synuclein (α-syn). Pathophysiological progression occurs across 

synaptically connected neuronal populations, perpetuating α-syn spread and disruption of 

neuronal and synaptic function. These disturbances suggest synaptic surface interactors are 

relevant in understanding cellular mechanisms driving PD pathophysiology. Using preformed α-

syn fibril (PFF) models, our study aims to define the requirement and/or ability of specific 

synaptic organizers to facilitate PFF-mediated pathological spread and synaptic disturbances. To 

modulate candidate expression prior to PFF administration in vitro, we employed a lentiviral 

short hairpin (shRNA) knockdown approach in aged primary hippocampal cultures (n=3 

experimental rounds). Samples were collected and processed 7 days post-PFF treatment for 

confocal microscopy to examine extent of phosphorylated α-syn (p-α-syn) accumulation and 

presynaptic vesicular glutamate transporter 1 (VGLUT1) densities. Our evidence suggests a 



contribution of synaptic organizers in neuronal pathology and PFF-mediated synapse loss. As a 

result, we sought to characterize molecular mechanisms directing this process. In addition to 

identifying the involvement if specific candidate isoforms, we examined whether heparan sulfate 

(HS) proteoglycan modifications are of relevance, as they have been shown to direct α-syn 

internalization and are functionally relevant to synaptic organization. Knockdown/selective 

rescue experiments in vitro suggest the interaction of candidate synaptic proteins with α-syn 

aggregates can be influenced by HS modifications. Together, our findings identify that synaptic 

surface interactions are pertinent to understanding molecular mechanisms driving cellular 

pathophysiology in PD. 
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Abstract: Astrocytes tightly control synapse numbers and function in the brain through their 

elaborate morphology and direct contact with synapses. Neurodegenerative disorders, including 

Parkinson’s Disease (PD), have astrogliosis and synaptic dysfunction. However, whether 

astrocytes can be targeted for synaptic dysfunction in PD is unknown. We found that the PD-

linked gene Lrrk2 controls astrocyte morphology by regulating the phosphorylation of ERM 

proteins (Ezrin, Radixin, and Moesin), a structural component of the perisynaptic astrocyte 

processes. ERM phosphorylation is elevated both in mice and humans carrying the LRRK2 

G2019S parkinsonism mutation. We demonstrated that dampening ERM phosphorylation levels 



by overexpressing phospho-dead Ezrin in LRRK2 G2019S mouse astrocytes can rescue astrocyte 

morphology and excitatory synaptic deficits in the anterior cingulate cortex (ACC). Using in vivo 

BioID proximity labeling, we identified Ezrin interactomes in WT and LRRK2 G2019S mouse 

astrocytes. We found that Ezrin interaction with Autophagy-Related 7 (Atg7), a crucial 

autophagy regulator, decreased in LRRK2 G2019S astrocytes. Our data showed that astrocytic 

Atg7 is required for astrocyte morphological complexity in a genotype-dependent manner, and 

its dysregulation may contribute to the impaired astrocyte morphology in LRRK2 G2019S mice. 

Our study reveals that astrocyte dysfunction can be targeted to reverse synaptic dysfunction, 

identifying Lrrk2-ERM-Atg7 signaling pathways for potential therapies. 
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Abstract: Genetic variants in the LRRK2 gene, which encodes leucine-rich repeat kinase 2 

(LRRK2), are associated with the onset of both familial and idiopathic Parkinson’s disease (PD). 

Pathogenic LRRK2 variants including the most prevalent G2019S mutant increase LRRK2 

kinase activity. Recent observations of increased LRRK2 kinase activity in idiopathic PDs 

suggest LRRK2 kinase inhibition as a compelling therapeutic approach for both familial and 

sporadic PD. Here we described a highly brain penetrant small molecule LRRK2 inhibitor, 

SAR444596, showing potent inhibition of LRRK2 kinase activity in primary cells, rodents, and 

non-human primates (NHPs). SAR444596 demonstrated functional rescue of lysosomal defects 

in cellular models. Interestingly, we observed an indirect pharmacokinetic-pharmacodynamic 

(PK-PD) relationship of SAR444596 in NHPs, but not in rats. Chronic dosing of SAR444596 

caused LRRK2 protein depletion, resulting in sustained inhibition of LRRK2 activity in NHPs 

even after clearance of the compound. We developed an in vitro PK-PD model using primary 

PBMC cultures which recapitulated these cross-species differences and demonstrated a 

congruous PK-PD relationship between humans and NHPs. Finally, we defined the minimal 

active dose of SAR444596 in NHP at 5mg/kg twice daily with the inhibitory effect mostly driven 



by total LRRK depletion. Our work on SAR444596 provides a roadmap for therapeutic programs 

targeting LRRK2 inhibition 
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Abstract: One of the key pathological features of Parkinson's disease (PD) is the abnormal 

accumulation of alpha-synuclein (αSyn), a protein that aggregates to form Lewy bodies (LB). It 

remains unclear when, where, and in which cell types αSyn aggregation starts and how it is 

transmitted between neurons. Inoculation of animal models with αSyn pre-formed fibrils (PFFs) 

induces aggregation of endogenous αSyn and recapitulates critical aspects of PD pathology. 

However, this method involves invasive surgeries and lacks cell-type specificity. The PFF model 

is further hampered in iPSC-derived neuron and organoid systems by limited cellular uptake of 

PFFs and penetration into organoids. In this study, we therefore aimed to develop a new method 

to induce temporally controlled, tunable, and cell-type-specific PD pathology that can easily be 

applied to animal models and cultured cells. First, we designed a library of self-assembling 

synucleins (SAS) consisting of different types of self-assembling peptides fused to αSyn. The 

constructs were designed with a Tet response element to allow precise doxycycline-inducible 

control of the level and duration of expression. In vitro screening identified several constructs 

that not only form αSyn aggregates but also induce substantial Ser129 phosphorylation (pS129), 

a hallmark of αSyn pathology. We further validated top hits in several modalities of neuronal 

culture, including murine primary neurons, and human iPSC-derived neurons and organoids. Our 

top three SAS constructs robustly induced αSyn aggregation and pS129-αSyn pathology in over 

90% of neurons. Of these, one construct (SAS3) also induced secondary nucleation of 



endogenous αSyn, neuronal axon retraction and neuronal death. Finally, we tested if SAS3 could 

induce PD-like pathology in vivo. By packaging SAS3 into PHP.eB, an adeno-associated viral 

vector (AAV) engineered by our lab that efficiently transduces the central nervous system in 

mice, we were able to achieve brain-wide delivery of our construct in C57BL/6J mice. After 

three weeks of doxycycline treatment, we observed αSyn aggregation and pS129-αSyn pathology 

across different brain regions, as well as decreased movement in an open field test. In summary, 

we have developed a genetically-encoded, doxycycline-regulated self-assembling synuclein 

system to efficiently induce temporal and tunable PD-relevant pathology both in vitro and in 

vivo. We expect this to be a valuable tool to study the initiation and spread of pathology in 

diverse models of PD. 
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Title: Cognitive effects of intra-striatal injection of a-synuclein preformed fibrils in young versus 

aged rats 
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Abstract: Alpha-synuclein is a protein that has commonly been implicated in Parkinson’s 

disease (PD) and synuclein-associated dementias. This protein aggregates into preformed fibrils 

(PFFs) and thus contributes to the progression of Parkinson’s disease. As a result, many 

researchers have adopted intra-striatal injections of α-synuclein PFFs in rats to model cognitive 

and motor symptoms of Parkinson’s disease. Despite age being the most significant risk factor 

contributing to synuclein-associated dementias, aged animal models are rarely used. The focus of 



our research is to evaluate the cognitive effects of injecting α-synuclein PFFs into young versus 

aged rats. Sixty-three male Fischer 344 x Brown Norway F1 hybrid rats, either young (6 months) 

or aged (20 months), underwent surgery to inject either α-synuclein PFFs (experimental group) 

or α-synuclein monomers (control group) into the bilateral striatum. Two months post-surgery, 

rats were food restricted and tested on a delayed response working memory task followed by a 

probabilistic reversal learning task. Our initial hypothesis was that in comparison to the 

monomer control group, working memory and cognitive flexibility would deteriorate more 

rapidly in aged compared to young rats injected with PFFs. Data to date show that aged rats 

injected with PFF perform numerically worse on the working memory task in comparison to the 

other groups, especially at long retention delays. Results from the reversal learning task were 

consistent with the working memory data, and show that aged but not young rats injected with 

PFFs completed fewer reversals than monomer-injected controls (three-factor, repeated measures 

ANOVA, group X age interaction, F(1,16)=8.49, p=.01). Prior work with the PFF model shows 

that α-synuclein levels peak 2-4 months after injection and decline thereafter, and thus we will 

evaluate cognition in these rats at these later timepoints, as well as conduct neuroimaging and 

immunohistochemistry to assess PFF effects on brain structure. The initial results suggest that 

this aged rat model can replicate the progression of PD and its resulting cognitive deficits. 
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Abstract: Cognitive deficits, including impaired associative learning and behavioral flexibility, 

are a disabling and understudied feature of Parkinson’s disease (PD). PD diagnosis is based on 

motor symptoms, but patients often have mild cognitive impairments at the time of diagnosis. 



More recently, cognitive changes have also been reported before PD diagnosis. Understanding 

the underlying mechanisms of early cognitive impairments represent a major challenge in PD 

patients and few studies have attempted to link these deficits with circuit dysfunction in PD. 

Moreover, accumulation of the PD-associated protein alpha-synuclein (αsyn) is correlated with 

cognitive deficits, but its causal role remains unclear. Here, we combine a progressive mouse 

model of PD driven by viral overexpression of αsyn in dopamine neurons with cognitive assays 

to study the impact of αsyn overexpression on cognitive function. We find that overexpressing 

αsyn drives cognitive impairments even before motor deficits emerge. Specifically, 2 months 

post-αsyn injection, mice develop severe deficits in basic reward-based action-outcome 

association, in parallel with a mild motor phenotype. This severe learning deficit prevents study 

of more complex behavioral flexibility. However, at an earlier timepoint (3 weeks post-

injection), αsyn mice are able to learn basic reward-based associations, albeit not as efficiently as 

control mice. In αsyn mice, a subtle deficit in reversal learning is also observed at this timepoint. 

To further dissect the circuit mechanisms of cognitive deficits in PD, we investigated the specific 

role of lateral versus medial substantia nigra pars compacta (SNc) in reversal learning at 8 weeks 

post-injection. Interestingly, mice with αsyn-overexpression in the medial (but not lateral) SNc 

show deficits in set-switching. Together, these results will provide new insights into circuit-level 

mechanisms contributing to cognitive dysfunction in PD, as well as potential therapeutic 

avenues. 
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Abstract: Parkinson’s disease (PD) is a progressive neurodegenerative movement disorder 

caused by the loss of dopamine (DA) neurons in the nigrostriatal pathway. DA replacement 

therapy (DRT) such as Levodopa (LD) or DA agonists initially improve motor function, but 

chronic use may result in complications, such as L-DOPA-induced dyskinesia (LID) and 



dopamine dysregulation syndrome (DDS). DDS presents as impulsive and compulsive behaviors 

resulting from patients taking higher and more frequent doses of DRT than necessary yet the 

mechanisms underlying DDS are not well understood. Previous work from our lab established 

that LD produces place preference indicating motivational properties driven by progressive DA 

depletion. Thus, this research aims to clarify the mechanisms underlying DDS by investigating 

potential reinforcing features of the DA D3R agonist, PD-128907. To test this, 31 male and 

female Sprague-Dawley rats received bilateral 6-hydroxydopamine (6-OHDA) lesions, sham 

lesions of the medial forebrain bundle, or no surgical intervention. Parkinsonian phenotype was 

then assessed 3 weeks post-surgery through validated motor assays such as the forepaw adjusting 

steps (FAS) test and the rotarod test. Subsequently, the conditioned place preference (CPP) 

paradigm was utilized to assess whether PD-128907 (vehicle vs. 1 mg/kg) possessed reinforcing 

properties. To provide further insight, the expression of abnormal involuntary movement (AIMs) 

and treatment-driven improvements to motor disability were also tested. The current results 

indicate reinforcing effects of PD-128907 in both sham and parkinsonian rats, with further 

analyses anticipated to elucidate whether LID is associated with drug preference in DA-lesioned 

subjects. Further post-mortem analyses will investigate the extent and location of DA loss which 

could lend insight into a CPP mechanism. Overall, this study aims to provide deeper insights into 

DA agonist effects in PD, explore the nexus between DDS and LID, and identify potential 

overlapping and distinct mechanisms that could be targeted for therapeutic interventions. 
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Abstract: Drosophila melanogaster is widely used as animal models for Parkinson’s disease 

(PD) research. Because of the complexity of MoCap and quantitative assessment with 

Drosophila melanogaster, however, there is a technical issue to identify PD symptoms within 

drosophila based on objective spontaneous behavioral characteristics. In this study, we 

developed a deep learning framework generated from kinematic features of body posture and 

motion between wildtype and SNCAE46K mutant drosophila genetically modeled ɑ-Syn, 



supporting clustering and classification of PD individuals. We record locomotor activity in a 3D-

printed trap, and utilize the pre-analysis pose estimation software DeepLabCut (DLC) to 

calculate and generate numerical data representing the motion speed, tremor frequency, and limb 

motion of Drosophila melanogaster. By plugging these data as the input, the diagnosis result 

(1/0) representing PD or WT as the output. Our result provides a toolbox which would be 

valuable in the investigation of PD progressing and pharmacotherapeutic drug development. 

https://www.biorxiv.org/content/10.1101/2024.02.23.581846v1.full 
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Abstract: Cognitive impairment is a common non-motor symptom of Parkinson's disease (PD). 

PD patients experience a loss of synaptic proteins in the cortex, and synaptic dysfunction is 

likely to impair cortical function. The extent of synapse vulnerability, its temporal profile in the 

PD cortex, and its spatial relationship to affected areas remain unclear. We used high-resolution 

mesoscale imaging to examine synaptic abnormalities in the cortex of mice injected with α-

synuclein pre-formed fibrils into the striatum, inducing pathological aggregation of endogenous 

α-synuclein in cortical neurons. α-Synuclein monomer-injected mice served as controls. Our 

results support that cortical pathology is associated with a progressive loss of excitatory 

synapses, which is followed by a decline in inhibitory postsynaptic sites. Synapses containing α-

synuclein aggregates showed the most significant loss in areas with high pathology levels. Gene 

ontology analysis of synaptic genes with altered expression in pathology-bearing human and 

mouse neurons points to specific changes in components of the synaptic vesicle cycle and 



postsynaptic proteins and synapse-organizing pathways. Consistent with these findings, we 

observed ultrastructural changes in excitatory synapses. Additionally, we used 

electrophysiological measurement to determine that excitatory transmission was compromised in 

the cortex of our model. Our results provide evidence that α-synuclein aggregation in the cortex 

is linked to molecular and structural synaptic changes that disrupt connectivity and transmission. 

These findings provide insights into the progressive vulnerability of cortical synapses and 

network aberrations in PD. 
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Abstract: A-synuclein (αSyn) has been identified as a key protein in the pathophysiology of 

Parkinson’s disease (PD). Therefore, this protein has gained a lot of interest as a possible 

biomarker and therapeutic target. Multiple αSyn-based rodent models have been developed, each 

reproducing specific features of the disease which are not always as robust. Therefore, a more 

robust and encompassing model mimicking the full spectrum of pathological and behavioural 

changes is needed. We aim to create an αSyn-based model with increased construct validity by 

combining two established approaches to model PD, namely AAV-mediated overexpression of 

human αSyn with the addition of human αSyn preformed fibrils (hPFFs). To increase 

translatability for treatments which target human αSyn specifically, administration of human 

PFF’s and expression of human αSyn via viral vectors is initiated. Young wild-type mice are 

treated with either AAV2/7-CMVenhSyn-haSyn, recombinant hPFFs (Stressmarq) or the 

combination of both through unilateral stereotactic injection. We administered human PFF’s in 



the right striatum after local overexpression of human αSyn by AAV2/7-human-aSyn viral 

vector injection in the right substantia nigra. Motor performance will be assessed followed by 

pathologic characterization of the model. Preliminary results of a pilot study showed 25% loss of 

TH+ cells in the SN and 45% loss of TH+ terminals in the striatum 3 months post injection of 

AAV. When adding the hPFFs, this loss is increased further to 45% for TH+ cells and 90% of 

TH+ terminals. Notably, injection of hPFFs alone does not induce dopaminergic cell loss or 

degeneration of striatal projections, possibly due to the species barrier. These preliminary results 

suggest that hPFFs do seed the monomeric hαSyn and aggravate the pathology induced by AAV-

mediated overexpression of hαSyn. This αSyn-based model can be important to the research field 

to assess in vivo therapeutic interventions directed against αSyn pathology and more specifically 

human αSyn pathology. 
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Abstract: Neurodegenerative disorders and aging are characterized by brain protein deposition 

along with deterioration of the autophagy-lysosomal pathway (ALP). Heterozygous mutations of 

the lysosomal protein GCase is a main risk for synucleinopathies such as Parkinson’s disease 

(PD). The loss of GCase activity leads to a noxious circle whereby accumulation of the GCase 

substrate, glucosylceramide, and alpha-synuclein ultimately results in neurodegeneration. 

Recently, it has been shown that this cycle of events can also involve Tau. We have shown 

previously that inhibition of GCase causes lysosomal dysfunction and contributes to Tau 

accumulation in degradative organelles of the cell. Additionally, Tau pathology is present in 

Gaucher disease patients and mice expressing mutant GCase. Moreover, GCase levels and 

enzyme activity are decreased in Alzheimer’s disease where Tau pathology correlates tightly 



with disease progression. Therefore, boosting GCase activity may represent a viable therapeutic 

option to alleviate ALP dysfunction for the treatment of tauopathies. 

Gain Therapeutics applied its proprietary drug discovery platform to the identification of the 

orally bioavailable and brain penetrant GT-02287. Through interaction with GCase, GT-02287 

aids correct GCase folding and allows trafficking towards lysosomes, ensuring that 

glucosylceramide is efficiently processed. In the current study, we show increased seed-induced 

Tau accumulation in Gaucher-derived fibroblasts carrying a GCase mutation when compared to 

GCase wild-type fibroblasts. This phenotype was rescued by the presence of GT-02287. Notably, 

the rescuing effect was also observed on the GCase wild-type background. Based on these 

findings, GT-02287 shows promise as a potential disease-modifying treatment option for AD and 

other tauopathies. 

Disclosures:  N. Perez: A. Employment/Salary (full or part-time):; Gain Therapeutics, Sucursal 

en España, Barcelona, Spain. M. Ciccaldo: None. S. Papin: None. A. Garcia Collazo: A. 

Employment/Salary (full or part-time):; Gain Therapeutics, Sucursal en España, Barcelona, 

Spain. M. Bellotto: A. Employment/Salary (full or part-time):; Gain Therapeutics, SA. J. 

Taylor: A. Employment/Salary (full or part-time):; Gain Therapeutics, Inc.. P. Paganetti: None. 

Late-Breaking Poster 

LBA003: Theme C Late-Breaking Posters 

Location: MCP Hall A 

Time: Sunday, October 6, 2024, 1:00 PM - 5:00 PM 

Program #/Poster #: LBA003.082/LBA80 

Topic: C.03. Parkinson’s Disease 

Support: CIHR 

Title: Parkinson’s disease relevant cellular stressors differentially impact dopamine neuron 

axonal release sites. 

Authors: *A. TCHUNG1, N. GIGUERE2, L.-E. TRUDEAU3;  
1Pharmacol. and Physiol., Univ. de Montréal, Montréal, QC, Canada; 2Dept. of pharmacology 

and physiology, Dept. of neurosciences and GRSNC, Univ. De Montreal, Montreal, QC, Canada; 
3Dept. of Pharmacol. and Physiol., Univ. of Montreal, Montreal, QC, Canada 

Abstract: Increased levels of oxidative stress are often considered as a final common pathway of 

cellular stressors thought to lead to Parkinson's disease (PD) pathology. While several cellular 

stressors have been utilized to investigate PD-related pathological signals in cultured neurons, it 

is unclear to what extent these stressors act through oxidative stress. It is also unclear if these act 

on axon terminals to induce retrograde degeneration of these neurons, as posited by the dying-

back hypothesis of PD. This study aims to address this gap by investigating the effects of various 

cellular stressors on axonal degeneration. Primary cultures of SNpc neurons from DATIresCre-



Ai9 mice were exposed to increasing doses of cellular stressors. Doses were chosen to test the 

hypothesis that lower doses would preferentially induce axonal pathology. Subsequently, the 

impact of these doses on several axonal function parameters was quantified. Among our panel of 

cellular stressors commonly used in PD studies (1-methyl-4-phenylpyridinium (MPP+), 6-

hydroxydopamine (6-OHDA), lactacystine, H2O2), we find that only 6-OHDA-induced neuronal 

loss is reduced by N-acetyl-cysteine (NAC) antioxidant treatment. We further find that all 

cellular stressors negatively impact axonal functions by reducing mitochondrial density. 

Morphologically, we observed mitochondrion swelling in the presence of MPP+ and lactacystine 

and impact in the fission and fusion dynamics in the presence of lactacystine and 6-OHDA 

showing elongated mitochondrion whereas MPP+ and H2O2 show a tendency of increased 

mitochondrion fragmentation. Furthermore, since mitochondrial integrity is crucial for the 

function of neurotransmitter release sites, we observed a dose-dependent reduction in 

synaptotagmin 1-positive release site density for all cellular stressors. Finally, we show that 

small molecules previously shown to improve mitochondrial efficiency, such as honokiol and 

dexpramipexole, are protective against 6-OHDA and MPP+, respectively. Unexpectedly, we also 

uncovered that 6-OHDA exhibits significant non-specific toxic effects on non-dopaminergic 

neurons. This study demonstrates that cellular stressors have unique effects on axonal release 

sites, not all of which involve direct oxidative stress mechanisms. These discoveries enhance our 

comprehension of the mechanism of action of cellular stressors commonly used to model PD 

pathology and provide new insights into the development of neuroprotective agents through the 

optimization of bioenergetics and underscore the importance of considering the specificity of 

these cellular stressors. 
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Abstract: Heterozygous mutations in the GBA1 gene encoding the lysosomal enzyme 

glucocerebrosidase (GCase) are the major genetic risk factor for the development of Parkinson’s 

disease (PD). Interestingly, lowered GCase activity has also been demonstrated in sporadic cases 



of the disease, suggesting that restoring GCase activity could be a viable strategy for the 

treatment of both idiopathic and GBA1-PD. GT-02287 is an orally available and brain penetrant 

small molecule allosteric regulator of GCase that stabilizes and improves its function in a variety 

of experimental models. GT-02287 is being developed as a disease-modifying treatment for 

Parkinson’s disease and has recently completed a Phase 1 clinical trial in healthy volunteers. In 

the current study we employed a GBA1-PD mouse model generated by administering low doses 

of conduritol beta epoxide (CBE), an irreversible GCase inhibitor, to cause a partial knockdown 

of GCase activity comparable to that seen in PD patients carrying heterozygous GBA1 

mutations, combined with intra-striatal injection of α-synuclein preformed fibrils (PFFs). To 

model idiopathic PD, we used intra-striatal PFF injection in the absence of CBE administration. 

Once a clinical phenotype was established, animals began daily GT-02287 treatment. Effect of 

GT-02287 on neuromuscular function, motor coordination and activities of daily living/cognition 

was measured in wire hang, beam walk and nest building tests, respectively. GT-02287 was able 

to rescue deficits in both neuromuscular function and motor coordination in both the GBA1 and 

idiopathic PD models and to prevent the development of deficits in cognition and activities of 

daily living, as measured by nest building ability. GT-02287 treatment was then withdrawn from 

half the treated animals, and we were able to demonstrate that a treatment effect in all three 

behavioural tests was maintained even in the absence of drug candidate, presumably due to a 

disease-modifying effect of GT-02287. This study supports the potential of GT-02287 as a 

disease modifying therapy for both idiopathic and GBA1 Parkinson’s disease. 

Disclosures:  B. Guzman: A. Employment/Salary (full or part-time):; Gain Therapeutics. E. 

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

holder, excluding diversified mutual funds); Gain Therapeutics. N. Perez: A. 
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Title: A technical platform solution to develop, characterize and implement macaque models of 

neurodegeneration 

Authors: G. WANG, Y. ZHAO, J. GABRIEL, S. WANG, Y. TIAN, R. PEREZ, *L. YANG;  

Kunming Biomed Intl., Kunming, China 

Abstract: Development of therapies for neurodegenerative disease often require the use of non-

human primates (NHP) to best position the candidate for clinical trial success. Here we show a 

series of technical assays we employ in developing and utilizing NHP models of two of the most 

prevalent neurodegenerative diseases, Alzheimer’s (AD) and Parkinson’s (PD). Animals 

(cynomolgus macaque) for each model were selected from a large cohort to ensure future access 

of similar age and sex. Biomarkers (catecholamine metabolites, blood chemistry, immune 

markers), behavior (cognition and motor performance) and neuroimaging (PET: AV45 [18F-

florbetapir], for beta-amyloid and AV133 [FP-(+)-DTBZ], for VMAT-2) were assessed at 

baseline and at multiple timepoints from model creation (MPTP or AAV9-hA53T-aSyn for PD 

and increasing age for AD). In the AD model, we show clear age-related (young; 5-6 yrs vs. 

middle-age; 17-20 yrs vs. old; >25 yrs) increases in cortical and hippocampal beta-amyloid[1-42] 

by AV45-PET and tissue immunofluorescence. In the PD model, we show reduced striatal 

VMAT-2 by AV133-PET and degeneration in the substantia nigra by T1-FLAIR-MRI, supported 

by tyrosine hydroxylase immunohistochemistry. Behaviorally, macaques display reduced 

performance in gross and fine motor movement. Using our biomarkers platform, we show a 

significant reduction in CSF-HVA (by HPLC) in the PD and AD-aging models. Cognition is 

currently being assessed in the aging AD model and will be reported on. In conclusion, we 

demonstrate that the use of a battery of assays can be used to optimize model development, 

identify in-life and post-mortem endpoints and ready a complete technical platform for 

preclinical evaluation of candidate therapeutics in NHP. 

Disclosures: G. Wang: None. Y. Zhao: None. J. Gabriel: None. S. Wang: None. Y. Tian: 
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Title: Neuronal titration of Snca via enhancer disruption mitigates disease onset in a Parkinson’s 

disease mouse model 

Authors: *R. J. BOYD1, A. KHO2, H. KO3, A. S. MCCALLION1;  
1Genet. Med., 2Dept. of Neurol., Johns Hopkins Univ. Sch. of Med., Baltimore, MD; 3Dept. of 

Neurol., Inst. for Cell Engineering, Johns hopkins university, Baltimore, MD 

Abstract: α-synuclein/SNCA is consistently identified as the greatest genetic risk factor for 

Parkinson’s disease/PD. SNCA misfolding and overexpression is linked to pathognomonic 

features of PD, including SNCA aggregates, Lewy Bodies, and progressive midbrain 

dopaminergic neurodegeneration. We recently identified an intronic sequence at SNCA that 

harbors two variants significantly associated with PD risk, demonstrating it to be a neuron-

dependent, cis-regulatory element. We have engineered a mouse model lacking this sequence 

and demonstrate that its removal significantly reduces Snca transcription in the midbrain 

dopaminergic neurons of heterozygous and homozygous deletion mice (2.98-3.52 fewer copies; 

p < 0.01) compared to wild-type littermates. In an established PD mouse model, a battery of 

motor, molecular, and histological assays further reveal that mice lacking this Snca enhancer are 

protected against PD-relevant histopathology and motor impairments. By targeting a cell-

dependent regulatory element to diminish PD onset/progression in mice, we initiate a new 

generation of potential therapeutic strategies against PD and other synucleinopathies. 
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Title: Systemic AAV gene therapy with CNS-targeted engineered capsids achieves significant 

GCase activity increases in the primate brain to support the potential treatment of PD-GBA 

Authors: *R. L. RESSLER1, K. MCDOWELL1, N. GOEDEN2;  
1Capsida Biotherapeutics, Newbury Park, CA; 2Capsida Biotherapeutics, Thousand Oaks, CA. 

Abstract: Parkinson’s disease (PD) is the second most common neurodegenerative disorder with 

an estimated prevalence of over 1.2 million people in the United States by 2030 and no approved 

disease modifying treatments today. While there are several genetic risk factors associated with 

PD, mutations within the GBA1 gene have been shown to be the most significant, and current 

evidence suggests up to 15% of PD patients have GBA1 mutations. 

Capsida is developing a gene supplementation therapy candidate (CAP-003) to be administered 

as a single intravenous (IV) infusion to PD-GBA patients. CAP-003 consists of an engineered 

AAV capsid that is designed to deliver the functional human GBA1 gene broadly across the CNS 

while de-targeting the liver, thereby providing a permanent source of the GBA1 protein to the 

brain and allowing for long term correction of GCase activity. Substantial clinical and preclinical 

evidence suggests that interventions targeted to normalize GCase activity in the brain would 

enable long-term disease modification and substantially slow or stop the disease progression of 

PD-GBA. Using a GCase loss-of-function mouse model we provide proof of concept 

pharmacology demonstrating that administration of the intended clinical cargo results in dose-

dependent increases in GCase activity that coincide with dose dependent decreases in glycolipid 

accumulation. Importantly, normalization of GCase activity to wild-type levels resulted in 

significant reductions in glycolipid species that are thought to contribute either directly or 

indirectly to α-synuclein pathology in PD-GBA patients. In non-human primates, we show that at 

low to moderate doses administration of CAP-003 results in robust neuronal transduction across 



the entire CNS, with particularly high levels in disease relevant brain regions such as the 

substantia nigra and putamen. These levels of transduction resulted in increases in bulk GCase 

activity that exceeded levels expected to normalize GCase activity in the patient population. 

Importantly, these levels of GCase supplementation are achieved at doses that are well tolerated 

and without any clinical pathology or immunogenicity findings, including a lack of 

histopathology in the liver and dorsal root ganglia, that are associated with higher-dose systemic 

gene therapies. Taken together, CAP-003 is being advanced with the ultimate goal of achieving 

disease modifying clinical benefit for patients with PD-GBA through a convenient single dose 

IV administration. 
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Title: Longitudinal Studies of LFP Activities During Acute and Chronic DBS Stimulation in PD 

Patients 
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Abstract: While DBS has been recognized for its clinical benefits in the treatment of PD 

patients, its mechanism of action has not been elucidated yet, and DBS programming is still a 

trial and error. DBS long-term stimulation effects imply neuroplastic-induced changes. This 

effect has been studied in animal models but is still poorly understood in patients with 

Parkinson’s disease. This study investigates the changes in local field potential (LFP) during 

acute and chronic deep brain stimulation (DBS) in patients with Parkinson's disease (PD) due to 

the direct DBS effect on brain circuits and neuroplastic changes induced by chronic DBS 

stimulation.We conducted a longitudinal study involving eight PD patients who underwent acute 

and chronic DBS implantation. Following their initial implant surgery, patients were scheduled 

for LFP data collection monthly for the first 4 months post-implant and then every 3 months after 

that. Prior to each session, patients were off PD medication for 12 hours, with DBS devices 

active. During the one-hour data collection sessions, DBS was temporarily turned off, and LFP 

data was recorded at 5, 10, 15, 30, 45, and 60-minute intervals. Each recording lasted 20 seconds 

while patients maintained a rest posture, and we recorded three trials for each interval. After data 



collection, DBS devices were turned back on to their original settings.Our findings reveal that 

beta power remains suppressed even after 1-hour off stimulation, and the broadness of beta 

power decreases with longer implant duration. This study provides high temporal resolution, 

allowing us to capture dynamic brain changes post-stimulation. Understanding these changes can 

inform the optimization of DBS parameters and advance the development of adaptive, closed-

loop brain stimulation therapies. 
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Abstract: Background Parkinson's disease (PD) is caused due to degeneration of dopamine-

secreting neurons in the substantia nigra of the brain. The most widely accepted pharmacological 

treatment is a combination of Levodopa and Carbidopa. Dopamine agonists, MAO-B inhibitors, 

and deep brain stimulation (DBS) are some of the other therapies that help improve motor 

control by increasing dopamine levels directly or sometimes by mimicking the effects of 

dopamine. Current ongoing research has shown promising clinical improvement with newer 

treatment modalities such as gene therapy and stem cell therapy in PD. Rationale Our study 

aims to shed light on the safety and efficacy of newer modalities in the management of PD 

drawing insights from a comprehensive analysis of several promising randomized clinical trials. 

Methods We conducted a systematic search across PubMed/Medline for articles published from 

2020-2024, selecting randomized controlled trials by using a combination of keywords and 

MeSH terms. The search terms focussed on newer pharmacologic interventions being studied in 

PD, including Safinamide, Levodopa-Carbidopa Intestinal Gel (LCIG), and various newer 

dopamine agonists. The primary outcomes included the motor symptoms scale, dyskinesia rating, 

PD Rating Scale, and Quality of Life metrics. Thirteen studies were included in the final 

analysis. Results Levodopa/Carbidopa subcutaneous infusion (ND0612), Opicapone, 

Safinamide, and LCIG were effective in reducing OFF time and dyskinesias, improving motor 



function and Quality of Life. ND0612 showed a mean change in the Unified PD Rating Scale 

(UPDRS) total score of -11.7 ± 14.5, and dyskinesia scores improved by -0.7 ± 1.4. Opicapone 

addition to Levodopa reduced the time to ON and improved the mean UPDRS Part III scores. 

Safinamide demonstrated a significant improvement in the UPDRS total scores by -5.99 points 

(p < 0.0001) and in the PD Questionnaire summary index by -3.36 points (p = 0.0033). LCIG led 

to a reduction in dyskinesia scores by -15.05 ± 3.20 (95% CI -21.47 to -8.63, p < 0.0001). 

Subthalamic nucleus DBS was beneficial in controlling motor symptoms. Dyskinesia was 

significantly decreased in the studies of immediate-release/extended-release amantadine (OS320) 

with treatment differences of ≥8. Conclusion Pharmacological therapies such as ND0612, 

Opicapone, Safinamide, and LCIG have the potential to improve the Quality of Life in PD by 

decreasing motor symptoms and dyskinesias. STN-DBS can also be a cutting-edge measure in 

the overall management of patients. Further studies should be directed toward the use of 

combination therapies and precision-based treatment regimens for refractory cases. 

Disclosures: K. Khatri: None. R. Ahmed: None. P. Prajjwal: None. Y. Kancharla: None. P. 
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Abstract: The SNCA gene, which encodes alpha-synuclein, was the first gene discovered for 

Parkinson’s disease (PD). While alpha-synuclein plays a central role in PD, the function of 

SNCA is not fully understood. We examined its gene expression patterns across various tissues 

using the Genotype-Tissue Expression dataset, to understand in which brain regions and non-

brain tissues SNCA may exert a larger impact. We hypothesize that the functional impact of 

SNCA in a tissue is related to both its expression levels and the number of genes whose 

expression levels covary with SNCA (co-expression), as SNCA dysfunction could influence co-

expressed genes and their related biological pathways. Among brain tissues, SNCA showed the 

highest expression level in the cerebellar hemisphere, followed by the frontal cortex and anterior 

cingulate cortex, with the lowest level in putamen. In non-brain tissues, the highest expression 

was observed in whole blood, even higher than in several brain tissues. In terms of gene co-

expression, we observed the largest number of co-expressed genes (Pearson correlation > 0.8) in 



the putamen (3,871), followed by the anterior cingulate cortex (3,673), nucleus accumbens 

(3,084), frontal cortex (3,032), caudate (2,214), substantia nigra (1,614), amygdala (1,572), and 

hippocampus (875). Despite its highest expression level in the cerebellar hemisphere, SNCA had 

a much smaller number of co-expressed genes in this tissue (304), and similarly in blood (2). 

Notably, despite relatively low expression levels, SNCA displayed many co-expressed genes in 

the small intestine (700), colon (671), and stomach (445), with more than half of these genes not 

co-expressed in brain tissues (Figure 1). Finally, we examined the enrichment of co-expressed 

genes in each tissue for PD-associated genes from the GWAS catalog and observed significant 

enrichment in seven brain tissues and the stomach. Our findings suggest the functional role of 

SNCA across brain and non-brain tissues, particularly in the intestine, colon, and stomach, 

providing further evidence supporting the gut-brain axis in PD. 
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Abstract: Neurodegeneration involves neuronal death, whereas cancer involves rapid and 

abnormal cell replication. People with cancer usually do not get neurodegeneration, and vice 

versa, confirming the biological opposite nature of these diseases. However, people with 

Parkinson’s disease are at an increased risk for melanoma, and vice versa. The molecular 

pathways shared between these diseases might provide insight into the pathogenesis of these 

seemingly disparate diseases and the possibility of developing novel treatments. Here, we 

searched for hub genes common among the GSE7621 and GSE238207 datasets from Gene 

Expression Omnibus (GEO), which include Parkinson’s disease and melanoma samples, 

respectively. Both datasets were generated using the [HG-U133_Plus_2] Affymetrix Human 

Genome U133 Plus 2.0 Array platform and had 107 shared differentially expressed genes (83 

upregulated, 24 downregulated). GO term and KEGG analysis revealed upregulated functions 

related to metal and calcium ion transport as well as neural communication. Downregulated 

functions include NOTCH4 signaling, proteolysis regulation, and metalloendopeptidase 

regulation. Protein-to-protein interaction networks revealed the top hub genes: RET, GFRA1, 

PSPN, ARTN, GFRA4, SRC, DOK6, EDN3, AGTR1, and SSTR1. These hub genes play 

significant roles in neuronal survival, maintaining neuronal integrity, cancer progression, and 

cancer metastasis, highlighting their dual involvement in Parkinson’s disease and melanoma. 

These findings underscore the importance of GDNF-RET signaling pathways in both diseases 

and could offer a novel therapeutic target for Parkinson’s disease and melanoma. This 

connection provides promising direction for future research. 
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Abstract: Disrupted immune function is a significant component of Parkinson’s disease (PD) 

and inflammatory cytokines in the blood may serve as biomarkers to identify early PD. However, 

there is significant variability in circulating cytokine levels due to circadian rhythm, diet, and 

environmental exposures. Stimulation-based assays may be more sensitive to underlying immune 

dysfunction, potentially allowing us to observe immune deficits in patients prior to the 

development of motor symptoms in PD. To investigate this, peripheral blood mononuclear cells 

were collected from healthy controls, early and moderate PD, and prodromal PD individuals with 

REM sleep behavior disorder who are likely to convert to PD. Monocytes and T-cells were 

isolated, plated, and treated with vehicle or a stimulation paradigm (interferon gamma for 

monocytes, CD3/CD28 beads for T cells) for 72 hours to assess stimulation-based responses 

rather than baseline differences. Flow cytometry was used to analyze monocyte and T-cell 

subtypes, activation, mitochondrial health, and lysosomal activity. The cultured media was 

analyzed for cytokine secretion using Meso Scale Discovery assay. We observed that later stages 

of PD are associated with a more proinflammatory monocyte composition, and T-cells from later 

stage PD patients showed lower fractions of functional mitochondria after stimulation. 

Prodromal PD cells exhibited higher stimulation-dependent secretion of TNF, IL-1β, and IL-8 

relative to early and moderate PD, as well as a distinct signature of immune activation relative to 

healthy controls. These findings reflect observable immune dysfunction based on PD 

progression, indicating potential in blood stimulation-based assays as biomarkers for early PD 

identification. 
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Abstract: A particularly debilitating manifestation of dysfunction in Parkinson's Disease (PD) is 

freezing of gait (FOG), which affects approximately 50% of individuals with PD. There are 

specific scenarios known to elicit FOG, such as turning a corner, initiating a reversal (walking 

away from and back to a starting position) and navigating through narrow spaces like doorways. 

Freezing-like episodes have also been observed in the upper limbs during finger-tapping and 

writing tasks. Although the complexities of freezing are not well understood, there may be a 

visual component. Researchers have observed that people with PD (PwPD) can be released from 

FOG in the presence of patterns, like stripes on the floor and laser beams, which is interesting, as 

there is evidence that PwPD experience changes in their visual-spatial frequency sensitivity. 

Objective: Here we asked whether freezing of upper limbs (FOUL) can be induced by these 

same movement tasks (reversals, corners, and narrows) and if FOUL is also sensitive to 

background patterns with different spatial frequencies. Method: PwPD and age-matched healthy 

control participants completed a reaching task to a target and quickly returned to the start 

position (reversal) or made a 90° turn to a target presented on their dominant side (corner) or 

moved to the same target while passing through virtual "doorway" presented at 75% of total 

distance. They completed these tasks while viewing targets presented on a random-dot 

background or a high- or low-spatial-frequency gaussian horizontal stripe pattern. Participants 

were instructed to complete each trial as quickly as possible. They also completed the motor 

section of the Unified Parkinson's Disease Rating Scale (UPDRS) and the Freezing of Gait 

questionnaire. Results: Compared to control participants, PwPD's movements were significantly 

shorter and less accurate than controls when approaching the target in all tasks. The movement 

times of PwPD were markedly longer, particularly when navigating through the tunnel. We did 

not find any effect of background pattern on these measures. Conclusions: These findings 

support the notion that freezing-like behaviours may be studied using an upper-limb task. 

Disclosures: J. Stevenson: None. L.J. Steinke: None. L.E. Brown: None. 
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Abstract: Huntington’s disease (HD) is an autosomal dominant neurodegenerative disease 

caused by the CAG trinucleotide expansion in the coding region of Huntingtin (HTT) gene. 

Rodents are the most common animal models used in HD research, but they cannot fully 

recapitulate HD neuropathology in human. In the present study, we utilized cynomolgus monkey 

(Macaca fascicularis) as a model to study primate-specific HD pathogenic mechanisms. We 

found that the primate brain has distinct HTT degradation kinetics and mechanisms compared 

with the mouse brain. Inspired by these findings, we performed an unbiased proteomic screening 

of HTT interacting proteins in the monkey brain. Our preliminary analysis showed that while 

some important HTT interacting proteins are shared between monkey and mouse, there are 

certain proteins that specifically interact with primate HTT, such as spliceosomal proteins. These 

results demonstrate that non-human primate is an important animal model to study HD 

pathogenic mechanisms. 
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Late-Breaking Poster 

LBA003: Theme C Late-Breaking Posters 

Location: MCP Hall A 

Time: Sunday, October 6, 2024, 1:00 PM - 5:00 PM 

Program #/Poster #: LBA003.094/LBA91 

Topic: C.04. Movement Disorders other than Parkinson's Disease 

Support: R01NS110943 (NIH/NINDS) 

 TL1TR003169 (NIH/NCATS) 

 Presidents Research Excellence Award (UT-GSBS) 

 Dr. John J. Kopchick Fellowship Award (UT-GSBS) 

Title: Identification of a Highly Conserved Functional Motif in the Huntington's Disease-
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Abstract: Huntington’s disease (HD) is a hereditary neurodegenerative disorder caused by an 

abnormal CAG repeat expansion encoding a polyglutamine (polyQ) tract in the Huntingtin 

(HTT) protein. This polyQ expansion contributes to HD pathogenesis, but its precise effect on 

HTT’s full-length structure and function remains unclear. Previous cryo-EM studies have shown 

that HTT primarily exists in a core complex with HAP40, forming a highly ordered globular 

conformation with repeating alpha helices and several invisible regions of unknown importance. 

Using AlphaFold3, we generated full-length models of human HTT-HAP40 and its Drosophila 

ortholog dHtt-dHap40, which demonstrated similar topologies, thus enabling us to perform in-

depth structure-function analysis and use evolution as a basis to elucidate function. Co-

immunoprecipitation (co-IP) validated the interaction between HTT/HAP40 in human cells and 

dHtt/dHap40 in flies. Protein-contact maps revealed 463 stabilizing residue-residue pairs in 

humans and 412 in flies, primarily localized to HTT’s C-terminal domain (CTD), accounting for 

55% of binding free energy in humans and 70% in flies. Molecular dynamics simulations 

showed that HTT's CTD significantly stabilizes HAP40 in both species, underscoring its 

importance for complex stability. Molecular modeling further identified ten essential bonds at 

the HTT/HAP40 interface conserved in Drosophila. Deletion of these bonds abolished 

HTT/HAP40 binding in co-IP assays and failed to restore HTT levels, indicating their critical 

role in maintaining core complex integrity. Further structural analyses revealed a conserved 

motif, BΦ, within HAP40 that is solvent-exposed and not directly involved in HTT binding. 

Overexpression of HTT/HAP40 induced neurotoxicity in Drosophila, a phenotype suppressed in 

HAP40-BΦ mutants, suggesting that this motif is functionally important in vivo. However, 

HAP40-BΦ mutants restored HTT levels in HAP40-KO human cells and flies but did not restore 

lifespan or autophagy defects, indicating the core complex is stable but functionally inhibited. 

Understanding HTT-HAP40 stabilization and function sheds light on potential HD therapies. 

Future work will determine if BΦ deletion is disease-modifying in HD models. 

Disclosures: S. Farmer: None. A. Solbach: None. S. Xu: None. B. Rios: None. X. Ye: 
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Abstract: Interacting proteins have been suggested as potential drug targets for Huntington’s 

disease (HD) but have yet to be extensively explored for a developmental application. Here we 

applied a two-pronged approach with developmental brain tissue to identify likely candidates for 

drug targets. First, we extracted interacting proteins for huntingtin (htt) from PubMed and 

analyzed data from the Allen Brain Atlas at P4, P14, P28, P56. Expression profiles were utilized 

to determine the timelines of expression within the striatum and the cerebellum, informing us of 

potential correlations between the functions of target proteins and htt through different stages of 

postnatal development. These methods revealed PSD-95 and β-Catenin to be the most likely drug 

targets of the 467 proteins examined, and β-Catenin has already been linked to developmental 

defects in htt (Godin, et al 2010). We therefore focused on PSD-95, and cerebellar profiles were 

used in further exploration into the significance of the cerebellum in HD patients, as the striatum 

is typically the focal point of these experiments. In our second phase, we used 

immunohistochemistry to analyze cerebellar tissue of huntingtin KO mouse models. We found 

that purkinje cell death increased in the KO, suggesting that htt sequesters PSD-95 during 

development. Overall our results suggest that PSD-95 should be further explored as a potential 

drug target during development of HD. Developmental drug targets leave room for potential 

alleviation of neurodegeneration by preventing symptoms prior to onset. 
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Abstract: Huntington’s disease (HD) is a rare genetic disease caused by the abnormal repeat 

expansion of the trinucleotide CAG in the Huntingtin gene. Despite the motor symptoms are the 

most studied, the onset of cognitive deficits (CD) appears largely before and is the most limiting 

factor for patients’ everyday life. Molecular mechanisms leading to CD are still unknown, and 

the hippocampus remains an underexplored region. The scarcity of knowledge causes the need 

for innovative molecular targets, and emerge in the absence of treatments for CD. Recently, 

evidences emphasized CB1R importance in cognition and CD. CB1R is one of the most 

expressed GPCR receptors in the brain, widely in the hippocampus. Its cell specific expression in 

GABAergic and glutamatergic cells is essential for cognition. Consequently, the project propose 

CB1R as a crucial target for CD in HD. Particularly, we aim to:1) characterize CB1R expression 

and functions in the hippocampal neurons of HD mouse models R6/1,2) explore CB1R in the 

hippocampal neuron dysfunction,3) manipulate the receptor in GABAergic/glutamatergic 

populations,4) assess CB1R agonist WIN 55,212-2(WIN) effect as a possible therapeutic 

compound for CD in HD. As results, we found that CB1R decreases in the hippocampus of R6/1 

mice, at different time points and in both genders, specifically in GABAergic cells. Moreover, 

GABAergic transmission is altered in R6/1 and viral CB1R increase in GABAergic cells 

ameliorate CD. Finally, WIN treatment rescues CD, ameliorates CB1R levels, synaptic density 

and GABAergic transmission in R6/1 mice hippocampus. In conclusion, the current work 

confirms CB1R as crucial target for CD in HD, showing that CB1R functional activation in 

GABAergic cells rescues CD in mice and cannabinoid compounds assume a benefic role on CD. 
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Abstract: Patients with cerebellar ataxia face significant challenges in interacting with the 

physical world, historically attributed to deficits in motor control. However, recent research 

suggests that the cerebellum plays a crucial role in many non-motor cognitive functions, such as 

visual perception and language processing. Particularly, it has been proposed that a domain-

general function of the cerebellum might be dynamically manipulating mental representations, 

which is critical for making physical inferences. As such, we hypothesize that patients with 

cerebellar ataxia also exhibit impairments in predicting the dynamics of physical events 

independently of making motor responses. 

We conducted a physical inference task in which participants watched a pendulum swing on a 

screen, with a marked point indicating where the pendulum's string would be cut. Several baskets 

were positioned beneath the pendulum, and participants were required to verbally predict which 

basket would catch the ball. The task varied the pendulum's cut point and the distance between 

the falling ball and the baskets to challenge mental simulation abilities. We compared the 

performance of 14 cerebellar ataxia patients with 14 age-matched controls and evaluated their 

responses against several null models where agents applied simple, explicit response strategies 

instead of trajectory simulation. We also tested the participants' physical knowledge of the 

pendulum, and performance was matched across groups. 

Patients outperformed the null models but performed slightly worse than the control group, 

indicating deficits in physical inference. A model-based analysis dissected these deficits into 

inaccuracies in depth perception of the pendulum, biases in timing the cut of the ball, and 

increased noise in trajectory simulation. The full model fitted the performances of both groups 

well. Both groups exhibited similar errors in depth perception. Patients showed larger timing 

biases; However, this cannot be attributed to a larger perceptual error since patients showed 

perfect performance in a control task for visual perception. As such, this timing bias suggests the 

patients may have suffered a deficiency in simulating the temporal dynamics of the pendulum. 

Moreover, the simulation noise in patients increased more rapidly with simulation distance 

compared to controls, further supporting the idea that the patients had deficiencies in 



continuously simulating the trajectory of the ball. 

Our findings indicate that cerebellar ataxia impairs physical inference abilities, supporting the 

hypothesis that continuous mental manipulation might be a domain-general function of the 

cerebellum. 
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Abstract: Spinocerebellar Ataxia Type 1 (SCA1) is an autosomal dominant inherited 

neurodegenerative disease caused by a CAG trinucleotide repeat expansion in the 

ATXN1(ATAXIN1) gene. SCA1 is characterized by progressive motor and cognitive dysfunction, 

and premature death. Microglia are the resident immune cells in the brain that play key roles in 

the healthy brain and in many neurodegenerative diseases. While activated microglia are present 

in SCA1 mouse models, and microglia gene expression is profoundly altered in both patients and 

mouse models, causes and effects of microglial activation in SCA1 remain poorly understood. 

Our objective is to understand how mutant ATXN1 (mATXN1) expression in microglia 

contributes to microglial activation and disease pathogenesis in SCA1. To address this question, 

we crossed conditional SCA1 model, f-ATXN1146Q;2Q mice with microglia and macrophage 

specific Cre line, Lyve1CRE mice to delete mATXN1 expression in microglia. We enriched 

microglia using magnetic bead isolation (Miltenyi) and used RT-qPCR to validate selective 

depletion of mATXN1 in microglia. Rotarod and Barnes maze were used to assess motor and 

cognitive phenotypes in WT, f-ATXN1146Q;2Q and f-ATXN1146Q;2Q;Lyve1CRE mice. Barnes maze 

unbiased strategy analysis (BUNS) provided insight into strategy development. To determine 

how mATXN1 in microglia impacts synaptic perturbations, we quantified synaptic density using 

immunohistochemistry and the Puncta Analyzer ImageJ plugin. We confirmed reduction of 



mATXN1 in isolated microglia in f-ATXN1146Q/2Q;Lyve1Cre mice but not in other cell-types. We 

found ameliorated performance on rotarod and in Barnes maze and improved strategy 

development in f-ATXN1146Q/2Q;Lyve1Cre mice. We are currently quantifying inhibitory and 

excitatory synapses. Our work highlights the impacts of mATXN1 expression in microglia on 

SCA1 behavioral phenotypes. Further investigation into the role of SCA1 microglia is necessary 

to understand the mechanism underlying these behavioral outcomes. These results implicate 

microglia as contributors to motor and cognitive phenotypes seen in SCA1 mice. 
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Abstract: Autosomal Recessive Spastic Ataxia of Charlevoix-Saguenay (ARSACS) is the 

second most common recessive ataxia and is caused by a mutation in the neuronal gene SACS. It 

is a progressive spinocerebellar ataxia characterized by spasticity and death of cerebellar 

Purkinje neurons. Previous studies in the ARSACS mouse model demonstrate that molecular, 

cellular and behavioral deficits emerge first in the first months of life, prior to the onset of 

neurodegeneration. However, the neurodevelopmental origins of ARSACS, and the molecular 

characteristics that allow some neurons to survive while others die, remain unknown. Here we 

employ single-nuclei RNA sequencing (snRNA-seq) on the cerebellums of ARSACS mice 

during cerebellar development through activation of the neurodegenerative cascade (p5, p30, 

p60, p120) with 2-2.5k cells per animal, 5-7 animals per condition and 72 animals in total. 

These results reveal molecular and cellular phenotypes at the earliest stages of cerebellar 

development, suggesting that this neurodegenerative disease has neurodevelopmental origins. 

These early deficits involve migrating granule cells, differentiating Purkinje neurons, and the 

emergence of glial cell types. Following the conclusion of cerebellar development Purkinje 

neurons remain significantly affected, with Purkinje cell death occurring earlier than previously 

believed. Subclustering and anatomical dissection of specific cerebellar regions identifies 

Purkinje neuron subtypes that are susceptible and resilient to neurodegeneration. Differential 



gene expression suggests that survival is dictated by the activation of specific molecular 

pathways in resilient Purkinje neurons. We also find unexpected roles for non-neuronal cell types 

across disease progression, including astrocytes and endothelial cells. Ongoing studies aim to 

clarify the molecular relationship between these cell types, specifically the breakdown of the 

blood-brain barrier, synaptic pruning pathways, and the emergence of neuroinflammation. 

In all, this study expands the relevant cell types in ARSACS, informs the neurodevelopment 

precedents of Purkinje neuron death, and lays the foundation for ongoing mechanistic studies 

aimed at identifying molecular pathways that can be activated to delay or prevent the progression 

of this neurodegenerative ataxia. More broadly, this data has implications for the relationship 

between neurodevelopmental processes and the initiation of neurodegeneration. 
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Abstract: Chronic pain affects more than 50 million adults and is the leading cause of disability 

in the US. Opioids are one of the most effective treatments for pain and are heavily prescribed; 

however, their prolonged use carries high risk of adverse outcomes including reduced analgesic 

response (tolerance) and nociceptive sensitization that causes paradoxically increased pain 

(hyperalgesia). The dorsal root ganglion is home to cell bodies of pain-sensing neurons 

(nociceptors) and contributes to opioid analgesia, tolerance, and opioid-induced hyperalgesia. 

However, the direct effects of opioids on human nociceptors are understudied. Here we 

developed an in vitro model of opioid treatment by exposing human induced pluripotent stem 

cell (hiPSC)-derived nociceptors to morphine (10 µM) for 1 hour (acute exposure) or 1, 2, or 3 

days (repeated exposure). Calcium imaging, immunocytochemistry, and RNA sequencing were 

performed to characterize the dynamics of neuronal activity, mu-type opioid receptor (MOR) 



expression, and transcriptomic profile, respectively, at each timepoint. Capsaicin-evoked calcium 

responses were attenuated after 1 hour of morphine treatment but returned to baseline levels after 

1 day of treatment, suggesting a tolerance and/or hypersensitivity phenotype at this timepoint. 

Repeated morphine exposure altered MOR expression in a time-dependent manner, with a 

delayed response in axons compared to soma. Finally, the expression of genes associated with 

sensory perception and GPCR activity were altered across timepoints relative to baseline, 

supporting the validity of our model and providing potential mechanistic insights. Thus our 

model begins to shed light on mechanisms of the beneficial and adverse effects of opioids on 

nociceptors, prompting and allowing deeper investigation. 
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Abstract: Background and Aims: Patients with oral cancer, one of the group of head and neck 

cancers, suffer pain at the site of the cancer. Tongue is the most common site of oral cancer. Oral 

cancer pain is attributed to the release of mediators that sensitize sensory neurons. In addition, 

cancers induce reprogramming of the nerves innervating the cancer. The anterior two-thirds of 

the tongue is innervated by sensory, sympathetic and parasympathetic neurons carried by the 

lingual and chorda tympani nerves that arise from the trigeminal and geniculate ganglia, 

respectively. Most research on oral cancer pain has focused on the trigeminal sensory afferents. 

The geniculate ganglion contains chemosensory (gustatory) and somatosensory neurons that 

innervate the tongue papillae. The aims of this research are to map the connectome between oral 

tongue cancers and the geniculate ganglion, identify the involved neuronal cell types and assess 

variations associated with the site of the cancer on the tongue.Methods: Oral cancer tongue 

allograft mouse cancer models were generated by injecting 4MOSC2 oral cancer cells in a 

diluent of a 1:1 mixture of saline and Matrigel into the anterior tongue (right and left) of 

C57BL/6 mice. Control mice were injected with 1:1 saline-Matrigel only. Neurons innervating 

the cancers were identified by injecting the neural tracer 4% fluorogold (no transcytosis) into the 



cancers. The incubation time for the tracer was 7 days. Geniculate ganglia were harvested from 

the mice, fixed, embedded in OCT, sectioned and sections stained with antibodies to neuronal 

markers.Results: There are two populations of neurons in the geniculate ganglion that can be 

distinguished by expression of transcription factors. The presence of the tracer injected into the 

tumor was found in the Phox2b+ chemosensory neurons that project to the oral cavity. By 

contrast, Phox2b- BRN3A+ neurons that project to the pinna were not labeled. Expression of 

TRPV1 and SCN10A was observed in the Phox2b+ neurons. Expression of TRPV1 and 

SCN10A is reprogrammed in the trigeminal ganglia of tongue cancer mouse models. 

Reprogramming of these sensory receptors in both the trigeminal and geniculate ganglia are 

being evaluated in cancer mice.Conclusion: The presence of the neural tracer in the geniculate 

ganglia is consistent with innervation of oral tongue cancer allograft tumors by chorda tympani 

afferents. This observation opens the possibility of cancer-induced reprogramming of chorda 

tympani neurons, similar to the demonstrated cancer-induced reprogramming of trigeminal 

neurons to promote oral cancer and oral cancer pain.  
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Abstract: Intro/Objective: Migraine is characterized by unilateral, episodic headaches 

accompanied by sensory disturbances. In approximately 14% of cases, this manifests as migraine 

with aura (MA), which physiologically correlates with cortical spreading depression (CSD). 

Nearly 86% of MA patients experience light sensitivity (photophobia) which is classified as pain 

upon exposure to light or substantial discomfort due to glare. Despite its prevalence, photophobia 

mechanisms are still poorly understood. Therefore, we examined a chemically induced CSD 

model in male and female rats to determine the time-course of onset, severity, and sex 

differences of migraine pathophysiology. 



Methods: Rodents were surgically cannulated to allow for subsequent cortical injection. Upon 

recovery from anesthesia, they were injected with (a) KCl to induce migraine, (b) aCSF as a 

positive control, or (c) nothing (n=6-9/condition/experiment). Rats were then exposed to either 

periorbital von Frey testing and/or light/dark box behavioral assays. Vertical palpebral aperture 

and pupil constriction measurements were calculated during peak pain/photophobia time points. 

Results: Female rats developed significant photophobia following injection with KCl, with light 

aversion being detected at 60 min (p=0.007) and peaking at 180 min (p=0.003), and dark seeking 

being detected at 120 min (p=0.01) and peaking at 180 min (p=0.001). Male rats did not develop 

photophobic behaviors. In females, photophobia was accompanied by significant periorbital 

allodynia across multiple timepoints (60, 90, 120, and 180 min, p < 0.05). Both sexes showed 

significant pupil constriction 60 min post-injection, while KCl-injected females exhibited 

sustained narrowing of the vertical palpebral aperture at 180 min (p=0.01) suggesting eyelid 

closure. 

Conclusion: Our results suggest sexually dimorphic photophobic and periorbital allodynia 

behaviors in a CSD model of MA. These results reflect current clinical data, with females having 

higher migraine prevalence and exhibiting more severe symptoms. Photophobia symptoms also 

manifest over a similar timeframe as other migraine symptoms, suggesting common 

mechanisms. Future studies will examine proteomic and electrophysiological characteristics to 

determine changes in the trigeminal ganglia. 
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Abstract: Intro/Objective: Rimegepant is a clinically approved migraine medication that acts 

through calcitonin gene-related peptide (CGRP) antagonism. The drug is effective in treating 



both migraines with aura (MA) and without aura (MO), and it can be taken prior to or shortly 

after symptom initiation, yet the full efficacy and mechanisms are not well described. Using a rat 

model of MA induced by cortical spreading depression (CSD), we investigated the efficacy and 

time course of rimegepant in mitigating photophobia in female rats. Methods: Rats were 

surgically cannulated to allow for subsequent injection with either KCl, aCSF, or no injection. 

Cortical injection served as t = 0 across all assays. Migraine-like pain behaviors were assessed 

via periorbital von Frey thresholds, while photophobia was examined using a three-chamber 

light-dark assay, pupil constriction, and vertical palpebral aperture measures. After induction of 

headache-like behaviors, rimegepant was dosed at 1ml/kg, and behaviors reevaluated. Results: 

CSD induced periorbital allodynia, light aversion, and dark seeking behaviors. Rimegepant did 

not prevent CSD induced by KCl, as there was no significant difference in light aversion and 

dark seeking between treated and untreated groups. Initial data suggest no impact on behavioral 

outcomes, indicating that clinical reports on photophobia may differ in preclinical models. 

Conclusions: These data suggest that rimegepant does not limit the severity of MA-like 

behaviors in a rat CSD model, indicating potential differences between clinical and preclinical 

models in the efficacy of rimegepant for photophobia. Future investigations will explore the role 

of CGRP in both peripheral and central regions related to eye physiology to understand the 

molecular mechanisms by which CGRP and its antagonism by rimegepant influence photophobia 
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Abstract: Trigeminal neuropathic pain (TNP) is a severe form of orofacial pain characterized by 

recurrent brief unilateral electric shock-like pain triggered by innocuous stimuli. The efficacy of 

current drug treatment for TNP is limited, indicating the importance of fully understanding the 

underlying mechanisms of TNP. Since parabrachial nucleus (PBN) neuron activation was 

reported in inflammatory pain and neuropathic pain, we aim to identify whether PBN neurons 



and related circuits contribute to TNP. We applied constriction injury of the infraorbital nerve 

(CION) model to mimic the TNP, confirmed PBN Tac1 and Sp5C glutamatergic neurons are 

involved through c-fos staining and RNAscope in situ hybridization, and evaluated their roles by 

monitoring the alterations in mechanical and thermal threshold in the whisker pad before and 

after treatment till day 14 after CION in transgenic reporter mice. We identified inhibition of 

PBN Tac1 neurons, which receive inputs from Sp5C glutamatergic neurons attenuated the TNP 

development. Also, inhibition of Sp5C PBN projection neurons, which receive input from 

GABAergic interneurons, alleviated the mechanical and thermal allodynia in TNP mice. 

Moreover, chemogenetic activation of Sp5C GABAergic neurons hindered TNP development. 

Thus, our study discovered a Sp5CGABA-Sp5CGlu-PBNTac1 pathway participates in TNP 

development, and sheds light on novel therapeutic targets for TNP treatment. 
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Abstract: Decoding the neural correlates of nociception in primary somatosensory cortex (S1) 

remains a critical challenge for understanding the neural mechanisms of pain. We have 

previously demonstrated that transgenic Trpv1-ChR2-EYFP mice, whereby optogenetic 

stimulation of peripheral skin elicits a nociceptive behavior, can be trained on a sensory 

detection assay to perform lick behavior in response to optogenetic activation of peripheral 

nociceptive fibers versus tactile stimuli (Black et al., 2020). In this study, electrodes implanted 

into superficial laminae of S1 of head-restrained transgenic mice (n=3) enabled us to record local 

field potentials during the sensory discrimination task. Subtraction of the power spectra between 

optogenetic nociceptive stimulation versus tactile stimulation of hindpaw shows a contralateral 

increase in low gamma power (30-60 Hz) with a latency of 400-450 ms as well as increases in 

theta (4-8 Hz) and beta (13-30 Hz) power with a latency of 150 ms and 250 ms, respectively, 



prior to lick behavior. These results suggest distinct spectral events discriminating pain from 

touch in S1 preceding a conscious report of sensory stimulation in the hindpaw. 
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Abstract: The ventral posterior lateral nucleus (VPL) of the thalamus relays sensory information 

from the medial lemniscus and spinothalamic tract to the somatosensory cortex. The VPL is 

clinically relevant, as lesions can lead to chronic pain. VPL activity, influenced by task goals, 

encodes mismatches between expected and actual movement, critical for updating action plans. 

This suggests VPL involvement in networks essential for developing and executing action plans, 

including the Action-Mode Network (AMN; anterior cingulate and posterior insula) and the 

Somato-Cognitive Action Network (SCAN; pre- and post-central gyrus). This study aims to 

determine the VPL’s functional connectivity using fMRI. We combined dense sampling of 

participants (Precision Functional Mapping - PFM; n=20) with three large group-averaged 

datasets (Human Connectome Project, Adolescent Brain Cognitive Development, and UK 

Biobank; n~45,000). This captures individual variability from PFM and ensures generalizability 

to larger datasets. We identified the VPL using anatomical segmentation for PFM data and 

probabilistic atlases for group-averaged data. Neural networks were identified for each 

participant/group-dataset. We used decoding methods based on over 10,000 studies via 

Neuroimaging Meta-Analysis Research Environment (NiMARE). Consistent with tract tracing, 

we observed connectivity to networks associated with the postcentral gyrus, including 

somatomotor networks. The VPL was strongly functionally connected to the SCAN, often more 

than any somatomotor network, with smaller but consistent connectivity to the AMN. NiMARE 

decoding indicated pain and movement as terms most associated with the AMN, consistent with 

VPL relayed information. The connectivity between the VPL and SCAN/AMN is a novel finding 

with significant theoretical implications. VPL neurons respond to external perturbations during 



goal-directed movement, and its connectivity with SCAN and AMN may integrate these 

perturbations into high-level action networks, enabling dynamic adjustments. The link between 

movement and pain at neural and thalamic levels suggests pain is a critical signal for modifying 

action, more associated with action-related networks (AMN, SCAN) than with arousal or 

motivated behavior networks like the salience network. The connectivity patterns observed at 

individual and group levels can aid efforts to functionally localize thalamic nuclei. 
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Abstract: Conditioned pain modulation (CPM) is a psychophysical assessment used to estimate 

the efficiency of the body's inherent pain relief mechanisms. While spinal cord mechanisms of 

descending pain modulation are well understood, the contributions of cortical regions in CPM 

are less clear. 

In this study, we used a multimodal approach (EEG and fMRI) to investigate differential neural 

responses in pain-related cortical regions during CPM in healthy controls (N = 38). During CPM 

assessment, ice water (0°C) was used to elicit long-lasting pain (>60/100) as the conditioning 

stimulus, while a computer-controlled infrared laser (neodymium: yttrium-aluminum-perovskite, 

Nd:YAP) was used to deliver acute painful stimulation (50/100) as the test stimulus. Thirty laser 

stimulations (4ms duration, 5mm spot diameter, 6-8s inter-stimulus interval) were delivered 

during CPM assessment. Brief laser stimulation has been shown to mainly activate pain-related 

A-delta and C-fibers in the superficial layer of the skin. Brain responses to painful laser 

stimulation were recorded using a 3T MRI scanner and a 32-channel MRI-compatible EEG 

system. 

Our results showed that both laser pain intensity (i.e., test stimulus) and vertex evoked potential 

elicited by painful laser (LEP_N2P2) were significantly reduced in our CPM paradigm (n = 34, 

23.9±10.2 yrs., 19 females, paired t-test, p < 0.0001). Furthermore, the decrease in laser pain 

intensity (CPM efficiency) significantly correlated with a reduction in LEP_N2P2 (r = 0.42, p < 



0.01, Spearman’s correlation). Decreased brain connectivity measured with fMRI and current 

source density (CSD) were observed among cortical areas involved in the sensory and 

modulatory components of pain processing, such as the primary somatosensory cortices, insula, 

anterior cingulate cortex, and dorsolateral prefrontal cortex (n = 4 for fMRI, 25.4±5.6 yrs.,4 

females; n = 34 for CSD, paired t-test, p < 0.05). 

Our preliminary results support multimodal development of brain-based biomarkers for 

conditioned pain modulation. 
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Abstract: Pterolobium stellatum is claimed in Ethiopia for neuralgia. However, the analgesic 

potential was not studied. This study was designed to investigate its anti-pain potential. The 80% 

methanol extract of P. stellatum leaves was used to investigate analgesic potential. Mice divided 

into five groups were given extract (100, 200, 400 mg/kg) with negative control and positive 

control. The Hot Plate Test and Formalin test were used as analgesic models. The results were 

expressed as mean ± SEM and analyzed using ANOVA with α=0.05 using SPSS version 25. In 

the hot plate test, compared to the negative control, the 80% methanol extract of P. stellatum 

leaves at three test doses (100, 200, 400 mg/kg) and the standard drug morphine (5 mg/kg, s.c.) 

showed a statistically significant delay in response time for pain (p < 0.05) at 30, 60, 90, and 120 

min after drug administration. In the formalin-induced paw-licking pain test ,at the late phase 

doses of 200 mg/kg and 400 mg/kg showed statistically significant pain inhibition (p < 

0.05versus control), but the extract dose group of 100 mg/kg did not show statistically significant 

pain inhibition (p >0.05) compared with control. None of the extract dose groups studied showed 

statistically significant pain inhibition in the early phase (p > 0.05). At a dose of 4 mg/kg s.c., 

morphine had a statistically significant effect (p < 0.05) in both phases compared with the 

control. The plant contains some secondary metabolites such as alkaloids, coumarins, fats and 



oils, flavonoids, phenols, saponins, sterols, tannins and terpenoids. The analgesic effect can be 

attributed to the presence of these secondary metabolites, as shown by other studies. The UPLC-

MS analysis by the same author indicated the presence of gallic acid, ellagic acid, kaempferol, 

myricitrin, isoquercitrin and quercitirin in the crude extract( Salile et al., 2023). Gallic acid has 

shown to possess antinociceptive action on neuropathic pain ( Yang et al., 2021). The 

antinociceptive effect of ellagic acid was demonstrated in hyperglycemic rats via attenuating 

oxidative stress (Shahidi et al. 2021). Ellagic acid alleviates also inflammatory pain and 

paclitaxel-induced neuropathic pain in other study(Liu et al., 2016). Kaempferol which was 

component of P. stellatum significantly decreased pain in the acute pain models in other study 

(Zarei et al., 2023). The present study demonstrated that the extract is harmless in mice, and the 

data suggest that Pterolobium stellatum leaves hydroalcoholic extract has antinociceptive activity 

in the hot plate test and formalin test mouse models. 
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Abstract: Pain is the primary cause of disability in the United States. Non-addictive pain 

management strategies are needed to reduce the use of opioids. Many studies suggest 

cannabinoid-based therapies as Cannabis sativa L. is reported to relieve pain in over 60% of 

medical marijuana users. While most studies examine the effects of Δ9-tetrahydrocannabinol 

(Δ9-THC) the therapeutic potential of Δ9-THC is limited due to its psychoactive effects and 

potential abuse liability. Therefore, a cannabinoid devoid of these limitations would be a better 

therapeutic candidate. Cannabichromene (CBC) has been shown to have non-psychoactive and 

anti-inflammatory effects in animals, leading our team to develop novel derivatives of CBC that 

could enhance bioavailability and therapeutic potential. The current study evaluates the 

effectiveness of a novel CBC derivative, CBC-Val-HS, compared to the naturally occurring CBC 

against multiple pain modalities.To assess the efficacy of CBC-Val-HS compared to CBC 

against inflammatory pain, an abdominal writhing assay was conducted. Male and female mice 

were administered increasing doses of CBC or CBC-Val-HS (0.1mg/kg- 50mg/kg, i.p.) 30 



minutes prior to administration of 0.7% acetic acid. Separately, the two stereoisomers of CBC-

Val-HS were assessed within this assay (10mg/kg, i.p.). The number of abdominal writhes 

associated with inflammatory pain was measured for 30 minutes. To assess the bioavailability of 

these two compounds, a pharmacokinetic study was conducted (10mg/kg, i.v., po), and blood 

concentrations were measured at varying timepoints (e.g., 30 min, 60 min, 2 hrs). The efficacy of 

CBC-Val-HS against cisplatin-induced neuropathic pain was also assessed using the electronic 

Von Frey test, and the psychoactive potential of CBC-Val-HS was evaluated in the classic tetrad 

assay. Administration of CBC and CBC-Val-HS decreased the number of abdominal writhes in a 

dose-dependent manner with 10mg/kg or higher fully blocking inflammatory writhing. No 

differences in the efficacy of the stereoisomers was detected. CBC-Val-HS showed greater 

bioavailability than CBC with both IV and oral administration. Similar to CBC, 10mg/kg CBC-

Val-HS alleviated cisplatin-induced neuropathic pain, and reduced tail flick and hot plate 

latencies in the tetrad assay, without reducing locomotion or dropping core body temperature. 

Together, these data indicate that CBC-Val-HS can attenuate inflammatory, chemotherapy-

induced, and thermal pain as effectively as CBC. Importantly, CBC-Val-HS has greater 

bioavailability than CBC and lacks psychoactive effects, suggesting greater therapeutic and 

commercialization potential. 
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Abstract: The formation of the neuroma following peripheral nerve injury cause painful 

condition and considered as a primary onset of neuropathic pain. The sodium channels 

accumulation in the terminal neuroma may generates ectopic neuronal firings, which contributes 

to central sensitization. However, the underlying mechanism of neuroma-related pain are not 

fully understood. In the present study, we investigated the alterations in different types of 

voltage-gated sodium channel (Nav1.7 and Nav1.8) expression in the neuroma according to pain 

severity. To develop an animal model for neuroma pain, the tibial nerve was ligated and 

completely transected in rats. Behavioral tests to measure pain severity was quantified by using 

paw withdrawal threshold to mechanical stimulation, latency to noxious heat stimulation 

(Hargreaves test) and duration of spontaneous foot lifting for 4 months. Four months after nerve 

injury, the diameter of neuroma was measured, and correlations between the size of the neuroma 

and the pain severity were analyzed using Spearman’s rank correlation test. 

Immunohistochemistry to quantify the calcitonin gene-related peptide (CGRP) expression was 

performed in the L4-6 segments of the spinal cord. The changes in the expression of axonal 

sodium channels (Nav1.7 and Nav1.8) in the neuroma were measured through western blot at 7 

and 28 days after nerve injury. In vivo dorsal root single-unit recordings from the spinal nerve at 

the L4-6 segments were performed to record ongoing spontaneous activity (SA) at 7 and 28 days 

after nerve injury. We found that about 20% of rats showed less painful like behavior (less-pain 

group) than the other rats (pain group). However, the formation of the neuroma was all presented 

regardless of pain severity. The size of the neuroma showed any significance with the neuroma 

pain severity. In the less-pain group, the CGRP expression level in the spinal dorsal horn was 

lower than the pain group. The decreased regular/irregular SA was shown in the less-pain group 

when it compared to the pain group. In addition, the greater density of Nav1.7 and Nav1.8 

channels was observed in the neuroma of the pain group than neuroma of the less-pain group at 

both 7 and 28 days after nerve injury. The present data demonstrate that the alteration in the 

Nav1.7 and Nav1.8 channels expression play a crucial role in the development and persistence of 

neuroma pain. In addition, the spontaneous firings from the neuroma contribute to difference in 

neuroma pain severity in both acute and chronic phases. Our results suggest that the voltage-

gated sodium channels could be an important role in the mechanism underlying neuroma pain 

and may be a potential therapeutic target. 
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Abstract: The lateral parabrachial nucleus (PBN) is critically involved in neuropathic pain 

modulation. However, the cellular and molecular mechanisms of this process are largely 

unknown. Here, we report that in mice, the right-sided PBN, but not the left-sided, plays an 

essential role in the development of hyperalgesia following nerve injury, regardless of the injury 

side. Spino-parabrachial pathways targeting the right PBN display short-term facilitation, and 

right-sided PBN neurons exhibit an increase in excitability and activity after nerve injury. 

Inhibiting tachykinins receptor 1 (Tacr1) positive neurons, blocking Tacr1, or knocking-down 

the Tacr1 gene in the right-sided PBN reduced hypersensitivity of neuropathic pain development. 

Additionally, the right PBN modulates pain hypersensitivity during the early-phase, but not the 

late-phase of neuropathic pain. These results highlight the critical role of Tacr1 in driving the 

lateralized modulation of neuropathic pain by the PBN, which provide new insight to 

mechanisms underlying neuropathic pain. 
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Abstract: Neuropathic pain resulting from peripheral nerve injury is among the most debilitating 

types of chronic pain conditions. Opioid medications are often used despite their poor efficacy in 

treating neuropathic pain symptoms and concerns about adverse effects. Notably, emerging 



evidence suggests that rather than alleviating neuropathic pain, opioids may worsen mechanical 

allodynia, wherein innocuous stimuli elicit pain. Morphine has been shown to exacerbate nerve 

injury-induced mechanical allodynia, but the cause is not understood. Both morphine and nerve 

injury have been implicated in myelin and oligodendrocytes perturbations. As myelin is 

primarily composed of lipids, here we determine whether lipid metabolism alterations are a 

potential mechanism underlying morphine exacerbated neuropathic pain. Chronic constriction 

injury (CCI), consisting of three sutures around the sciatic nerve, was performed on eight-week-

old female and male C57/B6J mice. Development of mechanical allodynia was followed until 

return to baseline paw withdrawal threshold using the von Frey filament test. RNA extracted 

from lumbar spinal cord tissue was profiled using lipid metabolism arrays. Validation of genetic 

targets were performed at the RNA and protein level, using qPCR and Western Blot. We found 

that morphine treatment of CCI prolonged mechanical allodynia and recovery from nerve injury. 

This effect of morphine prolonged pain is further delayed by two weeks in female mice. RNA 

profiling arrays for lipid metabolism revealed gene candidates in male mice that were further 

validated at the RNA and protein levels in both sexes. These results suggest that morphine delays 

recovery from CCI by dysregulating lipid metabolism at the spinal cord level. As 

oligodendrocytes are the myelinating cells of the CNS, we propose that alterations in lipid 

metabolism are linked to changes in this cell type. The potential findings could help mitigate 

adverse opioid effects and improve treatment for people suffering from neuropathic pain. 
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Abstract: Chronic back pain (CBP) is commonly treated with opioids, but its neurobiological 

consequences with stable long-duration use remain unknown. Here, we compared the clinical, 

psychological, and brain properties of CBP on long-term stable doses of opioids (CBP+O, n=70; 



mean = 7.8 years of opioid consumption) and patients managing their pain without opioids 

(CBP−O, n=70), and matched healthy subjects (n = 39). Various physical function, pain, and 

mental health outcomes were assessed and compared between the groups. We first performed a 

principal components analysis (PCA) to reduce the dimensional of these outcomes. Three 

principal components (PC1-3) explained 69% of the total variance: PC1 (functional disability) 

included decreased physical function, less social activity, increased general disability and greater 

pain interference; PC2 (pain quality) was mainly composed of pain properties, including sensory 

and affective pain scales, and pain catastrophizing; PC3 (negative affect) included increased 

depression, anxiety, negative affect, decreased mental well-being. Compared to CBP-O, CBP+O 

exhibited worse outcomes for functional disability (p < 0.0001) and pain quality ( p = 0.007), but 

not negative affect (p = 0.28). Furthermore, in CBP+O patients worse functional disability was 

associated with higher opioid blood levels (R = 0.49, p< 0.001). Differences in brain anatomical 

properties were assessed using standardized FSL pipelines. CBP+O exhibited decreased gray 

matter density in 2 localized clusters within the cingulum and S1/M1 region (p<0.01, TFCE 

corrected). There were no differences in white matter properties as well as cortical and sub-

cortical volumes between the groups. CBP+O showed starkly different spontaneous brain 

activity, assessed using amplitude of low frequency fluctuations (ALFF) during resting state 

fMRI. ALFF differences strongly reflected cortical mu-opioid (MOR) and serotonin receptors 

(5HT1aR and 5HT1bR) distribution in the brain. We then derived a per-subject whole-cortex 

activity for each receptor of interest (MOR*ALFF, 5HT1aR*ALFF, and 5HT1bR*ALFF). These 

metrics differentiated between groups and reflected 2 of the 3 principal components that defined 

CBP, functional disability and negative affect. They also strongly differentiated between CBP+O 

on high or low doses of opioid use, between before and after short-duration opioid abstinence, 

and between success or failed opioid tapering. Overall our results provide a novel multi-

dimensional receptor-related brain adaptations with opioid exposure and identify specific 

receptors the modulation of which may aid opioid tapering. 
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Title: The Effect of Dopamine Reuptake Inhibition on Offset Analgesia 
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Abstract: Pain psychophysics protocols commonly rely on quasi-static perceptual ratings, 

wherein a single pain rating is obtained each time a noxious stimulus is applied. These quasi-

static accounts ignore perceptual dynamics, such as pain’s seemingly complicated temporal 

fluctuations in response to a changing noxious stimulus. Pain’s temporal dynamics are well-

illustrated by “offset analgesia” - a pain psychophysics phenomenon whereby a slight decrease in 

the intensity of a noxious stimulus produces a disproportionately large decrease in pain. Since its 

discovery 12 years ago, offset analgesia’s mechanism has remained elusive. In previous work, 

our group has demonstrated that offset analgesia’s dynamics can be captured by a “valence 

competition model,” consisting of two opponent nodes—positive and negative valence—that 

were assumed to be dopaminergic, arising from two distinct subtypes of VTA dopamine neurons 

and their interaction. This work assessed how modulating dopamine availability via a dopamine 

reuptake inhibitor (methylphenidate, 0.35 mg/kg) would perturb offset analgesia dynamics. We 

recruited 14 young (26 ± 4 years) healthy human participants to participate. Participants attended 

the lab twice for a randomized, double-blinded, placebo-controlled crossover trial. In one 

session, participants received 0.35 mg/kg methylphenidate; in the other, participants received a 

placebo. The order of the sessions was randomized and counterbalanced. In each session, the 

participants received four 10-minute stimulus trains, each of which contained four offset 

analgesia trials—two stimulus trains before the pills were consumed and two stimulus trains ~50 

min after the pills were consumed. Preliminary results indicate that the drug did not have a 

salient effect on offset analgesia dynamics, diminishing the likelihood that offset analgesia is a 

dopaminergic phenomenon. Future work will quantify methylphenidate’s effects and their 

uncertainty using a Bayesian hierarchical model of coupled differential equations derived from 

the valence competition model. 
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Abstract: Introduction: Many individuals with opioid use disorder experience chronic pain. 

Despite concerns about its efficacy, side effects, and addiction potential, opioids continue to be 

the leading prescription treatment for chronic pain. However, whether shared neurobiological 

mechanisms may contribute to increased opioid risk in chronic pain is poorly understood. 

Methods: Given the interplay between chronic pain and opioid use, we investigated the 

dynamics of multi-receptor activity in the whole-brain during a fMRI study. We evaluated 

changes to brain circuitry in mice with or without neuropathic pain over the course of a fentanyl-

vapor self-administration paradigm, in which mice were trained to self-administer fentanyl daily 

in 2-hour periods. Sessions took place for 1 week on a fixed-ratio 1 (FR) schedule, followed by 1 

week on a FR5 schedule. We scanned mice at baseline (BL)-- prior to fentanyl exposure, and at 

the conclusion of the first week (T1) and second week (T2) of fentanyl self-administration. We 

scanned both male and female C57/Bl6J mice with either spared-nerve injury (SNI) (n=11) or 

sham (n=9). We collected two subsequent scans: one resting state, and one fentanyl task, in 

which fentanyl was presented in a block design. We also collected mechanical allodynia data. 

We calculated the amplitude of low frequency fluctuations (ALFF) for each resting state and 

fentanyl task. We conducted a paired t-test to assess differences in ALFF between BL versus T1 

and T2 for each SNI and sham. We extracted in situ hybridization data from the Allen Brain 

Institute to spatially map receptor gene expression intensity for neurotransmitters, including 

HT1A, D1, D2, GABA-1A, GLUR5, averaged by brain region. Then, we predicted ALFF 

changes from receptor intensities for SNI and sham groups. Results: We found the models 

showed a significant relationship between receptor intensities and ALFF at T2 compared to BL 

for SNI (R²=.49) and sham (R²=.40). In both groups, we found that regions with high MOR and 

NET (p<.05) receptor intensity predicted resting state ALFF changes. Mice with SNI, but not 

sham, also showed significant changes in regions with D1 and D2 at both T1 (p<.05) and T2 

(p<.01) compared to BL. During the first exposure to fentanyl at BL, fentanyl task-related ALFF 

changes in SNI and sham were both predicted by HTT (p<.01). Mice with SNI also showed 

engagement of D2 and HT4 (p<.05). Conclusion: These results show multi-receptor adaptations 

in the whole brain concurrent with fentanyl use, particularly in mice with neuropathic pain. 

These data may indicate potential mechanisms contributing to opioid risk in chronic pain and 

promote the use of nonaddictive alternatives. 
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Abstract: The delta, kappa, and mu (DOR, KOR, MOR) opioid receptors and endogenous 

opioid peptides enkephalin and dynorphin are broadly expressed by distinct types of neurons 

throughout the nervous system. Establishing which neuron types mediate the analgesic versus 

detrimental effects of opioids such as addiction has been hampered by the lack of tools to gain 

specific genetic access to cell types expressing each opioid receptor or peptide. To address this 

issue, we generated knockin mouse lines in which we targeted the Oprd1, Oprk1, Oprm1, Penk, 

and Pdyn genes that encode DOR, KOR, MOR, enkephalin and dynorphin to express the DNA 

recombinases Cre or Flp. These mouse lines can be used independently, or combinatorially, to 

selectively manipulate neurons expressing one, or coexpressing two, opioid receptor(s) or 

peptide(s). Here, we describe the characterization of Oprd1ECE , Oprd1Flp, Oprm1ECE, Oprm1Flp, 

PenkCre, PenkFlp. We crossed these novel mouse lines with a variety a mouse lines, including 

Ai14, Rosa26Sun1-sfGFP, Rosa26VFRL-eGFP, Ai65D, or injected them with different viruses to label 

neurons (co-)expressing DOR, MOR or their high affinity agonist enkephalin. This approach 

confirmed the largely segregated expression of DOR and MOR, provides genetic access to the 

discrete neuron types co-expressing DOR and MOR to study the functional interactions between 

these receptors in vivo, and revealed the organizational logic of enkephalinergic signaling at 

DOR and MOR. For example, we found that DOR, MOR, and enkephalin are expressed by 

largely distinct neuron types in the cerebral cortex cortex and dorsal root ganglia, while co-

expression and enkephalinergic auto-signaling increases in other regions of the forebrain such as 

the striatum and in the brainstem and spinal cord. Collectively, these findings validate the 

expression patterns of Cre and/or Flp in these novel mouse lines and demonstrate their utility as 

novel genetic tools to resolve the organization of the endogenous and mechanism of action of 

opioid drugs. 
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Abstract: Although mu opioid receptor (MOR) agonists provide potent pain relief clinically, 

identifying and separating the mechanisms underlying opioid analgesia and addiction remains a 

challenge. Elucidating the molecular identity of MOR-expressing neurons may allow for the 

development of more precise therapeutics to manage chronic pain and opioid use disorders. 

Here, we combine intersectional mouse genetic tools, viral circuit tracing, slice 

electrophysiology, and in vivo calcium imaging studies to clarify the mechanism of action of 

MOR agonists in the cerebral cortex. First, we quantified the expression pattern of cortical 

neurons expressing the gene encoding MOR, Oprm1, using semi-automated whole-brain 

quantification of molecularly defined neuronal populations. We found that for excitatory 

neurons, the number of Oprm1+ cells differed greatly between cortical regions and layers. 

Almost universally, the density of Oprm1+ excitatory neurons increased with cortical depth. 

Surprisingly, prefrontal regions thought to underlie opioids’ effects on affective responses and 

decision making during pain and addiction demonstrated a lower density of excitatory Oprm1+ 

cells compared to somatosensory cortices. Visualization of inhibitory cortical cell types also 

revealed a specific architecture to Oprm1 expression. Layer-specific expression occurred in 

Oprm1+ Sst+ cells, while other Oprm1+ cell types, including Pvalb+ and Lamp5+ cells 

demonstrated striking differences between prefrontal and sensorimotor cortical regions. Next, we 

leveraged mouse genetic tools to investigate the connectivity and dynamics of Oprm1+ cortical 

neurons. These experiments revealed key differences in thalamocortical connectivity between 

prefrontal and sensorimotor cortical regions. Together, these findings characterize molecularly 

defined Oprm1-expressing cell types and reveal a divergence in the functional organization of 

MOR-mediated neuromodulation between sensorimotor and prefrontal cortical regions. 
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Abstract: Pain is a complex experience with sensory, emotional, and cognitive dimensions. We 

previously described an ensemble of neurons in the amygdala that encodes, and is necessary for, 

the unpleasant quality of pain. To determine the molecular identity of nociceptive amygdalar 

neurons, we combined activity-dependent fluorescent labeling (TRAP2) and single-cell RNA 

sequencing (scRNA-seq) to profile the gene expression of individual neurons active during pain. 

These analyses revealed 17 types and 28 subtypes of amygdalar neurons. By mapping the spatial 

organization of the marker genes defining these amygdalar cell types, we established a 

comprehensive neuron atlas of the mouse amygdala. Next, we utilized this resource to guide the 

discovery of drugs that could exert an analgesic effect by modulating amygdala circuits. 

Specifically, we searched for G protein-coupled receptors (GPCRs) that were enriched in 

amygdalar neuron types involved in pain processing. We identified more than a dozen G protein-

coupled receptors differentially expressed by distinct nociceptive amygdalar neuron types, 

including neurotransmitter and neuropeptide receptors. Using preclinical pain assays and acute 

and chronic pain models, we then tested drugs engaging these GPCR targets and identified 

multiple amygdalar GPCR agonists with antinociceptive properties. We devised non-opioid 

precision pharmacological approaches to identify analgesics with improved side effect profiles 

compared to opioids. Biased allosteric modulators provided potent analgesia with reduced 

sedation compared to unbiased agonism. Combination therapy of three amygdalar analgesics at 

subthreshold doses enhanced analgesia selectively against pain unpleasantness across acute pain 

models and in a preclinical model of chronic orofacial neuropathic pain without promoting 



motivated behaviors induced by addictive drugs. Together, these findings establish the molecular 

structure of the amygdala and identify highly druggable targets to treat pain unpleasantness 

across pain types. 
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Abstract: Neuropathic pain affects around one-tenth of the general population, and gabapentin is 

its first-line treatment. Despite gabapentin’s widespread use in the clinic, its functional and 

molecular effects on human sensory neurons remain poorly understood. Therefore, we sought to 

characterize the electrophysiological and transcriptomic impacts of gabapentin on neurons 

harvested from the dorsal root ganglia (DRGs) of ethically consented human donors. We treated 

primary human DRG cultures with gabapentin and performed patch-clamp electrophysiology and 

RNA-sequencing analyses. Exposure to gabapentin altered the electrophysiological properties of 

DRG neurons, often in a manner specific to either single- or multi-firing neurons. In single-firing 

neurons, gabapentin decreased input resistance, particularly after 3-hour treatment. In multi-

firing neurons, there was a positive linear trend between maximum rise slope and gabapentin 

treatment duration, and overnight gabapentin exposure decreased resting membrane potential. In 

all DRG neurons, there was a positive linear trend between rheobase and gabapentin treatment 

duration. As potential contributing mechanisms, 3-hour gabapentin treatment regulated the 

expression of genes associated with transporter and ion channel activities, including the 

regulation of calcium ion transport. Overnight gabapentin exposure similarly altered genes 

associated with plasma membrane calcium ion import as well as genes involved in 

phosphatidylinositol phosphate binding. Key genes modulated by overnight gabapentin exposure 

have been recognized to regulate neuronal functions such as synaptic transmission, nociception, 

and neuroendocrine peptide generation. This study presents an opportunity for further 

investigation into potential analgesic targets and provides a richer mechanistic understanding of 

gabapentin’s effects. Ultimately, these insights into the peripheral impacts of gabapentin in a 



human context may be harnessed to optimize gabapentin’s use for the treatment of neuropathic 

pain. 
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Abstract: G protein-coupled receptors (GPCRs) and TRPV (transient receptor potential 

vanilloid) channels are crucial for signal transduction in various physiological processes, 

including neurotransmission, pain perception, and itch. Downstream effectors of GPCR signaling 

can either directly stimulate TRPV channels or enhance their sensitivity to activating stimuli, a 

process known as TRPV sensitization. Traditionally, GPCRs are activated at the cell surface by 

extracellular agonists, triggering signaling cascades. Recent evidence suggests 

compartmentalized signaling of GPCRs from intracellular organelles. The human Mas-related G-

protein coupled receptor X1 (MrGPRX1) is a GPCR expressed in primary sensory neurons 

involved in nociception and pruritus. However, there is no evidence that MrGPRX1 can signal 

from intracellular compartments. In this study, we characterized MrGPRX1 signaling within the 

endosomal network and its role in sensitizing TRPV channels to enhance pain and itch signaling. 

Utilizing recently developed cellular biosensors, we demonstrated MrGPRX1's ability to traffic 

and signal from endosomes. Immunofluorescence analysis showed that MrGPRX1 internalizes 

following BAM8-22 stimulation. BRET assays revealed that MrGPRX1 activation induces Gαq 



and β-arrestin-1 protein recruitment to the plasma membrane and early endosomes. 

Pharmacological and genetic inhibition of dynamin or clathrin blocked BAM8-22-induced 

MrGPRX1 endocytosis and decreased activation of nuclear extracellular signal-regulated kinase. 

Additionally, calcium imaging assays confirmed that MrGPRX1-mediated TRPV sensitization is 

protein kinase C dependent. Our findings reveal a novel role for MrGPRX1 endosomal signaling 

in TRPV sensitization. Understanding the mechanisms of MrGPRX1 signaling offers valuable 

insights into differentiating between pain and itch pathways, aiding in the development of 

targeted therapies for chronic pain and persistent itch. 
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Abstract: Background: Peripheral nerve stimulation (PNS) has been implemented for various 

clinical applications including the alleviation of chronic neuropathic pain and sensory restoration 

following amputation. The therapeutic benefit of peripheral nerve interfaces relies on the 

selectivity of the interface, which refers to its capability to activate specific axonal populations 

while avoiding activation of others. However, there is a tradeoff between selectivity and 

invasiveness. Invasiveness refers to the extent of physical interaction between the interface and 

the axonal population, which is characterized by the protective nerve membranes that are 

interrupted, namely the perineurium. We hypothesize that peripheral nerve electrodes that are 

placed between the fascicles- interfascicularly may balance the tradeoff between invasiveness 

and selectivity by allowing access to central axon populations while leaving the perineurium 

intact. Here we outline and characterize the development, placement and selectivity of multi-

contact interfascicular electrode placement into porcine peripheral nerves. Methods: Multiple 

microwire interfascicular contacts were implanted acutely into the median or ulnar nerves of 

N=6 anesthetized pigs. Electromyography (EMG) signals were recorded from downstream 

muscles via needle electrodes in response to stimulation of each interfascicular contact to 



quantify the recruitment behavior and selectivity of the interfascicular electrodes. The nerve was 

then excised, and micro-computed tomography was performed to visualize the relative positions 

of the microwires and fascicles. Results: Selectivity: Multiple muscles across the implants were 

able to be independently recruited using interfascicular electrical stimulation, as defined by their 

recruitment curves. Additionally, comparable or higher levels of muscle activation were 

observed with interfascicular electrical stimulation as compared to whole nerve extraneural 

stimulation suggesting functional feasibility. Placement: Across the total of N=30 placements, 

24 (80%) of them appeared interfascicular as shown on the micro-computed tomography, while 

the remaining 7 (20%) were found to be intra-fascicular. Additionally, in each nerve, 

interfascicular electrodes were successfully placed centrally in the nerve, and were placed in 

unique locations in the nerve. These results suggest that interfascicular implantation is feasible 

and may allow for further access to central axonal populations.  
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Abstract: External temperature perception is crucial for maintaining homeostasis and preventing 

temperature-related injuries. While progress has been made in identifying molecular 

thermosensors, the neural circuits involved in temperature signaling remain largely unknown. 

Here we unveil the spinal circuit transmitting skin-to-brain cool signals. Excitatory interneurons 

in the dorsal horn, co-expressing Calbindin1 and Thyrotropin-releasing hormone receptor 

(Calb1Trhr), act as a central hub for cool sensation. Calb1Trhr neurons receive inputs from 



Transient receptor potential melastatin type 8-positive (TRPM8+) sensory afferents in the dorsal 

root ganglion. Genetic ablation or silencing of Calb1Trhr neurons results in the loss of cool 

sensation. Calcitonin receptor-like receptor (Calcrl+) expressing spinal projection neurons 

receive inputs from both Calb1Trhr neurons and TRPM8+ afferents and transmit cool signals to 

the parabrachial nucleus in the brain. Calb1Trhr neuron absence impedes activation of Calcrl+ 

neurons, preventing cool transmission. Our study has provided a comprehensive depiction of the 

neural architecture for temperature sensation. 
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Abstract: Sensory experience and learning are thought to be associated with plasticity of 

neocortical circuits. Repetitive sensory stimulation can induce long-term potentiation (LTP) of 

cortical excitatory synapses in anesthetized mice; however, it is unclear if these phenomena are 

associated with sustained changes in activity during wakefulness. Here we used time-lapse, 

calcium imaging of layer (L) 2/3 neurons in the primary somatosensory cortex (S1), in awake 

male mice, to assess the effects of a bout of rhythmic whisker stimulation (RWS) at a frequency 

by which rodents sample objects. We found that RWS induced a 1h-increase in whisker-evoked 

L2/3 neuronal activity. This was not observed for whiskers functionally connected to distant 



cortical columns. We also found that RWS altered whether individual neurons encoded 

subsequent stimulus representation by either being recruited or suppressed. Vasoactive intestinal-

peptide-expressing (VIP) interneurons, which promote plasticity through disinhibition of 

pyramidal neurons, were found to exclusively elevate activity during RWS. These findings 

indicate that cortical neurons’ representation of sensory input can be modulated over hours 

through repetitive sensory stimulation, which may be gated by activation of disinhibitory 

circuits. 
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Abstract: Objective: Brain injury such as a stroke frequently leads to impairment of hand 

sensation as well as motor function. Recent studies have indicated that damaged somatosensory 

connections in the brain, evidenced as altered cutaneous mechanoreceptive processing, is 

associated with impairments in both touch sensation and movement execution (Gupta et al., 

2017). However, it is unclear how impaired cortical mechanoreceptive processing relates to 

another key aspect of somatosensation - proprioception - as well as to somatosensory plasticity 

driven by rehabilitative movement training. Using vibration-evoked somatosensory evoked 

potentials (SEPs), we examined the relationship between cortical mechanoreceptive processing 



and finger proprioception after chronic stroke, as well as its ability to predict improvements in 

finger proprioception following robot-based hand therapy. 

Method: Thirty-five adults with stroke participated in a 3-week robot-based therapy (3 

sessions/week). At pre- and post-therapy, we measured: i) Somatosensory evoked potentials 

(SEPs) with 19 channel referential electroencephalography (EEG) (DSI-24, Wearable Sensing; 

BCI2000 software), elicited by trains of vibrotactile stimuli delivered at the index fingers, and ii) 

Proprioception error via a finger crisscross task with the Finger Individuating Grasp Exercise 

Robot (Ingemanson et al., 2016). All data was collected with informed consent; study was IRB 

approved (University of California, Irvine, #476). This is part of a randomized control trial 

dataset (NCT04818073). 

Results: Vibration-induced SEP (P50 component) at the contralateral parietal cortex of the 

affected hand was found to be significantly correlated with the proprioceptive errors at pre-

therapy (rho= -0.33, p< 0.05), as well as post-therapy (rho= -0.44, p< 0.05). The dichotomized 

baseline SEP (i.e. absent / present), also showed a significant relationship with proprioceptive 

errors at both pre-therapy (p= 0.0064) and post-therapy (p= 0.0061)- indicating that absence of 

SEP at baseline is associated with larger proprioceptive errors pre- and post-therapy. Baseline 

SEP response predicted proprioceptive gains post therapy (rho= 0.34, p< 0.05), demonstrating 

the association of damage to mechanoreceptive processing and proprioceptive functional gain in 

people with stroke. 

Conclusion: The study demonstrates a potential non-invasive EEG-based marker that can be 

easily assessed passively and rapidly, with potential to guide the rehabilitation of 

somatosensation in chronic stroke. 
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Abstract: Sensory perception in the fingers is essential for everyday activities such as tool use. 

To gain insight into the underlying mechanisms, researchers have employed a range of 

techniques, including single-unit recordings, optical imaging, and functional MRI, to map the 

finger representation in the primary somatosensory cortex. However, micro-electrocorticography 

(µECoG), a powerful tool for electrophysiological mapping at a mesoscale, has not been 

extensively used in this field. The objective of this study is to investigate the finger 

representations in multiple nonhuman primates using µECoG in order to identify consistent 

patterns of cortical activity. 

Intraoperative or immediate postoperative recordings were performed on 11 hemispheres of 

seven Japanese macaques under general anesthesia. A µECoG array (72 or 128 channels; contact 

size 300 × 300 µm², 1 mm intervals) composed of parylene C and gold was utilized. Ring 

electrodes were placed on the fingers, and constant current stimulation was applied to record 

somatosensory evoked potentials (SEPs). 

The positive peak amplitude of the SEP (2 mA stimulation) was 1003±423 µV, with the 

minimum observed in D1 (thumb) stimulation and the maximum in D4 (ring). The maximum 

peak amplitude, the minimum stimulation intensity, and the 90% activation intensity were 

estimated to be 1196 µV, 858 µA, and 1765 µA, respectively. The activated region was depicted 

as an elliptical area with a surrounding negative potential, arranged from the outside to the inside 

in the order of D1 to D5. The distance between response areas in the fingers was found to be 

largest between D1 and D2 (2.2 mm) and smallest between D4 and D5 (1.1 mm). 

We were able to collect consistent finger representations from multiple animals. The results are 

generally consistent with previous studies but have a high signal-to-noise ratio and time 

resolution. In addition, we were able to capture negative potential changes, indicative of lateral 

inhibition at the finger level, which are difficult to obtain directly from BOLD signals or intrinsic 

optical imaging. The results of this study will accelerate our understanding of the advanced 

mechanisms of finger somatosensory processing in primates. We also expect that the results will 

serve as a comparative dataset for the development of advanced neural imaging techniques. 
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Title: Barrel cortex encodes body state during freely moving behaviour 
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Abstract: Through decades of research on anaesthetised preparations, much is known about how 

neurons in the brain’s ascending sensory pathways respond to stimulation of their associated 

sense organs. However, due to technical challenges, little is known about the function of sensory 

cortices in the natural setting when animals are awake, unconstrained and free to move around. 

To investigate this, we chronically implanted mice with Neuropixels probes into the barrel cortex 

and recorded neural activity whilst the mice explored objects in a dark arena under IR 

illumination. Mouse behaviour was imaged using four cameras. 11 body landmarks were tracked 

with DeepLabCut and their 3D coordinates were derived by a custom triangulation algorithm. 

The surfaces of the object and of the arena were reconstructed in 3D, allowing us to measure the 

distance of the mouse’s snout to the closest 3D surface (snout-to-surface distance; SSD), from 

which we derived a proxy for whisker-surface touch. Additionally, to describe the mouse’s body 

state, we extracted various parameters from the body landmarks, including 3D whole body 

velocity and 3D allocentric head angles, as well as their temporal derivatives. We also described 

non-rigid body shape changes by their first three Principal Components. We then trained a 

supervised learning algorithm (XGBoost) to predict the firing rate of each well-isolated neuron 

(n=439 neurons from 6 mice) from SSD. SSD was a statistically significant predictor of firing 

rate for 92% of the recorded neurons and on average explained 11% of their firing rate variance. 

However, when the algorithm was trained to predict firing rate from both SSD and body state 

parameters, the variance explained was substantially higher (18% mean variance explained; 84% 

neurons significant). To control for the possibility that this result might reflect a correlation 

between body state and whisker touch, we repeated the experiment in mice where whisker 

afferent input was removed by infra-orbital nerve transection (n=123 neurons from 2 mice). In 

these mice, 93% of neurons significantly encoded body state (14% mean variance explained). 

We also examined which body state parameters were the best encoded. We found that, on 

average, neurons encoded 2.7 body state parameters, with egocentric head pitch and forward 

velocity being most prevalent. In conclusion, these results suggest that, during natural 

exploratory free movement, neurons in the barrel cortex reliably encode body state regardless of 

afferent whisker input. 
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Abstract: Nearly all sensory information on our external or internal environment is conveyed 

via the thalamocortical pathway to the neocortex, where it gives rise to conscious perception. A 

well-studied model system for sensory processing is the rodent somatosensory cortex, in which 

thalamocortical terminations in layer 4 are clustered into segregated “barrels” corresponding to 

individual facial whiskers. Thalamocortical axons and terminals in barrel cortex have been 

studied extensively using both light and electron microscopy, but their myelination patterns as 

they enter layer 4 have not been described previously. To address this gap we used correlated 

light- and electron-microscopy (CLEM) to image genetically labeled thalamocortical axons in 

mouse barrel cortex. The brain of a 3-month-old female KN282 mouse (GENSAT) crossed with 

a tdTomato reporter line was perfusion-fixed and imaged on a confocal microscope at 0.5-μm Z-

steps. A tissue block (330x155x50 micrometer) from layer 4 of barrel cortex was then processed 

histologically, cut into 850 60-nm sections and imaged serially on a scanning electron 

microscope. By following identified thalamocortical axons through serial sections we found that, 

contrary to the implicit assumption in the literature, most ascending thalamocortical axons 

crossing the layers 5/4 boundary are myelinated, and retain their myelin sheath at least 50-100 

μm into layer 4. The myelinated segments are relatively thick (typically over 1 μm in diameter) 

as they enter layer 4, tapering somewhat within the layer, and rarely extend side branches. The 

transition to a non-myelinated segment occurs smoothly and with nearly no change in internal 

axon diameter. The unmyelinated main segment continues its pia-directed course while sending 

out multiple thin (typically less than 0.2 μm) unmyelinated branches laterally. Synapses (mostly 

on spines, a small number on smooth dendritic shafts) are made both by the unmyelinated main 

trunk and by en-passant large varicosities on the thin side branches. We hypothesize that 

maintaining a myelin sheath within layer 4 not only reduces conduction time but also enhances 

synaptic transmission synchrony between thalamocortical terminals within a barrel, contributing 

to the generation of the 400 Hz “ripplet” oscillations we previously described. The 



developmental molecular signals for termination of myelination within layer 4 are yet to be 

determined. 
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Abstract: Cell assemblies transmit information through sequences of spikes. The form of these 

spike sequences determine the subsequent response of a downstream cell assembly. As such, 

characterizing such spike sequences is critical to understanding how information is successively 

transformed in the brain. We present new results characterizing how in vivo cortical cell 

assemblies represent simple units of information at a single stage of processing. 

In particular, we considered why millisecond precise spike time patterns are rarely reported in 

abundance through-out the cortex. We hypothesized that low-dimensional fluctuations in cortical 

excitability might stretch / compress (i.e. time-warp) spike time patterns. Extending our previous 

work in the barrel cortex [1], our new results demonstrate that spike time patterns for larger cell 

assemblies (up to 12 neurons) are time-warped on single trials depending on a single dimensional 

latent factor. We next compare this single dimensional latent factor with the main dimensions of 

trial-to-trial variability obtained from different dimensionality reduction techniques applied to 

multi-unit activity. In doing so, we aim to understand the relation between variability in trial-to-

trial population dynamics and precise spike time patterns. In the future, this might illuminate 

how behavioral variability modulates spike time patterns. 

Secondly, we characterized how biases from extracellular recording and spike sorting hide and 

distort spike time patterns by leveraging our recent large-scale biophysically-detailed model of 

the rodent non-barrel primary somatosensory cortex [2]. In particular, we inserted a virtual 

Neuropixels 1.0 probe into the model and characterized how different spike sorting biases (i.e. 



spike collision, overmerging) lead to specific types of artifacts in extracted spike time patterns. 

[1] Isbister, J. B., Reyes-Puerta, V., Sun, J. J., Horenko, I., & Luhmann, H. J. Clustering and 

control for adaptation uncovers time-warped spike time patterns in cortical networks in vivo. 

Scientific Reports 2021. 

[2] Isbister, J. B., Ecker, A., Pokorny, C., Bolaños-Puchet, S., Egas Santander, D., ..., Reimann, 

M. W. Modeling and Simulation of Neocortical Micro- and Mesocircuitry. Part II: Physiology 

and Experimentation. bioRxiv 2023. 
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Title: Loss of the calcium gated Cl- channel TMEM16B alters odor coding and induces 

homeostatic plasticity in olfactory bulb circuits 
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Abstract: The olfactory signaling cascade contains two ion channels that generate transduction 

currents. Following olfactory receptor-ligand binding, cAMP-dependent cyclic-nucleotide-gated 

channels open to generate a non-selective inward cation current that results in a modest olfactory 

sensory neuron (OSN) membrane depolarization. An increased abundance of intracellular 

calcium then activates the second phase of the transduction current, the opening of the calcium-

activated chloride channels (TMEM16B), leading to an efflux of intracellular Cl-. The chloride 

current dominates the transduction current, accounting for ~90% of the total current (Pietra et al 

2016). While TMEM16B amplifies the CNG-mediated current, it paradoxically limits OSN spike 

output via voltage-inactivation of sodium channels. Past work has largely focused on 

characterizing the electrophysiological properties of Cl--currents using dissociated OSNs or ex-

vivo preparations. Here, we studied how TMEM16B contributes to population activity and 

stimulus coding properties of OSNs in live mice. We used calcium imaging to measure the 

odorant response properties of individual OSNs within their native environment of the main 

olfactory epithelium (MOE) in WT and Tmem16b-/- mice. Using a panel of 32 odorants, we 

found that the loss of TMEM16B increased OSN odorant responses (mean dF/F = 0.16 ± 0.01 in 

WT and 0.22 ± 0.01 in Tmem16b-/-; P < 0.001), decreased sparseness (mean population 



sparseness = 0.02 ± 0.002 in WT, 0.06 ± 0.007 in Tmem16b-/-; P < 0.001), and reconfigured 

odorant-odorant relationships in OSN populations. We next considered how altered OSN coding 

properties may affect olfactory-guided behavior. In a navigation task, we found a strong 

relationship between the concentration of an odorant and the latency to localize its source in 

Tmem16b-/- mice, while WT mice efficiently localized the odorant regardless of its 

concentration. Next, we tested whether downstream circuits in the olfactory bulb homeostatically 

compensate for increased OSN excitability. Using whole-cell patch-clamp recordings from WT 

and Tmem16b-/- brain slices, we recorded spontaneous excitatory postsynaptic currents (sEPSC) 

from external tufted cells, which receive direct synaptic input from OSNs, but not other 

glomerular cells. Our recordings revealed a 27.36% decrease in OSN-to-eTC sEPSC amplitudes 

in Tmem16b-/-slices. These data suggest that TMEM16B plays a critical role in sensory coding at 

the level of OSNs in the MOE and that its loss results in olfactory behavioral deficits and OB-

circuit homeostatic plasticity. 
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Abstract: Acute olfactory epithelial (OE) inflammation destroys olfactory sensory neurons, 

leading to olfactory dysfunction, such as anosmia and hyposmia. Adult neurogenesis in the OE, 

i.e., globose basal cell (GBC) proliferation and regeneration of new olfactory sensory neurons, 

maintains the sense of smell. Manipulation of signaling pathways to promote OE 

neuroregeneration would reveal new therapeutic strategies for treating olfactory deficits. Our 

previous study demonstrates that ciliary neurotrophic factor (CNTF) expressed in horizontal 

basal cells (HBCs) of the OE is required for neuroregeneration and olfactory function recovery 

following methimazole-induced acute OE inflammation. Inhibition of focal adhesion kinase 

(FAK) upregulates CNTF expression in the OE of naïve mice. Here, we investigate whether 

pharmacological inhibition of FAK improves OE neuroregeneration and smell function recovery 



following methimazole in mice. A water-soluble FAK inhibitor, FAK14, was given intranasally 

or intraperitoneally at 3-5 days when methimazole-induced inflammation is gradually increased 

and maximized. Intranasal FAK14 upregulated expression of CNTF and Mash1, a GBC marker, 

and enhanced methimazole-induced basal cell proliferation. FAK14 did not alter TNFα and IL-

1β, suggesting that the effect of FAK14 is not through modifying methimazole-induced 

inflammation. In contrast, systemic FAK14 treatment affected neither CNTF nor basal cell 

proliferation. Intranasal FAK14 treatment also increased regeneration of new olfactory sensory 

neurons and recovery of the smell function measured 3 weeks post-methimazole in C57BL/6 and 

CNTF+/+ mice but not CNTF-/- mice. These data indicate that intranasal treatment with FAK 

inhibitor following methimazole promotes OE neuroregeneration and olfactory function recovery 

through CNTF. We next determined whether HBCs produce CNTF upon FAK inhibition in 

methimazole-treated mice. In vitro, incubation of FAK inhibitor with primary HBCs isolated 

from methimazole-treated mice increased CNTF mRNA and protein in cell lysates and culture 

media, respectively. This study demonstrates that inhibition of FAK following acute 

inflammation boosts OE neuroregeneration and accelerates olfactory function recovery via 

upregulation of CNTF in HBCs. It highlights the therapeutic potential of intranasal application of 

FAK inhibitors to improve olfactory neurogenesis and function after injury. 
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Abstract: Instinctive social behaviours such as mating, aggression, and parenting, are crucial to 

survival. However, it remains unclear how the brain interprets the wide range of social sensory 

stimuli that drive ethologically appropriate actions. In mice, which depend heavily on the 

vomeronasal pathway to identify conspecifics through non-volatile signals, the medial amygdala 

(MeA) is a primary candidate for coordinating social responses, since this area receives dense 

vomeronasal inputs. Previous studies have also shown that activation of genetically defined 



subpopulations in MeA are sufficient to drive various innate social behaviours, many of which 

are strongly associated to brain regions directly downstream of MeA. Using Neuropixels probes, 

we recorded extracellular activity from the MeA in awake head-fixed CD1 male mice (n=12) and 

presented social cues in volatile, non-volatile, and tactile forms. We found that MeA neurons 

(n=833) respond reliably to all three sensory modalities, and stimulus identity could be decoded 

from population activity. Interestingly, k-means clustering revealed distinct temporal patterns 

(early and delayed firing) in the population response to co-presentations of volatile and non-

volatile cues. To identify the origin of the different phases of the response, we delivered 

methimazole to eliminate sensory neurons from the main olfactory pathway before recording 

single unit MeA activity (n=546). We found that main olfactory inputs are essential for early 

population responses and decoding volatile information, but play a minor role in decoding co-

presented stimuli. We then explored how differential processing of volatile and non-volatile 

inputs in the MeA contribute to naturalistic behaviour by chronically recording from the MeA in 

virgin CD1 males (n=4) during freely moving interactions with male, female and infant C57BL/6 

mice. We leveraged the clustering results obtained from head-fixed recordings, and found 

neuronal ensembles that responded selectively to conspecific types and phases of social 

behaviour. Altogether we propose that olfactory information, represented as biphasic responses 

in the MeA, is flexibly processed and selectively integrated with multimodal sensory inputs to 

coordinate the expression of different social behaviours. 

Disclosures:  S. Bailey: A. Employment/Salary (full or part-time):; University College London. 
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Abstract: Sensory inputs to the dorsal vs ventral olfactory bulb derive from distinct receptor 

families, and drive distinct behaviors. To address whether second-order OB neurons and circuits 

exhibit matching heterogeneity for input-specific readout, we used non-negative matrix 

factorization to cluster registered spatial expression profiles of >2,000 genes from the mitral cell 

layer (MCL), using publicly available ISH data from the Allen Institute. We observed clear 

dorsal and ventral clusters, and derived lists of candidate genes -- including several involved in 

cellular excitability -- that can be used as targets for physiological differentiation. Additionally, 

in patch clamp experiments, we observe dorsoventral differences in mitral cell physiology, with 

ventral cells showing higher peak firing rates (70.90±12.19Hz vs. 42.85±7.03Hz). Bulbar circuits 

may therefore be tuned for zone-specific computation. 
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Abstract: The Arenkiel lab discovered a population of glutamatergic neurons residing in the 

basal forebrain (BF) that play a key role in appetite modulation. Specifically, selective activation 

of these neurons in mice results in appetite suppression leading to starvation. This phenotype, 

however, can be rescued if the mice are force fed. This indicates that the feeding phenotype is 

not linked to metabolism, but rather a dysregulation of the motivational drive to eat. This may be 

related to the sensory processing of the food stimuli; these glutamatergic neurons are selectively 

active to odor stimuli. These findings suggest that non-homeostatic pathways are likely involved. 

To further understand the mechanism by which the sensory stimuli interact with the BF, it is 

important to identify the cortical structures connected to the BF. Retrograde tracing experiments 

from the basal forebrain identified several cortical structures. Among these structures, the medial 

prefrontal cortex (mPFC) was of special interest due to its established role in cued-potentiated 

feeding as well as its understudied link with BF circuitry. The mPFC also plays a role in 

attention, motivation, and mediates addiction-related behavior. Morever, the mPFC has persistent 

representations of odor value. In humans, the mPFC differentially responds to food related 



stimuli in hunger vs. satiety states. With this evidence, the focus of this project is investigating 

the hypothesis: The medial prefrontal cortex is functionally connected to the basal forebrain to 

influence odor preference and guide food choice. Using optogenetics, the mPFC to BF circuit 

was selectively activated or inhibited in mice to reveal a bi-directional real time place preference 

or avoidance. By pairing a neutral odor with light delivery across three days, in preliminary 

experiments, mice show a preference for the optogenetic activation-paired odor and avoidance to 

the optogenetic inhibition-paired odor. Additional experiments are underway to determine how 

food choice is influenced with manipulation of odor stimuli. Towards a mechanism of this 

phenomenon, the BF neuron activity during opto-stimulation of the mPFC to BF pathway will be 

assessed using GRIN lens, an in-vivo deep brain imaging method. Since the BF sends specific 

efferent projections with positive or negative valence, understanding how the mPFC to BF circuit 

may toggle these outputs can help lay the groundwork for how this circuit may underlie aberrant 

feeding behaviors in eating disorders. 

Disclosures: M. Patel: None. 

Late-Breaking Poster 

LBA004: Theme D Late-Breaking Posters 

Location: MCP Hall A 

Time: Monday, October 7, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: LBA004.035/LBA35 

Topic: D.03. The Chemical Senses 

Support: ETRI/24YB1210&24ZB1330 

Title: Investigating Social Interaction and Neural Response to Olfactory Stimuli in Mice Using 

Advanced Electrophysiological Techniques 

Authors: *D. KIM1, D. LEE2, D. LEE2, K. KIM2, S. LEE3, S. HAN4, H.-K. LEE1;  
1ETRI, Daejeon, Korea, Republic of; 2Korea Brain Res. Inst., Daegu, Korea, Republic of; 3San 

Diego State Univ., San Diego, CA; 4Korea Basic Sci. Inst., Cheongju, Korea, Republic of 

Abstract: The study of social interactions in neuroscience has been primarily limited to 

behavioral approaches due to the constraints of traditional electrophysiological systems, which 

are often wired and restrict the simultaneous observation of multiple animals. This research 

addresses these limitations by investigating both individual and group responses to olfactory 

stimuli in mice using behavioral and electrophysiological methods, as well as functional 

magnetic resonance imaging (fMRI) to explore brain activation and connectivity. 

Male C57BL/6J mice (20–25 g) served as the experimental subjects. Tungsten microelectrodes 

(256 µm diameter) were implanted stereotaxically into the amygdala (AMG). After a 12-day 

recovery period, electrophysiological signals from the AMG and behavioral changes were 

recorded simultaneously. Two groups of odorants were used: plant-derived α-pinene and 



predator-derived 2,4,5-trimethylthiazole (TMT). A specially designed airtight test box ensured 

precise gas concentration, regulated by a mass flow controller. The protocol involved placing a 

single or grouped mice (n=4) in the test box under an air atmosphere for 10 minutes, followed by 

10 minutes of exposure to either α-pinene or TMT, while monitoring electrophysiological signals 

and behavioral changes. We used a custom-made wireless brain signal acquisition system, a 

lightweight device (< 3 g) mounted on the mice's heads, which features low-computation and 

interest point extraction algorithms for real-time EEG analysis and LED visualization of various 

brain states. Mouse movements were video-recorded at 30 fps and analyzed using the Ethovision 

video tracking system. MATLAB programs were used to analyze local field potential (LFP) 

signals. The study revealed that when four experimental subjects were exposed to TMT (1 ppm) 

in the same test box simultaneously, the total LFP power measured in AMG was approximately 

66.5% of the total LFP power observed when each subject was in the test box individually. 

Behavioral analyses focused on locomotor activity, spatial location, and freezing behavior 

according to the type of odorant. Odor-evoked fMRI acquisition was conducted on different sets 

of animals using a 9.4T MRI scanner to obtain structural (T2) and functional images. Group 

analyses were performed using a generalized linear model to compare the α -pinene and TMT 

groups. 

Support: This work was supported by Electronics and Telecommunications Research Institute 

(ETRI) grant funded by the Korean government. [24YB1210, Collective Brain-Behavioral 

Modelling in Socially Interacting Group. 24ZB1330, Development of core technology of brain-
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Abstract: Odors can be associated with specific colors, such as a banana-like odor for yellow 

and a strawberry odor for pink. Previous studies have investigated the formation of odor-color 



associations, but a unified interpretation is yet to be established. In this study, we hypothesized 

that non-experts in fragrance will form different odor-color linkages from those of experts who 

have background knowledge of odors. 

We measured the associated colors from fragrance experts and non-experts using seven types of 

essential oils: lemon, lavender, geranium, eucalyptus, cedar wood, and the control (odorless 

mineral oil). To record the odor-color association, we developed a measurement system of colors 

associated with odors according to the CIEL*a*b* space. The associated colors were compared 

between the two groups, which had different abilities to identify odor sources. Thirteen experts 

and 20 non-experts participated in this study. All participants were native Japanese speakers with 

Japanese cultural backgrounds. The procedure was approved by the local ethics committee of the 

Fukuoka Institute of Technology. 

First, the participants sniffed the samples and were required to respond to the lightness of the 

color associated with the sniffed odor using the developed system. Subsequently, the participants 

provided the hue values that corresponded to the lightness specified in the preceding step. After 

responding to the associated color, they responded to five descriptor items using the visual 

analog scale: strength, pleasantness, familiarity, edibility, and arousal. 

Subjective ratings were compared between the experts and non-experts for each odor. The 

pleasantness rating of lavender was significantly higher among experts than among non-experts 

(p = 0.032). The experts showed significantly higher familiarity with eucalyptus (p = 0.045). 

To compare the odor-color associations between the experts and non-experts, we conducted a 

linear discriminant analysis. The predicted variables were the color parameters according to the 

CIEL*a*b* (L*, a*, and b* values) of the associated colors for each odor. For eucalyptus, the 

independent variable color parameters of the associated colors significantly contributed to the 

discrimination between the experts and non-experts (Wilks’ lambda, p < 0.001). For lavender, 

the discrimination model significantly predicted the presence of experts and non-experts (p = 

0.013). The results indicated that the associated colors corresponding to some odors varied 

according to background knowledge. 

This study was supported by the JSPS KAKENHI Grant-in-Aid for Scientific Research (C), 

grant number JP23K11297. 
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Abstract: The olfactory system mediates various odor-related behavioral responses, including 

associative learning between odor cues and rewards. The olfactory bulb plays an essential role in 

odor detection, discrimination, and interpretation of odor value as the first processing center of 

the mammalian brain. Granule cells in the olfactory bulb are a major class of GABAergic 

interneurons that provide feedback inhibition to principal neurons (i.e., mitral and tufted cells) 

via dendrodendritic reciprocal synapses, which contribute to odor discrimination by sharpening 

the signal-to-noise ratio of odor representation. Granule cells also receive corticofugal 

projections from higher brain regions, such as the anterior piriform cortex, and these top-down 

inputs are thought to contribute to the olfactory leaning-dependent plasticity of granule cells. 

However, it is largely unknown how the dynamic changes in odor representation of individual 

granule cells and their population activities contribute to different types of olfactory-associative 

learning. Here, we performed in vivo two-photon calcium imaging to record the activity of 

granule cells during odor-reward association tasks: the go/no-go odor discrimination task. We 

designed two versions of this task: one with a dissimilar odor pair (the easy task) and another 

with a similar odor pair (the difficult task). Our chronic in vivo imaging during each task 

revealed that the odor-induced firing activity of granule cells was elevated throughout learning, 

with more prominent changes observed in the difficult task. In contrast, repeated passive odor 

exposure led to a gradual decrease in odor representation in granule cells, suggesting increased 

granule cell activity in a task engagement-dependent manner may functionally contribute to 

olfactory learning. Additionally, when mice learned to discriminate between two odors in both 

tasks, the initially overlapping representations of the two odorants in granule cells became 

progressively distinct. We also observed that the feedback projections from the anterior piriform 

cortex to the olfactory bulb exhibited increased activity during learning. Furthermore, functional 

silencing of these top-down inputs using a pharmacogenetic approach (DREADD) led to a 

reduction in granule cell activity and the divergence of their odor representations, resulting in 

poor performance in the go/no-go odor discrimination task. Our findings indicate that learning-

dependent plastic changes in functional connections between granule cells and top-down inputs 

and the optimized robust and selective odor representations in granule cells contribute to 

olfactory learning. 
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Abstract: We are at the early stages of developing robust methods to quantify perceptual odor 

quality. Gaining insights into the olfactory perceptual space across different species is valuable 

for this endeavor. A key step in establishing a connection between species is to verify how 

perceptual distances of odors observed in one species correspond to those in another, and to 

determine how accurately we can predict the perceptual distance of odors in one species based 

on another. In this study, we compared the olfactory perceptual space of mice and humans across 

20 different monomolecular odors. By measuring the perceptual distances of odor objects in both 

species through two distinct tasks, we identified a significant correlation between mouse and 

human odor perceptual spaces. More precise considerations revealed that this correlation is odor-

dependent. Specifically, we found a negative correlation between the perceptual distances of 

acids in mice and humans, while non-acids showed a positive correlation. Further, we mapped 

the perceptual distances of both species into a human space defined by organoleptic properties 

such as fruity, tropical, and cheesy. This mapping revealed a strong correlation (Corr: 0.81, p-

value: 3e-13) between the perceptual distances of mice and humans. Building on these findings, 

we developed a predictive model capable of translating the perceptual space of one species to the 

other with a prediction correlation of 0.61 and RMSE of 0.09. Additionally, we explored the 

relationship between human and mouse perceptual distances mapped to the physicochemical 

features of the odors. Our analysis uncovered a significant correlation (Corr: 0.78, p-value: 5e-

18) between the perceptual distances of mice and humans within the physicochemical space of 

the odors. These results suggest that despite differences in olfactory systems, there is a 

substantial overlap in how mice and humans perceive odors, particularly when considering the 

physicochemical properties of odorants. This work contributes to our understanding of cross-

species olfactory perception and opens avenues for further research into the underlying 

mechanisms governing olfactory similarities and differences. 
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Abstract: Olfaction is a critical sensory modality for food foraging, mating, and survival. 

Behaviorally the response to the olfactory cues in locusts, Schistocerca americana, can be 

tracked via palp-opening response (POR) assay. The opening of sensory appendages close to the 

mouth, known as maxillary palps, represents an appetitive reaction evoked by an odorant. 

Current research suggests the involvement of various neuromodulators in the regulation of 

olfactory-driven behaviors. In this study, we examined the regulation of olfactory responses by 

different neuromodulators: serotonin, dopamine, octopamine, and glutamate. These 

neuromodulators have been implicated in both heightened and dampened odor-evoked neural 

responses. We used a POR assay to study the behavioral reactions in response to a variety of 

displayed odorants. Six different odorants (hexanol, benzaldehyde, citral, geraniol, linalool, and 

paraffin oil as control) were used to examine behavioral responses in the locusts. We found that 

the injection of dopamine or octopamine had a very odor-dependent effect. Dopamine increased 

the probability of palp-opening responses whereas, we found that the injection of octopamine 

decreased the probability of palp-opening responses in an odor-dependent manner. In contrast, 

serotonin increased and decreased PORs to odorants in an odor-specific manner. Interestingly, 

glutamate increases the POR to most of the odorants. To further support our findings, we used 

the immunohistochemistry technique to locate neuromodulatory pathways in the locust brain. We 

used antibodies to stain for dopamine, octopamine, glutamate, and GABA. The results reveal that 

multiple neuromodulators are present within the antennal lobe, the very first neural circuit that 

receives direct olfactory sensory neuron inputs. Taken together, we reveal a concrete connection 

between the neuromodulators present in the antennal lobe and their effect on the olfactory-

behavioral response. 
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Abstract: Transient receptor potential vanilloid type 1 (TRPV1) channels are implicated in 

nociception and may become sensitized during inflammation, resulting in increased release of 

pro-inflammatory neuropeptides. In the urinary bladder, TRPV1 channels are distributed 

throughout afferent nerves and vascular smooth muscle cells, but their expression in other cell 

types within the bladder is controversial. As such, there may be an interdependent mechanism 

driving interstitial cell and sensory afferent nerve sensitization. While genetically-encoded 

indicator mice provide evidence for TRPV1-expressing interstitial fibroblasts in the bladder wall, 

it is unknown if these cells continue to express TRPV1 channels after development. 

Additionally, sex differences in bladder TRPV1 channel expression have not been thoroughly 

explored. We hypothesize bladder interstitial fibroblasts express Trpv1 mRNA after development 

in male and female mice. Bladders from male and female C57Bl/6 mice (ages 10 - 14 weeks) 

were isolated, fixed, paraffin embedded, and sectioned onto glass slides. Then, RNAscope was 

used to visualize urinary bladder mRNA expression patterns for Trpv1 and the 

fibroblast/interstitial cell marker Pdgfrα. While female mice appeared to have more Pdgfrα-

expressing cells in the bladder wall, Trpv1 and Pdgfrα were coexpressed throughout the bladder 

of both male and female mice. Surprisingly, in both sexes Trpv1 mRNA was expressed 

throughout the bladder wall and epithelium in cells where Pdgfrα mRNA was absent. Together, 

these data suggest Trpv1 mRNA is expressed in multiple bladder cell types, including interstitial 

fibroblasts, past development. These Trpv1 mRNA positive cells could contribute to the feed-

forward sensitization of afferent nerves in the urinary bladder. These data also reveal potential 

sex differences in bladder fibroblast populations that may account for differences in bladder 

sensation.  
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Abstract: Chronic and excessive inflammation in the body activates many brain regions. This 

study aims to gain insights into mechanisms underlying inflammation-induced brain activation. 

There are three main pathways to transmit signals from the peripheral organs to the brain: (1) the 

humoral pathway, (2) the vagal afferent pathway, and (3) the spinal neuronal pathway. After 

intraperitoneal injection of lipopolysaccharide (LPS) and streptozotocin (STZ), neuronal activity 

in the brain was evaluated by c-Fos immunostaining. The c-Fos immunostaining results showed 

that there were significant increases in neural activity in several brain regions including the 

http://files.abstractsonline.com/CTRL/89/F/CCA/A86/927/49F/489/952/7BC/DF2/115/F1/g14098_1.jpg


medial prefrontal cortex (mPFC), the anterior cingulate cortex (ACC), anterior and posterior 

insular cortex (IC), the hypothalamic paraventricular nucleus (PVN), the basolateral amygdala 

(BLA), the central amygdalar nucleus (CeA), the thalamic paraventricular nucleus (PVT), the 

hippocampus ventral CA1 (vCA1), the ventral tegmentum (VTA), the parabrachial nucleus 

(PBN), the locus coerules (LC) after LPS and STZ administration. However, only the LPS 

injection, but not STZ injection, induced a significant increase in neuronal activity in the nucleus 

tractus solitarius (NTS), the nucleus ambiguus (Amb), and the area postrema (AP). The 

activation of the IC, PVN, BLA, and CeA was blocked by inhibiting the humoral pathway with 

intracerebroventricular injection of Alloxan, a toxic material that destroys ependymal cells. On 

the other hand, the activation of the mPFC, ACC, vCA1, VTA, PBN, LC, Amb, NTS, and AP 

was blocked by vagotomy, a surgery to remove the vagal pathway. These results suggest that the 

IC, PVN, BLA, and CeA receive peripheral inflammatory signals via the humoral pathway, 

while mPFC, ACC, vCA1, VTA, PBN, LC, Amb, NTS, and AP receive peripheral inflammatory 

signals via the vagal afferent pathway. However, there remains an area - the PVT - that does not 

change even when either the humoral or vagal afferent pathway is blocked. We used silicon 

probes to record the firing rate in the PVT neuron. We find that the PVT may simultaneously 

mediate both humoral and vagal afferent pathways, which needs further study. 
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Abstract: Recent studies suggest that chloride efflux through calcium activated chloride 

channels might play a more significant role in the excitation of zebrafish lateral line hair cells 



(HCs) than previously believed, especially in freshwater environments - defined by their low ion 

strength. This is a functionally disparate mechanism from the cation driven depolarizations of the 

homologous auditory HCs that could provide insight into signal amplification mechanisms in 

ionic deficient/variable contexts. To more directly implicate chloride channels in zebrafish HCs 

function we characterized the electrophysiological properties of these cells in primary culture. 

Recordings from acutely dissociated cells offer several advantages including absence of cellular 

crosstalk noise; extracellular environment control; more accurate pharmacological analysis; 

targeted functional transcriptome; perforated patch and single-channel recordings. The isolated 

HCs were identified based on their unique morphological characteristics: a single kinocilia; a 

visible stereocilia bundle; and a pear-shaped cell body. Cell identity was further confirmed 

functionally through calcium imaging and electrophysiological experiments. Expression of the 

plasma-membrane-targeted calcium indicator GCaMP6s-CAAX was exclusively associated with 

cells of the described phenotype, and the electrophysiological properties of those cells were 

consistent with zebrafish lateral line HC properties reported earlier in vivo: presence of L-type 

calcium channels; lack of voltage gated sodium channels; pronounced A-type potassium current 

with varying contribution from delayed rectifying and calcium-activated potassium channels. 

The HC chloride conductance was dissected using cesium based intracellular solution to suppress 

potassium channels and specific agonist (Eact) of calcium activated chloride channels (ANO1/2). 

Extracellular Eact application increased HC conductance with a reversal potential characteristic 

of chloride-selective conductance. The standard voltage pulse protocol revealed relatively slow 

activating outward currents at depolarizing voltages in the presence of Eact, consistent with the 

activation parameters of ANO1/2 chloride channels further confirming that Eact indeed targets 

calcium-activated chloride channels expressed in HCs. 

We characterized electrophysiological properties of acutely isolated HCs and provide evidence, 

that anion efflux can drive HC activation very much like in vertebrate chemosensory neurons 

(olfactory, taste and pheromone receptor neurons): through calcium activated chloride channels. 
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Abstract: In the auditory cortex of echolocating bats, the distance to an object (target) is 

represented in a specialized neuronal map. Neurons in this map only fire action potentials if 

echoes are reflected from objects in the environment (e.g. insects or other prey items) and arrive 

with a specific delay after the bat has emitted a call. In contrast to structural maps, which simply 

reflect the topographic organization of the epithelial surface of peripheral sensors, the target-

distance map is a computational map. The delay between call emission and echo arrival is 

computed within the neural circuitry of the bats’ auditory system, and each neuron in the target 

distance map is tuned to a specific delay time. Our experiments investigate the representation of 

multiple objects in the target distance map of the bat P. discolor. Extracellular recordings are 

employed to reveal the minimum distance that can be resolved by single delay-tuned neurons. 

For this purpose, a virtual target echo is combined with two virtual masker echoes, occurring 

with various shorter and longer masker delays, thus simulating reflections from objects 

(maskers) positioned in front of and behind the virtual target. Classical delay-tuned neurons have 

a high facilitation ratio, meaning they only respond to favorable combinations of pulse and 

echoes but not to each of these stimuli alone. Surprisingly, our results show that while these 

neurons are specialized in detecting single targets along the distance axis, they are not well-

suited to resolve multiple objects. However, the response of other neurons in the target distance 

map, with a significantly lower facilitation ratio, matches the behavioral performance of the bats 

in a similar target distance resolution task in a previous psychophysical study. Our results shed 

light on the different roles of neurons in the same computational cortical map, suggesting a 

multifunctional organization underlying this type of sensory map. 
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Abstract: It is generally agreed that the auditory system identifies natural sounds based on their 

spectro-temporal regularities, which can be linked to mechanical processes of the physical 



source. However, it remains unclear how auditory cortex (AC) extracts sound statistics and 

represents them across its different subregions. This study aims to establish how these properties 

are processed and represented in AC. Specifically, it asks if neural encoding of statistical sound 

features is more tightly linked to a specific location in AC or to the identity of the original sound. 

Linear microelectrode arrays were used to record single-unit neural activity in ferret AC. 

Penetrations were angled normal to the cortical surface, and thus, each targeted a single cortical 

column. Activity was recorded from 36 sites in two awake, passive animals (10-50 units/site). 

During each recording, a set of 8-10 1-sec natural sound segments was presented, interleaved 

with model-matched synthetic versions of those sounds (Norman-Haignere & McDermott 2018). 

Four synthetic conditions were tested, preserving spectral correlation, temporal modulation, both, 

or neither. The last condition preserved only the mean power spectrum of the original stimulus. 

The correlation between the population response for each pair of natural and synthetic conditions 

defined a neural confusion matrix for a single stimulus and recording site. Weaker confusion 

(lower correlation) indicated that sound statistics had greater influence on responses. To 

determine if confusion depends on the location of the recording site or on sound identity, we 

performed a two-way comparison: we compared confusion matrices between stimuli at the same 

site and between sites for the same stimulus. If confusion patterns are determined by location, 

then they should be similar across stimuli within a recording site. If they are determined by the 

stimulus, they should be consistent within a stimulus across sites. Confusion matrices varied 

between both recording sites and stimuli. On average, they were more similar across stimuli 

within a single recording site, compared to the same stimulus across different sites. These results 

suggest that local neural populations are more sensitive to specific statistical features of natural 

sounds and less sensitive to the identity of the sound itself. In this framework, local populations 

tuned to distinct natural sound statistics support a code for natural sound identity distributed 

across the primary auditory cortex. 
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Abstract: Previous studies highlighted intriguing connections between Autism Spectrum 

Disorder (ASD) and pitch-perception task performance. Existing research has investigated these 

connections from various perspectives including fMRI and mutational studies. A promising 

approach towards investigating the role of ASD on a wide array of brain functions is the 

Excitation-Inhibition (E/I) imbalance hypothesis, which has been shown to account for some 

visual perceptual characteristics of individuals with ASD. However, the implications of an E/I 

imbalance on auditory processing have not been investigated from a computational perspective. 

A recent work from Chambers et al (2019) proposed a neural network model of the auditory 

cortex that simulated the experimentally observed response of ferrets to auditory stimuli by 

reproducing the spectro-temporal receptive field (STRF). In this work, we investigate the 

sensitivity of auditory processing as captured by the STRF on the elevated noise associated with 

neural circuits with reduced inhibition. The neural network model employed in this paper is 

adapted from Chambers et al, and consists of a cochlear model that receives the sound signal and 

produces a synaptic signal to the all-to-all connected neurons representing the auditory cortex. 

The parameters of the neural network are initially trained to reproduce the experimentally 

observed ferret STRF’s, and then the sensitivity of the STRF on variations of the model 

parameters are measured. Our results demonstrate the impact on the STRF of the excitation-

inhibition ratio of the neural network. 
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Abstract: Echolocating bats live huddled together in colonies comprising hundreds of 

individuals and use complex sounds to communicate and to navigate. These species make ideal 

subjects for functional magnetic resonance imaging (fMRI) studies of auditory social 

communication given their relatively hypertrophic limbic and auditory neural structures and their 

reduced ability to hear MRI gradient noise. Establishing the existence of neural networks related 

to social cognition (e.g., default mode-like networks or DMLNs) in order Chiroptera could pave 

the way towards a new frontier in the study of mammalian socialization and communication. We 

measured blood oxygenation level dependent (BOLD) signal at 7T from nine lightly anesthetized 

pale spear-nosed bats (Phyllostomus discolor). Specifically, we performed independent 

components analysis (ICA) and revealed 15 resting-state networks. We also measured neural 

activity elicited by noise ripples (on: 10 ms; off: 10 ms) that span the ultrasonic hearing range 

(20-130 kHz) of this species. Resting-state networks intersected parietal, occipital, and auditory 

cortices, along with auditory brainstem, basal ganglia, cerebellum, and hippocampus. We 

determined that two out of a possible four midline networks were the best candidates for DMLN. 

We also found two predominantly left and two predominantly right auditory/parietal cortical 

networks. Regions within all four auditory/parietal cortical networks have been demonstrated to 

respond to social calls. As expected by the emergence of side-band inhibition in the inferior 

colliculus, ultrasonic noise ripples significantly activated the auditory brainstem (cluster-level: 

p=5.27 x 10-5, FWE correction, kE=7613) yet deactivated the auditory/parietal cortex (p=2.08 x 

10-9, FWE correction, kE=17452). Iterative (“jack knife”) analyses revealed consistent, 

significant functional connections between left, but not right, auditory/parietal cortical networks 

and DMLN nodes, especially the anterior-most cingulate cortex. Thus, a resting-state network 

implicated in social cognition displays more distributed functional connectivity across left, 

relative to right, hemispheric cortical substrates of audition and communication in this 

echolocating bat species. The application of advanced histological methods to 12 ex-vivo 

Phyllostomus discolor brain samples that have also undergone structural imaging (i.e., T2-

weighted 3D rapid spin echo and spin-echo diffusion weighted) increase the likelihood of 

generating detailed, 3D population-based atlases as a computerized anatomical reference for 

these and future chiropteran functional neuroimaging results. 
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Abstract: Cortical slow oscillations are the reliable changes between “Up” and “Down” states in 

the cortex, corresponding to high- and low activity levels. These synchronised state changes 

occur at a rate of 0.2-0.5 Hz and are a global event throughout the thalamus and cortex during 

slow-wave sleep and deep anaesthesia. Slow cortical oscillations are present in the deafferented 

cortex (e.g., in vitro or lesion studies), demonstrating that thalamocortical input is not required 

for generation, however intact preparations show that thalamocortical input increases slow 

oscillation frequency. Furthermore, thalamocortical activity precedes Up states, suggesting that 

thalamocortical activity is the initiator of Up states, and therefore controls Up state frequency. 

External somatosensory and visual stimuli have been shown to initiate cortical Up states, with 

the travelling wave of activity initiated from the relevant sensory cortex. Here we test initiation 

of cortical up states during the oddball paradigm in the urethane-anaesthetised rat. Long Evans 

female rats were implanted with ECoG arrays consisting of 6 silver-ball electrodes placed 

bilaterally over auditory cortex and medial prefrontal cortex. We recorded local field potentials 

and oscillatory activity from rats at 4 hours post-induction of anaesthesia with urethane. Auditory 

stimuli consisted of an oddball paradigm using a frequency pair of 10 and 14.142 kHz at a 

stimulus onset asynchrony of 250 ms. Here, we demonstrate that the urethane-anaesthetised rat 

exhibits strong spontaneous cortical slow oscillations, consisting of “Up” and “Down” states. 

Deviant stimuli of the oddball paradigm trigger cortical Up states, resulting in mismatch 

negativity signals across the cortex. With optimised inter-deviant timings this initiation is highly 

reliable. Such data provide evidence for thalamocortical initiation of cortical Up states, while 

suggesting a mechanism for MMN generation in unconscious states. It is tempting to speculate 

that these data may share some of the neural mechanisms that initiate cortical slow oscillations 

and mismatch negativity and/or P300. 
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Abstract: Perceptual decisions depend on integrating sensory evidence over time. Yet, the fate 

of incoming sensory information depends on the perceiver’s current psychological and neural 

state, creating different sources of suboptimality: Prior expectations introduce perceptual biases; 

sensory evidence get weighted unequally over time; and not least sensory encoding fidelity 

varies in line with neural fluctuations. Here we ask how these processes jointly impact auditory 

decision-making and its metacognitive corollaries. In this EEG study (N=31, 18-33 yrs), 

participants listened to 1-sec trains of 20 clicks, each presented to either left or right ear (adapted 

from [1]). A Bernoulli process randomly presented clicks to either ear. Using a joystick, 

participants decided which side had more clicks. Prior expectations were manipulated via a 

preceding visual cue: For half of the trials, an informative (80% valid) cue indicated which ear 

was more likely to receive more clicks in a given trial. We here report evidence on different 

sources of suboptimality in perceptual performance: Psychophysical analysis showed that prior 

expectations from informative (vs. neutral) probabilistic cues induce a (left-right symmetric) 

response bias. A psychophysical kernel (“reverse correlation”) analysis revealed a general 

upweighting of trial-initial and late-trial sensory information irrespective of prior expectations. 

These prior expectations, however, did bias sensory encoding at the level of auditory cortex, 

expressed as increased neural encoding strength contralateral to the cued ear (using EEG-based 

single-click encoding models). Inter-individual differences in perceptual performance were in 

part explained by these variations in neural sensory encoding, with overall better neural encoding 

accuracy resulting in increased sensitivity and more optimal decision-making. In sum, our results 

show how suboptimal perceptual performance arises from biases situated at different stages 

along the sensory processing hierarchy. [1] Keung et al. (2019). Nat Hum Behav. 
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Abstract: Perceptual decisions can be influenced strongly by learned cued expectations but 

exactly how and where in the brain this influence is exerted is not well understood. One 

possibility is that ‘higher-order’ brain areas like the prefrontal cortex, which encodes learned 

rules and expectations, applies top-down modulation to sensory areas like the primary auditory 

cortex (AC) to modulate perceptual decision-making. To test this idea, we trained two animals to 

perform an auditory discrimination task in which they reported (via joystick) whether a target 

tone was a ‘high’ or ‘low’ frequency. We titrated task difficulty by embedding the target in 

various levels of background noise. We preceded target onset by either an informative visual 

prior or a non-informative acoustic prior. While the monkeys performed the task, we 

simultaneously recorded from the ventrolateral prefrontal cortex (vlPFC) and AC using 24-

channel linear arrays positioned perpendicularly across cortical layers. We analyzed the spectral 

properties of the local field potential (LFP) in both areas and quantified interareal 

communication (LFP-LFP coherence, Granger causality, and cross correlation) across different 

task epochs. We hypothesized that if a top-down signal from vlPFC was modulating AC 

responses, an evoked spectral event, likely in lower-frequency bands (theta-beta), would reliably 

occur between the onset of the LED and presentation of the target tone. Moreover, this event 

would be correlated with: a) a change in AC responsiveness to the test tone, b) an increased 

coherence, and c) an elevation Granger signaling in the PFC-to-AC direction. We found that 

correct trials in which the informative visual prior was presented were characterized by greater 

theta and beta coherence in the superficial and upper-middle layers of AC. Directional metrics 

indicate that this change in coherence was driven by information arriving from dlPFC during the 

presentation of priors. These preliminary findings support the idea that top-down influences on 

auditory perceptual decision-making involve context-dependent communication from vlPFC to 

AC. 
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Title: Auditory neural processing and cognitive predictors of speech-in-noise understanding 

Authors: I. KLOIBER, *M. DININO;  
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Abstract: Understanding speech in background noise requires precise neural coding of 

simultaneous auditory signals. It has thus been thought that young adults with difficulty 

perceiving speech presented with competing sound have impaired subcortical neural processing, 

but prior evidence is mixed. This study delved deeper into this potential relationship by using a 

test of speech-in-noise perception designed to be maximally sensitive to auditory subcortical 

processing, more precisely targeting neural mechanisms than tasks used in previous studies. 

Twelve normal hearing young adults attended to a sentence spoken by a target talker and ignored 

a simultaneously presented sentence spoken by a competing talker. Both talkers were canonically 

male but differed in voice pitch. Participants heard the word “and” spoken by the target talker at 

the beginning of each trial, cueing them to which voice pitch they should attend. However, 

sentences were high-pass filtered to remove fundamental frequency and the first eight harmonics, 

leaving only unresolved harmonics that do not produce clear cochlear excitation peaks; only 

pitch encoded by auditory nerve phase-locking (not cochlear place coding) remained. 

Participants indicated what the target talker said on each trial, representing their ability to use 

pitch coded by the auditory nerve to differentiate between the two talkers. Each participant also 

underwent recording of auditory brainstem responses to assess subcortical processing of sound 

and completed NIH Cognitive Toolbox tasks to assess executive function/attention and memory. 

Statistical analysis compared measures of auditory subcortical and cognitive function to speech 

perception task performance. Surprisingly, although the speech perception task was optimized to 

reflect neural processing, and although we observed substantial variability in subcortical wave 

amplitudes and latencies among participants, cognitive factors were a much stronger predictor of 

speech perception scores. Executive function and attention best predicted speech perception task 

performance. These results suggest that young adults with poorer auditory nerve function can 

compensate for reduced auditory perception with better executive function and attentional skills, 

informing the mixed results from previous studies in this area: adaptive cognitive processes may 

have obscured the relationship between auditory neural function and speech-in-noise perception 

scores. This work also provides insight into potential compensatory strategies for individuals 

with reduced auditory neural processing, a disorder of unspecified cause with no currently 

available treatment options. 
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Abstract: Sensory-guided rhythmic behaviors require to compare movement-related signals with 

the ongoing sensory flow from moment to moment. Here, we aim to understand the activation 

dynamics of the auditory cortices during sensorimotor synchronization in the scale of the 

hundreds of milliseconds (550-850 milliseconds). To do this, we trained two rhesus macaques to 

perceive and then synchronize their hand movements to auditory metronomes that vary in their 

inter-sound interval on a trial-by-trial basis. Extracellular activity was simultaneously recorded in 

the auditory cortices using silicon linear probes. First, macaques were able to predictively entrain 

to the auditory metronomes performing anticipatory movements to the ongoing sensory events. 

Second, we observed segregable activation profiles in both core and caudal belt cortical regions 

during sensation, perception, and behaving conditions. The temporal structure of the metronomes 

was represented as phasic and short-duration power enhancements across frequency bands (0.5-

140 Hz) during the passive listening and mainly in the supra- and granular layers. This 

feedforward sensory-driven activation profile switched to bursts of power enhancement and 

suppression in the delta, theta, and betta bands during the synchronization but not perception 

phase. Also, these frequency bands exhibited an oscillatory and buildup enhancement mainly in 

the infragranular layers. Second, segregable groups of neurons exhibited shorter latencies and 

less variable activation to sensory or motor events in both core and belt areas. Remarkably, we 

identified auditory cortical neurons that were active only during the synchronization phase with a 

buildup activation profile across the serial order of the metronome. Finally, the unexpected 

omission of sounds within the metronome elicited a change in both directions, i.e., increase and 

decrease in the firing activity of different set of neurons. The results reveal that strong feedback 

behavior-related signals dynamically and differentially change LFP oscillations, set of neurons 

and layers as the animals entrain their movements to the regularity of the auditory sequences. 

Our study contributes to probe sensorimotor neural circuits that support closed-loop and 

continuous behaviors. 
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Abstract: Cannabis is the most used drug in the world. Despite converging evidence suggesting 

cannabis causally increases psychosis risk—especially for those with psychosis or clinical high 

risk—how it mechanicistically influences pro-psychotic processes remains unknown. 

Computational modeling of behavioral task data consistently suggests psychotic symptoms result 

from derangements in predictive processing machinery. In particular, hallucination severity 

consistently tracks with conditioned hallucination rate and Hierarchial Gaussian Filter (HGF)-

estimated prior weighting in the Conditioned Hallucinations (CH) task. Here, we investigate how 

cannabis use affects psychotic-relevant parameters by studying how CH task behavior and HGF 

parameters vary by frequency of cannabis use. We used a large (N=516), previously analyzed, 

online sample of individuals with a variety of psychotic-like experiences. Participants indicated 

current cannabis use frequency on a 6-point forced choice scale before performing the CH task 

and completing self-report clinical inventories. Cannabis frequency’s effect on CH and HGF 

parameters was tested using Bayesian Model Regression and Markov Chain Monte-Carlo 

(MCMC) sampling. We used monotonic priors for cannabis use frequency and performed 

analyses of all subjects combined and split into those with (N=84) and without (N=432) 

psychotic spectrum diagnoses. Parameter propriety and MCMC sampling convergence were 

verified via posterior predictive plots and r-hat statistics, respectively. Cannabis use predicted 

greater symptom burden and lower CH rates in both those with and without psychosis. However, 

the negative relationship between cannabis use and CH rate significantly stronger in those with 

diagnoses (B = -0.228, 95% CI [-0.302, -0.158]) compared to those without (B = -0.0353, 95% 

CI [-0.0476, -0.0236]). Additionally, only in those with psychosis did cannabis use predict 

greater precision-weighted prediction errors (B = 0.692, 95% CI [0.348, 1.04]) and belief in task 

volatility (B = 0.0371, 95% CI [0.0246, 0.0497]) but not prior weighting. Results were similar 

after matching cannabis-users to non-users by race, age, medication use, and hallucination 



endorsement. These results suggest that cannabis’s pro-psychotic effects may result from 

selective augmentation of volatility perception and prediction error precision—particularly in 

vulnerable groups. These effects are consistent with aberrant learning from noise thought to exist 

in prodromal psychosis. Future work should 1) study whether these effects are due to recent use 

vs. cumulative exposure and 2) employ cognitive tasks targeting belief updating. 
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Title: Rapamycin reduces noise-induced vestibular loss and improves walking speed in noise 

exposed rats 
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Abstract: Rapamycin acts on mammalian Target of Rapamycin (mTOR) which influences 

multiple functional signaling pathways involved in cell protection and survival. It has been 

demonstrated that rapamycin, added to diet, significantly reduced hearing loss following noise 

exposure. Using a previously established noise exposure paradigm (free-field120 decibel sound 

pressure level band-limited noise, 0.5-4 kHz), we have demonstrated that in addition to causing 

hearing loss, this noise exposure causes changes in innervation and function of the vestibular 

periphery. It is unclear if rapamycin may improve vestibular evoked short-latency potentials and 

provide functional benefits (prevent slower walking speed) previously demonstrated in our work, 

in noise exposed rats. Therefore, the goal of this work was to assess benefits of rapamycin 

treatment in noise-exposed rats. 

Rats were trained to cross a 1-meter balance beam before receiving a single 6-hour 120 dB noise 

exposure at 5-months of age. After noise exposure, rats were tested on the balance beam until 

they reached 1-year of age. A commercially prepared pelleted chow diet containing encapsulated 



rapamycin or vehicle was given to rats at a dose of approximately 42 mg/kg body weight per 

day. Diet was started one week prior to noise exposure and continued for 8-weeks after noise 

exposure. Prior to starting the experimental diet and after 8-weeks on the diet, rats were given 

standard chow. 

Rats that received the rapamycin and vehicle diets showed an initial effect of noise exposure, 

with an approximately 25% increase in balance beam crossing time. However, rats that received 

rapamycin showed improvement over the next two weeks and had only a small elevation in 

balance beam crossing time within 3-weeks of the noise exposure that returned to baseline within 

4-weeks of noise exposure. This effect persisted after discontinuation of the diet. Furthermore, 

rats that received the rapamycin diet following noise exposure crossed the balance beam at a 

speed similar to baseline at one year of age versus vehicle treated rats which had significantly 

slower balance beam crossing times. Additionally, VsEP amplitude was significantly larger in 

rats that received the rapamycin diet versus rats that received the vehicle diet. 

These results demonstrate a protective effect on the vestibular periphery and a significant 

improvement in walking speed, both, shortly after noise exposure and for months after 

discontinuation of the rapamycin diet. Taken together, these results demonstrate a measurable 

effect of rapamycin that may have long-term benefits for mobility and vestibular function. 
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Abstract: High acuity vision in primates is relayed to the brain by midget (MG) retinal ganglion 

cells (RGCs) projecting to the parvocellular region of the lateral geniculate nucleus (PMID: 

3980768; PMID: 8254378; PMID: 7268423; LGN). In mice, a subtype of intrinsically 

photosensitive retinal ganglion cell (ipRGC), ONs-α or M4 ipRGCs, use the visual pigment 

protein melanopsin (encoded by the Opn4 gene) to enhance contrast sensitivity (PMID: 

30017393). However, in primate, melanopsin has not been detected in MG RGCs—which 

mediate high acuity vision and account for over 80% of RGCs. We combined 

immunohistochemistry for RGC markers (RBPMS and melanopsin) with fluorescence in situ 

hybridization (FISH) to identify ipRGC types in primate retina. IpRGCs expressed high levels of 

Opn4 mRNA and were sparsely distributed throughout the ganglion cell and inner nuclear layers 

of the retina. Surprisingly, we find that Opn4 mRNA is also expressed in high-density midget 

ganglion cells. Larger parasol ganglion cells did not express Opn4. Further, midget ganglion 

cells, but not parasol ganglion cells, express Eomes mRNA, a transcription factor which defines 

ipRGC identity. We used cell-attached electrophysiology recordings to confirm MG intrinsic 

photosensitivity. Activation of putative melanopsin protein with blue light increased MG 

baseline spike rate at photopic light intensities, indicating melanopsin plays a role in the visual 

perception of luminance. Our results: 1) support the presence of Opn4 mRNA expression by MG 

in single-cell RNA sequencing studies (PMID: 30712875), 2) provide additional evidence that 

MGs express transcription factors associated with ipRGC lineage (PMID: 35191836), 3) 

demonstrate primate image forming vision is directly modulated by melanopsin 

phototransduction in the retina. 
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Abstract: The ventral visual stream has undergone extensive reorganisation within the primate 

lineage. While some work has examined restructuring of the ventral prefrontal cortical grey 

matter across primates, comparative studies of white matter connectivity are lacking primarily 

due to difficulties in data acquisition and processing. Here, we present a data-driven approach to 

the study of white matter connectivity using diffusion MRI data. Studying two anthropoids and 

one strepsirrhine — the rhesus macaque, the black-capped squirrel monkey, and the ring-tailed 

lemur (Panel A) — we use the unsupervised dimensionality reduction algorithm non-negative 

matrix factorisation (Panel B) to reconstruct temporal-frontal and ventral occipital-frontal 

connections in each species (Panel C). We find that the anthropoids exhibit more dorsal 

prefrontal innervation of these ventral visual connections (Panel D). Statistical analysis shows 

that these cross-species differences are far larger than any within-species differences arising 

from, e.g., biological sex or life history. This study supports the hypothesis that anthropoid 

primates underwent extensive reorganisation of both grey and white matter during their 

emergence as visual foragers in a complex ecological niche. The data-driven techniques 

presented here enable further research on white matter connectivity in previously understudied 

species. 
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Abstract: The midbrain superior colliculus (SC) is a crucial component of the visuomotor 

system. The SC coordinates eye, head, and neck movements in response to environmental cues. 

The superficial SC (sSC) is a recipient of retinal and primary visual cortex inputs whereas the 

intermediate SC (iSC) receives inputs from secondary visual cortices and additional sensory 

information from auditory and somatosensory systems. Both the sSC and iSC also receive 

modulatory cholinergic inputs from the pedunculopontine nuclei and the lateral dorsal tegmental 

nucleus. We were interested in determining whether the expression of neurotransmitter markers 

can selectively demarcate SC subregions and possible functional distinctions across the SC 

retinotopic map. In this study, we chose cholinergic innervation (CI) as a putative target, as the 

expression and distribution of cholinergic axons are relatively conserved in the SC across 

species, making this an attractive biomarker for possible cross-species neuroanatomical 

comparisons. To determine CI distribution, we immunostained for vesicular acetylcholine 

transporter in the mouse brain. Sections were collected serially in a coronal plane and the 

distribution of CI was analyzed anteriorly (central visual field) to posteriorly (more peripheral). 

Within the sSC, a dense band of fibers was observed within the superficial gray layer (SGL) that 

was most dense in the anterior SC and became less dense posteriorly. Medially, (upper visual 

field), the band was less uniform and formed a mediolateral gradient which extended throughout 

the SGL and into the zonal layers. In contrast, within the iSC, CI density increased anteriorly to 

posteriorly. In anterior and middle portions of the iSC, CI fibers formed a thin, dorsal band and a 

thick, ventral band with additional dense patches between them. These bands were present 

medially whereas laterally, CI fiber density was uniform and less dense. Posteriorly, where the 

SC abuts the inferior colliculus, both bands were still present and uniformly distributed. Based 

on our initial assessment, CI distribution is not uniform across the posterior-anterior and medial-

lateral axes of the SC. Immunostaining in the sSC is characterized by a band of fibers that is 

densest anteriorly and decreases posteriorly, indicating a bias in the cholinergic innervation 

towards the central visual field. Conversely, the iSC is characterized by an overall denser 

cholinergic innervation that increases in density in more posterior sections. These findings 

suggest that cholinergic modulation in the mouse SC has a central bias in the superficial visual 

layers and a peripheral bias for the deeper sensory-motor layers 

Disclosures: Z. Joy: None. C. Mejias-Aponte: None. R.J. Krauzlis: None. 
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Abstract: Light is one of the most fundamental features of an animal’s environment and 

modulates behavior and physiology to allow animals to adapt to changes in their environment. 

Retinal ganglion cells (RGCs), the output cells of the retina, are a diverse class of over forty cell 

types, each of which sends highly processed visual information to more than 50 retinorecipient 

targets in the brain. The intrinsically photosensitive (ip)RGCs are a class of RGCs which express 

the photopigment melanopsin, endowing them with sensitivity to light independent from rod and 

cone input. ipRGCs project to more than 20 of the 50 retinorecipient brain regions in the mouse 

and play an essential role in both subconscious visual functions and conscious visual perception. 

While the RGC projections to the brain have been extensively mapped, the full extent of how 

light input from the retina functionally impacts the brain through RGCs, and how ipRGCs 

specifically contribute to this activation, remains an open question. The goal of the current study 

is to create a whole brain map of ipRGC projections and light-induced cFos expression and to 

identify the brain areas where cFos expression is driven by ipRGCs. 

To label ipRGCs and to stimulate RGCs, male and female Opn4Cre mice were injected 

intravitreally with AAV2-hSyn-FLEX-Chrimson-TdTomato virus. We then stained the ipRGC 

projections immunohistologically to identify the axonal projections. To stimulate RGCs, we 

exposed both male and female control and melanopsin null littermate mice to a 15-minute pulse 

of 1000 lux, broad spectrum light. Following light exposure, we used immunohistochemistry to 

stain brain sections for the immediate early gene cFos. We then registered individual brain 

sections to the Allen Mouse Brain Common Coordinate Framework and quantified ipRGC 

projections and cFos expression. 

We find that ipRGCs project to over 20 brain regions in the mouse brain, often with intra-

regional specificity. Furthermore, we find that light induces cFos expression in many brain 

regions, including canonical visual regions such as the lateral geniculate nucleus and non-

canonical visual regions such as the medial amygdala. Interestingly, we observed cFos 

immunoreactivity in brain regions which do not receive direct retinal input, indicating that this 

technique can reveal regions downstream of retinorecipient areas. These atlases will contribute to 



our current understanding of visual processing, and it will serve as a critical resource for research 

investigating the influence of light on a wide range of neural circuits. 
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Abstract: Categorical neural representations, which exhibit large, discrete transitions in response 

magnitudes at group boundaries, are found ubiquitously across brain areas and animal species. 

They powerfully enhance the reliability of selecting the correct category specifically when inputs 

are close to the boundary (or when competing stimuli of different categories are perceptually 

similar). In the barn owl midbrain, we recently discovered a circuit mechanism that explicitly 

generates categorical neural responses, namely: a donut-like inhibitory circuit motif. 

Specifically, we found that inhibitory neurons in the midbrain tegmentum, Imc, which receive 

focal input from the topographically organized sensorimotor hub, the optic tectum (OT, superior 

colliculus in mammals), project back to all locations of the OT space map except their inputs. 

This discovery, however, opened up a fundamental question. Namely, how might such an 

anatomically instantiated circuit mechanism be modulated dynamically to regulate the degree of 

categorization? This question is of significant import because cognitive functions such as spatial 

attention are known to dynamically improve neural representations at relevant locations, with 

top-down influences shown to alter the categoricalness of OTid neural responses underlying 

spatial selection. Here, through a biologically plausible model, we first demonstrate that 

excitatory input that multiplicatively enhances Imc responses can regulate the degree of 

categorization in OTid responses. Then, building on published anatomical reports of puzzling 

cholinergic inputs onto Imc, we show with Imc recordings and iontophoretic cholinergic 

blockade that this cholinergic input multiplicatively enhances Imc evoked responses. Next, we 

perform paired electrophysiological recordings in spatially aligned and misaligned OT and Imc 

sites, with and without iontophoretic blockade of cholinergic receptors at Imc, and test whether 

this cholinergic input modulates categorization in OTid. By comparing the categorization index 

of neural response profiles to competing stimuli in OTid across drug conditions, we show that 



cholinergic input onto Imc regulates the degree of categorical signaling in OTid during 

competition. This powerful neuromodulatory mechanism may serve to regulate the 

categoricalness of neural responses during spatial decision-making. 
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Abstract: The midbrain superior colliculus is a major sensorimotor hub across vertebrates. It is 

known to be critically involved in selective spatial attention and spatial decision-making, with 

competitive interactions across its topographic map of space, specifically, in its intermediate and 

deep layers (SCid), playing a fundamental role. However, the nature of competitive stimulus 

interactions across the mammalian SCid space map is poorly understood. Here, with 

electrophysiological recordings from the SCid of head-fixed, awake mice passively viewing 

single and pairs of visual stimuli (N=6; 4 male, 2 female), we demonstrate that competitive 

interactions operate on two spatial scales following distinct rules. SCid neurons typically exhibit 

two inhibitory surrounds: a classical surround operating just outside the excitatory RF center, and 

a much larger extra-classical surround operating beyond the reaches of the classical surround. 

We investigated competitive interactions both within and outside the classical inhibitory 

surround. We found that competitive suppression due to the spatially restricted classical surround 

decreased as a function of distance from the RF center, whereas suppression across the extra-

classical surround operated globally, staying largely constant in magnitude independently of the 

distance between the competing stimuli. Notably, competitive interactions within the classical 

surround followed a sub-additive rule relative to the responses to the stimuli presented 

individually, whereas those across the extra-classical surround followed a divisive rule. 

Together, our findings reveal two spatial regimes of functional competitive interactions across 

the SCid space map, and suggest the existence of separate inhibitory circuits mediating them 

(and the corresponding inhibitory surrounds). They also provide evidence for the space-invariant 

representation of long-range stimulus competition in mouse SCid. 
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Abstract: Cortical ripples are short bursts of high gamma activity observed in many areas across 

the brain, yet their function is unknown. Unlike hippocampal sharp-wave ripples, they are 

typically not associated with a sharp wave in the LFP, but tend to appear in a cortical up-state. 

To understand under which conditions cortical ripples occur, whether they are functionally 

specific and how they relate to the spiking of local neurons, we investigated cortical ripples in 

spontaneous, as well as visually evoked neural activity in the early visual cortex of two male 

macaque monkeys recorded with 16 Utah arrays per animal (14 in V1, 2 in V4, data from Chen 

et al. 2020). The resting state activity was recorded in a dark room and the time stamps when the 

monkey opened or closed the eyes were extracted. During the resting state, cortical ripples 

appeared significantly more frequently when the monkey had the eyes closed for an extended 

period of time. The ripples were organized into large-scale events often spanning across the V1 

and V4 areas and occasionally spreading as a traveling wave with a clear direction. With the eyes 

open, such strong spatio-temporal organization was missing. On the global level, events of 

cortical ripples temporally strongly correlate with spiking activity of neurons. However, the 

channel-wise correlation is variable and depends on the brain state. Particularly, the single 

channel cross-correlations between ripples and neuronal spikes in the V1 are higher during the 

resting state compared to the visually evoked condition. To assess whether channels can be 

assigned with orientation preference with respect to cortical ripples, we analyzed ripple 

responses to drifting oriented gratings. Channels exhibited a clear orientation preference, yet the 

orientation preference map had a smaller spatial frequency compared to the one derived from 

multi-unit activity. Next, we asked the question whether spontaneous ripple events exhibit any 

functional specificity with respect to orientation preference. To that end, we defined a set of 

significantly activated channels for each event (above chance compared to baseline during 

events), referred to as motifs. Interestingly, the motifs extracted from ripples and multi-unit 

activity (MUAe) envelope during a ripple event were often disjoint. We found that both MUAe 

and ripple motifs were indeed biased towards a consistent orientation preference, suggesting that 



cortical ripples are functionally relevant. Further research is needed to mechanistically explain 

the relationship between cortical ripples and neural spiking activity and their exact function. 
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Late-Breaking Poster 

LBA004: Theme D Late-Breaking Posters 

Location: MCP Hall A 

Time: Monday, October 7, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: LBA004.061/LBA60 

Topic: D.06. Vision 

Support: NSERC Discovery Grant RGPIN-2019-06741 

 NSERC Discovery Grant RGPIN-2019-05690 

Title: Attention differentially modulates anti-phasic BOLD responses in the human visual cortex 
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Abstract: Visual attention is a top-down mechanism that serves to regulate the competition 

between neural ensembles. On a neural level, attention acts through multiple processes: 1- 

attention enhances the activity of neural ensembles that represent the attended information in the 

visual environment, and 2- attention suppresses the activity of neural ensembles that represent 

information that falls outside of the locus of attention. Monkey electrophysiology research has 

shown that selective attention mediates the enhancement of behaviorally relevant information 

independently of the suppression of irrelevant information (Chen et al., 2008). Electrophysiology 

studies in humans suggest that the attention-driven enhancement and suppression of visual 

stimuli occur via distinct parallel network interactions along the visual hierarchy, where inter-

areal signalling is involved in target enhancement whereas intra-areal signalling is involved in 

surround suppression (Yang et al., 2023). However, the poor spatial resolution of 

electrophysiological measurements in humans cannot directly gauge sensory processing along 

the visual hierarchy, limiting the interpretations of such observations. Functional magnetic 

resonance imaging (fMRI) can distinguish proximal visual hierarchical regions via high spatial 

precision measurements of blood-oxygen-level-dependent (BOLD) activity. Simultaneous fMRI 

and electrophysiological recordings in the monkey visual cortex have shown that the stimulus-

driven enhancement and suppression of neural activity are correlated with respective increases 

and decreases in fMRI BOLD responses (Shmuel et al., 2006). Hence, the BOLD signal could 

serve as an indicator as to whether attention mediates the enhancement and suppression of 



signalling along the human visual hierarchy through distinct mechanisms. In this 7T fMRI 

experiment, we use a frequency-tagging design to disentangle stimulus-driven increases and 

decreases in BOLD responses based on the phase of these responses in 7 participants. We 

isolated visual populations responding in-phase with the stimulus, and those responding anti-

phase, and we examined how focal attention modulates these anti-phasic responses along the 

early visual hierarchy. We found that attention increasingly enhances in-phase but not anti-phase 

responses ascending the visual hierarchy, suggesting that attention-driven changes in the 

responses of these distinct populations are mediated by different mechanisms that are reflected in 

the fMRI BOLD signal. 

Disclosures: R. Rafeh: None. G. Ngo: None. L.E. Muller: None. A. Khan: None. R.S. 
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Abstract: The mouse visual cortex is widely used in studies of cortical processing. A first step in 

such studies is to map the basic visual preferences of the neurons: receptive field location and 

size, and tuning for spatial frequency, orientation, and direction of movement. To this end, we 

developed a dynamic stimulus called “zebra noise” and a simple analysis method based on Gabor 

wavelets. We generated the “zebra noise” by thresholding Perlin 3D fractal noise with a comb-

like function. The resulting movie has black and white curved stripes drifting in random 

orientations and directions. It resembles the “trippy” stimulus of Yatsenko et al (2018) but is 

more efficient to synthesize and has improved visual properties, with sharp edges and with 

uniform statistics across space. To fit neuronal responses, we modeled each neuron as having 

input from spatiotemporal Gabor wavelets of multiple phases but a single position, size, spatial 

frequency, orientation, and direction of motion, followed by an arbitrary nonlinearity. To test the 



stimulus and the model, we used two-photon imaging (with standard microscopes or with a Light 

Beads Microscope) to record from thousands of neurons in V1 and higher visual areas of head-

fixed transgenic mice expressing GCaMP6s in all excitatory neurons or specifically in layer 5 

pyramidal neurons. We assessed the repeatability of neuronal responses to different stimuli, by 

measuring the correlation of responses across repeats of the same stimulus sequence. The 

responses to zebra noise stimuli were nearly twice as repeatable as responses to sequences of 

black and white squares (sparse noise) which is commonly used to map receptive fields. The 

model based on Gabor wavelets allowed robust simultaneous mapping of preferred position, 

orientation, direction, and phase tuning. It explained 15-20% of the variance of the activity in 

visually-driven neurons, with similar performance in V1 and higher areas. Robust performance 

was obtained with as little as 10 minutes of zebra noise (presented 3 times), with longer 

durations providing only marginal improvement.Together, the zebra noise and the Gabor wavelet 

analysis constitute a highly effective method for characterizing the visual preferences of 

thousands of neurons in the mouse visual cortex. We are currently exploring its use for mapping 

synaptic activity (with iGluSnfr) and for comparing the selectivity of neurons across layers and 

areas of the visual cortex. 
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Abstract: This study designed and 3D-printed a portable, standalone, and monocle 

electroencephalogram (EEG)-based brain-computer interface (BCI) system, named Gazo, to 

assess the feasibility of a see-through steady state visually evoked potentials (SSVEP) paradigm. 

Gazo consists of one sensing headset and one display module. The sensing headset can not only 

read 3-channels EEGs located on the occipital lobe but also, with the expansion module applied, 

can cover 3 additional channels spanning from the frontal lobe to the parietal lobe by a rotating 

joint. While traditional SSVEP provides a promising signal-to-noise ratio (SNR) among EEG-

based BCI systems, the paradigm that asks users to gaze at a visual stimulus with two eyes limits 

its real-world applications. For instance, it may not be ideal to ask a driver to shift both eyes’ 

attention to one visual stimulus. Therefore, we proposed the monocular display module, 



equipped with a transparent screen, as a solution to provide visual stimuli to induce SSVEP and 

also serve as a simple graphic user interface while reducing the impact on vision. The display is 

connected to an ESP32 board, features wireless communication via WiFi and Bluetooth, 

capacitive touch, and an IMU sensor. Based on Gazo, we first assessed the SSVEP response and 

then focused on one prospective use case - the SSVEP-based person identification. There were 6 

participants joined this study. They wore the Gazo and were asked to gaze at the 8Hz visual 

stimulus for 5 seconds and repeat 5 times. There was a 3-second break between each 5-second 

trial. The results showed a 7% SNR difference between the stimulating state and resting state, 

which demonstrates the feasibility of a single eyeglass-based SSVEP paradigm. In person 

identification, we built a machine learning pipeline with tree-based models utilizing an existing 

dataset (Y. Sun et al., 2024) to identify specific subjects. The average false positive rate (FPR) 

and false negative rate (FNR) of 5-fold cross-validation over 13 subjects were calculated, 

showing that both models perform well in person identification: decision tree has a FPR of 

1.73% and a FNR of 16.15% while random forest has a FPR of 1.28% and a FNR of 13.85%. 

Gazo, as a lightweight, low cost, and wearable BCI device, is designed and 3D-printed for easy 

setup and mobile usage across multiple use cases. The present study demonstrates its potential in 

user authentication through viable visual stimulation and a reliable authentication pipeline. The 

adopted modular design enhances adaptability for future developments, which could lower the 

production and development costs and position Gazo as a product with significant room for 

expansion and broad applications. 
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Title: Similar Signatures of Familiarity for Action Sequences and Image Sequences in Visual 

Area V4 
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Abstract: Humans and other animals tend to lump sequences of actions into repeated routines, 

such as walking to work the same way each time. Psychology literature suggests that visual 

perception differs while performing novel sequences of actions as compared to familiar routines, 

even when the stimuli are the same—but the neural mechanisms underlying these perceptual 

changes remain unknown. Familiarity with an image or a sequence of images has long been 

known to modulate the responses of neurons throughout visual cortex, including mid-level area 

V4. In general, single neuron responses are lower for familiar than novel stimuli (‘repetition 

suppression’). We tested the hypothesis that learning a sequence of actions might be associated 

with similar modulation of V4 responses to what is already a very familiar stimulus. To 

determine if the findings from a deep set of previous literature about visual learning extrapolate 

to a much more realistic, subject-led behavior, we developed a novel task that balances 

experimental control and naturalism. We taught rhesus monkeys to move a game piece one space 

at a time through a familiar two dimensional environment toward a goal. On each trial, we pick 

the starting location for the game piece and reward location. Monkeys rapidly settle on routine 

paths from familiar combinations of starting points and goals. Our initial results suggest that : 

- V4 neurons exhibit repetition suppression during learning of new action routines, even 

when the visual stimuli themselves are already extremely familiar. 

- Even though the magnitude of responses during familiar routines is reduced, the 

responses of V4 neurons are more informative about visual features like color and 

curvature than when the monkey performs an unfamiliar sequence of actions. 

Our results suggest that similar mechanisms might underlie modulation of visual responses 

during learning of images and actions. More broadly, our framework enables future studies of the 

neural underpinnings of routine learning and its relationship to different aspects of perceptual 

and cognitive flexibility. 
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Title: Delayed normalization elucidates temporal frequency masking interactions 
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Abstract: The presentation of frequency-tagged stimuli, such as a counterphase grating or an 

amplitude-modulated sound, generates an evoked response, referred to as steady-state visual 

evoked potentials (SSVEPs) and auditory steady-state responses (ASSRs) in the visual and 

auditory modality respectively. Such stimuli are often used in electroencephalography (EEG) 

based cognitive studies. When multiple stimuli are presented at once, the response to individual 

stimuli, depending upon the task, is modulated. Regardless of the task, having spatially 

overlapping stimuli leads to complex sensory interactions. Previous studies using invasive 

recordings from V1 have shown that the simultaneous presentation of two full-screen gratings at 

different temporal frequencies (TFs) leads to attenuation, especially when the TFs are nearby. 

This suppression is asymmetric if gratings are parallel in orientation, with lower frequencies 

producing more suppression. However, these studies used full-screen gratings that did not elicit a 

robust spiking activity, so it was unclear whether the same interactions hold for spiking activity 

and if the nonlinearity of the responses can be modelled. To address this, we presented smaller 

(~1-1.5°) gratings and plaids (two superimposed gratings) to generate robust spiking in V1 while 

bonnet macaques passively fixated on the monitor. We found that (i) small gratings had SSVEP 

peaks at lower frequencies (~4Hz) compared to the full-screen grating (~8-16Hz), (ii) although 

nearby TFs produced most suppression with a smaller stimulus, the asymmetry was lost, (iii) 

such interactions were also observed in spiking activity and (iv) a delayed divisive normalization 

model, where the inhibitory drive from the surround is delayed with respect from the incoming 

exitatory drive, can explain these results. Next, we extended our findings to the auditory domain. 

We recorded EEG activity from human participants in response to the simultaneous presentation 

of amplitude-modulated sounds at different modulation frequencies. We found a similar 

asymmetric response suppression of ASSRs, too. Our results shed light on how the brain 

processes concurrently presented stimuli and that different modalities share canonical neural 

computations. 
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Abstract: Vision plays a crucial role in spatial navigation by helping animals establish an 

internal representation of their spatial location within a cognitive map. While the influence of 

vision on the hippocampus and parahippocampal circuits is well-documented, the reciprocal 

impact of spatial information on visual processing, particularly in mouse higher order visual 

areas, remains less understood. In this study, we performed in-vivo whole cell patch clamp 

recordings from layer 5 neurons in the lateral higher order visual areas of behaving mice engaged 

in a spatial navigation task with prominent visual cues. Interestingly, almost all recorded cells 

exhibited subthreshold responses to visual stimuli, with some generating action potentials. 

Furthermore, a subset of recorded cells displayed strong spatial modulation. Notably, we 

observed an increased incidence of dendritic plateau potentials when novel visual stimuli in the 

environment were introduced. These plateau potentials were hypothesized to be evoked in the 

distal tuft dendrites within cortical layer 1, indicating their generation by feedback inputs to 

higher visual areas. Our findings suggest that a subset of layer 5 neurons in higher visual areas 

encode spatial information in conjunction with visual cues. This study enhances our 

understanding of the neural mechanisms underlying spatial modulation in the visual cortex. 
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Abstract: Insights into the Temporal Dynamics of Face Recognition: Comparing EEG 

Responses to Congruent and Incongruent Visual Stimuli. The face fusiform area (FFA) is 

essential for face recognition, but the exact timing of its activity is still debated. We used EEG to 

conduct three experiments examining how congruent versus incongruent visual stimuli affect 

processing dynamics. Participants viewed images of faces, houses, and tools (Experiment 1), 

celebrity faces (Experiment 2), or animal faces (Experiment 3), each preceded by a priming 



question. Importantly, both conditions (congruent and incongruent) presented identical visual 

stimuli, ensuring that any observed differences were due to cognitive processing rather than 

sensory input. Our results indicate that the initial 150 ms period, critical for unconscious face 

detection, was unaffected by the experimental condition. However, subsequent processing 

showed a delay of several milliseconds for incongruent stimuli (Experiments 2 and 3), 

suggesting additional processing time needed for unexpected recognition. In Experiment 1, 

which involved less demanding tasks or generic mental imagery, no significant differences were 

observed between conditions. These findings highlight the crucial role of the period immediately 

following the first 150 ms in face identification and individuation, emphasizing the impact of 

top-down attention on face recognition dynamics. This study offers new insights into the 

temporal dynamics of face processing and the neural mechanisms underlying top-down 

attentional modulation. 
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Abstract: We seek to understand the neural mechanisms underlying object category recognition 

and to inform the development of neural prosthetics to restore those capabilities in blindness. We 

hypothesize that to create a coherent object category percept, it is sufficient to artificially induce 

specific, distinct population activity states in the anterior inferior temporal cortex (aIT) - an area 

implicated in category perception. To explore this, we conducted experiments in a rhesus 

macaque to induce specific aIT population states using single- and multi-site intracortical 

electrical microstimulation (ICMS) in the central inferior temporal cortex (cIT) - an area with 

feedforward cortico-cortical inputs to aIT. Specifically, we utilized one Utah array chronically 

implanted in cIT for microstimulation and one in aIT for recording the population activity states 

induced by cIT microstimulation during passive viewing of a blank screen. For reference, we 

measured the (lag-adjusted) aIT responses induced by 80 visual images presented to the retina of 

the passively viewing subject. We found that short microstimulation bursts (10 biphasic pulses at 



250 Hz, duration 40msec) applied at most individual cIT sites (10/12 tested) were sufficient to 

induce significant, reproducible responses in the aIT population activity pattern (measured in the 

50 msec window post-stimulation onset, after artifact removal). The population magnitude of 

those aIT response changes (L2 norm) increased monotonically with increasing current, and, at 

max, approached 67% of the magnitude of the changes produced by the best visual stimulus 

tested. Importantly, we found that different cIT sites produced distinct aIT changes, but with a 

tendency for spatially close stimulation sites to produce more similar aIT responses, consistent 

with known cIT spatial topography at that scale (< 1mm). Next, we investigated the simultaneous 

stimulation of pairs of cIT sites and observed that the maximum magnitude of the aIT population 

changes increased to 102% of the best visual stimulus. Additionally, simultaneous stimulation of 

pairs of cIT sites induced aIT population states that were unreachable by the single sites alone. 

Together, these results suggest that microstimulation can push the aIT population into states that, 

while slightly weaker, correspond to states induced by natural images, and that multi-site 

stimulation may allow reasonably accurate “steering” of the aIT activity to states unachievable 

by single-site stimulation. Future experiments involving monkeys making category judgments 

will test if the induced aIT effects result in perceptual changes as predicted by leading 

computational models. 

Disclosures: S. Zaidi: None. J.J. DiCarlo: F. Consulting Fees (e.g., advisory boards); WuTsai 

Institute at Yale University, Lefler Center at Harvard University, ARNI NSF Center at Columbia 
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Title: Coaxial bias in human perception of spatial extent, amidst radial bias in the spatial 

representation of the early visual cortex. 
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Abstract: An accurate perception of an object's spatial extent-an enclosed region they occupy in 

space-is crucial for dexterous animals, including humans, to skillfully interact with objects of 



various shapes. Although the topographic mapping of space in the early visual cortex (EVC, 

V1/2/3) has been favored as a neural correlate of spatial extent perception, its exact nature and 

contribution to perception remain unclear. To address this problem, we examined the 

topographic anisotropy of EVC's spatial representation and perceived spatial extent, as well as 

their relationship, in the context of natural image statistics. Our approach leveraged distinct 

topographic anisotropies present in the co-occurrence statistics of local orientation edges in real-

world images and retinal images, respectively: the ‘coaxial’ bias, where edges sharing a common 

axis predominate in world images, and the ‘radial’ bias, where edges are aligned along the 

radiating from the fovea.Given these two biases, which are not exclusive to each other, EVC's 

topographic spatial representation is expected to be biased both coaxially and radially because, 

from a theoretical perspective, reflecting input statistics in neural representation maximizes its 

encoding efficiency. However, it remains unclear which of coaxiality and radiality is the 

dominant factor, due to the prevalence of neurons preferring radial orientation. Additionally, the 

impact of both factors on the anisotropy in perceived spatial extent and EVC’s contribution to 

the anisotropy remains unexplored. Here, we created critical viewing conditions that disentangle 

the coaxial and radial biases and compared the cortical(fMRI) and behavioral responses under 

those conditions. Results showed an intriguing contrast between EVC and perception: EVC's 

anisotropy was mainly influenced by radiality and weakly by coaxiality, while perceptual 

anisotropy was mainly influenced by coaxiality and weakly by radiality. Despite this contrast, 

the inter-individual variabilities in the degree of anisotropy for both factors were significantly 

shared between EVC and perception.Our findings suggest that spatial extent perception builds on 

EVC’s spatial representation but requires an additional mechanism to transform its topographic 

bias. Additionally, the predominance of the radial bias in both EVC and retinal image statistics 

suggests that EVC’s functional role is to represent retinal images with high fidelity, rather than 

real-world images, transmitting these representations to downstream regions, where the real-

world properties are reconstructed with the knowledge of how retinal images are generated. 
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Abstract: Advances in ultra-high-resolution functional magnetic resonance imaging (fMRI) 

have enabled the mapping of submillimeter-sized ocular dominance columns (ODCs) in human 

primary visual cortex (V1). This was achieved through differential contrasting of fMRI signals 

obtained during left vs. right eye stimulation to remove nonspecific signals of both conditions. 

However, this approach is not applicable in many clinical conditions such as monocular 

blindness and retinal and optic tract injuries, limiting the examination of changes in ODC 

activity in these cases. In this study, we developed neurophysiologically informed spatial 

filtering for identifying fMRI activation on the level of ODCs due to single eye stimulation in 

healthy controls. We quantified and evaluated the filter’s effectiveness for different acquisition 

methods and across different cortical laminae. Five subjects (age = 28.00 ± 2.61 years (mean ± 

standard deviation); 2 females; Haenelt et al., 2024, in revision) received monocular stimulation 

using anaglyph glasses during the acquisition of three types of fMRI pulse sequences with 

different sensitivity and specificity: gradient echo- and spin echo-based (GE-BOLD and SE-

BOLD) fMRI and Vascular-Space-Occupancy (VASO) fMRI. A General Linear Model (GLM) 

was used to calculate the beta values of the single-condition contrasts (left or right eye 

stimulation vs. baseline) on flattened V1 surfaces of ten equidistant cortical laminae. The spatial 

filter was designed based on the spatial frequency spectra of four digitized flattened histological 

ODC (Adams, Sincich & Horton, 2007) and applied to the beta maps. Specificity before and 

after filtering was measured as the ratio of the total variance within the difference and the sum of 

the single-condition maps. Specificity increased from 0.09 ± 0.02 to 0.21 ± 0.03 for GE-BOLD, 

from 0.12 ± 0.02 to 0.22 ± 0.02 for SE-BOLD, and from 0.18 ± 0.02 to 0.23 ± 0.02 for VASO 

after filtering. Only after filtering a slight peak of expected increased sensitivity in mid-cortical 

layers was observed for all sequence types. A repeated measures ANOVA revealed significant 

main effects of filtering (F = 1825, p < 0.001), sequence (F = 25, p < 0.001), and cortical depth 

(F = 114, p < 0.001). Before filtering, the specificity for GE-BOLD was significantly lower than 

for VASO (p < 0.001), while it was not after filtering (p > 0.2). These results suggest that 

neurophysiologically informed spatial filtering enhances the specificity of single-condition ODC 

mapping in fMRI. This method may expand our access to image the functional organization of 

ODCs in those patient groups for whom the conventional methods of ODC mapping are not 

applicable. 
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Abstract: The visual cortex is organized into feature maps, whereby adjacent neurons are tuned 

to similar features of the stimulus. Understanding the architecture of these feature maps and their 

spatial relationship can provide clues on what role cortical organization plays in neural 

computation. A major characteristic of neurons in the primary visual cortex (V1) of many 

mammals, such as primates, cats, and tree shrews, is their selectivity to the orientation and the 

disparity of stereoscopic images. The spatial organization of binocular disparity preference and 

its relationship to the well-studied orientation maps are currently unknown. Here, we aim to fill 

this gap using tree shrews as a model system, because they live in environments requiring depth 

computation and their V1 neurons show exquisite tuning to binocular disparity. We presented 

dichoptic drifting gratings with various orientations and phase disparities between the two eyes. 

Standard 2-photon calcium imaging was carried out in awake tree shrews, using viral delivery of 

GCaMP. Consistent with previous work, we observed robust orientation columns in tree shrew 

V1 with characteristic pinwheel structures. For a single imaging plane at a certain depth, each 

orientation domain displayed a narrow range of phase disparity preferences. The phase disparity 

preference varied smoothly from one orientation domain to the next. Across the imaging plane, 

orientation preference and phase disparity preference were tightly coupled. This feature of 

organization was observed in both pixel- and neuron-based analyses. Notably, the pattern of tight 

coupling appeared to shift gradually as we moved the imaging plane to deeper depths. Unlike the 

organization of phase disparity preference, orientation columns remained constant throughout the 

depths. Together, our findings show that orientation and phase disparity are systematically 

mapped onto a volume of the cortex, thus revealing a spatial organization of binocular disparity 

preference in relation to orientation columns. The organization we found in tree shrew V1 could 

be a biological solution for mapping a manifold in 4D (i.e., every combination of orientation and 

disparity) onto a volume in 3D (i.e., cortical surface and depth). 

Disclosures: L. Yang: None. S. Tanabe: None. J. Cang: None. 
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Title: Geometry representations along visual pathways in human spatial navigation 
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Abstract: The representation of geometric structures in the environments is key to self-

localization during human spatial navigation (Fig 1a). Its spatial organization in the visual 

system is not fully characterized. We scanned 20 participants with fMRI while they watched 

first-person-view videos taken from cars navigating through 8 virtual reality towns with identical 

routes (Fig 1c,d), thus eliciting identical time courses of geometric representations in the brain. 

Importantly, the weather and lighting conditions were randomized across participants (Fig 1b,c). 

Using shared response model, a functional alignment algorithm, we extracted synchronized 

neural signals in a low-dimensional shared latent space which capture the geometric 

representation invariant to low-level visual features induced by weather and lighting conditions. 

We built encoding models to examine the variance of the synchronized neural signals 

explainable by two types of geometry representations. We found that a compact representation of 

3D scene geometry captured by a deep generative model is carried by a large network of brain 

regions forming three parallel "geometry visual pathways" starting from the primary visual 

cortex: the dorsal and medial pathways end in the intraparietal areas, while the ventral pathway 

arrives at the hippocampus via the parahippocampal gyrus (Fig 2A,C). Furthermore, road type, a 

more abstract geometry representation, is carried by overlapping pathways excluding early visual 

areas V1-V3 (Fig 2B,D,E).  

 

http://files.abstractsonline.com/CTRL/47/1/96C/328/EF3/48D/788/DED/0A7/630/42B/5A/g14046_1.png
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Abstract: Layer 1 (L1) of the neocortex serves as a critical integration hub where diverse 

neuronal inputs converge. It primarily consists of the dendrites of lower layer pyramidal neurons 

(from L2/3 and L5); axons from diverse brain regions, axons of local inhibitory neurons such as 

somatostatin (SST) neurons, as well as resident cortical inhibitory neurons (L1 cINs), primarily 

expressing NDNF as a marker and having their axons primarily confined within L1. Pyramidal 

neuron apical dendritic tufts in L1 are modulated by both excitatory and inhibitory inputs, which 

together shape the neuronal output. There are two main types of inhibitory inputs to the distal 

dendrites of pyramidal neurons: (1) Specific synaptic inhibition, which is mediated by SST 

neurons, known for their targeted and precise inhibitory effects, and have extensive axonal 

arborizations in L1. (2) Non-specific, slow, and prolonged inhibition mediated by L1 cINs, 

which likely affects a broader area and lasts longer. However, how these two sources of 

inhibition differentially impact dendritic integration and under what conditions they are 

specifically engaged is not well understood. In this study we show that these two sources of 

inhibition are able to modulate each other presynaptically. While SST neuron population is 

known to inhibit NDNF neurons, we also found that NDNF neurons are able to inhibit SST 

axons in L1 via a presynaptic mechanism. Using genetic combinatorial strategy with 

monosynaptic retrograde labeling, synaptic labeling and calcium imaging, we found that 

projections from NDNF-expressing neurons contact SST neuron terminals and that they control 

their inhibition upon visual stimulation and especially during locomotion, independently of the 

SST neuron soma inhibition. These findings reveal that inhibitory inputs onto pyramidal neuron 

dendrites are dynamically regulated, likely state-dependent, and that the two sources of inhibition 

don’t act simultaneously, but can inhibit each other depending upon whether SST or NDNF 

neuron is more activated. 

Disclosures: M. Alyahyay: None. A. mirow: None. S. Liebman: None. M. Soheib: None. A. 
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Title: Integration of Distinct Velocity Vectors by Direction and Motion Axis Selective Retinal 

Ganglion Cells 
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Abstract: The pattern of local image velocities carry an abundance of behaviorally relevant 

information. Previous studies of how the visual system analyzes complex motion have largely 

focused on the cortical pathway, where direction-sensitive neurons are found to compute either a 

vector summation (VS) of velocity signals or follow an intersection of constraints (IOC) rule. 

And yet, the integration of local image velocities begins as early as the retina. The goal of our 

study is to determine how retinal ganglion cells encode complex motion patterns that contain 

distinct velocity vectors. 

Specifically, we characterize how two types of motion-sensitive cells in the mouse retina - the 

direction-selective and motion axis selective cells - respond to drifting gratings and plaids 

composed of two component gratings moving at the same spatial frequency but varying temporal 

frequencies. For direction-selective ganglion cells that respond robustly to plaids, their preferred 

directions shift as the angle between the component gratings widens. In response to plaids with 

15- and 45-degree angles, direction-selective cells’ preferred directions align with the VS 

prediction. However, in response to plaids with 135- and 160-degree angles, the preferred 

directions deviate significantly from the VS prediction: they shift toward but do not align with 

the IOC prediction. Therefore, this shift in preferred direction for plaids with 135- and 160-

degree angles is not well described by either VS or IOC, indicating that the retinal direction-

selective circuit is performing a novel computation of integrating component velocity vectors. 

For motion-axis selective cells, defined as cells which respond strongest to a particular motion 

axis while responding weakest to the orientation orthogonal to the preferred motion axis, their 

preferred motion axis for plaids is best aligned with the average motion axes of the two 

component gratings across 15-, 45-, 135- and 160-degree angles. 

While numerous studies have elucidated how direction-selective and motion axis selective 

ganglion cells respond to stimulus such as gratings and spot, how the two cell types integrate 

image velocities within their receptive fields is unknown. Our study sheds light on how different 

types of retinal ganglion cells pool local motion signals across space and time before transmitting 

this information to the rest of the brain. 



For how direction-selective neurons in the retinorecipient region superior colliculus respond to 

similar plaid stimuli, please see poster #3064 titled “Vector Summation and Bayesian Inference 

of Motion Direction Estimation in the Superior Colliculus” in session number PSTR344. 
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Abstract: The role of primate area MT in visual motion processing has been extensively studied, 

but how the brain might extract motion acceleration information from MT (and the medial 

superior temporal area, MST) is unclear. One might expect acceleration encoding to require 

calculating the rate of change of velocity, itself calculated from changes in position over time. In 

this case,activity in visual motion sensitive neurons in area MT would encode velocity, and the 

brain would indirectly estimate acceleration by calculating changes in decoded velocity. An 

alternate mechanism, however, could operate more rapidly and directly. In this case, the brain 

could exploit interactions between MT’s standard motion encoding and idiosyncratic temporal 

dynamics of neural responses (originally posited by Lisberger & Movshon, 1999). 

Such“opportunistic encoding” would thus exploit nonlinearities usually ignored in studies of MT 

coding. We tested between these two theories by recording the time course of response from 

ensembles of MT (729 units) and MST (461 units) neurons while two awake, fixating rhesus 

macaques (male) viewed linearly accelerating dot motion stimuli. More than half of the recorded 

MT units exhibited stronger responses to linear acceleration over linear deceleration or no 

acceleration. We applied dynamic ensemble-level decoding (Poisson independent decoder) to the 

neural activity and quantified the information available about acceleration and velocity. Direct 

decoding of acceleration from MT was possible on faster timescales, and could be done with 

higher fidelity, than indirect decoding based on velocity encoding in MT. Hence, distinct motion 

acceleration information could be efficiently readout from a rich representation in the MT 

ensemble responses, regardless of the source of the acceleration tuning and other motion 

property representations. A similar analysis of MST activity did not suggest this later stage of 



motion processing has a more refined acceleration representation. Together, these results suggest 

that the brain may learn to exploit nonlinear idiosyncrasies of neural responses to efficiently 

extract behaviorally relevant information on fast time scales, instead of performing explicit 

calculation of some variables matched to the first principles. 
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Title: An exploration of EEG Image Reconstruction 
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Abstract: This study investigates the properties of visual reconstruction from EEG, an emerging 

phenomenon gaining rapid attention where scientists attempt to reconstruct a viewed stimulus 

from EEG recorded from the observer. Using a publicly available large EEG visual perception 

dataset (THINGS-EEG2), we simulated reduced channel density and electrode swapping over 

the posterior 17 electrodes. Results show that reducing posterior channel density to 8 electrodes 

only mildly decreased reconstruction performance, aligning with EEG's low spatial resolution. 

However, swapping the signal from each electrode with its corresponding electrode across the 

midline at test time significantly reduced performance, highlighting the asymmetry in 

hemispheric roles and the importance of specific scalp locations. We also identified patterns in 

the main color and semantic category of stimulus images reflected in reconstructions: food 

images tend to have warm, reddish colors, while animal images often display a green surround 

with a central blob. This correlation in the stimulus space presents a challenge in dissociating 

low-level visual features from visual semantics in EEG data. 

Disclosures: T. Fei: None. V.R. de Sa: None. 
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Abstract: Rationale. A key issue in the science of consciousness is: How the world represented 

in human consciousness? This question is addressed from the established viewpoint that human 

consciousness (C*) is a function of the brain that receives multiple forms of sensory input from 

an external world consisting of a vast array of accessible energy sources from which brain then 

constructs a representation of this world on the basis of their contingent relationships. It has been 

proposed, since Brentano (1874), that such representation is the essence of C*; that it always 

represents something other than itself (usually something in the external world), which he termed 

‘intentionality’. His proposal may be critiqued by the introspective procedure of analyzing one’s 

experience with closed eyes. Methods. A sample of 20 individuals were asked to describe their 

visual experiences (or ‘qualia’) when they closed their eyes, and to specify where in space 

(including inside the head) this entoptic visual imagery seemed to be located, and where, as the 

conscious viewer, their perceiving self seemed to be located relative to the visual imagery. 

Results. All observers described the closed-eye imagery as a variety of formless color 

experiences, intermixed with afterimages. All but one reported that this entoptic imagery was 

experienced as located in a space just in front of their eyes (or even as “painted on their 

eyelids”), not inside the brain or at the eyeballs, nor out in the space of the world. All reported 

that they felt that their formless self was viewing this imagery from a third location somewhere 

inside their head, distinct from the locations of the imagery or of objects in the outside world. 

The reader is encouraged to validate this observation from their own introspective viewpoint. 

Conclusion. This introspective analysis of the closed-eye experience shows that C* does not 

necessarily represent something in the external world (i.e., ‘intentionality’), but can be a pure 

non-representational experience as such with no further reference. However, the specification of 

its spatial location was neither located inside the head, nor with the outside scene. These results 

imply that C* has a triune structure, consisting of 1) the experiencing self as a formless vantage 

point, 2) the inherent qualia of the experience, and 3) the projective representation of the object 

structures in the world giving rise to the experience. The introspectively differentiated location of 

each of these aspects of C*) ensures that they are not just linguistic or propositional concepts, but 

distinct, verifiable aspects of the structure of conscious experience. 

Disclosures: C. Tyler: None. 
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Abstract: Introduction: The visual system plays a crucial role in our ability to maintain balance 

as it provides sensory cues that the nervous system utilizes to perceive our self-motion with 

respect to our environment. Vection, the illusion of self-motion when no actual movement has 

occurred, can be circular or linear1. Circular vection (CV) refers to rotations within the pitch, 

yaw and roll plane whereas linear vection (LV) consists of translations away or towards the 

individual either in the anterior-posterior (AP) or mediolateral (ML) directions1. This study 

aimed to compare the strength of continuous LV and CV stimuli on the amplitude of one’s 

postural responses. Methods: Twenty young healthy adults quietly stood on a force plate while 

wearing a virtual reality head mounted display (HMD). The participants were exposed to a 

randomized sequence of nine conditions: four CV stimuli (pitch up, pitch down, 

counterclockwise roll and clockwise roll), four LV stimuli (ML translations left and right of the 

participant and AP translations towards and away from the participant), and one baseline trial. 

Each trial was 30 seconds long with a mandatory five-minute break between each trial. Centre of 

pressure displacements were calculated using the force plate and head displacement was 

collected using the HMD. Mean position and peak displacement were used to quantify the 

amplitude of postural responses. Results: During the 30 second trial, there was a directional 

effect where CV responses were greater than LV responses in both AP and ML directions. The 

CV responses were significantly greater than the baseline trial while LV responses showed no 

significant differences from the baseline. In the AP direction, there was no directional effect 

associated with the CV and LV responses in the first 10 seconds. In the last 10 seconds, CV 

responses were significantly greater than LV responses with pitch down eliciting the greatest 

response. In the ML direction, CV responses were greater than LV responses across all windows. 

Conclusion: Overall, CV stimuli elicited greater postural responses when compared to LV 

stimuli. Within the first 10 seconds, CV and LV responses were similar in the AP direction, but 

the CV response increased throughout the duration of the trial. CV responses were greater in the 

ML direction for all windows. Therefore, the strength of the postural response is dependent on 

the type, direction, and duration of vection stimuli. Reference: [1] Palmisano et al. (2015). Front 

Psychol 6, 193. 
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Abstract: Loss of a sensory modality triggers global adaptations across various brain areas to 

allow the remaining senses to more effectively guide behaviors. These adaptions are collectively 

called cross-modal plasticity. While previous studies revealed diverse circuit adaptations caused 

by sensory loss, the spatial pattern of cortical activity changes brought by these adaptations 

remain largely unexplored. We aimed to fill this gap by spatially mapping the extent of activity 

changes in visual, auditory, somatosensory, and multisensory cortices of visually deprived mice. 

We applied two visual deprivation paradigms - dark exposure (DE) and enucleation (EN), each 

of which had a 2-day (2D) and a 7-day (7D) version - to cFos-TRAP2 mice, whose active 

neurons were labeled by tdTomato (tdT) fluorescence protein upon tamoxifen injection. Adult 

(P90 - P120) mice of both sexes were used in all experiments. We found that in the primary 

visual cortex (V1) both DE and EN caused a significant loss of active cells at 2D followed by a 

partial rebound at 7D, which occurred relatively more in superficial layers. A similar pattern was 

observed in the secondary visual cortex, especially in the lateral areas (V2L). These results 

suggest that both V1 and high-order visual cortical areas were recruited by non-visual inputs 

over time. The spared primary sensory cortices adapted distinctly. In the primary somatosensory 

barrel cortex (S1BF), there was significantly lower density in the 7DDE and the 2DEN groups 

compared to the 7DEN group, suggesting an opposite temporal trend in compensatory 

adaptations between DE and EN. Other parts of the primary somatosensory cortex showed 

minimal changes in activity upon visual deprivation. In the primary auditory cortex (A1), 

following both DE and EN, there was a relative reduction in the density of active cells in 

superficial depths without a significant change in the overall density, which might reflect 



compensatory mechanisms such as the refinement of intracortical connectivity within layers 2/3 

and layer 4 and the sparsification of sound encoding in layers 2/3. There were minimal changes 

in the active cell density in the secondary cortices of the spared senses and the multisensory 

retrosplenial cortex (RSP). Overall, our results are consistent with cross-modal recruitment of the 

deprived visual cortex and compensatory plasticity in the spared primary sensory cortices, both 

of which support enhanced processing and refinement of the spared senses. Our study also 

manifested the differences between the effects of DE and EN, which might suggest different 

prospects for patients with different types of sensory loss. 
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Abstract: Dysmenorrhea (painful periods) has a prevalence of 50-80% and is the leading reason 

10-20% of female high school students consistently miss class. Work from our lab suggests 

neural mechanisms involved in visceral sensitivity play an important role. To investigate the 

potential role of visceral autonomic reflexes in menstrual pain development, we conducted a 

prospective study on 300 adolescents. The study included visits before their first period (BL), 3-9 

months after their first period (PV1) and one year after their PV1 (PV2). We measured their 

heart rate variability (HRV) during a non-invasive bladder filling task to assess visceral 

autonomic reflexes. By one year after their first period at PV1, 95 participants had low menstrual 

pain scores (<30 on a 0-100 scale), and 108 had high menstrual pain scores (≥30). We 

hypothesized that participants with a lower parasympathetic activity during the bladder-filling 

task at BL would be more likely to develop menstrual pain in the year after their first period. Our 

findings confirmed this hypothesis, showing that participants with lower parasympathetic 

activity at BL were more likely to experience menstrual pain at PV1 (p=0.046). Within 2 years 

after their first period (at PV2), 62 participants had low menstrual pain scores and 90 had high 



menstrual pain scores. Participants with menstrual pain by year two had higher sympathetic and 

parasympathetic activity at BL during multiple points during the bladder task (p’s<0.05). 

However, there was no significant correlation between resting heart rate and blood pressure and 

the likelihood of experiencing menstrual pain. Therefore, visceral-autonomic mechanisms, rather 

than baseline autonomic mechanisms, were a better predictor of menstrual pain development. 

The connection between autonomic reflexes in visceral organs and the development of menstrual 

pain suggests that preventative treatments such as HRV biofeedback could benefit at-risk 

adolescents. 
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Abstract: Humans perceive speech by integrating auditory information from the voice of the 

talker and visual information from the face of the talker. Machine learning (ML) has made 

remarkable progress in reproducing human abilities, including in the domain of audiovisual 

speech recognition (<1% error rate for state-of-the-art models). Human audiovisual speech 

recognition follows principles of Bayes-optimal integration, with each modality weighted by its 

reliability (Ma et al., PloS One 2009). To determine whether ML models of audiovisual speech 

recognition follow similar Bayesian principles, we applied the standard technique used to 

estimate modality weights: assessing recognition of stimuli containing a mismatch between 

modalities (Ernst and Banks, Nature 2002). Although speech perception is predominantly 

auditory, some incongruent audiovisual speech shows a strong influence of the visual modality. 

For instance, when presented with the pairing of auditory /ba/ with visual /fa/ (AbaVfa) human 

observers often report a percept of /fa/. The Bayesian framework accounts for this finding by 

positing that the visual speech feature corresponding to /fa/ (upper teeth pressed onto the lower 

lip) is a highly reliable indicator of auditory /fa/, resulting in an upweighting of the visual 

modality (Yu et al., Frontiers in Neuroscience 2024). Eight different speech stimuli were 

recorded from four female talkers (Aba, Afa, Vba, Vfa, AbaVba, AfaVfa, AbaVfa, AfaVba). The 

stimuli were presented to AV-HuBERT (audiovisual hidden unit bidirectional encoder 



representations from transformers; Shi et al., arXiv 2022), an ML model trained on hundreds of 

hours of audiovisual speech. For each stimulus, the relative probability of /ba/ or /fa/ was 

calculated by summing the probability of tokens containing either b/p or f/ph (only the top 100 

tokens were considered). AV-HuBERT performance was near ceiling for Aba and Afa syllables, 

with a small increase in accuracy for AbaVba and AfaVfa (95% vs. 99%, p = 0.03). Adding 

incongruent visual information dramatically changed the observed responses. For AbaVfa, there 

were 97% /fa/ responses, compared with 4% /fa/ for Aba (p = 0.0001). For the opposite pairing 

of AfaVba, there were 64% /ba/ responses compared with 5% for Afa (p = 0.03). In human 

observers, a similar pattern was observed, with 88% /fa/ responses for AbaVfa and 28% /ba/ 

responses for AfaVba (Shahin, Neuroscience Letters 2019). The similar response of ML and 

human observers to incongruent audiovisual speech suggests that ML models may be a useful 

tool for interrogating the perceptual and neural mechanisms of human audiovisual speech 

perception (Yamins et al., PNAS 2014). 
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Abstract: Background 

Proprioception involves judging limb positions in space, which involves processing uncertainty. 

People with stroke can have impairment in uncertainty processing among other cognitive 

impairments, which affect proprioceptive judgment. Previous studies (Palmer et al., 2019; Rueda 

Parra et al., 2024) demonstrated an association of low-beta (Lβ, 13 - 20 Hz) power with 



uncertainty processing. We study this neural correlate of uncertainty processing and its 

relationship to proprioceptive errors in a crisscross robotic finger proprioception task 

(Ingemanson et al., 2016). This is part of a randomized control trial dataset (NCT04818073). 

Methods 

Thirty-two people with chronic stroke participated with informed consent (IRB# 476). The 

THINGER robot passively moved their middle and index fingers along opposite paths 

intersecting at the midpoint of a 32° range of motion. Participants pressed a button with the non-

paretic hand when perceiving finger overlap, with the vision of the hand occluded. 

Proprioceptive errors were estimated as the median angle between the fingers over 100 

repetitions, dividing the participants into small ( ≤ 16°, n = 21 ) and large (> 16°, n = 11) error 

groups.Non-invasive electroencephalography (EEG) (DSI-24, Wearable Sensing) was acquired 

at 300 Hz with BCI2000, referenced to linked earlobes, and synchronized with kinematic data. 

EEG was filtered (0.5, 40)Hz, ICA denoised, and epoched, relative to movement offset; noisy 

epochs were removed. We analyzed the period of proprioception from -300 to -100 ms before 

button press. Lβ power was extracted with Morlet Wavelet Convolution, baseline normalized, 

and expressed as a percent of change relative to a pre-movement baseline (-400 to -100 ms). We 

evaluated the Lβ power at the parietal electrode contralateral to the paretic hand. Median Lβ 

power across trials was tested for correlation with proprioceptive errors using Spearman’s rho(ρ). 

Results 

Correlation analysis showed a positive relationship for all participants (ρ = 0.39, p = 0.026). This 

relationship was significant and strong in the small error group (ρ = 0.76, p = 0.0001), but not in 

the large error group (ρ = -0.16, p = 0.63). These results suggest that Lβ power is more 

attenuated when people make smaller proprioceptive errors. 

Conclusion 

Parietal Lβ power modulation was found to be associated with proprioception in people with 

stroke. Given Lβ’s association with uncertainty, our results suggest that its modulation here is 

potentially capturing the underlying proprioceptive uncertainty in the task. This could serve as a 

potential marker for neurophysiological assessment or intervention in sensory rehabilitation after 

a stroke. 
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Abstract: The Substantia Nigra pars reticulata (SNpr), an output structure of the basal ganglia, 

plays a crucial role in eye movements, encoding reward expectations and eye movement 

directions through dynamic activity at different trial stages. However, the mechanism by which 

the brain uses these reward expectations to guide movement remains unclear. Possible theories 

are that the SNpr encodes the motor eye movement, representing the selected action, or that it 

encodes information about the expected reward to guide the preferred action. This study 

addresses this gap by examining SNpr activity dynamics in a decision-making task involving 

simultaneous reward presentation and action selection.We recorded SNpr activity in two 

monkeys performing an eye-movement task based on reward-based decision-making. The 

monkeys were trained to associate five different color cues with varying probabilities of reward. 

In each trial, two color cues appeared, and after a delay, the targets began moving. The monkeys 

tracked one of the two targets with their eyes, demonstrating high performance (95%) in 

selecting the target with the highest reward probability. We examined SNpr activity at different 

trial stages.We employed decoding to determine what information is carried by SNpr neurons. 

During the color cue presentation, the SNpr encoded both targets and their positions. The 

decoder better classified the target with the highest probability of reward compared to the target 

with the lowest probability, indicating highly accurate coding of the optimal target. This was 

observed even in trials where the monkeys pursued the low-probability target, suggesting SNpr 

initially encodes the preferable target in terms of reward probability, regardless of the monkeys' 

subsequent selection. During the motion stage, SNpr activity correlated tightly with the 

monkeys’ actual behavior in both correct and error trials, rather than with the optimal target. 

Thus, the dynamics of SNpr activity demonstrate a transition from encoding the trial's optimal 

target to encoding the performed action. 
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Abstract: The floccular complex of the cerebellum is crucial for smooth pursuit eye movements. 

We recorded 1,000+ neurons from the floccular complex of rhesus monkeys using multi-contact 

silicon probes. We used established methods to assign putative neuron identities to many single-

units, allowing us to link the activity of identified neural populations to behavior in this exemplar 

sensorimotor task. Identified floccular neurons showed time-varying functional responses that 

clustered according to neuron type, despite functional responses not being a criterion for 

establishing neuron identity. The different functional properties of different neuron types 

highlights active computation by the cerebellar circuit. Mossy fibers (MFs), the primary input to 

the cerebellar cortex, showed firing rate responses strongly related to eye position, with 

uniformly distributed preferred pursuit directions. In contrast, the simple spikes of Purkinje cells 

(PCs), the sole output of the cerebellum, responded primarily to eye velocity, with little 

dependence on eye position, and a strong directional bias in preferred directions. We evaluated 

the spatial and temporal transformation from MFs to PCs by analyzing the responses of other 

floccular neural populations. Molecular layer interneurons (MLIs) exhibited strong eye velocity-

dependent responses, with preferred pursuit directions opposite to those of simultaneously 

recorded Purkinje cells. As MLIs receive parallel fiber inputs, their velocity-sensitive responses 

suggest that the transformation from position to velocity occurs in the granule cell layer. PC 

complex spikes showed preferred directions that were consistently opposite those of PC simple 

spikes, suggesting that the spatial transformation may be mediated by the combination of 

complex spike induced plasticity and anisotropic MLI preferred directions. Golgi cells showed 

little modulation, indicating limited involvement in the granule layer dependent position-to-

velocity transformation. Unipolar brush cells displayed stronger position-related responses than 

mossy fibers, consistent with their role in integration. These findings suggest the position-to-

velocity transformation occurs between MFs and granule cells. A mathematical model 

reproduces the position-to-velocity transformation through short-term synaptic plasticity at the 

MF to granule cell synapse. Our results identify the source of two key transformations in the 

floccular complex: the conversion of position-to-velocity responses at the MF to granule cell 

synapse and a spatial transformation in the molecular cell layer due to MLI inputs and complex 

spike-mediated plasticity. 
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Abstract: Despite a global increase in lifespan, many individuals spend their later years plagued 

with poor health. Aging-related impairment in motor coordination contributes to falls in the 

elderly, which increases mortality and morbidity. Thus, understanding the underlying causes of 

aging-related motor coordination dysfunction is critical for improving health span. Rhomboid 

proteases are conserved intramembrane proteases that play an important role in many signalling 

cascades. While some Rhomboid proteases are implicated in aging-related diseases like 

Alzheimer’s and Parkinson’s diseases, little is known about the mammalian Rhomboid-3. 

Rhomboid-3 is expressed in the nervous system and has been identified amongst the top genes to 

be upregulated within the aging human brain (Kumar et al., 2013). Since Rhomboid-3 is highly 

expressed in cerebellar Purkinje cells, which are critically involved in motor coordination, we 

wondered if age-associated accumulation of Rhomboid-3 contributes to aging-associated 

changes in motor coordination. To understand the role of Rhomboid-3 in cerebellar aging, we 

tested Rhbdl3-knockout (R3-KO) mice on the accelerating rotarod at several ages. We found that 

aging (12-month old) R3-KO mice performed better on the rotarod than their wildtype (WT) 

littermates. Motor coordination remained elevated at later ages (18-month old) and was also 

visible although less dramatic in young mice (2-month old), suggesting that expression of 

Rhomboid-3 accumulates in age and is deleterious to motor performance. Cerebellar Purkinje 

cell firing is a read-out for motor function as it is impaired in cerebellar disease (Cook, Fields & 

Watt, 2021) and aging. To determine whether Rhomboid-3 affects Purkinje cell output, we 

performed loose cell-attached recordings from Purkinje cells in aged R3-KO mice and found that 

Purkinje cells fired at higher frequencies compared to WT littermates. To determine if 

Rhomboid-3 expression in cerebellar Purkinje cells is sufficient to influence motor coordination, 

we virally expressed Rhbdl3 or GFP in Purkinje cells of R3-KO mice and tested motor 

performance before and 4 weeks after surgery. While rotarod performance of GFP-injected R3-

KO mice significantly improved after surgery, there was no significant improvement in the 

rotarod performance of Rhbdl3-injected R3-KO mice. This suggests that accumulation of 

Rhomboid-3 in cerebellar Purkinje cells contributes to aging-related motor decline. Taken 

together, our data suggest that aging-related increases in cerebellar Rhomboid-3 contributes to 

impairments in motor coordination, thus representing a novel therapeutic target to improve motor 

outcomes in aging. 
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Abstract: Axons of the inferior olive (IO) form the sole source of the climbing fibers (CFs) that 

drive complex spike (CS) activity in the Purkinje neurons (PNs) of the cerebellar cortex. As the 

CSs are crucial for learning and executing complex behavior in all vertebrate animals, their 

properties and roles in (mal)function of the cerebellar system have been intensively examined in 

the past decades. Among the relatively recent additions to their complexity are the observations 

that the duration of single CSs is not invariant, and that CSs of different width can lead to 

distinct physiological outcomes. Despite numerous attempts to clarify the origin and significance 

of CS shape using recordings of PN activity, it is not clear to what extent the CS variation 

originates in the IO rather than from factors intrinsic to the cerebellar cortex 

The extreme deep location of the IO at the ventral edge has hindered investigation of its activity 

modulation in living animals. In order to allow investgation of the IO network in vivo, we have 

established methodology for calcium imaging in the IO utilizing a miniature microscope coupled 

to a GRIN lens, placed non-invasively on the rostro-ventral surface of the nucleus in anesthetized 

adult male mice. This approach provides clear optical access to parts of the principal and dorsal 

accessory olives (PO and DAO, respectively), as well as possibility of optogenetic activation of 

specific afferent axons. 

Here, we provide detailed comparison of the spontaneous network activity in the regions of IO in 

living mice, and report utilizing rigorous mixed-effects modeling that average spiking frequency 

in PO targeting zebrin-positive zones of cerebellar cortex is lower than in DAO region targeting 

zebrin-negative zones. Furthermore, even though optogenetic activation of the IO-targeting, 

largely GABAergic cerebellar feedback afferents led to clear decrease in sporadic spiking, no 

clear evidence for intrinsic post-inhibitory rebound spike generation was seen. Intriguingly, 

airpuff-evoked spikes were only subtly suppressed, leading to an increase in their "salience" 

among ongoing activity. Finally, we observed a very strong correlation between the amount of 

co-activation of neurons and the respective calcium event magnitude, leading to a proposition 

that the cerebellar complex spike width reports on the synchronicity of activity within the IO. 
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Abstract: The climbing fibers, projections of the inferior olive have been extensively studied for 

its role in the olivocerebellar system. However, while the function of the inferior olive has been 

investigated through the occurrences of complex spikes (CS) during motor learning, it remains 

unclear how its intrinsic properties and activity shapes CS generation upon receiving sensory 

stimulation.To investigate how signals from a pre-olivary structure with well-defined behavioral 

role, we examine the anatomical patterns of projections from the superior colliculus (SC) to the 

IO. We found that in addition to the previously described projection to the medial accessory 

olive (MAO) associated with eye movements and body orientation, the SC also sends axons into 

the ventral leaf of the principal olive (PO). We examine the morphology of SC-PO and SC-MAO 

neurons and found that they are intermingled in the intermediate and deep layers of the lateral SC 

with similar gross morphology; however, most neurons exclusively target either PO or MAO. 

Taking advantage of the ventral position of the SC-PO axons in the IO, we were able to monitor 

activity in the IO neurons using inscopix nVoke imaging system by accessing the IO from the 

ventral side and examine how optogenetic stimulation of SC-PO axons affects IO spiking in 

anesthetized mice. The result suggests that SC-PO pathway modulates excitability of IO network 

rather than directly generate spikes and highlights the need for further investigation of sensory 

signal integration within the IO to understand generation of CS that underlies motor learning. 
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Abstract: Human and monkey studies have shown that, in addition to parietal and premotor 

areas, the cerebellum and subcortical structures, such as the thalamus and red nucleus, are 

activated during the observation of grasping actions. It has been hypothesized that the cerebellum 

uses the forward models to anticipate sensory outcomes of the observed actions through 

contralateral dentato-rubro-thalamo-cortical projections. However, it is not fully understood if 

the specific sectors of the dentate nucleus (DN) and thalamus involved in action observation are 

partially segregated from purely motor sectors. In the present study, firstly, by using an fMRI 

task we identified cerebellar and thalamic sectors activated during both observation and 

execution of grasping actions, then, we used probabilistic diffusion tractography to characterize 

the structural connections involving these sectors. Twenty right-handed healthy participants (11 

females; mean age: 24.4 years) were instructed to observe goal-directed grasping actions or to 

execute the same actions. Control conditions included the observation of a static context and the 

execution of opening-closing hand movements, respectively. Two partially segregated sets of 

regions of interest were delineated: the first based on pure motor activation and the second based 

on conjunction analysis between observation and execution. Shared activation between 

observation and execution was present in the inferior parietal lobule (IPL), ventral premotor 

cortex (PMv), cerebellar lobules V-VI, DN, red nucleus, and thalamus. The activation of the DN 

and thalamus exhibited functional partial segregation with respect to purely motor sectors. The 

dorsal DN and ventrolateral (VL) thalamic nucleus were mostly activated during grasping 

execution. In contrast, the ventral DN and ventral-posterolateral (VPL) thalamic nucleus showed 

shared activations during both observation and execution. Moreover, the red nucleus was 

activated bilaterally in both motor and observation conditions. Diffusion tractography showed 

that tracts originating from the motor sectors of the DN project to the contralateral red nucleus 

and VL nucleus, in the path traveling to the contralateral rostral sector of IPL and PMv. The 

ventral DN was connected by partially segregated projections with the contralateral red nucleus 

and VPL nucleus, in the path to the contralateral caudal sector of IPL and PMv. These results 

provide evidence of partially segregated cerebellar outputs to thalamic and cortical regions 



involved in action observation and execution. Through these circuits, the cerebellum can exploit 

its role in motor simulation during action observation. 
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Title: Instantaneous synchrony of populational neurons in the cerebellum encodes reward events 

with supreme single-trial precision 
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Abstract: Reward-based learning requires the brain to unambiguously detect every reward event 

precisely at the moment it occurs, which is the ground truth of the entire learning process. 

Mechanisms identified by trial-averaged or model-based approaches lack the precision needed 

with single-trial accuracy. Here we report a novel property of populational coding, named 

Instantaneous Synchrony of Populational Neurons (ISPN), allowing cerebellar Purkinje cells 

to report reward prediction errors (RPE) to dopamine neurons in ventral tegmental area (VTA) 

via deep cerebellar neurons (DCNs), with supreme detecting and temporal accuracy on a per-

trial basis. Using in vivo electrophysiology, fiber photometry, and closed-loop optogenetic 

manipulations in a two-choice foraging task with mice, we established that the DCN-to-VTA 

pathway is essential for reward-based decision making. We found that the precise encoding of a 

reward event does not rely on DCN neuronal firing rates, patterns, or hidden temporal features as 

identified by machine learning. Instead, a reward event is encoded by a synchronous resetting of 

the DCN neuronal population (inhibitory ISPN), occurring 50 milliseconds after reward delivery. 



The synchrony is an emergent property amount neuronal interaction, not an existing property 

from single-cell neuronal codes. The amplitude of ISPN, indicated by the strength of synchrony, 

has a supreme signal-to-noise ratio for unambiguous single-trial detection and temporal 

recognition, and is inversely correlated with RPE. Two-photon calcium imaging in awake-

behaving mice confirmed that one episode of activating ISPN of Purkinje cells precisely encoded 

one reward event by inducing a resetting ISPN in DCNs. Disrupting inter-neuronal synchrony, 

either by hyperpolarizing currents to DCN or by gap-junction blockers in the inferior olive, 

impaired reward recognition. Additionally, optogenetic stimulation of PC or DCN showed 

rewarding effect by inducing synchrony, not by increasing neuronal firing rates. For each choice, 

one pulse of optogenetic stimulation at PC axonal terminals, which generating one ISPN with the 

synchronizing temporal width of one action-potential cycle, sufficiently changed a non-

rewarding choice to rewarding outcome. Our results provide evidence that real-time reward 

encoding is organized into the cerebellum through a novel ISPN mechanism, an emergent 

property of populational coding that easily achieves signal-trial accuracy. Optogenetic 

manipulation has a dual property in altering firing rates and causing synchrony, and optogenetic 

evidence explained by simple rate changes should be carefully revisited. 
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Title: Orphan receptor GPR139 regulates cholinergic activity in the striatum 
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Abstract: Cholinergic interneurons (CIN) are cytohistological and molecularly heterogenous, 

critically involved in producing smooth movement, and allow procedural and reinforcement 

learning. CIN integrate information streams carried by glutamate from cortex and thalamus and 

their activity is modulated by over 40 different signals impinging on release of acetylcholine 

(ACh), and likely other co-transmitters and peptidergic signaling molecules co-expressed by 

CIN. How the complexity of signaling modalities in which CIN engage is mapped onto 

molecular defined subtypes of CIN is unknown. Recently it was found that only about half of all 



CIN elaborate a primary cilium, a cellular organelle known to serve as a dedicated signaling hub 

for the reception of extra-cellular signals that engage G protein coupled receptors (GPCRs). A 

paradigmatic example of cilium-dependent signaling pathway is Sonic Hedgehog (Shh) / 

Smoothened (Smo). We and others have found that about half of CINs are trophically dependent 

on Shh/Smo signaling long term and that Shh/Smo signaling impinges on CIN physiology in a 

graded, bidirectional manner short term. To identify effectors by which Shh/Smo signaling 

impinges on CIN physiology, we performed gene expression profiling using affinity purified 

mRNA from CIN of mice with ablation of Shh from dopamine (DA) neurons and controls. Those 

experiments revealed that Smo signaling is required for maintaining expression of the orphan 

GPCR GPR139 in CIN. GPR139 expression in the wild-type striatum reveals a prominent low 

(medial) to high (lateral) expression gradient suggesting that GPR139 contributes to regionally 

patterned CIN diversity.GPR139 is a negative modulator of endo-opioid signaling acting 

downstream of mu-opioid receptor (MOR) activation by morphine and fentanyl. Morphine 

decreases ACh release, while antagonists of MOR increase striatal ACh. We use fiber 

photometry with AAV GRAB sensors for DA and ACh to monitor extracellular levels of DA and 

ACh in the striatum of mice with loss and gain of function of Smo signaling combined with Smo 

and GPR139 specific pharmacology. Preliminary results indicate GPR 139 increases ACh 

release. Further, consistent with increased cholinergic activity we observe activation of Smo 

counteracts place preference formation. 

Disclosures: D.R. Zuelke: None. N. Gentile: None. A.H. Kottmann: None. 

Late-Breaking Poster 

LBA005: Theme E Late-Breaking Posters 

Location: MCP Hall A 

Time: Monday, October 7, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: LBA005.009/LBA90 

Topic: E.03. Basal Ganglia 

Support: Parkinson's Foundation PF-PRF-836910 

 Parkinson's Foundation P0576337 

 NIH R01NS101354 

 ASAP ASAP-020529 

Title: Aberrant Striatal Activity Causes Abnormal Decision-making in a Mouse Model of 

Impulse Control Disorder in Parkinson's Disease 
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Abstract: Impulsive decision-making is common across multiple neuropsychiatric disorders. 

One notable instance occurs in Parkinson’s disease (PD), where impulsive decision-making 

occurs in the context of dopamine replacement therapy for motor symptoms. Impulse control 

disorder (ICD) can manifest as pathological gambling, compulsive shopping, binge eating, or 

hypersexuality, and is more common in patients treated with dopamine agonists. So far, most 

knowledge about ICD is from clinical studies and a few rodent behavioral studies. Convergent 

evidence suggests that the input nucleus of the basal ganglia, the striatum, is a critical site of 

circuit dysfunction in ICD. Within striatum, D2Rs are densely expressed on indirect pathway 

medium spiny neurons (iMSNs). In the context of decision making, excitatory prefrontal cortex 

(mPFC) inputs onto striatal neurons are another circuit substrate of ICD. Thus, little is known 

about the role of local striatal circuitry and its top-down cortical inputs in ICD. Our previous 

study adapted a delay discounting task to model a clinically-relevant rodent model of ICD in PD. 

We combined this model with optically identified single-unit recordings, optogenetics, 

chemogenetics in awake, behaving mice, along with ex vivo electrophysiology, to examine the 

role of striatal activity and mPFC-striatal synaptic connectivity in impulsive decision-making. In 

parkinsonian mice, we found that direct pathway medium spiny neurons (dMSNs) increased 

firing around reward delivery and iMSNs ramped their activity during delay periods, suggesting 

their involvement in encoding key aspects of delay discounting. Furthermore, PPX induced 

marked bidirectional changes in the firing of striatal dMSNs and iMSNs. Chemogenetic 

inhibition of striatal indirect pathway neurons in parkinsonian mice drove greater delay 

discounting, suggesting a causal role in mediating ICD-like behaviors. Additionally, cortico-

striatal excitatory synaptic inputs were suppressed by chronic PPX treatment in parkinsonian 

mice, and this suppression was further amplified by PPX bath application. These findings 

suggest a potential role in driving aberrant striatal activity in vivo and contribute to abnormal 

decision-making. These findings shed light on the potential mechanisms of impulsive decision-

making in PD patients, but also inform the use of dopamine replacement therapy with a goal of 

ameliorating ICD. 
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Title: The superior colliculus sends divergent excitatory and inhibitory inputs to the rostral and 

caudal subregions of the pedunculopontine nucleus 
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Abstract: Sensory-motor integration in the brainstem is crucial for daily functioning and 

ultimately survival. Two structures involved in this process are the pedunculopontine nucleus 

(PPN) and the superior colliculus (SC). The PPN is a heterogeneous structure that is critical for 

sleep, arousal, and motor function and is implicated in both Parkinson’s disease (PD) and 

epilepsy. Stimulation of the PPN is therapeutic in animal models of both disorders with a 

topography that is specific to cell type and location. The SC is important for integrating 

multisensory inputs to trigger motor responses, but the effect of SC projections to subregions and 

different cell types of the PPN is unknown. To address this gap in knowledge, we injected 

channelrhodopsin (ChR2) into the SC of ChAT-Cre/Ai9 (tdTomato) mice to determine 

functional connectivity between SC synaptic inputs to PPN cholinergic neurons using 

optogenetics and whole-cell patch clamp recordings in ex vivo brain slices. We found that all 

cholinergic PPN neurons recorded received excitatory synaptic input from the SC. However, the 

strength of the connection differed across PPN subregions. Specifically, the caudal part of the 

PPN (pars compacta) received excitatory postsynaptic currents (EPSCs) with larger amplitudes 

compared to the rostral PPN (pars dissipata). Additionally, stimulation of the SC axon terminals 

more strongly evoked firing in caudal PPN cholinergic neurons. We also measured inhibitory 

connectivity and found that inhibitory SC inputs had a higher probability of connectivity and 

larger amplitude currents in the caudal PPN compared to the rostral subregion. In comparing the 

SC excitatory and inhibitory input to the PPN, the SC excited caudal PPN cholinergic neurons 

more strongly than it inhibited them. Together, our data show that the SC sends both inhibitory 

and excitatory input to PPN cholinergic neurons and innervates the caudal PPN more strongly 

than the rostral PPN. Given the important role the PPN plays in regulating arousal states and 

motor function, uncovering how the PPN responds to different inputs from the SC is important in 

understanding the modulation of movement in response to sensory stimuli. 

Disclosures: B.J. Bernstein: None. P.A. Forcelli: None. R.C. Evans: None. 

Late-Breaking Poster 

LBA005: Theme E Late-Breaking Posters 

Location: MCP Hall A 

Time: Monday, October 7, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: LBA005.011/LBA92 

Topic: E.03. Basal Ganglia 

Support: NIH 5R35NS132213-02 



 Sutherland-Merlino Fellowship 

Title: Different modulations through direct and indirect pathways in Basal Ganglia 
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Abstract: Substantia Nigra pars reticulata is the main output nuclei of basal ganglia. The 

regularity in its firing pattern have been found to be one of the main pathological characters of 

Parkinson's Disease. The two inhibitory GABAergic inputs from globus pallidus external 

segment(GPe) and Striatum have distinct characters on their synaptic current and kinetics, as 

well as on how they are affecting SNr firing pattern. In our study, we use optogenetic tool with in 

vivo and in vitro electrophysiology to investigate the synaptic characters of the two projections 

and how they affect SNr firing. We found that when activating GPe projections, the SNr firing 

rate does not change as much while the synaptic current appears to be large. On the other hand, 

with striatal projections activated, the SNr cells will cease firing while the synaptic currents are 

small but slow. With one pulse stimulation of GPe projections, we found SNr neurons fire even 

faster than its baseline firing rate. We further dissected a hyperpolarization-activating current, Ih 

current to be involved in understanding this discrepancy. With ZD7288, an Ih current blocker, 

the inhibition from GPe becomes stronger, wile the inhibition from striatum shows less change. 

Based on our current data, we believe that the large synaptic current transmitted through GPe 

projections can activate Ih current and depolarize SNr neuron to continue firing. On the other 

hand, striatal projections have smaller and slower inhibitory current, which continue to 

hyperpolarize SNr neurons, keeping them away from regular firing. Furthermore, with 

mathematical modeling, we concluded that the two inhibition projections not only have different 

power on phase-resetting, but also may advance or delay the phase of SNr firing. 
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Title: Mapping open and closed loop motor circuitry with ultra-high field, multi-echo resting-

state fMRI 
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Abstract: Human movement is partly organized and executed by cortico-basal ganglia-thalamic 

closed-loop circuits (CLCs), wherein motor cortical areas both send to and receive feedback 

from the basal ganglia, particularly the dorsal putamen (PUTd). These networks are 

compromised in Parkinson’s disease (PD) due to neurodegeneration of dopaminergic inputs to 

PUTd. Yet, fluid movement in PD can still occur, particularly when induced by emotionally 

arousing events. Rabies virus tracing in non-human primates has identified a potential alternative 

motor pathway, where the ventral putamen (PUTv) receives inputs from subcortical limbic areas 

(amygdala and nucleus basalis of Meynert) and sends outputs to motor cortical areas. We 

hypothesize that this separable open loop circuit (OLC) may exist in humans and explain the 

preservation of movement after CLC degradation. Here, we provide evidence for the human 

OLC with ultra-high field (7T), multi-echo functional magnetic resonance imaging. We acquired 

resting-state functional connectivity (FC) scans from 21 healthy adults (avg. age=29, 12M/9F, all 

right-handed) and mapped left-hemisphere seed-to-voxel connectivity to assess PUTv FC with 

putative subcortical inputs and motor cortical outputs. When examining subcortical limbic seed 

to putamen voxel FC, we found that amygdala (p<0.05, Cohen’s d=0.32) and nucleus basalis 

(p<0.0001, d=0.52) FC was greater with PUTv when compared to PUTd. On the other hand, 

CLC subcortical seed (ventrolateral nucleus of thalamus) FC was greater with PUTd vs. PUTv 

(p<0.01, d=0.61). When examining cortical motor seed to striatal limbic voxel FC, we found that 

cingulate (p<0.0001, d=1.52) and supplementary (p<0.0001, d=1.45) motor areas had greater FC 

with PUTv vs. nucleus accumbens. When examining cortical motor seed to striatal motor voxel 

FC, we found that SMA had greater FC with PUTd vs. PUTv (p<0.0001, d=0.98), but cingulate 

and primary motor areas had no significant differences (p>0.1). Collectively, these results 

suggest that PUTv is functionally connected to motor cortical areas and may be integrated into a 

separable motor OLC with subcortical limbic inputs. 

Disclosures: E. Rizor: None. I. Pappas: None. N.M. Dundon: None. J. Wang: None. J. 

Stasiak: None. A.C. Bostan: None. R.C. Lapate: None. S.T. Grafton: None. 

Late-Breaking Poster 

LBA005: Theme E Late-Breaking Posters 

Location: MCP Hall A 

Time: Monday, October 7, 2024, 8:00 AM - 12:00 PM 



Program #/Poster #: LBA005.013/LBA94 

Topic: E.03. Basal Ganglia 

Support: IRP of the NIH (ZIA NS009420) 

Title: An etiology and novel therapeutic opportunity: iron regulation in a mouse model of 

stuttering 

Authors: *M. MILLWATER1, C. BRAGG2, D. BISHOP4, A. ADECK5, S. 

SHEIKHBAHAEI3;  
1Natl. Inst. of Neurolog. Disorders and Stroke, Bethesda, MD; 3NINDS, 2NIH, Bethesda, MD; 
4NIH/ NINDS, Bethesda, MD; 5Natl. Inst. of Hlth., Bethesda, MD 

Abstract: Stuttering is a neurodevelopmental motor disorder characterized by involuntary 

disruptions in speech fluency. Specific mutations in genes involved in lysosomal enzyme-

targeting pathways (such as GNPTAB) are linked to developmental stuttering. Transgenic mice 

engineered with one of these mutations (i.e. Gnptab-mutant) demonstrate complex, interrupted 

vocal bouts, which we characterized as ‘stuttering’ in mice. Recently, transcranial ultrasound in 

adults who stutter found moderate hyperechogenicity, a parameter associated with iron 

deposition. Herein, we confirm, assess, and alleviate iron deposition in Gnptab-mutant mice, 

ultimately reducing the ‘stuttering’ phenotype in mice. After recording vocalizations, Gnptab-

mutant (n= 12) and control littermates (n= 9) were subsequently treated with iron chelator 

Deferiprone (3-Hydroxy-1,2-dimethyl-4(1H)-pyridone, 0.1 g/L) for 1 month ad libitum via water 

supply. After the experiments, the brains were extracted and fixed, and iron was detected by 

DAB-enhanced Perl’s staining. Our data demonstrate that Gnptab-mutant mice have ~3-folds 

higher iron deposition in the medial lateral striatum, dorsolateral striatum, and central striatum 

(p= 0.002, p= 0.001, p= 0.011). Successful iron chelation therapy was confirmed via Perl’s 

staining and behavioral tests. Ultrasonic vocalization data suggest that ‘stuttering’ vocalization 

decreased following iron chelator therapy. Together, our data indicate that Gnptab-mutant mice 

have an accumulation of brain iron that is alleviated with Deferiprone, ultimately improving the 

‘stuttering’ phenotype. Accordingly, we posit a potential novel therapeutic opportunity and 

etiology in a subgroup of adults who stutter. 
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Title: Regulation of stereotypic behaviors by striato-dopamine circuit disruption and 

manipulation in ASD model mice 
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Abstract: Repetitive or stereotyped actions are a hallmark feature of autism spectrum disorder 

(ASD). We previously demonstrated that repetitive stereotyped behaviors correlate with the 

degree of hyperactivation of striosomes, a striatal region connecting prefrontal cortex and the 

midbrain dopamine system. A subset of striosomal neurons, the D1-expressing “direct” pathway 

neurons, are unique amongst striatal neurons in forming direct projections to midbrain 

dopamine-containing neurons. Importantly, it is striosomal D1 neurons that exhibit clustered 

striosomal c-Fos expression in correlation with stereotypic behaviors.These correlational 

findings led us to ask whether striosomes contribute causally to stereotypic behaviors. To 

directly test this hypothesis, we titrated DREADD-based chemogenetic approaches in transgenic 

striosomal models for inhibition of striosomal neurons. In Shank3B KO ASD model mice, we 

find that chemogenetic inhibition of striosomal neurons reduced excessive levels of grooming 

behaviors. This confirms that long-observed correlations between striosomal activity and 

stereotypic behaviors are reflective of a causal role for striosome neurons in stereotypic 

behavior.On the strength of the finding that striosomal manipulation can mitigate stereotypic 

behaviors, and given the neurodevelopmental nature of ASD and related phenotypes, we turned 

to a developmental model of ASD. Recent literature has demonstrated that stereotypic behaviors 

and other ASD-relevant phenotypes arise in offspring exposed to maternal immune activation 

(MIA). This was observed when MIA was induced at embryonic day 12, a time point in gestation 

centered on striosomal neuron generation and migration to the striatum. We therefore asked 

whether MIA disrupts striosome or striosome-dopamine circuit development, as a potential 

mechanism for the development of stereotypic behaviors in MIA offspring mice. We confirm 

that MIA offspring exhibit stereotypic behaviors and find disrupted expression of 

prepronociceptin (Pnoc), a gene we have reported to be selectively expressed in striosomes in 

dorsal striatum and known in development to influence developmental processes through 

activation of developmental regulator NF-kB. We report in an adjoining study that Pnoc is 

expressed selectively in dopamine-projecting striosomal D1 neurons, the same population that 

exhibits striosomal cfos clustering in correlation with stereotypies. Our findings support a model 

of striosomal-dopamine circuit disruption as a mechanism for the development of stereotypic 

behaviors, and as a potential therapeutic lever in the context of ASD. 
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Abstract: To understand fast signal processing at the cortical network level, we employed the 

JEDI-1P voltage sensor with soma-targeted expression in excitatory neurons to perform wide-

field imaging. Imaging was performed through a cleared intact skull in adult head-fixed mice at a 

frame rate of 200Hz (Lu, X., Y. Wang, Z. Liu, Y. Gou, D. Jaeger and F. St-Pierre (2023). Nature 

Communications 14: 6423.) Adult mice (N=7) were trained on a cued water-reaching task. 

Spontaneous inter-trial activity often exhibited periods of pronounced 4-10Hz low frequency 

activity. At the onset of the sensory cue predicting water reward delivery such activity was 

suppressed and instead task activated networks appeared. Independent component analysis (ICA) 

revealed a distinct low-dimensional manifold of temporal dynamics related to the task that were 

exhibited in specific subnetworks. Generally, an ICA with 6 components sufficed to account for 

90% of cortical activity variance. Notably functional networks revealed by ICA were remarkably 

similar between mice. Activity was in most cases bilaterally symmetric, though specific 

contralateral activity in S1 barrel cortex was seen for unilateral air-puff train stimuli, and a 

contralateral sensorimotor network was activated aligned with the reaching movement. Prior to 

reaching a near-global ramp-up of voltage was observed. Narrow band-pass filtered activity 

showed distinct frequency components in the delta, beta and gamma ranges at specific times in 

the task. We trained feedforward neural networks to classify either the stimulus or behavioral 

outcome based on neural activity at different task periods. Stimulus side was decoded most 

accurately from neural activity immediately after stimulus presentation (92.6±0.9% test 

accuracy). The neural classifiers were also able to predict the behavioral outcome of the task 

(reach or no-reach) based on neural activity preceding the response period (84.0±1.1%). Analysis 

of model weights showed that activity in the S1 barrel cortex was the strongest predictor for 



stimulus side, while the model utilized activity from M1, M2, and RSC to predict the behavioral 

outcome. Overall our data indicate that multiple overlapping subnetworks show specific fast task 

related dynamics and are predictive of trial outcomes. 
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Abstract: As we perform movements, we use our senses to dictate how we interact with the 

world around us and identify movement errors as they arise. Sensory information is used to 

choose effective movements using past experience, an estimation of the current body location, 

and the task parameters. Identifying errors between a movement and the target is integral to 

adapting more effective future movements. These errors are obtained through the misalignment 

of proprioceptive information, visual information of our body, and visual information about the 

target. It is well known that if the visual feedback of a reaching limb is manipulated, we are able 

to adapt our movements to decrease the error between the visual feedback of the limb and the 

target. Previous work has shown that exposure to online reach error induced by unseen target 

jumps can lead to implicit reach adaptation, even if online control reduces the terminal hand-to-

target error by the end of the movement. We studied the effects of a terminal effector 

perturbation that counteracted the online error from a mid-saccade change in target location. 

Participants looked and reached to a peripheral target with their unseen hand. A cursor 

representing hand position was removed during the saccade and restored at movement end for 

terminal feedback. In the Target condition, the target jumped forward during the saccade, 

requiring participants to adjust their reach. In the Target-Effector condition, both target and 

cursor moved, with the change in cursor position resulting in a comparable perturbation size to 

the target jump. Participants effectively had to reach for the initial target position and not adjust 

for the jump to get the cursor on target. Participants were not informed of the target or cursor 

perturbation. We tested whether exposure to the target jumps produced reach aftereffects when 

reaching to stationary targets, and if perturbed terminal feedback of the reach position affected 

adaptation. All participants (12) adjusted their reaches when exposed to repeated target jumps to 



maintain performance. When the terminal feedback cursor was also displaced to counteract the 

target jump, participants completed their reaches to the original target position. In no-feedback 

post-tests, participants (9) unaware of the target and cursor jumps showed implicit overshoot 

aftereffects only in the Target condition. The results suggest an interaction between adaptive 

changes due to online vs. terminal error signals. 
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Abstract: During any form of social interaction, people need to coordinate in space and time to 

bring about a change in the environment. This is important also during rehabilitation where 

patients are required to perform movements that are difficult for them when done alone. 

Competitive settings may promote engagement and motivation, but the mechanisms of 

sensorimotor interaction and partner adaptation in these tasks are poorly understood.To study 

how much players account for the sensory information about their partner in competitive 

settings, we designed a robot-mediated ball game. Two players, an attacker (A) and a defender 

(D), sit at a computer screen and grasp the handle of a robot manipulandum. Player A shoots a 

ball vertically to score a goal. Player D must try to intercept the ball before it crosses a horizontal 

line. The players cannot see their partner's position before the ball is shot, but after that, A sees 

D’s position and D sees the ball. To understand the effect of partner location uncertainty on joint 

performance, we introduced three visual display modalities: zero (partner/ball fully visible), low 

(partner/ball visible as Gaussian noise), and infinite (partner/ball not visible) variance. The 

experimental protocol was organized into 9 epochs of 30 trials each. Within each epoch, the 

players experienced one combination of conditions.We compared the experimental results with a 

probabilistic computational model of interaction, which assumes that two agents use optimal 

prediction of partner action (modeled as a Kalman filter) and optimal selection of their action 

based on the stochastic minimization of a quadratic cost function. Given the competitive nature 

of the game, D must minimize the distance from the ball while A must maximize the ball 

distance from D. In both experimental results and model predictions, we analyzed the 



distribution of the actions uA (shooting position) and uD (interception position). We used a 

Gaussian mixture model to describe the joint pdf of A and D. Overall we found that uA exhibited 

a bimodal distribution, while uD was unimodal. The distributions change systematically across 

conditions, indicating qualitatively different behaviors. We took the inter-cluster distance to 

quantify uA and the dispersion for uD. A 2-way ANOVA showed that A had greater inter-cluster 

distance as their information about D became more reliable. Surprisingly, this effect occurred 

even when D had more reliable information. In contrast, D's dispersion only increased when A 

had more reliable information.These results suggest that each player represents their partner’s 

actions and adapts their representations to the partner’s changes in experimental conditions. 
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Abstract: Training schedules have long been known to affect the learning of multiple motor 

tasks (Shea & Morgan 1979). Training two tasks A and B in a blocked order (AAABBB) results 

in faster learning of A and B, but poorer retention, than interleaved (ABABAB) or random-order 

training. Explanations of these effects have been largely descriptive, characterizing the benefit of 

interleaving as due to either (a) learning a better representation that contrasts the two memories 

(Kornell & Bjork 2008), or (b) improved recall due to short-term forgetting during the other task 

(Lee & Magill 1983). Some studies have quantitatively modeled these effects, attributing 

reduced performance in a blocked design to forgetting (Lu et al. 2009). Here we examined 

whether differences in contextual inferences underlying the learning of the two motor memories 

could provide a statistical account of the differences in learning. Using COIN, a recently 

proposed Bayesian learning framework for motor learning (Heald et al. 2021), we found that the 

model predicted higher retention for an interleaved schedule, as seen in previous data. We 

confirmed this using a dual adaptation paradigm in which participants were exposed to opposing 

curl-fields (the context), with each field associated with a different point on a virtual tool (the 



cue). Participants were trained in either a blocked or interleaved fashion, following which 

feedforward adaptation was measured at the end of training using a test block of channel trials in 

which the cues were interleaved. We found that the average adaptation was significantly higher 

for interleaved training compared to blocked training (p<0.001, log Bayes Factor=4.6). 

The COIN model predicted the memory expressed on each trial as the weighted sum of the 

memory learned for each context weighed by the probability associated with the context. 

Analyzing the internal dynamics of the model revealed that the poor retention for blocked 

training was not due to decay of the initial memory, but to an over-reliance on the history of field 

transitions as opposed to the cue to infer the context for a trial. This allowed us to make the novel 

prediction that interleaving null-field trials (blocked+null condition) between each field trial in 

the blocked condition should improve retention, despite the larger number of trials between the 

first training block and the final test block. We confirmed this using the same paradigm and 

found that adaptation was significantly higher in the blocked+null condition compared to the 

standard blocked condition (p<0.001, log Bayes Factor=1.5). Our findings suggest that the 

effects of training schedules on motor learning are the result of contextual inference. 
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Abstract: Study objectives: Adaptive responding in dynamic performance environments 

sometimes requires individuals to selectively cancel only a part of a multicomponent motor 

action. Sleep deprivation may negatively impact response inhibition in such response-selective 

stopping contexts. Especially under high stress, with previous research indicating amplified 



hyper-limbic responding after sleep deprivation. The current study investigated effects of sleep 

deprivation on selective stopping in threat and no-threat conditions, using behavioral testing and 

non-invasive brain stimulation. 

Methods: 19 healthy human participants underwent one night of total sleep deprivation (SD) 

versus normal sleep (NS) and subsequently performed a bimanual anticipatory response 

inhibition task under threat and no-threat conditions. Behavioral measures of going and stopping 

were taken, electromyographic (EMG) recordings were collected from task effectors, and 

corticomotor excitability (CME) and short- and long-interval intracortical inhibition (SICI and 

LICI) were assessed in primary motor cortex (M1), using transcranial magnetic stimulation that 

was implemented before ('early') and after ('late') presentation of the stop signal. 

Results: Preliminary analysis using Bayesian repeated measures ANOVA revealed impaired 

response- and stopping-related success rates after SD compared to NS. Speed of stopping and 

stopping interference were not meaningfully impacted by SD. In-task CME at the early timepoint 

was elevated with SD, along with an earlier onset of response-related EMG bursts. SICI and 

LICI were not meaningfully impacted by SD. Threat did not meaningfully impact behavioral or 

neurophysiological measures of response inhibition, and no evidence was observed for 

interactions between sleep deprivation and threat. 

Conclusions: Sleep deprivation negatively affects response- and stopping-related success rates in 

a selective stopping context. Elevated in-task CME at the early timepoint may reflect reduced 

suppression during response preparation. The absence of effects on stopping speed, SICI and 

LICI, however, suggests that effects of sleep deprivation on stopping success are unlikely to be 

due to inappropriate modulation of M1 intracortical inhibition during selective stopping. Instead, 

reduced stopping success may be associated with increased attentional lapses after sleep 

deprivation, or detriments to proactive response inhibition processes. No evidence was observed 

for the hypothesis that sleep deprived individuals have greater difficulty exercising top-down 

inhibitory control over their responses, specifically under high-threat. 
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Abstract: The intraparietal sulcus (IPS) has been proposed to be involved in various cognitive 

and motor processes such as attention, movement planning, perceptual decisions, and working 

memory. Recent studies showed that IPS may also be involved in movement inhibition, but its 

role is currently debated. It has been suggested that IPS is related to planning and online control 

of movement and that it is functionally separated from the network for inhibitory control 

(Hannah and Jana, 2019). In contrast, human functional magnetic resonance imaging (fMRI) 

studies demonstrated that IPS and the inferior frontal gyrus (IFG), a critical node in the inhibition 

network, are functionally connected during movement inhibition and that transcranial magnetic 

stimulation (TMS) over IPS prolonged stop-signal reaction time (Osada et al., 2019; 2021). Due 

to limited temporal resolution in fMRI, whether and how the interplay between IPS and other 

brain regions subserves movement inhibition remains unclear. In the present study, we aim to 

establish the timing and directionality of communication flow between IPS and other cortical 

nodes during movement inhibition. We measured functional connectivity using local field 

potentials (LFPs) from intracranial electrodes in a sample of 19 human participants undergoing 

invasive monitoring for epilepsy (F=11; age range= 24 to 68y) while they performed a stop-

signal task. We quantified LFP-LFP Granger causality and pairwise-phase consistency between 

IPS and a set of other brain regions recruited during inhibition control: IFG, anterior cingulate, 

insula, and orbitofrontal cortex (Zhang et al., 2017). Granger causality analyses revealed that 

information flows primarily from frontal areas to IPS but not vice versa. This suggests that IPS is 

primarily a receiver rather than a sender of information during movement inhibition. 

Furthermore, LFP-LFP phase alignment between IPS and IFG was higher in stop-success than 

stop-fail trials. Thus, sharing of information between IPS and IFG has a critical role in successful 

movement inhibition. In summary, our functional connectivity measures show that IPS is not a 

sender but a recipient of information and that the flow of information between IPS and IFG is 

higher during successful movement inhibition. In light on these findings, previous evidence of 

disrupted inhibition performance caused by TMS over IPS could be explained by the interruption 

in the flow of information from frontal areas to IPS. These top-down influences from frontal 

areas to IPS indicate that parietal regions are recruited to aid inhibition control, potentially by 

deploying attentive resources or adjusting movement plans following errors. 
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Abstract: Goal-directed movement production is associated with unique neurophysiological 

alterations in premotor and motor cortices. Premotor cortex (dorsal, PMd; ventral, PMv) 

contributes to movement execution by influencing primary motor cortex (M1) output within and 

between hemispheres. Here, we specifically investigated the interhemispheric connectivity from 

PMd and PMv to M1 using dual-site transcranial magnetic stimulation. The main objectives of 

this study were to examine the impact of the premotor areas (PMd and PMv) on M1 in the 

contralateral hemisphere by systematically varying (1) the stimulation sublocations within each 

premotor area, and (2) the interstimulus interval (ISI) between the premotor areas and 

contralateral M1. 30 right-handed young adults (15F; 26.5±4.3 yrs) participated in three 

experimental conditions to examine interhemispheric inhibition (IHI) between the two premotor 

areas and M1: (1) PMd to M1, (2) PMv to M1 and (3) M1 to M1. PMd and PMv locations were 

determined relative to the M1 hotspot of the first dorsal interosseous muscle (PMd: 2 cm 

anterior, 1 cm medial; PMv: 3 cm anterior, 2.5 cm lateral), using each participant’s structural 

MRI. First, the sublocations within PMd and PMv were systematically examined using a 3x3 

grid centered over each cortical region. To assess IHI, the conditioning stimulus was applied to 

each of the 9 sublocations over right PMd, PMv, and M1 at 10 ms ISI before the test stimulus 

over left M1. Second, we investigated the time course of IHI between PMd and PMv to 

contralateral M1 by testing ISIs of 0, 10, and 50 ms. IHI ratio was calculated by comparing the 

mean peak-to-peak motor evoked potential amplitudes of the conditioned to unconditioned trials 

at each sublocation and ISI. Overall, both premotor areas and M1 had distinct inhibitory effects 

on the contralateral M1 (p<.001) with a significant interaction effect between cortical region and 

grid location (p=.0545). The significant main effect of sublocations (p<.001) within (1) M1 

showing greatest inhibition at the M1 hotspot with less inhibition at the other sublocations, (2) 

PMd showing greatest inhibition at a single non-central location, and (3) PMv showing no 

significant inhibition. For the time course of IHI, we found that each ISI showed significantly 

different magnitude of inhibition within each premotor area (p<.001). Further, we found 

significant inhibition for PMd at all ISIs (0, 10 and 50 ms), PMv for 0 ms ISI, and M1 for 0 and 

50 ms ISIs. These results reveal distinct spatial and temporal neurophysiological mechanisms of 



interhemispheric connectivity between premotor cortices and contralateral M1, which may play 

an important role in goal-directed movement. 
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Abstract: The complexity of neural data changes as the brain processes information during 

events. Compression algorithms, which are information-theoretically sound and universally 

consistent, identify and exploit redundancies in data in order to compress it to essentially optimal 

sizes, regardless of underlying statistics. These algorithms may be used to conveniently and 

efficiently estimate a given signal's Shannon entropy, a biologically relevant measure of the 

complexity of a signal. It is therefore natural to explore their effectiveness in the analysis of 

spiking neural data. In this study, we focus on using compression to analyze recordings (96-

channel Utah arrays) taken from two male adult rhesus macaques performing reaching tasks 3 

days before and 3 days after administering electrolytic lesions in M1 (Subject U: 4 lesions, H: 3). 

In particular, we use the inverse compression ratio (ICR), which compares the sizes of 

compressed and uncompressed data to estimate the amount of statistically unique information. 

We calculate ICR with temporally-independent lossless compression (gzip), and temporally-

dependent lossy compression (H.264). Because it is lossless, ICR calculated with gzip may be 

thought of as a direct, consistent estimator of the upper bound of the entropy rate of the signal. 

On the other hand, ICR calculated with lossy H.264, originally developed for video compression, 



estimates entropy rate subject to tunable quantization meant to minimize visually observable 

distortion. We compare the performance of compression against standard techniques, such as 

average firing rates and Fano factor. We also compare compression to dimensionality reduction 

techniques, a class of methods typically used to assess noisy data by identifying meaningful low-

dimensional subspaces, such as principal component analysis (PCA) and factor analysis (FA). 

Mann-Whitney U-tests and Mood's Median tests on aggregate data comparing each metric before 

and after lesioning reveal that ICR is able to significantly detect changes in neural activity for 

each lesion (p < 0.01 for both tests), where all other metrics are unable to consistently identify 

the effects of electrolytic lesioning with statistical significance. This suggests that compression 

algorithms may be a useful tool to detect the presence of statistical and structural changes in 

neural data. Information-theoretic analyses may complement techniques like dimensionality 

reduction and firing rate tuning as a convenient and efficient tool to characterize variance in 

neural data. 
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Abstract: Paradoxical kinesia, a symptom of Parkinson’s disease which describes how some 

patients struggle to self-initiate movements but can perform the same movement if externally 

cued to do so, reveals an interesting and yet unexplained redundancy in the motor system. It has 

been suggested that this paradoxical movement is explained by differences in the routing of task-

relevant motor information through unique brain regions during performance of internally 

generated and externally cued actions. It is unclear whether such differences would manifest at 

the level of single neurons, population dynamics or both. To investigate this question, we 

developed a behavioural task where head-fixed mice reach for a drop of sucrose solution, with 

the availability of the drop triggered by the initiation of the movement. Mice were trained to 



perform reaches where reward availability was cued by an auditory tone or reaches were self-

initiated within the same session. This enabled us to simultaneously record neurons from 

multiple brain areas (including premotor cortex, motor cortex, frontal regions and medial 

striatum) using Neuropixels probes while animals performed trials of different movement 

contexts (cued and self-initiated reaches) with the same movement kinematics. Preliminary 

results indicate that movement context is captured by low dimensional, linear latent dynamics in 

all regions, with the greatest difference between tasks found in the medial striatum. At the single 

unit level, a small proportion of premotor and striatal units appear to encode contextual 

information about reach type in a near-binary fashion. Striatal representation of context is stable 

compared to premotor units, indicating a more persistent functional role in the storage of 

contextual information during task performance. Upcoming recordings will investigate whether 

context is represented similarly across the mediolateral striatal axis. Revealing the neural 

mechanism underlying context-dependent movements could inform the development of 

improved therapeutic strategies for movement disorders. 
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Abstract: A rich literature details how coordinated neuronal firing during the execution and 

planning of movement results in repeatedly observed dynamics (Svoboda 2018). Recently, there 

have been calls to evaluate whether classical findings -- which often constrain motion to reduce 

confounds -- persist during more complex movement (Gao 2015). Here, we show how similar 

movements performed in varying behavioral contexts (requiring seemingly different levels of 

movement complexity) result in low-dimensional state space offsets of the neuronal activity. In a 

rhesus macaque with a wireless 1024-channel system (N1, Neuralink, Fremont, CA) implanted 

in arm-related areas of motor and premotor cortex, we compared periods of unconstrained, 

seated arm movements to unstructured foraging for treats. All data were recorded on the same 

day. Seated arm movements were collected during a mouse-controlled grid task, where the 

animal moved a computer mouse to select highlighted squares on a 35x35 grid. This generated 

1155, 500-ms reaching segments, which we combined with 1155, 500-ms segments from 

foraging. Using this joint dataset, we performed PCA and projected all data onto the top three 

PCs. This generated two distinct clusters of neuronal activity. After normalization, the distance 

between the centroids of these clusters was 0.3 (p < 0.005, permutation test; compare to 0.002 

under the null hypothesis), and the angle separating the axis of maximum variance in each cluster 

was 70 degrees (p < 0.005, permutation test; compare to 1 degree under the null hypothesis). 

Notably, the computed dimensionality during the grid task and unconstrained foraging was 

nearly identical; to explain 75 percent of the cumulative variance, 137 dimensions were needed 

for the mouse task compared to 138 during foraging. In a separate laboratory, we compared 

similar activity in a rhesus with a 96-channel multielectrode array (Utah array, Blackrock 

Neurotech, Salt Lake City, UT) implanted in arm regions of motor cortex. Here, the animal 

performed a head-fixed, center-out reaching task followed by reaches for treats in our 

unconstrained observation enclosure (Silvernagel and Ling, 2021), with all data collected on the 

same day. Preliminary analysis supports the aforementioned results, though the N1's higher 

channel count yields clearer low-dimensional state trajectories, particularly at the single-trial 

level. Together, these results suggest that behavioral context has a sizeable impact on the low-

dimensional neuronal state. Additionally, the preserved dimensionality across behavioral 

contexts warrants further study into whether similar neuronal dynamics can generate varied 

motor outputs. 
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Abstract: While acute relationships between local field potential (LFP) spectrum features (i.e. 

bandpower, aperiodic exponent) and arm movement (i.e. reaction time, speed, angular error) 

exist in the motor cortex, it is unclear if similar structures exist over longer timescales. Finding 

such multiscale behavioral correlates could clarify how LFP oscillations shape movement. In 

spiking data, population factors are more stable than individual neurons. By analogy, LFP 

representations using correlated time-frequency activity may be more informative than single 

bands, motivating tensor decomposition. 

Two adult male rhesus macaques performed a reaching task over months (H: n=87 days, U: 

n=105). Correlations were found between daily medians of reaction time and beta/gamma 

(Pearson's correlation, p < 0.05), as well as between speed and delta/aperiodic exponent (p < 

0.05). A regression model (selected with Akaike information criterion, evaluated with a cross-

validated coefficient of determination) decoded reaction time and reach speed on random heldout 

days (one-tailed bootstrap, p < 0.05). By contrast, a principal component (PC) model using 

median firing rates could not predict any behavioral metrics. Electrolytic lesions (H: n=8, U: 

n=4) were also performed in this period, and this data was used to test model robustness. Lesions 

produced atypical next-day changes in gamma power and aperiodic exponent (two-tailed 

bootstrap, p < 0.05); relatedly, this regression procedure could not predict behavior on heldout 

post-lesion days. But, when peri-movement time-frequency dynamics were arranged in a tensor 

(frequency x milliseconds x days), Tucker decomposition features produced similar speed and 

better reaction time predictions (paired one-tailed bootstrap, p < 0.05). The reaction time model 

was robust to lesions (one-tailed bootstrap, p < 0.05). Single-trial fluctuations around daily 

medians (H: n=57173 trials, U: n=68303) were then explored. Interestingly, all correlations were 

preserved (p < 0.05) except for between beta and reaction time. Finally, a tensor decomposition 

(over trials) produced better reaction time, speed, and angular error predictions (p < 0.05) than 

spectrum features, and was similar to a firing rate PC model. Tensor features were superior to 

both techniques when predicting post-lesion fluctuations (p < 0.05). 

Overall, this work suggests LFP tensor decomposition features produce better predictions of 

movement performance at multiple temporal resolutions when compared to single bands and 

firing rates. It also hints at diverse roles played by individual oscillations in shaping movement at 

distinct timescales and in response to injury. 



Disclosures: K. Marshall: None. S.E. Clarke: None. P. Nuyujukian: None. 

Late-Breaking Poster 

LBA005: Theme E Late-Breaking Posters 

Location: MCP Hall A 

Time: Monday, October 7, 2024, 8:00 AM - 12:00 PM 

Program #/Poster #: LBA005.026/LBA106 

Topic: E.04. Voluntary Movements 

Title: A subcortical pathway for mediating innate forelimb behaviors in mice 

Authors: *S. A. LAVRENTYEVA1, Z. WANG2, M. BJORNI3, A. YEH4, E. H. FEINBERG2;  
1Anat., UCSF, San Francisco, CA; 2Anat., 3Univ. of California, San Francisco, San Francisco, 

CA; 4Univ. of California Santa Barbara Neurosci., Cupertino, CA 

Abstract: Many daily behaviors, such as picking up a cup of coffee, catching a ball, or swatting 

a bug, involve the forelimb. These movements range from reflexive to highly practiced, and 

previous work has largely examined circuitry that controls skilled forelimb movements. 

However, less is known about the circuitry for innate forelimb movements. Here we reveal that 

the midbrain structure superior colliculus (SC) drives touch-evoked innate reaches via 

projections to the premotor area lateral rostral medulla (latRM). We identified a novel behavioral 

paradigm in which head-fixed mice innately reach to repel somatosensory input to the whisker 

pad. Muscimol inactivation of SC disrupted animals’ performance of touch-evoked reaches. 

Tracing showed that SC neurons project to latRM, which has been implicated in generating 

skilled forelimb behaviors (such as reach-to-grasp and lever-pressing). From electrophysiological 

recordings, we found that latRM neurons are active during innate reach onsets, thus positioning it 

as a potential site of convergence for various forelimb motor commands. In accordance with this, 

tracing revealed that latRM cells receiving input from motor cortex and the SC are commingled. 

Furthermore, we show that SC inactivation reduced reach-related activity in latRM neurons, 

suggesting a functional importance of the SC-latRM pathway for touch-evoked reaching. These 

findings not only define a subcortical pathway for forelimb behaviors, but also propose latRM as 

a site of convergence for movement commands from multiple different higher centers. 
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Abstract: The orofacial sensorimotor cortex plays an important role in controlling tongue and 

jaw movements in complex behaviors such as speaking and eating. Being able to reliably 

perform these movements has critical implications for people suffering from neurological 

diseases such as stroke, Alzheimer’s disease, or Parkinson’s disease, which are known to affect 

orofacial functions. Which features of the complex lingual function drive motor cortical activity 

is still poorly understood. Here we investigate how information in the orofacial primary motor 

cortex (MIo) varies based on factors such as absence of tactile sensation, axis of motion, and 

specific regions of the tongue. To answer this question, we tracked marker-based movements of 

the tongue and jaw while recording neural activity from implanted microelectrode arrays in MIo 

of two rhesus macaques (Macaca mulatta) engaged in feeding. We tested various machine 

learning models to predict tongue and jaw positions and found that long short-term memory 

neural networks had the best performance. Decoding accuracies of models based on (i) axis of 

motion, i.e., antero-posterior (x-axis), supero-inferior (y-axis), and medio-lateral (z-axis), (ii) 

tongue marker region (superficial or deep, anterior vs. intermediate vs. posterior), and (iii) local 

anesthesia applied to sensory branches of the trigeminal nerve, were then compared to evaluate 

the ability to predict MIo activity. Generally, decoding performance was best when using the 

supero-inferior tongue position and worst with medio-lateral position (Kruskal Wallis, p<0.05). 

The effect of tongue marker region was also apparent, as using tongue markers located in the 

posterior region for movements in the x-axis led to superior model performance (Kruskal Wallis, 

p<0.05). Model performance did not differ based on the depth of the tongue marker location 

(Mann-Whitney, p>0.10). Lastly, we found significant differences in model performance 

between control and nerve block conditions across all motion axes (Mann-Whitney, p<0.05), 

with the antero-posterior tongue movements showing the largest decrease in performance post-

nerve block (p<0.0001). Overall, these findings indicate that information carried by MIo neurons 

differ as a function of the tongue’s motion axis, region, available tactile information, and varying 

combinations of these factors. These have important implications for the development of 

evaluation tools, rehabilitation strategies, and neural prosthesis to restore orolingual function in 

particular and limb sensorimotor function in general. 
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Abstract: Fluent speech production requires the planning and articulation of accurately 

sequenced speech sounds. Though Broca’s area has traditionally been thought to facilitate speech 

sequencing, recent studies have shown that damage to Broca’s area does not often cause chronic 

speech production deficits. This has left the question of what neural populations causally control 

speech-motor sequencing unresolved. To address this, we used high-density direct cortical 

recordings while participants spoke utterances with varying syllabic sequence complexity. We 

identified a distributed cortical network with sustained activity modulated by the complexity of 

the sequences, across multiple speech areas including Broca’s area and the posterior superior 

temporal gyrus, but strongest in the middle precentral gyrus (mPrCG). Only neural activity in the 

mPrCG both scaled with sequence complexity and predicted reaction time, suggesting that while 

other areas may be involved in higher level speech processing, the mPrCG may play a role in the 

motoric aspect of speech sequencing. To test whether the mPrCG is causally involved in speech-

motor sequencing, we applied direct electrocortical stimulation to several areas whose neural 

activity was modulated by sequence complexity, while participants spoke a variety of speech 

sequences. We found that only stimulation in the mPrCG, and not Broca’s area, caused speech 

disfluencies only when participants spoke complex speech sequences (like “catastrophe”), but 

not during simple sequences (like “papapa”). Disfluencies included increased syllable durations, 

increased syllable segmentation, distortions, and stuttering. Control trials ruled out other 

stimulation effects, such as anomia or speech arrest, as drivers of these errors. Together, these 

results show that stimulation of the mPrCG results in speech disfluencies resembling those of 

apraxia of speech, a clinical speech disorder of speech-motor sequencing and programming. In 

summary, we demonstrate the critical role of the mPrCG in speech-motor sequence planning and 

establish a neurophysiological link between speech sequencing, the mPrCG, and apraxia of 

speech. These results further our understanding of speech-motor sequencing and stress the 

necessity of accounting for the mPrCG in models of speech production. 
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Abstract: Many EEG- and imagery-based BCI systems may have yielded limited functionality 

because the type of movements being imagined are too similar and/ or too vaguely characterized. 

To explore the relevance of distinctive imagined movements in EEG-based BCI systems, the 

current study employed two tasks that varied across five parameters including the somatotopic 

representation, side of the body, movement direction, transitiveness, and emotional valence. 

These two movements were: 1) signing one’s name on a $10-million lottery ticket, and 2) raising 

one’s left leg. Both movements were also contrasted with a no-movement, resting task. 

Participants (n = 28) first completed 120 trials of imagery followed by 120 trials of overt 

execution. Temporal and frequency-based EEG measures were assessed using a 32-electrode 

actiCAP system, with the main interest being to compare the tasks during the imagination. While 

the late positive component (LPC) over electrode P3 did not differ during imagination of the two 

experimental tasks, LPC associated with both tasks was different from rest. Also, there was a 

larger, negative motor-related component during the imagination of the leg-raise task at electrode 

Cz as compared to the sign and rest tasks. More importantly, differences were also found in the 

frequency domain. Imagination of the signing movement was associated with a significantly 

stronger pre-movement ERD at electrode C3 as compared to the leg raise and rest tasks. Also, 

imagination of the leg raise task was associated with a significantly stronger post-movement 

ERS at electrode Cz as compared to the rest and sign tasks. Critically, no single EEG measure 

could distinguish between all three conditions (e.g., both movements and rest) during action 

imagination. Also, the significant frequency measures were most likely associated with the 

somatotopic representation, side of the body, and transitiveness parameters. In sum, even if 

frequency-related measures were the most distinguishing features during action imagination, we 



suggest that vastly different imagined movements should be selected for the design of BCI 

classifiers. 
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Abstract: Brain-machine interfaces (BMIs) have the potential to improve quality of life for 

those with severe motor impairments by enabling neural control of assistive devices. However, 

traditional non-invasive BMI based on electroencephalography (EEG) or electromyography 

(EMG) induce fatigue during prolonged use, reducing neural signal quality and compromising 

BMI performance. Additionally, traditional BMIs with numerous control options often require 

weeks of user training to achieve satisfactory accuracy, making them hard to learn and use. 

We propose a novel hybrid BMI that combines EEG Steady-State Visually Evoked Potentials 

(SSVEPs) and EMG signals from cheek and neck muscles to control a telepresence robot’s 

locomotion as well as camera position. Maintaining compatibility with common severe motor 

impairments, measurements are limited to neural signals from the head and neck. This hybrid 

BMI features high decoding accuracy, minimal need for user training, and the potential to 

maintain multiple control options while mitigating fatigue through the alternation between EMG 

and EEG inputs. 

Our hybrid BMI employs a Canonical Correlation Analysis (CCA) model to decode SSVEP 

signals and two logistic regression models for EMG signals from the zygomaticus (cheek) and 

the sternocleidomastoid (neck) muscles. We designed a non-simultaneous and a simultaneous 

experiment to collect data for the decoding algorithms. The non-simultaneous experiment 

provides independent EMG and EEG data for training, whereas the simultaneous experiment 



provides intermixed EMG and EEG data more representative of the intended use case. 

Data from healthy subjects demonstrates that in non-simultaneous experiments the system 

achieves decoding accuracy of up to 87% for EMG and up to 100% for SSVEP in an 

experienced user. Notably, it also attains decoding accuracy of over 90% for EMG and over 80% 

for SSVEP in first-time users, showcasing usability without user training. In the simultaneous 

experiment, the system achieves over 76% accuracy in EMG decoding and 98% in SSVEP 

decoding for the experienced user, validating its performance for its intended use case. 

Our findings indicate the hybrid BMI’s capacity for highly intuitive and accurate control, 

showing significant promise for improving the lives of individuals with severe motor disabilities. 

Future research will extend experiments to a larger and more diverse group of subjects, with and 

without motor disability, to enhance the scope of our data. We will also comprehensively 

characterize the hybrid BMI’s performance (accuracy, latency, and information transfer rate) and 

quantify its impact on fatigue with the NASA Task Load Index (TLX). 
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Abstract: Many wearable robotics have been developed to augment human locomotion. Human-

in-the-loop (HIL) optimization has been used to identify subject-specific assistive strategies to 

improve human-exoskeleton interactions, typically relying on biomechanics or metabolic energy 

cost functions. Electroencephalogram (EEG) is rarely used due to a lack of research 

characterizing neural features related to human-exoskeleton interactions. Wireless EEG devices 

have improved portability but suffer from poor signal-to-noise ratio during movement. We 

investigated whether EEG-derived complexity metrics, computed using Modified Diffusion 

Entropy Analysis (MDEA), could track human-exoskeleton interactions in noisy EEG. We 

applied MDEA to 128-channel wireless EEG collected while novice users walked with bilateral 

ankle exoskeleton assistance during early and late adaptation. We hypothesized that EEG 

complexity would change between early and late adaptation as subjects adapted to the 



exoskeleton and that noise in the EEG signal would distort the difference between conditions. 

We found a significant decrease in mean complexity after removing noise from the EEG signal, 

but the relationship between complexity during early and late adaptation was not altered by the 

EEG noise removal pipeline. Significant correlations of mean complexities for all cleaning steps 

imply preserved temporal fluctuations. Our results suggest that MDEA may track changes in 

neural complexity related to human-exoskeleton interactions even in noisy EEG with minimal 

cleaning. Thus, EEG complexity metrics show potential for incorporation in HILO schemes for 

exoskeletons, enhancing the adaptability and performance of these assistive devices. Figure 1. 

Mean complexities across EEG processing pipeline. Statistical significance denoted as: 

***p<0.001, **p<0.01, comparing early and late adaptation. 
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Abstract: Introduction Brain-Machine Interface (BMI) systems have demonstrated potential in 

neural decoding applications. However, conventional electroencephalogram (EEG) systems face 

limitations in signal attenuation and invasiveness risks. To address these challenges, this study 

investigates a novel minimally invasive endovascular electroencephalogram (eEEG) approach. 

The objective is to evaluate the coherence and topological relevance of eEEG by comparing it to 

a standard EEG system. We aim to use endovascular electrodes to capture relevant and high-

quality signals.Methods Neurological signals were recorded from an epileptic patient using a 10-

20 EEG setup with 23 electrodes and 6 endovascular electrodes. Data was collected during a 

Wada test designed to elicit distinct neural responses.ExperimentsThe endovascular electrodes 

were placed in 6 locations as depicted in Figure 1A, the superior sagittal sinus (SSS anterior and 

posterior), cavernous sinus, and transverse sinus (left and right). The protocol was approved by 

the institutional board and registered on the Japan Registry of Clinical Trials, and written consent 

was obtained.ResultsAnalysis revealed strong topological patterns indicating coherence between 

the two EEG systems. The results for the entire recording (~50 minutes), illustrated in Figure 1B, 

show endovascular SSS electrodes (near to surface) to have the highest coherence of 47.605% 

for SSSp-Fz and 24.39% for SSSa-Pz. Coherence of the transverse sinus electrodes was less 

pronounced, and the cavernous sinus was the least due to their deep topological location 

compared to surface cortical areas. Further, activity-related analysis showed similar trends but 

with more pronounced coherence.Discussion & Conclusion The results underscore the proposed 

eEEG system's potential in neural decoding. Endovascular electrodes provide a minimally 

invasive alternative with enhanced signal quality. Future works will focus on refining the 

analysis methods to further 

investigate the contents of eEEG, and their decomposition into sEEG to develop novel BMIs. 
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Abstract: Neural population activity is often modeled as a random process generated by 

underlying dynamic latent variables, which can be used to infer motor behaviors and control 

brain-machine interfaces (BMIs). In this work, we explore a linear discriminant (LDA) approach 

for extracting labeled features for constructing BMIs. We use retrospective data from one male 

rhesus macaque performing a center-out cursor control task over 16 experimental sessions 

(spanning 3 months). Firing activity in motor cortex was recorded using a 96-channel multi-

electrode array. 

First, we show that the subspace identified by multi-class orthogonal LDA performs significantly 

(p < 0.0001) better at isolating condition-dependent variance than demixed PCA (dPCA). 

Intended reach direction can be inferred more accurately using a Naive-Bayes decoder from 

instantaneous samples of LDA features (62% +/- 3%) than dPCA features (55% +/- 3%.) We 

also demonstrate that orthogonal LDA can be formulated as a generalization of dPCA with 

additional regularization reducing bias towards the first principal component. 

Next, we show that the identified condition-dependent subspace has consistent structure (up to a 

rotation). Subspace methods like orthogonal LDA are rotation invariant, i.e. their objective 

functions depend on a subspace, not a particular choice of basis. Hence, an “optimal rotation 

matrix” was computed using an SVD-based method to align subspaces across sessions. A Naive-

Bayes decoder trained on one session was found to maintain similar decoding accuracy (60% +/- 

4%) on different days (after applying the optimal rotation.) 

Finally, we extract labeled features from the condition-dependent subspace by mapping into a 

“decoding space,” where each axis represents the probability the Naive-Bayes model assigns to a 

corresponding reach direction. Labeled features have important implications in the design of 

BMIs, as they allow the mapping between latent variables and control signals to be defined with 

a consistent, meaningful structure. As a proof of concept, we compare the short (< 1 week) and 

long-term (1 week - 3 months) performance of offline, linear, velocity-based BMI trained on one 

session in recreating cursor kinematics in different sessions. When trained on all collected neural 

data, an offline BMI performs 23% worse than an optimal linear model over short-term, and 82% 

worse long-term. When trained on labeled features, the offline BMI performs only 2% worse 

short-term and 7% worse long-term. 

To summarize, we present a framework for extracting consistent, labeled features from neural 

data that may permit the design of BMIs with greater robustness to drift in the encoding of motor 

control. 
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Abstract: Motor symptoms and therapeutic response in Parkinson’s disease (PD) are linked to 

pathological oscillatory activity in cortico-basal ganglia circuits. Advances in deep brain 

stimulation have led to paradigms that adjust stimulation parameters based on neural signals 

(adaptive DBS), highlighting the need to identify physiomarkers that correlate with various brain 

states. Cortical physiomarkers are promising feedback signals for adaptive DBS but the lack of 

minimally invasive tools for long-term studies have made them difficult to explore. Studies of 

long-term cortical sensing use invasive subdural leads. this study aims to establish the feasibility 

of using permanent leads placed under the scalp, but above the skull (e.g., subgaleal) for at-home 

cortical sensing. 

Three individuals with PD were implanted with bilateral sensing-enabled DBS devices (Percept 

PC), each connected to a directional lead targeting the subthalamic nucleus (STN) and a cortical 

lead placed in the subgaleal space over sensorimotor cortex. For cortical sensing, an octopolar 

10.5 mm cylindrical segmented DBS lead was implanted over one side and an octopolar 57 mm 

paddle type lead, normally used for spinal cord stimulation, was implanted over the other side. 

We chronically tracked 60-65 Hz gamma local field potential (LFP) power using the Percept’s 

“Timeline” function. Patients triggered the Percept’s “Events” function at home when 

experiencing symptoms registered in their device (tremor, dyskinesia, rigidity, etc.) and at the 

time of levopdopa doses. When events are triggered, a 30 s snapshot of LFP power from 0-96.68 

Hz is taken and stored. 

We found that both subgaleal leads were able to detect a peak at 60-65 Hz activity and detect 

changes throughout the day that follow a circadian rhythm. Both subgaleal leads were also able 

to detect oscillatory activity within physiologically relevant frequency bands from Events LFP 

snapshots. 

These findings suggest that subgaleal cortical sensing can be used with the Percept PCs at-home 

recording functions to detect brain-state specific changes in sensorimotor cortical activity, 

suggesting that subgaleal sensing may be used in adaptive DBS. On going studies will combine 

Events and Timeline data to assess medication-state specific fluctuations in 60-65 Hz gamma 

activity. 
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Abstract: Introduction 

It has long been thought that individual neurons in the motor cortex are tuned to specific 

movement parameters. Recent studies have found that the time-dependent activities of multiple 

simultaneously recorded neurons encode movements. In neuroscience and brain-machine 

interfaces, there is a strong motivation to reduce high-dimensional neural activities to lower-

dimensional latent dynamics. 

Related work 

There are at least five categories of dimensionality reduction methods: 1) Linear methods such as 

PCA, jPCA, demixed PCA, and PSID. 2) Nonlinear methods like UMAP and tSNE. 3) 

Generative methods using recurrent neural networks or Transformers, such as LFADS, 

AutoLFADS, and NDT. 4) Label-guided generative methods using VAE, such as piVAE, 

SwapVAE, and TNDM. 5) Most recently, supervised contrastive learning methods such as 

CEBRA and MYOW. 

Method 

SoTA methods trained latent dynamics to classify different movement directions or positions 

using label-guided VAE or supervised contrastive learning. We are inspired by the fact that 

many features, including movements, are continuous, and a major task of many neurons is not 

classification but regression. For example, neurons display monotonic tunings to light intensity 

and sound levels. Even for discrete features like faces, neurons in the inferotemporal cortex 

encode continuous feature dimensions and can decode face identities using linear regression. We 

propose Neural Embedding Ranks (NER), which embed neural activities into a 3D latent space 

and contrast the embeddings based on movement ranks. Essentially, NER learns to regress 

continuous representations of neural activities (i.e., embeddings) on continuous movement. 

Results 

We apply NER and six other dimensionality reduction techniques to neurons in the primary 

motor cortex (M1), dorsal premotor cortex (PMd), and primary somatosensory cortex (S1) as 

monkeys perform reaching tasks. Only NER aligns latent dynamics with both hand position and 

direction, visualizable in 3D. NER reveals consistent latent dynamics in M1 and PMd across 

sixteen sessions over one year. A linear regression decoder with NER explains 86% and 97% of 

the variance in velocity and position, respectively. Linear models trained on data from one 

session can decode velocity, position, and direction in held-out test data from different dates and 

areas (64%, 88%, and 90%). NER also reveals distinct latent dynamics in S1 during consistent 



movements and in M1 when the monkey performs curved reaching tasks. 

Conclusion 

NER is a neurally-inspired contrastive learning method designed to reduce high-dimensional 

neural activities to highly informative 3D latent dynamics. 
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Abstract: Neural correlates of movement have been reported from nearly anywhere in the 

human brain, yet the content of these correlates remains unknown. Previous work and related 

studies have demonstrated that these brain-wide neural correlates can be decoded into numerous, 

mostly discrete movement parameters (including grasping types, movement direction or force) 

from many cortical and subcortical brain areas. In this work, we provide a comprehensive 

overview by decoding 12 movement kinematics continuously, reflecting essential components of 

the behavioral complexities of goal-directed movement in daily life. We designed a gamified 

movement task that captured 3D hand movement trajectories using a motion tracker. In total, we 

recorded 3 hours and 19 minutes of three dimensional goal-directed hand movement from 18 

participants implanted with stereotactic-electroencephalography electrodes, capturing neural data 

from 122 unique brain areas with 1903 individual recording sites. Using preferential subspace 

identification (PSID), we demonstrate that hand movement speed can be decoded significantly 

above chance for any electrode configuration or frequency information included in this work. 

Specifically, using delta activity (i.e. a low-pass filter at <5 Hz) the decoder reached the highest 

average reconstruction correlation of 0.39 ± 0.21 (mean, standard deviation) and a maximum of 

0.72 ± 0.02, whereas broad-band high-gamma power and alpha-beta power reached 0.26 ± 0.14 



and 0.37 ± 0.15, respectively. Additionally, we show that velocity (i.e. directional speed) can be 

decoded significantly above chance using delta activity (Vx =0.16 ± 0.12, Vy=0.13 ± 0.11 and 

Vz=0.19 ± 0.16). Finally, we demonstrate that significant neural correlates of hand movement 

speed are present throughout the brain, including deeper structures such as the hippocampus, 

basal ganglia and insula. These results corroborate that nearly the whole brain is involved during 

online motor behavior, where neural information is particularly present in the low frequency 

phase information and high frequency power. The ability to decode these pervasive neural 

correlates of online motor control shows that current motor brain-computer interfaces may not be 

capturing the full potential of the motor system. Moreover, these signals may open up new 

opportunities for new control signals for adaptive systems, for example adaptive deep brain 

stimulation. 
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Abstract: Intracranial Brain-Computer Interfaces (BCIs) that decode and synthesize speech have 

demonstrated significant advances toward restoring speech to individuals with severe 

neuromuscular disabilities. Despite this progress, data are often collected in controlled 

experiments relying on prompted speech. Brain processes associated with such speech can 

substantially differ from those of spontaneous speech, which is the desired mode of operation for 

a practical speech BCI. Thus, decoding models trained on prompted speech are suboptimal for 

decoding spontaneous speech.To examine the distinct brain processes associated with prompted 

and spontaneous speech, data were collected from 10 patients implanted with stereotactic EEG 



(sEEG) for epileptic seizure localization. Patients performed three speaking tasks while their 

sEEG and voice were recorded: (1) prompted recitation (PR); (2) scene description (SD); and (3) 

free-response (FR) questions. The SD and FR tasks are open-ended and elicit natural, 

spontaneous verbal responses.The voice signals were labeled as either containing speech or 

silence. Broadband-gamma features were extracted from each sEEG channel and correlated with 

the associated audio labels across temporal lags from -200 ms to +200 ms. Statistical 

significance was established via permutation tests. Electrodes were grouped by spatial regions of 

interest, with the majority of electrodes residing in left and right temporal and right frontal 

areas.The results show significant correlations of left and right temporal activity to speech with 

positive time lag for all tasks, reflecting auditory monitoring of self-speech production. PR 

produced higher temporal activation than spontaneous speech across all participants. Diverse 

activations were observed in frontal areas across tasks, possibly related to semantic planning. PR 

showed significant frontal activation between cue and speech-onset. For the spontaneous speech 

tasks, frontal activation remained increased during task execution; unaffected activity by speech 

production for SD, and slightly increased activation during periods of silence for FR. These 

results suggest that spontaneous speech production, in contrast to prompted recitation, shows 

significant differences in neural activations and thus warrants a different basis for speech 

decoding. While future work is needed to assess differences in other important speech-related 

regions not sufficiently sampled in this study, such as motor cortex, and implications for speech 

decoding performance, this study highlights the importance of more naturalistic speech data in 

the development of speech BCIs. 
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Abstract: Intracortical brain-computer interfaces (iBCI) have restored communication for 

people with paralysis using cursor-based typing (Pandarinath et al. 2017) and handwriting 

(Willett et al. 2021). Here, we tested whether surface electromyography signals at the wrist could 

improve iBCI performance in two separate applications: (1) as a method to boost decoding 

performance for iBCI participants who may retain some residual muscle activity, and (2) as a 

way for obtaining large datasets from able-bodied people which could be used to initialize a deep 

learning decoder for later iBCI transfer. 

Cortical signals were recorded from a BrainGate2 participant (T12) with dysarthria and impaired 

hand/finger movements resulting from ALS. Two 64-channel Utah arrays placed in the ventral 

left precentral gyrus exhibited neural signals related to the whole body, but with superior signal 

quality for orofacial and speech movements. Muscle activity was recorded using a 16-channel 

surface electromyography research wrist-based prototype (CTRL-labs at Reality Labs. 2024) 

placed on the right wrist of participant T12 and three able-bodied participants. 

For classifying attempted finger movements (thumb flexion, extension, abduction & adduction, 

and all other finger extension & flexion) in T12, combining features from sEMG (RMS power) 

and cortical activity (threshold crossings as well as spike power) improved the offline 

classification accuracy from 75% (wrist-based sEMG only) & 79% (neural only) to 90% (both 

features). Similarly, for handwriting decoding with 25 training sentences, the character error rate 

(CER) improved from 38% (wrist-based sEMG-only) & 48% (Cortex-only) to 11% (both 

features). 

To evaluate the transfer learning approach, a deep learning decoder for handwriting was first pre-

trained using 294 sentences of sEMG data from 3 able-bodied participants (who were also the 

authors of the abstract), which resulted in 10% CER. Fine-tuning this decoder with cortical 

activity for 60 sentences from T12 resulted in 6% CER, a significant decrease compared to 15% 

CER when the decoder was trained from random initialization. 

The advantages of using sEMG recordings for improving cortical decoding may translate to 

different tasks (ex. cursor control & speech decoding) and iBCI participants (if they have 

residual sEMG). This improvement may be due to a combination of statistical (ex. more channels 

for the same underlying phenomenon), biological (ex. sEMG and neural activity represent 

different aspects of movements) or behavioral factors (ex. wrist-based sEMG captures the 

handwriting style and sentence structure that transfers to cortical decoding). 
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Abstract: Intracortical brain computer interfaces (iBCI) are a promising technology to restore 

motor function, but factors including signal disruptions will likely limit widespread adoption. 



iBCIs record neural activity from hundreds of electrodes, and some disruptions, referred to as 

common-noise artifacts, can be identified by simultaneous voltage changes across many 

electrodes1. Here we apply a previously proposed method, inter-electrode correlation (IEC)2, in 

humans implanted with Utah arrays to evaluate whether IEC can reliably identify sessions with 

variable signal quality or noise. 

Two participants with cervical spinal cord injury each had four Utah arrays implanted in their 

sensorimotor cortex for an ongoing clinical trial of an iBCI conducted under an Investigational 

Device Exemption (NCT 01894802). Each session, one minute of full bandwidth voltage data 

was recorded at 30 kHz while participants were instructed to remain still. They then completed 

an iBCI cursor control task, which was categorized as “good” or “bad” based on task 

performance. For every threshold crossing (TC) recorded on each channel during the rest 

session, we calculated the Pearson correlation between the TC waveform and concurrent 

segments on all other channels. From this, we constructed a distribution of IEC values. In 

sessions with good iBCI performance (n = 12), the distribution of IEC values had a Gaussian 

distribution, with only 2.0% (IQR 1.2%-13.3%) of TCs falling outside of the Gaussian 

distribution (one-sample KS Test, p < 0.05). In sessions with poor performance (n = 18), 8.6% 

(IQR 4.7%-37.6%) of TCs fell outside of a Gaussian distribution (one-sample KS test, p < 0.05). 

These data suggest that sessions with more signal disruptions during the baseline period were 

less likely to have good iBCI control, possibly due to ongoing challenges with noise or artifact. 

We next collected data with deliberate motion artifact to test whether movement caused a similar 

change in the IEC distribution. Neural data was recorded while a participant performed overt 

head movements or remained still while the iBCI connection cable was manipulated. The 

percentage of TCs outside of the Gaussian distribution (one-sample KS test, p < 0.05) went from 

4.4% while the participant was at rest to 10.6% in a recording with overt head movement to 

40.6% in a recording with a manipulated cable. 

These results provide the framework for a statistical method to determine whether a threshold 

crossing is likely noise. This may be leveraged to correct for the presence of common-noise 

artifact online during closed-loop iBCI control as well as label artifact offline to train more 

robust machine learning models1. 
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Abstract: The body of an animal determines how the nervous system produces behavior. 

Therefore, detailed modeling of the neural control of sensorimotor behavior requires a detailed 

model of the body. Here we contribute an anatomically-detailed biomechanical whole-body 

model of the fruit fly Drosophila melanogaster in the MuJoCo physics engine. Our model is 

general-purpose, enabling the simulation of diverse fly behaviors, both on land and in the air. We 

demonstrate the generality of our model by simulating realistic locomotion, both flight and 

walking. To support these behaviors, we have extended MuJoCo with phenomenological models 

of fluid forces and adhesion forces. Through data-driven end-to-end reinforcement learning, we 

demonstrate that these advances enable the training of neural network controllers capable of 

realistic locomotion along complex trajectories based on high-level steering control signals. With 

a visually guided flight task, we demonstrate a neural controller that can use the vision sensors of 

the body model to control and steer flight. Our project is an open-source platform for modeling 

neural control of sensorimotor behavior in an embodied context. 
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Abstract: Researchers in rehabilitative medicine are currently developing brain-computer 

interface (BCI) systems to connect the intent-to-move with physical movement to restore 

functionality. While BCI has shown promising results for adult neuromotor rehabilitation, 

research in the pediatric population has lagged. Children in various neuromechanical 

developmental phases have instinctive drive to ambulate and innate desire to ‘play’, giving the 

potential for greatest efficacy from these therapies, even with limited device availability. To 

address the knowledge gaps in the understanding of brain signals in developing children while 

walking and to investigate changes that occur during pediatric neuromotor development, a virtual 

reality avatar was used to engage 23 (13F/10M) neurotypical children aged 6-12 years while they 

walked on a treadmill with for 20 minutes. Multimodal data was collected for use in evaluating 

the neural correlates of treadmill walking as a precursor toward developing BCI controls of 

pediatric lower-limb exoskeletons. Multiple preprocessing pipelines were applied to the collected 

data with the results of each pipeline evaluated using each EEG frequency band, delta (0.1-4Hz), 

theta (4-7Hz), mu (7-12Hz), beta (12-30Hz), and gamma (30-49Hz), along with the combined 

frequency of 0.1-49Hz, with the resulting data z-score batch normalized and used as input to 

assess the accuracy of using Long Short-Term Memory (LSTM) and Gated Recurrent Unit 

(GRU) regressive deep learning algorithms with ten-fold cross validation. Pediatric gait decoding 

accuracy was determined using the RMSE between the predicted and measured lower-limb joint 

movements. It was determined that the neural activity during pediatric gait is similar to that of 

adults, with activation in the premotor cortex, somatosensory cortex, prefrontal cortex, and visual 

cortex. The gait can be predicted using EEG signals by using the LSTM algorithm. The LSTM 

output of all participants yielded a mean RMSE of 1.29 with SD 0.42 of z-scored data. 

Additionally, it was determined that using only the delta band yielded the most accurate results, 

where the mean RMSE of all participants was 1.1 with a SD of 0.38 of z-scored results. 
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Abstract: Locomotor perturbations elicit electrocortical and muscular activities to monitor and 

potentially reduce motor errors. Perturbations may also increase muscular activation as well as 

increase corticomuscular connectivity (CMC). A variation of CMC in response to locomotor 

perturbations has not been examined. The purpose of this study was to quantify CMC patterns of 

young and older adults in response to brief perturbations during recumbent stepping. We 

hypothesized that CMC would increase around the perturbation timing, especially for efferent 

pathways, from the motor cortex to the driving muscles, namely, Posterior Deltoids and Rectus 

Femoris. We also hypothesized that the Anterior Cingulate Cortex (ACC) would have increased 

direct causal connectivity for afferent pathways from a subset of muscles around the perturbation 

timing. We recruited 17 young adults (11 females, age 25±4.9 years) and 11 older adults (4 

females, age 68±3.6 years) and recorded their electrocortical and muscular activities during a 

repeated stepping task (four trials of 10 minutes each) on a recumbent stepper. The perturbations 

were brief 200 ms increases in the stepping resistance at leg extension-onset or leg mid-

extension. We used a 128-channel electroencephalography (EEG) system to record 

electrocortical activity and 12 electromyography (EMG) sensors to record muscular activities. 

We used the direct Directed transfer function (dDTF) method to estimate directional connectivity 

between the estimated cortical source clusters from EEG and EMG of twelve muscles from the 

upper and lower limbs. Older adults had greater baseline connectivity in both efferent and 

afferent pathways (mixed ANOVA, F(1,944)=14.1, p<0.0005) with the afferent connectivity 

being weaker than the efferent connectivity. We found afferent connectivity during the extension 

onset perturbations where the Tibialis Anterior, Soleus, and Rectus Femoris muscles elicited 

ACC activity and during the mid-extension perturbations where the Rectus Femoris elicited ACC 

activity in young adults. Older adults did not have an ACC cluster and thus, no ACC-related 

CMC to observe. We also observed efferent connectivity from the left Posterior Parietal Cortex 

(PPC) to all muscles in older adults but not in young adults. Almost all left-side muscles showed 

bi-directional (afferent and efferent) connectivity with the motor cortex in older adults. The 

results provide evidence that modifying perturbation timing can change CMC and enhance 

specific corticomuscular pathways. 
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Abstract: Locomotor adaptation is the process of learning a new walking pattern when 

interacting with a novel environment and is important for mobility. Practice within even one day 

can improve locomotor adaptation, but the effect of practice on the neural control of locomotor 

adaptation is unknown. Prior work suggests that attentional control areas, such as the prefrontal 

cortex (PFC), are recruited in addition to task-specific areas, such as the motor cortex, to support 

the motor control of a new task, and, with practice, the task will be performed more 

automatically, freeing up the attentional resources. We hypothesize that learning a new walking 

pattern will initially be attentionally demanding and that practice will facilitate automaticity, 

resulting in better performance with decreased attentional control. To test this, 13 healthy young 

adult participants practiced a new walking pattern on a split-belt treadmill, where each leg was 

driven at a different speed. The attentional demand of split-belt walking (SBW) was measured by 

PFC activation assessed via functional near-infrared spectroscopy before and after five practice 

repetitions of alternating split- and tied-belt walking. We found that when participants first 

experienced SBW, PFC activation was significantly higher during SBW compared to standing 

rest (t = 2.74, p = 0.02) and tied-belt walking (t = 3.47, p = 0.005), suggesting that SBW is a 

novel task that requires attentional resources. After practice, participants improved their 

performance, as shown by a reduction in step length asymmetry during SBW (t = -5.26, p < 

0.001). Additionally, a paired analysis comparing PFC activity before and after practice revealed 

that 9 out of 13 participants decreased their PFC activation relative to standing rest. At the group 

level, this reduction is trending but not significant yet (t = -1.48, p =0.17). To confirm that the 

decrease in PFC activation indicates a transition from attentional to automatic control, rather than 

merely from treadmill familiarity, we also compared PFC activation during SBW before and 

after practice relative to tied-belt walking. We found that PFC activation decreased in 9 out of 13 

participants. As a group, PFC activation decreased but not significantly (t = -0.60, p = 0.56). 

While these results are preliminary, they align with our hypothesis. With ongoing data collection, 

we expect to clarify if locomotor adaptation, such as learning a new walking pattern on the split-

belt treadmill, requires attentional resources initially and becomes more automatic with practice. 

This study will elucidate the neural circuitry underlying locomotor adaptation and the 

development of expertise through practice. 
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Abstract: Falls are a leading cause of injuries for older adults and people with neurological 

movement disorders. Understanding balance mechanisms is important for developing effective 

rehabilitation interventions to improve their movement and everyday well-being. Human cortical 

areas are involved in maintaining balance, especially in individuals with balance impairment. 

One previous study with TMS interference on the primary motor cortex (M1) reduces leg muscle 

activity during a balance task. However, the largest cortical activity observed by 

electroencephalography (EEG) during reactive balance control is localized to the supplementary 

motor area proper (SMAp), which has abundant projections to M1 and functions in elaborating 

complicated movements and regulating posture. SMAp activity during reactive balance 

responses is associated with clinical balance measurements, but the role of this cortical activity 

in balance-correcting muscle activity remains unclear. We hypothesize that the SMAp activity 

plays a causal role in standing balance control. The hypothesis was tested by applying 

transcranial magnetic stimulation to create a transient “virtual lesion” on the SMAp during 

backward support-surface perturbations. Each perturbation triggered a TMS or sham stimulation, 

targeting the SMAp leg region at the activity onset that starts at 80-120ms after a balance 

perturbation. During the perturbation, the electromyographic (EMG) responses of the 

participant’s leg muscles were recorded, with the main muscle responses to balance control 

beginning around 80-100ms. Simultaneously, motion capture recorded their kinematics during 

the balance perturbation. We predict the active TMS condition induces greater postural 

instability and a significant reduction in the leg EMG activity during the long-latency response 

period, which is the involuntary muscle activity occurring after 100ms and before the voluntary 

activity in response to a perturbation. Preliminary findings indicate that the active TMS targeting 

SMAp condition decreased the long-latency response activity of the lower-limb muscles, as 

compared to the sham TMS condition. Corresponding to the decrease in muscle activity, the 

body sway was greater and the joint angle illustrated a smaller deceleration of the body during 

the perturbation. Therefore, our initial results suggest that the cortex modulated part of the long-



latency response in leg muscles and helped stabilize human posture in balance control. 

Identifying a causal relationship between SMAp and muscle activities could provide a target for 

neuromodulation strategies aimed at enhancing balance. 
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Abstract: Vestibular schwannoma (VS) patients exhibit different gait patterns, rendering 

diagnosis through classification of those patterns complicated. Machine learning (ML) 

techniques can aid in performing more accurate classification and a comprehensive 

understanding of how VS patients differ from each other. We recorded kinematic data from 32 

VS subjects (ages 26-81) and 32 controls (ages 25-74) as they performed gait-related tasks, 

including a baseline task (regular gait, RG), a challenging task for all VS (ambulating 

backwards, AB), and a task with varying difficulty for different VS (gait with vertical head turns, 

VHT). Inertial measurement units on their ankle and back recorded 3-dimensional linear 

acceleration and angular velocity. Each recording was segmented into gait cycles to train and test 

a convolutional neural network classifier model. For the ankle sensor, RG presented an accuracy 

of 68.13% for controls and 61.42% for VS, showing on the baseline how healthy subjects are 

easier to classify than VS. Intuitively, in a lower dimensional space created by the model’s 

feature selection, the controls occupy a cluster more condensed than the VS, whose distribution 

is more spread out, being harder to identify and classify. For AB, both control (78.45%) and VS 

(69.28%) accuracy improved drastically. This reflects the task difficulty for all VS samples, 

more homogeneous now, squeezing their feature cluster while also moving it away from the 

control one. However, for VHT, challenging only for some VS subjects, the accuracy gain 

appears for healthy, 77.68%, but not VS, 60.54%. This time the VS cluster drifts away from the 

control one without becoming tighter. VS samples behave as a whole more distant to controls but 

unalike from each other as the task affects them differently depending on diagnosis specifics. We 



see the same tendencies on the back sensor, getting 68,19% and 65,59% for RG, 71,60% and 

73,10% for AB, and 71,11% and 60,68% for VHT, for control and VS. The differences between 

feature clusters by task can be seen when performing a low-dimensional data representation with 

a U-map. Lastly, for the back sensor, we checked how many VS subjects were consistently 

misclassified: 10 for RG, 7 for AB, and 12 for VHT, supporting our previous finding. Our results 

highlight the task selection importance in VS classification. ML models are notably improved by 

using data from a task that, by its nature, maximizes the difference between groups, while 

minimizing variability within each. We reinforce the importance of ML techniques in the 

diagnosis and study of diseases where kinematic differences arise, as they provide new and 

valuable insight to discuss further clinical consequences. 
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Abstract: Operant conditioning has been shown to reduce the H-reflex and improve gait in 

patients with central nervous system lesions. Further, stretch reflex (SR) conditioning has shown 

success in healthy subjects suggesting a more direct link to motor function. This study aimed to 

evaluate the efficacy of a novel SR training tool (pedal) on reflex response and movement 

function. Three patients (57-67 years, > 2 years post-stroke, 1 male) completed the 10-week 

study, alongside regular rehabilitation. In each session, patients stood with the affected leg on the 

pedal inducing ankle dorsiflexion pertubations (10° at ~200°/s) to elicit the SR. Soleus SR size 

was measured by surface EMG for immediate visual feedback. The intervention comprised 6 

baseline sessions followed by 24 training sessions, inducing 225 reflexes each. During training, 

patients aimed to reduce the SR based on the feedback. SR, spasticity (Tardieu scale), gait (6-



Min Walk Test, 2-Min Treadmill Walk Test) and balance (manual assessment of Mini BESTest, 

Limits of Stability (LoS in cm²; C-Mill, Motek) and Postural Stability (PS in cm/s; C-Mill, 

Motek), were measured and descriptively compared before and after the intervention. Results: 

Patient 1: SR -30%, Tardieu: no change, 6-Min Walk Test +38%, treadmill speed +25%, Mini 

BESTest +5%, PS -62%, LoS -86%. Patient 2: SR -6%, Tardieu: no change, 6-Min Walk Test 

+8%, treadmill speed +44%, Mini BESTest -12%, PS +6%, LoS +39%. Patient 3: SR +45%, 

Tardieu: no change, 6-Min Walk Test +7%, treadmill speed -25%, Mini BESTest +7%, PS 

+12%, LoS +411%. Results indicate a link between improvements in functional measures and 

successful SR down-conditioning. Patients perceived the conditioning training as highly 

beneficial, particularly in terms of improved perception of the paretic side and reported a general 

muscle relaxation. Therefore, further research should consider psychological aspects. 

Additionally, individual differences in the ability to concentrate on the visual feedback were 

observed. Testing cognitive ability could help to identify any connection to reflex adaptation. A 

further extension of the training period by 2 weeks, as suggested previously, may also be 

relevant for future studies. In conclusion, we observed changes in stretch reflex response 

accompanied by functional improvements using the new training tool. A clinical study is needed 

to provide conclusive results. 
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Abstract: Neural circuits in the spinal cord are composed of diverse sets of interneurons that 

play a crucial role in shaping motor output. Despite progress in revealing the cellular architecture 



of the spinal cord, the extent of cell type heterogeneity within cardinal interneuron classes 

remains unclear, hindering our understanding of the organization of the spinal motor 

infrastructure. Through a focus on a single cardinal class of spinal interneurons, here we present 

a comprehensive atlas of V1 interneuron diversity across postnatal development using single-

nucleus transcriptomics. We find that cell-type diversity is largely preserved across postnatal 

development, providing insight into the molecular taxonomy that distinguishes both known and 

novel V1 clades from birth to adulthood. Interestingly, the transcription factor Engrailed-1 (En1), 

which delineates the parental V1 population, plays a critical role in the development of a highly 

restricted V1 subset while sparing the vast majority of V1 interneurons. En1 global and 

conditional knock-out mice exhibit slowed locomotor rhythm but do not exhibit hyperflexion, 

suggesting a dissociation between these two previously defined phenotypes that are observed 

upon ablation or inhibition of the larger V1 population. Beyond serving as a molecular resource 

for this neuronal population, our study highlights how deep neuronal profiling provides an entry 

point for the study of rare, specialized cell types in the spinal motor system. 
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Abstract: Locomotion is produced by spinal cord central pattern generators (CPG) composed of 

rhythmogenic neural circuits. To identify the source of this innate rhythmicity, the unit burst 

generator model proposes that the rhythmogenic neural population must provide both recurrent 

excitatory input back on itself and to motor neurons for direct motor output. In adult zebrafish, 

work suggests that chx10+ V2a neurons provide local recurrent excitation for other V2a neurons 

and motor neurons to initiate and regulate locomotion, making them one possible candidate. 

However, in systematic mapping of V2a neurons output along the rostrocaudal axis of the spinal 

cord, we find in young zebrafish that V2a neurons make robust synaptic connections to other 



V2a neurons and motor neurons at long ranges (4-6 segments), and weak, largely indirect 

connectivity locally. These results suggest that they cannot provide the local recurrent excitation 

hypothesized to underlie rhythmic motor activity. To test this idea on a functional level, we 

performed ventral root recordings of NMDA-induced fictive swim in spinalized larval zebrafish, 

while optically silencing V2a neurons expressing GtACR2, an anion channelrhodopsin. We first 

calibrated the optical stimuli via digital micromirror device (DMD) to ensure localized inhibition 

of V2a spiking. In current clamp recordings from V2a neurons in vivo, we determined that a 568 

nm optical stimulus localized over the segment of the recorded neuron can inhibit all evoked 

spiking selectively within that segment. We next tested whether silencing V2a neurons in this 

spatially delimited fashion abolished the motor output. We found instead that local optical 

inhibition of V2a neurons did not affect motor activity. To test whether V2a neurons contribute 

to rhythm generation more broadly, we used a more effective 470 nm stimulus whose 

wavelength matches the absorption peak wavelength of GtACR2. In calibration experiments, we 

found that this optical stimulus suppressed spiking by more than 85% over a ~5 segment range, 

unlike the more localized inhibition provided by 568 nm light. During fictive locomotion, this 

optical stimulus robustly inhibited motor activity by 90%. Therefore, we conclude that the 

inhibition of V2a activity within one local segment is not sufficient to affect the motor output of 

spinal CPG. However, silencing the V2a neurons in at least 5 segments significantly reduces 

motor output. Our overall data suggest that V2a neurons do not provide the local excitation 

required for the rhythmogensis. Instead, they may be crucial for overall excitatory drive of other 

network elements that underlie local rhythmogenesis. 
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Abstract: Temperature fluctuations pose significant challenges to the nervous system of 

poikilothermic animals that lack active temperature regulation. Decapod crustaceans, key species 



with massive impacts on food webs in marine coastal ecosystems, are particularly affected by 

rising habitat temperatures and heatwaves caused by global warming. The continuous 

functioning of their nervous system in changed habitat temperatures is critical for survival 

because it controls vital functions like heartbeat, respiration, digestion, and sensory abilities. This 

raises the question how resilient the nervous system is to temperature fluctuations, whether 

resilience is species- and habitat-dependent, and which cellular and circuit mechanisms enable 

temperature resilience. 

Using the pyloric and gastric mill central pattern generators of the stomatogastric nervous 

system, we investigate temperature resilience mechanisms across decapod crustacean species 

that live in distinct temperature habitats. The pyloric and gastric mill motor patterns control 

aspects of feeding and can be recorded in vitro in all species. They are also generated by 

homologous neurons, enabling a comparative evaluation of habitat- and species-dependent 

neuronal properties and responses that facilitate temperature resilience. 

The pyloric rhythm showed habitat- and species-specific differences in temperature resilience: 

When the isolated nervous system was challenged with high saline temperatures, rhythmic 

activity in species from colder and more stable habitats (subtidal and benthic) ceased at 

significantly lower temperatures than in intertidal species that experience rapid and more 

frequent habitat temperature fluctuations (subtidal/benthic species: Cancer borealis: 26.9 ± 

1.4°C (N=10); Cancer magister: 24.9 ± 3.7°C (N=9); intertidal species: Carcinus maenas: 33.4 ± 

1.3°C (N=10); Hemigrapsus sanguineus: 31.7 ± 3.0°C (N=10); Callinectes sapidus: 34.7 ± 3.5°C 

(N=17); P<0.05, One-Way Anova). Acclimation to higher habitat temperatures shifted the range 

of temperature resilience: C. maenas acclimated to 8°C crashed at 33.4 ± 3.5°C (N=10) and at 

37.4 ± 1.1°C (N=9; P<0.05, T-test) when acclimated to 15°C. Thus, neuronal temperature 

resilience correlates with, and responds to, environmental temperature conditions. 
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Abstract: Despite current understanding on the toxic effects of the parkinsonism drug, MPTP 

(1-methyl-4-phenyl-1,2,3,6-tetrahdropyridine), on Substantia Nigra pars compacta neurons, its 

effect on neural circuits localized within the spinal cord that control locomotion remains elusive. 

MPTP crosses the blood-brain-barrier and can interact with the vesicular monoamine transporter 

2 (VMAT2) or the mitochondria’s complex I inducing neurotoxicity and reported parkinsonian 

symptoms in mouse models. We used the isolated lumbar region of the neonatal (P0-P6) mice 

spinal cord as a model to understand MPTP’s effect on neural circuits that control hindlimb 

locomotion. Locomotor activity was induced via the application of serotonin (9-18 μM) and 

NMDA (6 μM), which has been previously shown to induce motor activity in this preparation. 

Motor neuron activity was obtained through suction electrode recordings of lumbar ventral roots 

related to flexor (L2) and extensor (L5) muscle activity in the presence of MPTP at 50 μM, 75 

μM, and 100 μM concentrations. We assessed three parameters related to motor neuron activity 

including burst amplitude, burst duration, and cycle period. A 50 μM MPTP exposure produced 

variable response in amplitude for both L2 and L5; for example, amplitude increased in some 

preparation while it decreased in others. Cycle period increased for both ventral roots 

significantly for L2. At 75 μM concentration, burst amplitude increased for L5 but decreased for 

L2 while cycle period increased for both ventral roots. For both concentrations, burst duration 

remained unaffected except for L5-related activity at 75 μM where it was increased. An 

application of 100 μM of MPTP generally disrupted all motor activity irreversibly. The 

differential response in amplitude suggests that MPTP potentially exerts its effect on motor 

neurons via two distinct mechanisms: interaction with VMAT2 to disrupt neurotransmitter 

packaging and release, effectively decreasing amplitude. Alternatively, MPTP could interact 

with mitochondria’s complex I, leading to ATP depletion and buildup of free radicals, inducing 

toxic excitation as seen via an increase amplitude. Overall, our results indicate that burst duration 

was not impacted, suggesting that MPTP might not be impacting the interneurons responsible for 

the CPG’s control on motor neuron excitability; however, an increase in cycle period also 

suggests that MPTP might be impacting motor neurons indirectly by disrupting the speed of the 

network which is controlled by CPG interneurons. Our results provide an insight into how MPTP 

exerted neurotoxicity on neural circuits localized within the lumbar spinal cord. 
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Abstract: Although Naloxone remains the primary treatment for opioid-induced respiratory 

depression (OIRD), it often precipitates severe withdrawal-related side effects (e.g., nausea, 

vomiting, aggressive behavior). Previous research in rats suggests Oxytocin as a promising 

adjunct treatment for OIRD. These studies mostly involve male animals and typically use a 

single form of systemic Oxytocin (e.g., intranasal spray or intraperitoneal (IP) injection), leading 

to novel questions about its mechanisms of action and potential sex differences driving 

respiratory responses to opioids. This study examines the patterns of respiratory recovery 

following IP Fentanyl injection and subsequent administration of two forms of Oxytocin 

(chemogenetically-stimulated (endogenous) and exogenous) as a reversal agent in male and 

female Sprague-Dawley rats. 3 groups of 8 rats each (3 groups of males and 3 groups of females) 

received a 0.5 mg/kg dose of IP Fentanyl. They were then randomly treated with either IP 

Clozapine-N-Oxide (CNO), IP Oxytocin, or IP saline. The rats treated with CNO were 

previously infected with DREADDs in the paraventricular nucleus at 5 days old, approximately 4 

months before the Fentanyl study. Respiratory Frequency, Minute Ventilation, and Rate of 

Apneic events were measured using whole-body Plethysmography recordings over 4-hour 

periods in unrestrained animals. Our results demonstrated that females experienced significantly 

greater respiratory depression after Fentanyl administration (p = 0.0235). Both IP Oxytocin (p = 

0.0246) and IP CNO (p = 0.0361) induced greater recovery of baseline respiratory frequency 

compared to IP saline following OIRD. Chemogenetic stimulation exhibited a more sustained 

effect (p = 0.0192) compared to systemic injections of Oxytocin. Female animals showed the 

greatest recovery with IP Oxytocin administration within the first hour of recovery (p = 0.036), 

with CNO performing comparably to saline. Conversely, males had a greater respiratory 

response to CNO compared to IP Oxytocin throughout the recovery period.Our findings suggest 

sex-specific differences in respiratory depression and recovery patterns after Fentanyl 

administration, highlighting distinct roles of exogenous versus endogenous Oxytocin pathways 

in modulating respiratory function. Given that endogenous Oxytocin facilitates a more gradual 

recovery and exogenous Oxytocin induces a more rapid effect, future research should explore 

their combined use to optimize respiratory recovery. 
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Abstract: There is evidence that adenosine A2A receptors modulate the synaptic transmission in 

the brainstem pathways responsible for the cardiovascular and respiratory reflexes. Recent 

studies from our laboratory documented that adenosine A2A receptors knockout (KOA2A) mice 

exposed to normoxia (control) or sustained hypoxia (SH) presented changes in the baseline 

ventilatory parameters, indicating a role for these receptors in the generation of breathing. 

Herein, we evaluated the baseline respiratory pattern and the respiratory responses to 

hypercapnia/acidosis of Balb/C [Wild Type (WT)] and KOA2A mice previously exposed to SH 

using the in situ working heart-brainstem preparation (WHBP). WT and KOA2A mice (6-8 weeks 

old) were exposed to normoxia or SH protocol (24h, FiO2 0.1). The impact of SH on respiratory 

and autonomic parameters during baseline conditions and in response to hypercapnia/acidosis 

were evaluated. In the WHBP, we recorded phrenic (PN), abdominal, (AbN), cervical vagus 

(cVN) and thoracic sympathetic (tSN) nerves activities of control and SH groups. CO2 in the 

perfusate was increased from 5% (normocapnia) to 7% and then to 10%. All experimental 

protocols were approved by the institutional ethical committee (#076/2021). In normocapnia and 

hypercapnia (7%), the frequency of PN was significantly higher in the KOA2A (n=8) than in WT 

(n=9) mice (2.05 ± 0.45 vs 0.28 ± 0.04 Hz, P<0.001 and 1.35±0.94 vs 0.31±0.06 Hz, P= 0.04, 

respectively). The incidence of AbN active expiration of KOA2A group (n=6) was significantly 

lower in both hypercapnic challenges (7%: 6.1±3.1 vs 52.3±4.2 %, P=0.03 and 10%: 15.7±6.7 vs 

61.4±12.3 %, P=0.01) than in WT group (n=8). SH increased the incidence of baseline AbN 

active expiration in WT, but not in KOA2A mice. These data support the concept that adenosine 

acting on A2A receptors plays an important role in modulating the baseline respiratory frequency 

as well as in generating active expiration in response to sustained hypoxia or 

hypercapnia/acidosis. 
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Abstract: Coordinated bimanual motor behavior is a fundamental skill in daily life, yet the 

neural circuitry underlying the execution of such tasks remains unclear. We investigated the role 

of interhemispheric connectivity between the left and right primary motor cortex (M1) during an 

asymmetric bimanual motor task. Mice were trained to press a lever with one limb while 

concurrently turning a wheel with the other limb. After achieving proficiency, we disrupted the 

connectivity between the two M1 regions via corpus callosum lesions, which impaired the 

wheel-turning behavior without affecting the lever-pressing behavior, suggesting an asymmetric 

interaction between M1 hemispheres. Furthermore, optogenetic inactivation of each hemisphere 

led to asymmetric effects; inactivation of the lever-contralateral hemisphere (LCH) impaired the 

movements of both limbs and reduced movement-related activity in the wheel-contralateral 

hemisphere (WCH). In contrast, inhibiting WCH only affected the wheel-turning movement 

without affecting the lever-pressing behavior or the LCH activity. These results suggest that two 

M1 hemispheres interact in a hierarchical manner to control the bimanual skill, with the LCH 

playing a dominant role controlling both limbs, partly through the control of the WCH activity. 

We propose that hierarchical interactions of M1 hemispheres ensure the coordination of 

bimanual movements in asymmetric bimanual skills. 
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Abstract: Introduction: Pose estimation (PE) has promise to analyze infant movement to better 

understand the neural correlates of early human movement. Previously, our lab validated a 

method for quantifying infant movement using PE. Another measure that adds to the robustness 

of measuring movement is sample entropy (SE). SE is a measure of the repeatability of a signal. 

For human movement, this is a powerful measure that depicts if an individual is moving 

randomly with lots of variability (i.e. high SE) or performing constant repetitive behaviors (i.e. 

low SE). This study furthers movement analysis using PE by examining the differences in arm 

and leg SE between infants with typical development (TD) and congenital heart disease (CHD). 

Methods: Twelve 3-month-old infants (N=6 TD and N=6 CHD) engaged in a 15-minute 

contingency learning paradigm, where movement of the right leg would activate a mobile. Video 

data was imported and processed using MediaPipe’s full body model, and custom python and 

MATLAB scripts. The scripts quantified infant leg and arm acceleration using the ankle and 

wrist markers for both sides. From the movement data, we quantified sample entropy for the 

movement of each limb using a custom MATLAB script. Wilcoxon rank sum tests were used to 

determine differences in sample entropy between CHD and TD participants, and Pearson’s r was 

used to describe the effect size. Results: There was no statistical difference between the groups 

for sample entropy for left and right arm and leg movement (p>0.05). Infants with TD tended to 

have larger sample entropies for both side and limbs; and there was a medium effect for left leg 

movements (r=0.32) and a low effect for left (r=0.25) and right (r=0.13) leg movements and right 

arm movements (r=0.13). Conclusion: These novel data show that we can quantify the 

complexity of infant movement (i.e. SE). Since PE only requires a video, future studies aimed at 

understanding the neural correlates of infant movement can be conducted in lower income areas 

of the world and in situations where devices like wearable sensors cannot be placed on a child 

(e.g. a neonatal intensive care unit). Thus, opening new and inexpensive avenues for the analysis 

of infant movement and the early detection of developmental disabilities. 
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Abstract: Following stroke, people exhibit impaired motor control. High-density EMG (HD-

EMG) and decomposition reveal spinal motor neuron activity, providing insight into motor 

impairments. Investigations of motor unit (MU) firing in chronic stroke found reduced discharge 

rates (DRs) in affected compared to unaffected limbs, with varying results on coefficient of 

variation (CoV) of DR. We hypothesize that level of lower limb impairment will be related to 

impaired modulation of MU activity, and differences will be evident with changes in muscle 

length. Six individuals (4 females) with chronic stroke were recruited, and HD-EMG was 

recorded over tibialis anterior during submaximal trapezoidal dorsiflexion at 20% maximal 

voluntary contraction at two ankle angles (neutral 0°, 10° plantarflexion) for both limbs. 

Additionally, patients performed the 10 meter walk test (10MWT), which is clinically used to 

stratify patient impairment into community (COM, >0.8m/s) and limited community (LIM, 0.4-

0.8m/s) ambulation. Covariation of force (FCoV), average DR, CoV DR, and CoV of cumulative 

spike train (sum of all MU spikes, CST) were computed over the plateau, as well as symmetry 

(impaired/unimpaired). Repeated measures ANOVA assessed effects of limb and angle (α=0.05). 

FCoV was significantly greater on the impaired than unimpaired limb (0.17±0.09, 0.068±0.04, 

p=0.02) and was greater at 0° than 10° without significance (0.14±0.09, 0.10±0.08, p=0.11). On 

average, 24±8 MUs were decomposed, yielding at least 12 MUs across subjects, limbs, and 

angles. Comparison of MU metrics revealed no significant difference across angles (p>0.05), so 

data were combined. DR was significantly less on impaired limbs (8.66±1.5pps, 10.83±1.5pps, 

p=0.046), while CoV DR (0.20±0.05) and CoV CST (4.01±1.0) did not differ across angles or 

limbs (p>0.05). 10MWT speed ranged from 0.42 to 1.28m/s, with three patients classified as 

COM and three as LIM. When comparing COM and LIM, COM had significantly greater FCoV 

(0.11±0.08, 0.23±0.04, p=0.02), with greater symmetry for DR (0.93±0.2, 0.70±0.09, p=0.03) 

and CoV CST (0.96±0.2, 1.6±0.3), while CoV DR was more symmetric but did not reach 

significance (1.10±0.09, 1.55±0.5, p=0.08). While decreased DR on impaired limbs aligns with 

previous research, 10MWT speed classified limited community ambulators with reduced ability 

to modulate force and greater asymmetry in control of MUs. These results suggest that level of 

lower limb impairment in a dual-limb task is related to the ability to modulate force and MU 

firing rates symmetrically. Further work is required to elucidate whether MU activity can be a 

useful tool to stratify patients post-stroke. 
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Abstract: Effective food capture and ingestion is a universal and essential motor behavior. C. 

elegans feeds on bacteria suspended in liquid using a muscular pump comprising eight muscle 

cell types. These cells generate patterned contraction and relaxation to produce two motor 

programs: pumping, which draws, filters, and traps bacteria at its anterior isthmus; peristalsis, 

which transports trapped bacteria via the posterior isthmus to the grinder. Pumping and 

peristalsis programs are selectively coupled through pm5, a single muscle cell of the isthmus. 

During pumping, the anterior of pm5 contracts and relaxes, while the posterior of pm5 remains 

relaxed. Following some pumping events, the posterior of pm5 performs peristalsis, contracting 

anti-phasically to the pumping motion of the anterior portion of pm51-3. 

We want to address two main challenges that this system needs to resolve for effective feeding: 

1) Efficient capture of bacteria in a low Reynolds number environment; 2) Optimal transitions 

between bacteria gathering and ingestion. We present the following progress: 

1) We developed imaging pipelines allowing high-resolution visualization of muscle contraction 

and food distribution during C. elegans feeding. Based on the muscle contraction profile, we 

built a fluid dynamics model that recapitulates food particle transport. Simulation of this model 

showed that temporal delay in posterior segments of the pharynx is necessary for efficient food 

capture during pumping, and simultaneous posterior pm5 contraction with anterior pm5 

relaxation is crucial for effective transport during peristalsis. 

2) pm5 receives spatially differentiated synaptic inputs from three motor neuron types, M2, M3, 

and M4. We combine experimental and model perturbation to examine how neuronal inputs 

contribute to effective food capture and transport. Our ongoing work implicates an essential 

involvement of M4's excitatory input for a dynamically and spatially controlled posterior pm5 

muscle activity. We aim to delineate the circuitry that regulates the dynamic coupling between 

pm5 activity and these motor neurons between food capture and transport. 

1. Avery. & Shtonda. Exp. Biol. 206, 2441-2457 (2003).2. Avery, L. & Horvitzt. Neuron 3, 473-



485 (1989).3. Fang-Yen, C., Avery, L. & Samuel, A. D. T. Proc. Natl. Acad. Sci. 106, 20093-

20096 (2009). 
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Abstract: Survival in complex and dynamic environments requires mitigating risk of predation 

while simultaneously preventing starvation. Foraging animals will often avoid areas where, or 

times when, the risk of predation is high to decrease the likelihood that the organism is attacked 

when seeking food. Escape behaviors become critical if the animal is unable to avoid attack. 

Successful escape behavior requires rapidly detecting an advancing threat, computing the most 

likely route to preventing injury or death, and must be balanced against the loss of resources 

incurred by vacating a foraging area. Importantly, as hunger increases, animals prioritize food 

seeking at the expense of escape. In ecological situations, threatening stimuli often arise from the 

visual periphery unexpectedly. When starved, attentional resources are directed toward appetitive 

stimuli located towards the center of the visual field at the expense of monitoring the periphery. 

Here, we characterize a limbic visual processing area known as area prostriata (APr) involved in 

the detection of a rapidly advancing threat occurring in an organism’s peripheral visual field. 

Using the looming threat task in combination with calcium imaging we show APr activity is 

increased following presentation of an overhead looming threat in freely moving mice, an effect 

associated with neurons that express the genetic marker for pituitary adenylate-cyclase-activating 

polypeptide (PACAP). Then, using head-fixed microendoscope imaging of single-cell APr 



activity we observed excitatory APr responses to looming stimuli were greatest for rapid (300 

°/s) stimuli occurring near the far periphery (i.e. 120° along the azimuthal plane), relative to 

stimuli presented toward center field. Excitatory APr responses to peripheral visual stimuli were 

abolished when mice were food restricted for 24hrs. 24hr food restriction also prevented escape 

to an overhead looming stimulus, an effect associated with increased cFos in the midline 

thalamus (i.e. PVT). In vitro recording of APr neurons demonstrated optogenetic excitation of 

PVT fibers in APr modulates activity of APrPACAP+ cells and APr neurons that project to the 

midbrain superior colliculus (SC); a region commonly regarded as integral to the initiation of 

escape. These results are consistent with an interpretation that APr is involved in guiding escape 

behavior, particularly when the stimulus provoking escape arises from the visual periphery, and 

that APr is sensitive to alterations in internal state. Further research is aimed at how metabolic 

stress alters visual processing of threat, and the role of this PVT - APr - SC circuit in mediating 

this process. 
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Title: Developmental correlation of orbital orientation, "innate" escape responses and retinal 

specializations in a diurnal rodent, the Octodon degus 
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Abstract: Binocular vision depends on the proper orientation and conjugation of the eyes and 

orbits, and the concomitant development of retinal specializations. Mammals display a wide 

diversity of eye orientation and retinal specializations, from extremely lateralized eyes in prey 

species, usually featuring retinas with visual streaks, to highly convergent and frontalized eyes in 

hunters and skilled manipulators, featuring retinas with areas centralis or high acuity foveas. 

Developmental interactions presumably contribute to coordinate these morphological features, 

which must be further linked to postnatal behavior. Here, exploring a public 3D CT scan data set 



of mammalian skulls (20 species), we show that orbits increase their convergence during 

development in all mammals analyzed, suggesting that the reorientation of the eyes during 

development is tightly linked to orbital development. To further investigate this correlation and 

its possible influence on the maturation of behavioral responses and the development of the 

retina, we studied the precocial diurnal rodent Octodon degus, as this species is born with open 

eyes and displays active motor behaviors right after birth. We found that the eyes and orbits of 

this species converge in parallel during postnatal development, to expand the dorsal binocular 

field from approximately 20° at P5 to around 60° in adults. Additionally, we found the 

probability to escape from aversive stimuli is very low at initial stages and that increases 

progressively when the stimulus is presented overhead, consistent with the increased expansion 

of the dorsal binocular field. Furthermore, regions of higher-acuity in the retina such as the area 

centralis and visual streak develop progressively from an initial, relatively uniform retinal 

ganglion cell distribution. These findings illustrate how postnatal changes in eye and orbit 

orientation collectively contribute to the configuration of the binocular visual field and correlate 

with changes in retinal topography and behavior. Moreover, they provide valuable insights to 

understand the mechanisms driving the diversity of form and function of binocular vision during 

mammalian evolution. 
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Abstract: Synchronous movements of the entire face, from chewing to grimacing, offer 

significant insights into internal physiological processes. Mice, with discernible facial responses 

and evolutionarily conserved mammalian facial movement control circuits, provide an ideal 

model to unravel the link between facial movement and internal physiological states in 

mammals. However, existing frameworks lack the spatial or temporal resolution to track motion 



of the entire mouse face, due to its small and conical form factor. We introduce Cheese3D, a 

computer vision system that first captures high-speed 3D motion of the entire mouse face 

(including ears, eyes, whisker pad, nose, and jaw) using a calibrated six-camera array. We 

selected a set of 17 anatomically-informed geometrical features (distances, angles, areas, and 

volumes in 3D space) constructed from shapes defined by facial keypoints. Adult C57BL/6J 

mice of both sexes were used for the experiments. We first verified the accuracy of the 

geometrical features against measurements of the same mice acquired statically on a 3D scanner. 

Furthermore, we validated the necessity of having all six cameras to accurately measure facial 

details by omitting cameras. To measure the sensitivity of Cheese3D to detect and measure 

small, localized facial movements, we sought to explicitly quantify keypoint jitter in our setup in 

a control experiment using motionless periods. We detected patterns of small movements during 

ketamine-induced anesthesia and showed that time since injection can be predicted through 

whole-face dynamics. We further tested Cheese3D on movements that are vigorous in amplitude 

by recording mice as they consumed crunchy food. We identified behavioral dynamics 

corresponding to distinct modes of eating, consistent with what would be expected from 

ingestion with incisors and mastication with the molars. This set of experiments reveals the 

underexplored potential of mouse whole-face dynamics as a readout of physiological processes 

that are not otherwise visible (i.e., anesthesia depth, food location, muscle engagement). 

Cheese3D sensitively captures high-resolution facial movements in small and larger temporal 

scales, while keeping physical interpretability, and offers a platform to predict neural activity in 

future studies. 
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Abstract: A recent work (Cogno et al., Nature, 2024) reported the observation of ultraslow 

oscillations in the medial entorhinal cortex of mice with periods of tens of seconds to minutes. 

These oscillations lead to long periodic sequences of neural activity that are thought to be critical 



for coupling neurons and circuits over extended time scales during episodic memory formation. 

However, it is unclear how such sequences arise from neuronal dynamics. Here, we show 

computationally that long spike sequences can arise in biological neuronal networks with 

dominant inhibition and are driven by external inputs. Our work builds on a previous analytical 

study of a theoretical model of pulse-coupled leaky integrate-and-fire neurons (Jin, PRL, 2002), 

which showed the prevalence of spike sequence attractors in random networks with global 

inhibition. We expand the model to incorporate biological realism, including multi-

compartmental models for neurons, axonal delays, noisy fluctuations of membrane potentials, 

and, importantly, the mediation of inhibition through inhibitory interneurons instead of direct 

inhibition between all neurons. We find that long periodic sequences emerge in certain parameter 

regimes in such biologically realistic neuronal networks. Chain-like connectivity between the 

excitatory neurons is important for the emergence. The mechanism does not require spatially 

structured connectivity and thus allows random spatial distributions of the neurons that are active 

adjacent in time. Future work will focus on the role of synaptic plasticity in the formation of 

chain-like connectivity. 
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Abstract: Social grouping increases survival in many species, including humans. By contrast, 

social isolation generates an aversive state (“loneliness”) that motivates social seeking and 

heightens social interaction upon reunion. The observed rebound in social interaction triggered 

by isolation suggests a homeostatic process underlying the control of social need, similar to the 

physiological drives such as hunger, thirst or sleep, but the neural basis of social homeostasis 

remains unclear. In this study, I assessed social responses in multiple mouse strains and revealed 

distinct sensitivity in each strain to social isolation. Two previously uncharacterized neuronal 

populations in the hypothalamus were uncovered that are activated during either social isolation 

or social rebound and orchestrate the behavior display of social need and social satiety, 

respectively. Brain-wide connectivity was revealed between these two populations and the brain 

areas associated with social behavior, emotional state, reward, and other physiological needs. 

Intriguingly, social touch was identified to be an essential sensory modality that animals require 



to assess the presence of others and fulfill their social need. Together, these data reveal a brain-

wide neural system underlying social homeostasis and provide significant mechanistic insights 

into the nature and function of circuits controlling instinctive social need and for the 

understanding of healthy and diseased brain states associated with social context. 
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Abstract: The present project was designed to test an animal model of gender-affirming 

hormone therapy (GAHT) on sexual behavior and physiology. Adult sexually experienced 

female Long-Evans rats were treated with testosterone enanthate (TE) or oil, twice per week for 

4 weeks. TE was used to mimic the masculinizing effects of GAHT prescribed to transmen. 

Adult sexually experienced male Long-Evans rats were treated with estradiol benzoate (EB) or 

oil, daily for 4 weeks. EB was used to model the feminizing effects of GAHT prescribed to 

transwomen. On the last day of hormone treatment, all rats were tested for sexual motivation and 

behavior using the partner preference paradigm, whereby subjects could spend time near a 

sexually vigorous male stimulus or a sexually receptive female stimulus. The first phase of the 

test limited physical contact between the subject and the stimulus animals, allowing for only the 

transmission of auditory, visual, and olfactory cues. The second phase of the test provided 

unlimited physical contact between the subject and the stimulus animals. Body weights were 

recorded weekly and gonads were removed and weighed after the partner preference test. Estrous 

cyclicity was monitored in the female subjects for the last 10 days of treatment. Finally, female 

controls received EB (48 hrs) and progesterone (P; 4 hrs) before the partner preference test to 

synchronize their sexual receptivity, while TE-treated rats received oil. We found TE-treated 

female rats failed to enter proestrus or estrus during the 10-day observation period. Interestingly, 

TE-treated female rats were sexually receptive despite not receiving EB+P injections, thus TE 

could elicit lordosis. Furthermore, TE-treated female rats spent less time with either stimulus 

animal than controls across both phases of the partner preference test. When physical contact 

was possible, TE-treated female rats displayed more rejection behaviors. Ovarian weights did not 



differ, but TE-treated rats weighed more than controls by the end of the exposure period. In 

contrast, EB-treated male rats did not differ from controls during the partner preference test. 

However, testes and body weights were significantly lower than controls at the end of the 

exposure period. In conclusion, these findings expand our understanding of the effects of GAHT 

on reproductive health and sexual behavior using an animal model. 
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Abstract: Mast cells are hematopoietic immune cells found throughout the body, including the 

brain. Though primarily known for their role in initiating the allergic response, emerging work 

suggests mast cells shape brain development and behavior. For example, allergic inflammation 

during pregnancy increases the offspring’s risk for neurodevelopmental disorders. We previously 

found that a rat model of acute allergic maternal immune activation (MIA) produces social 

deficits akin to those seen in neurodevelopmental disorders, and also disturbs dendritic spine 

density and oxytocin (OT) and vasopressin (AVP) innervation in the social brain. Here, we aim 

to test the extent to which prenatal mast cell activation contributes to the development of social 

behavior, both at baseline as well as after allergic MIA. Methods: Female rats received 

sensitization injections of ovalbumin or vehicle. After breeding, pregnant females were randomly 

assigned to receive no drug or a mast cell inhibitor, ketotifen fumarate, through drinking water 

from gestational day (GD)14-18. On GD15 or 16, rats were intranasally challenged with 

ovalbumin or saline. 30 minutes post-challenge, tail vein plasma samples were collected and 

analyzed for immunoglobulin E to confirm inhibition of the allergic response. Maternal behavior 

was quantified across 3-4 sessions between postnatal day(P)0-P8. Offspring were tested for 

neonatal ultrasonic vocalization behavior and juvenile social play behavior prior to brain 

collection on P31. Brains were processed for immunofluorescence analysis of OT, AVP, and 



post synaptic density protein (PSD)-95 in regions relevant to social behavior. Data were analyzed 

with linear mixed effects analysis and likelihood ratio testing. Results: Prenatal mast cell 

inhibition with ketotifen impaired spontaneous maternal care, specifically in dams that didn’t 

undergo MIA. Ketotifen also improved maternal pup retrieval performance, irrespective of 

allergen exposure. Regarding the offspring, prenatal mast cell inhibition did not rescue MIA-

related changes to ultrasonic vocalizations, juvenile social play, or OT or AVP immunoreactivity 

in the medial amygdala. Interestingly, prenatal ketotifen exposure alone impaired juvenile social 

play behavior in rats. Implications: Prenatal mast cell inhibition impacted subsequent maternal 

care and offspring social behavior, suggesting a role for mast cells in programming these 

outcomes. This study increases our understanding of how mast cells may influence brain and 

behavioral development, and sheds light on the mechanisms that may contribute to prenatal 

inflammation as a risk factor for neurodevelopmental disorders. 
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Abstract: Environmental osmolarity is a type of neurosensory stimulus for many organisms. 

While behavioral responses to osmotic change are important for maintaining intracellular 

osmotic stability, mechanisms shaping the development of these behaviors are not fully 

understood. In natural environments inhabited by the nematode, Caenorhabditis elegans, 

changes in environmental osmolarity occur frequently. Bisphenol-A is a chemical agent found in 

many plastics used in everyday life. Bisphenol-A can and does leech from plastics and enters the 

environment. In this way, this pollutant is inadvertently ingested by organisms. Bisphenol-A has 

been identified as an endocrine disruptor and impacts the neuroendocrine system and can shape 

development in a variety of organisms. Data about potential effects of dual stressors of osmotic 

change and Bisphenol-A exposure are scant and warrant further study. In this research, we 

created a novel design in which we provided environmental choice to Caenorhabditis elegans, 

and we present findings showing this nematode displays positive chemotaxis towards Bisphenol-

A imbued environments compared to control environments. We examine these findings of 



positive chemotaxis relative to potential impact this response has on neural signaling and 

development, and we assess how Bisphenol-A, as an environmental pollutant, may be affecting 

neuroendocrine development, behavior, and reproductive success in the nematode. 
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Abstract: Our understanding of how animals detect and respond to threat rely on a framework of 

predator-prey interactions. Threat, however, can also arise from conspecifics. Accurately 

discerning the potential threat posed by others is vital for building social relationships. How 

individuals gauge and respond to social threat is not well understood. The corticotropin-releasing 

hormone neurons of the paraventricular nucleus in the hypothalamus (CRHPVN) control 

physiological and endocrine responses to threat. They are necessary for the social investigation 

of a stressed partner that results in the transmission of stress from one individual to another. 

Whether these neurons are involved in the assessment of the potential threat posed by a 

conspecific is unknown. Here, we combined precise behavioral analysis with fibre photometry to 

delineate the relationship of CRHPVN activity with social approach and contact between familiar 

and unfamiliar mice. We found that CRHPVN activity in resident mice increased during the 

approach toward an intruder. This increase was significantly larger when the intruder was 

unfamiliar. This increase in CRHPVN activity was followed by an increase in sniffing behavior 

that was significantly higher with the unfamiliar intruder. These observations indicate that 

CRHPVN activity tracks potential social threat. Further investigations are required to determine 

the scalability and functional consequences of these neural responses. 
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Abstract: 7% of pregnant people use opioids. Opioid use during pregnancy can negatively 

impact maternal and offspring health. Those who use opioids are recommended to use 

medication assisted therapy (MAT), commonly buprenorphine, to prevent withdrawal symptoms 

and pregnancy complications. Opioids can bind to TLR4, an immune cell receptor, to impact 

neuroinflammatory signaling, and we have previously shown that neuroimmune alterations are 

important for the display of maternal behavior. Here, we used a rodent model to understand the 

impact of chronic peripartum opioid exposure or MAT on maternal caregiving and 

neuroinflammation. Female rats (n=8-9/group) were exposed to daily vehicle (VEH), 

buprenorphine (BUP), or oxycodone (OXY), before, during, and after pregnancy. Opioid 

exposure reduced gestation length and maternal weight gain. Postpartum maternal caretaking 

behaviors, including retrieval, huddling and nursing, and pup-directed sniffing and licking, were 

reduced in opioid-exposed mothers, as measured in pup retrieval tasks and home cage 

observations. Behavioral fragmentation was also increased in opioid-treated mothers. At 

postpartum day 8, tissue was collected from brain regions important for facilitating maternal 

behavior, including the prefrontal cortex (PFC), nucleus accumbens (NAc), preoptic area (POA), 

amygdala (AMY), and periaqueductal grey (PAG), and processed for immunohistochemistry or 

qPCR. BUP increased astrocyte (GFAP) staining, while OXY increased microglia (Iba1) 

staining, with both effects seen only in the PAG. Gene expression analysis also showed regional 

and treatment differences in immune transcripts. BUP and OXY increased TLR4 in the PFC. 

BUP increased TNF in the NAc, but decreased IL1B in the POA. OXY increased CD68 in the 

POA, and IL1B, TNF, and TLR4 in the PAG. No changes were seen in the AMY. We also 

assessed perineuronal nets (PNNs), extracellular matrix proteins that are important for 

neuroplasticity and known to be influenced both by pregnancy and by opioids. In the maternal 

PFC, both OXY and BUP led to significant decreases in PNN immunostaining (WFA), and a 

corresponding increase in expression of the protease, matrix metalloproteinase 2 (MMP2), which 

is known to break down PNNs. Analyses of PNNs and related transcripts in other maternal brain 



regions are ongoing. Together, these results provide novel evidence of peripartum neuroimmune 

and perineuronal net alterations following chronic opioid exposure that could contribute to 

maternal care deficits. Modulating neuroimmune activation could be a potential intervention for 

care deficits in mothers exposed to opioids during pregnancy. 
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Abstract: Cannabidiol (CBD) is a nonintoxicating constituent of Cannabis sativa that is 

currently used to manage pain and seizure disorders. Recent research suggests CBD may also 

alleviate the social deficits associated with autism spectrum disorder (ASD). This study 

hypothesized that a single dose of acute 15 mg/kg CBD treatment would improve social behavior 

in adult female BTBR mice, a model of idiopathic autism displaying repetitive behaviors and 

social interaction deficits. To test this hypothesis, a dose of vehicle or 15 mg/kg CBD was 

administered to adult female BTBR and C57BL/6 mice. The effects of CBD on autism-relevant 

behaviors were tested through social interaction sniffing tests 50 minutes after injection, social 

novelty sniffing tests 60 minutes after injection, a marble burying test 70 minutes after injection, 

and a social dominance tube test 100 minutes after injection. Additionally, fecal boli were 

counted after social novelty tests, and the blood glucose was measured following all behavior 

testing. In female mice, the estrous cycle did not significantly influence any behavior. Moreover, 

CBD treatment effects were only significant on the number of fecal boli in BTBR mice and 

marble burying in C57BL/6 mice at 15 mg/kg CBD. 
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Abstract: Resilience to stress is in part controlled by the secretion and regulation of the levels of 

glucocorticoids. In mice of the genus Peromyscus, a pair of sister species have unprecedented 

divergence in the adrenal gland. Oldfield mice have a 9-fold larger adrenal cortex than deer 

mice, which corresponds with a 30-fold difference in the circulating CORT (corticosterone) -- 

the primary rodent stress hormone. Further, oldfield mice provide more care for pups, and 

exhibit reduced anxiety-like behavior but increased susceptibility to infection relative to deer 

mice. To understand the genetic basis and phenotypic consequences of CORT levels, we 

generated 769 F2 hybrids and quantified parental behavior, anxiety-like behavior, and CORT 

levels in the hair. Quantitative genetic mapping revealed two loci centered on the glucocorticoid 

receptor (GR) and on the corticosteroid binding globulin (CBG) that together explain 29% of 

variation in CORT levels. In F2s, the oldfield alleles of these genes enhance parental behavior 

and inhibit anxiety-like behavior, whereas the deer alleles have the opposite effect. To study 

these loci in detail, we generated backcross mice. Mice with the oldfield GR are much more 

anxious than either pure species, but mice with the oldfield allele at both GR and CBG behave 

like oldfield mice. These results suggest that CBG buffers the effects of GR. Oldfield GR has 4 

amino acid substitutions and oldfield CBG has 10 substitutions relative to deer mice, some of 

which occur in functional domains of each protein. Next, we tested the 4 amino acid differences 

in GR in isolation and in combination using luciferase assays. We found that oldfield GR is less 

sensitive to CORT, and these results are consistent with RNA-seq data indicating allele-



dependent CORT effects on gene expression. Taken together, the genetic dissection of CORT 

levels offers new opportunities to understand the mechanisms by which behavioral diversity 

arises. 

Disclosures: J. Merritt: None. S. Lockwood: None. A. Bendesky: None. 

Late-Breaking Poster 

LBA006: Theme F Late-Breaking Posters 

Location: MCP Hall A 

Time: Monday, October 7, 2024, 1:00 PM - 5:00 PM 

Program #/Poster #: LBA006.013/LBA12 

Topic: F.02. Neuroendrocrine Processes and Behavior 

Support: NIH grant MH113007 to JD 

 Synergy European Research Council (ERC) grant “OxytocINspace” 101071777 

to VG 

 SFB Consortium 1158-3 to VG 

 German-Israeli Project cooperation (DIP) GR3619-1 to VG 

Title: Vasopressin and oxytocin, acting via oxytocin receptor (OTR), excite Type III, OTR- and 
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Abstract: Interoceptive signals dynamically interact with the environment to shape appropriate 

defensive behaviors. Hypothalamic hormone and neuromodulator, arginine-vasopressin (AVP), 

regulates internal states related to thirst and circadian rhythmicity. The dorsolateral BNST 

(BNSTDL) expresses oxytocin (OTR) and AVP receptors but their integrated role in modulating 

BNSTDL activity is unknown. Here we show that in male rats, AVP directly excited Type III 

BNSTDL neurons (P=0.0007, F(0.9966, 9.966)=23.05, n=11, mixed effects analysis), which 

required OTR transmission (with OTR antagonist P=0.3949, F(1.419, 11.35)=0.9149, n=9.) 

These excitatory effects of AVP were confirmed in fluorescent OTR-BNSTDL Type III neurons 

from OTR-Cre transgenic rats (P<0.0001, F(1.267,11.40)=31.89, n=10). As Type III neurons 

were previously shown to express mRNA for corticotropin-releasing factor (CRF), we show that 



both AVP (P=0.0057, F(1.392, 8.351)=11.82, n=7) and selective OTR agonist, TGOT 

(P=0.0167, F(1.647, 9.882)=6.823, n=7) excited fluorescent CRF-BNSTDL neurons from CRF-

Cre rats. Considering the role of BNSTDL in avoidance and fear-related behaviors, we next 

demonstrated that chemogenetic silencing of OTR-BNSTDL neurons significantly reduced 

exploration of open arms in the elevated plus-maze (P=0.0307, n=43, un-paired t-test) and 

increased anxious arousal in the fear-potentiated startle (P=0.0077, n=43). Finally, to determine 

the source of AVP inputs to the BNSTDL, we used AVP-Cre rats and showed that neurons from 

the suprachiasmatic (SCN), supraoptic, and paraventricular nuclei of the hypothalamus send 

AVP projections to the BNSTDL. Notably, optogenetic tetanic light stimulation of the SCN fibers 

in the BNSTDLevoked AVP release and excited BNSTDL neurons (P=0.0251, F(1.739, 

10.43)=5.611, n=7, RM ANOVA) via OTR (P=0.4261, F(1.945, 5.836)=0.9831, n=4). We 

demonstrate how OTR-BNSTDL neurons exited by hypothalamic AVP inputs play a major role in 

regulating BNSTDL excitability, overcoming threat avoidance, and reducing anxious arousal 

following fear conditioning. Therefore, changes in the activity of internal state-sensitive 

hypothalamic inputs will directly impact OTR-BNSTDL neurons’ activity to shape appropriate, 

physiologically relevant defensive behaviors. 
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Abstract: The bed nucleus of the stria terminalis (BNST) regulates stress-related physiological 

and behavioral responses, notably, fear and anxiety-like behaviors. The BNST receives inputs 



from many hypothalamic nuclei that regulate wake/sleep cycle, such as suprachiasmatic nucleus 

(SCN) of the hypothalamus. Our recent studies demonstrate that arginine-vasopressin (AVP) has 

a direct excitatory effect on oxytocin receptor (OTR)-expressing neurons in dorsolateral BNST 

(BNSTDL), and these neurons also express striatal-enriched protein tyrosine phosphatase (STEP). 

However, the source of AVP inputs in the BNSTDL are elusive. Hence, we used AVP-Cre 

transgenic rats (Cre-recombinase under the AVP promoter) injected with Cre-dependent pAAV-

hSyn-FLEx-mGFP-2A-Synaptophysin-mRuby into the SCN and we show that SCN sends AVP-

containing inputs to the BNSTDL. To determine whether the SCN and BNSTDL have synchronous 

expression of activity markers, we quantified immunoreactivity patterns for AVP and STEP in 

the SCN and BNSTDL, respectively, across four zeitgeber times (ZT 1-1.5, 11, 13, 23) in 17 rats 

housed in 12:12 light-dark cycles. We found varying levels of AVP expression in the SCN across 

the four zeitgebers. Two-Away ANOVA revealed that STEP expression in BNSTDL neurons was 

highest at ZT 1 and lowest at ZT 23 (F3,13= 14.20, p = .0002), suggesting that expression of 

STEP in BNSTDL-STEP neurons might be directly affected by circadian rhythmicity. To test 

whether chemogenetic activation of SCN-AVP neurons or inhibition of OTR-BNST affects fear 

and anxiety-like behaviors during elevated plus-maze (EPM) or contextual fear conditioning, we 

used 21 male and 35 female AVP-Cre transgenic rats injected with Cre-dependent pAAV-hSyn-

DIO-hM3D(Gq)-mCherry DREADDS into the SCN and 31 male and 29 female OTR-Cre 

transgenic rats (Cre-recombinase under the OTR promoter) with Cre-dependent pAAV-hSyn-

DIO-hM4D(Gi)-mCherry DREADDS in the BNSTDL. Contextual fear was not affected by 

chemogenetic activation of SCN-AVP neurons nor inhibition of OTR-BNST neurons in males 

and females. Two-way ANOVA revealed a trend that chemogenetic activation of SCN-AVP 

neurons increases freezing time in the open arms in males and females (F1,52= 3.868, p = .0546). 

Two-way ANOVA also revealed that chemogenetic inhibition of OTR-BNST neurons increased 

percent of time spent in the open arms, notably in males (F1,56= 8.292, p = .0056). In conclusion, 

the anatomical and functional connectivity between the SCN and BNSTDL implies that changing 

physiological conditions, particularly the sleep/wake cycle, through AVP prompt, may affect 

OTR-BNST neurons’ activity and BNST-dependent behaviors. 
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Abstract: Menopause marks the end of a woman’s ovarian cycling, dominated by a loss of 

circulating estrogens as depletion of ovarian follicles occurs. Though typically considered a 

reproductive transition, the perimenopause stage consists of primarily neurological symptoms, 

including a drop in the cerebral metabolic rate of glucose (CMRglc) and a shift to alternative 

energy substrates; this coincides with a rise in neurological symptoms. Peri- and post-

menopausal women have greater Alzheimer’s disease-associated brain biomarkers, including 

amyloid β (Aβ) deposition, decreased glucose metabolism, and lower gray and white matter 

volume, compared to premenopausal women and to men. Similarly, diet-induced obesity (DIO) 

is associated with reduced CMRglc and higher risk of cognitive dysfunction in males of multiple 

species. In the present study, we tested the hypothesis that estrogen protects non- and 

premenopausal females from the metabolic and cognitive perturbations seen in males suffering 

from DIO. Two-month-old C57BL/6N female mice were treated with 4-vinylcyclohexene 

dipoxide (VCD) or vehicle (sesame oil) for 20 days at a dose of 160 mg/kg/day (i.p.) to induce 

ovarian follicle failure. Two weeks after the final dose, mice were implanted with a 90-day 

timed-release 17β-estradiol (βE2) pellet or a placebo. Subsequently, mice were put on a western 

diet (WD) (42% fat, 34% sucrose) or standard chow (normal diet, ND). After 5 weeks on WD, 

mice were tested for cognitive function (Y maze), glucose tolerance, and CMRglc. DIO was 

manifest as significant weight gain in all mice fed WD, although VCD-treated mice gained 

weight significantly faster than vehicle and VCD-βE2 mice. VCD-WD mice had a deficit in 

spatial working memory as shown in the Y maze spontaneous-alternation test when compared to 

VCD-ND mice (p<0.05), and this deficit was prevented by βE2 treatment (p<0.05). VCD-WD 

mice exhibited impaired glucose tolerance compared to VCD-WD-βE2 (p<0.05), and reduced 

CMRglc compared to VCD-ND mice (p<0.01). Based on these findings, the resilience of female 

mice against DIO is dependent on βE2 levels. Loss of βE2 due to ovarian failure, similar to the 

process of menopause, exacerbated the effects of DIO, resulting in cognitive deficits, impaired 

glucose tolerance, and reduced glucose utilization in the brain. These results were not observed 

in VCD-treated mice on normal diet or in VCD-WD mice that had βE2 levels restored. These 

findings are important for considerations of hormone replacement therapy as regards the risk for 

vascular dementia and other forms of cognitive impairment related to Type-2 diabetes and 

metabolic syndrome. 
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Abstract: Polycystic ovary syndrome (PCOS) is a neuroendocrine disorder that affects women 

of reproductive age, causing infertility, implantation failures and abortions due to uterine 

morphological changes. In our laboratory we studied the transient receptor potential to vanilloid 

member 1 (TRPV1) as a modulator in cell reproduction biology. TRPV1 has been found in the 

uterus and its sensory fibers that communicate to the central nervous system (CNS), also is 

activated by capsaicin. At low concentrations of capsaicin cell proliferation and differentiation 

are promoted, however at high concentrations cell death is induced. We hypothesized that 

stimulation of TRPV1 receptors (via sensory pathways) with low capsaicin concentrations 

modulates uterine cell development in mice with PCOS. We worked with P20 old CD1 female 

mice divided into 5 experimental groups (control, vehicle, EV, EV/Caps 1 nM and EV/Caps 10 

nM, n=8 per group). PCOS induction with estradiol valerate (EV) (40mg/kg s.c.) was performed 

on P24 (EV, EV/Caps 1 nM and EV/Caps 10 nM) and capsaicin administrations in the L3-L4 

vertebrae region (EV/Caps 1 nM and EV/Caps 10 nM s.c.) were performed on days P64, 67, 70, 

73. Finally, on P76, animals’ euthanasia was performed. First, we evaluated the EV model by 

determining the first vaginal opening (FVO), recording a variation of weight and estrous cycle 

through time. Our results showed no statistical differences between FVO´s groups, a significant 

decrease in weight in EV/Caps 10 nM group (days P64-P76) and a permanent estrous cycle after 

EV administration that persists in groups EV, EV/Caps 1 nM and EV/Caps 10 nM. After this, we 

evaluated the uterus of the experimental groups by measuring its relative weight, the thickness of 

uterine layers, also evaluating morphological quality with H&E staining and TRPV1 receptor by 

immunohistochemistry. The relative weight of uterus between the groups showed no statistical 

differences. The EV group showed endometrial hyperplasia, increased epithelial thickness with 

aberrant cellularity, a decrease in perimetrium thickness, and a reduction in the immunoreactivity 

in TRPV1 in the epithelium, the endometrium, and the myometrium. The EV/Caps 1nM and 

EV/Caps 10 nM groups showed improvements in the cellular morphology of the epithelium and 

endometrial glands, also an increase in the number of glands and the thickness of the 

endometrium, the myometrium and the perimetrium. In addition, we found an increase on 

TRPV1 levels in the epithelium, endometrium and the perimetrium. In conclusion, we propose 



capsaicin at concentrations of 1 and 10 nM improves abnormalities of uterine cell development 

in CD1 mice induced to PCOS through TRPV1 agonism. 
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Abstract: Although the gonadotropin-releasing hormone (GnRH) neurons play a pivotal role in 

mammalian fertility, their in vivo activity and functional classification during ovulation and 

across reproductive cycles still remain elusive. By integrating in vivo electrophysiological 

recording with chemogenetic technology, we successfully identified GnRH neurons in freely 

moving mice. Recordings obtained revealed that the baseline firing rates of rostral preoptic area 

(rPOA) GnRH neurons were significantly higher during proestrus compared to metestrus and 

estrus stages of the cycle. Continuous 20-hour recordings showed surge-like activity in 

subpopulations of GnRH neurons (~46.67%) during the proestrus stage, with the remainder of 

GnRH neurons exhibiting basal rhythmic firing patterns. Their similar waveform characteristics 

facilitate their identification for subsequent in vivo electrophysiology studies. This study 

represents a significant milestone in functionally classifying GnRH neurons and holds great 

importance for investigating neuroendocrine regulation on female reproduction. 
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Abstract: Background: Alcohol is one of the most commonly used substances in the United 

States, contributing to significant individual and societal costs. Recent research demonstrates that 

drinking topography (i.e., rate of intake) has important associations with alcohol-related 

consequences above and beyond quantity consumed or peak blood alcohol concentration (BAC). 

However, findings regarding the link between drinking topography and BAC are largely limited 

to observational studies and potential sex-dependent effects remain unclear. This is important 

given established sex differences in alcohol pharmacokinetics due to sex differences in body 

composition and alcohol metabolism. 

Method: 34 healthy adults over the age of 21 (M = 26, SD = 6.72; 52.9% female) freely drank up 

to two 5% alcohol-by-volume beverages throughout a one-hour session in a virtual reality bar 

environment. Beverages were placed on a Bluetooth scale, allowing measurement of drink 

weight and calculation of the volume and interval of individual sips. Estimated BAC (eBAC) 

was calculated using a three-compartment pharmacokinetic modeling equation updated with each 

sip. Independent t-tests were conducted to examine sex-dependent effects on eBAC. Multilevel 

modeling (MLM) was used to characterize the effect of drinking rate (grams of ethanol 

consumed per second) on the lagged rate of acceleration of the eBAC on the ascending limb. 

Results: Analyses indicated males had greater sip volume t(32.0) = 2.28, p = 0.029, Mdiff = 8.91, 

d = 0.784), sip volume variability t(32.0) = 2.48, p = 0.019, Mdiff = 5.11, d = 0.851) and total 

ethanol consumption t(32.0) = 2.35, p = 0.025, Mdiff = 5.24, d = 0.809) than females. MLM 

results suggested that greater time from the first sip was associated with faster eBAC 

acceleration (b = 0.027, p = < .001, 95% CI = [0.019, 0.035]). The interaction of rate of 

consumption with time was a significant predictor of eBAC acceleration such that faster rate of 

consumption and longer time since first sip was associated with a faster eBAC acceleration (b = 

0.006, p = < .001, 95% CI = [0.004, 0.009]). 

Conclusion: Findings indicate sex-dependent effects on behavioral drinking patterns may have 

important implications for the higher binge drinking rates seen across males. Faster rate of 

consumption over time was associated with a faster eBAC rise until the next sip, especially as 

the length of the session increased. This is likely due to carryover effects because the starting 

eBAC of each sip will be partially dependent on each previous sip. This suggests that intervening 

earlier in a drinking session and modifying how fast an individual drinks may be an important 

target for harm reduction interventions. 
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Title: The puberty blocker, leuprolide, alters the inflammatory marker, uPAR, and extracellular 

matrix regulator, TIMP2, in the adolescent rat brain. 
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Abstract: Puberty blockers, such as leuprolide, are gonadotropin-releasing hormone agonists 

that delay the onset of puberty. This blockade is most commonly used to treat disorders such as 

gender dysphoria in adolescents. Puberty is also a time of increased vulnerability to anxiety and 

depression, which have been associated with increased inflammatory states. Urokinase 

plasminogen activator receptor, uPAR, is a biomarker associated with the activation of 

inflammatory responses coded by the Plaur gene. Stressful stimuli has been correlated to 

upregulation of uPAR levels. As puberty and adolescence is a time period of vulnerability to 

stressors, we wanted to examine if pausing puberty altered the levels of uPAR within the 

adolescent hippocampus and amygdala. Additionally, uPAR has been implicated in the 

regulation of factors that alter the extracellular matrix (ECM). Specifically, uPAR activation 

leads to regulation of the opposing extracellular matrix proteins MMP-2, matrix 

metalloproteinase 2, and TIMP-2, tissue inhibitor of metalloproteinase 2. These proteins serve 

vital roles in ECM remodeling and synaptic plasticity in these brain regions. Previously, we 

observed a decrease in anxiety-like behavior in a rodent model after the administration of 

puberty blockers. Now, we are using this blockade to understand the relationship between 

puberty and its corresponding role in inflammatory reactions. Through the use of a multiplexed 

qPCR approach, we measured mRNA expression of Plaur, MMP-2 and TIMP-2 genes in the 

adolescent hippocampus and amygdala. Within the adolescent hippocampus, we find that 

treatment with leuprolide lowered uPAR mRNA levels in males and females. Within the 

amygdala, we found a sex difference in the levels of TIMP-2 mRNA, with females having higher 

levels of TIMP-2 mRNA than males. Furthermore, leuprolide increased the levels of TIMP-2 

mRNA in both males and females. Since puberty is a time of physiological restructuring, it is not 

unexpected that pausing puberty would alter factors related with ECM remodeling. Together, 

these data that puberty blockers may have anti-inflammatory characteristics and prevent ECM 

degeneration of different adolescent brain regions. 
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Title: Estrogenic re-mapping of the metabolic response to an energy deficit 
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Abstract: Endothermy is an adaptation that can be traced back hundreds of millions of years and 

is critical for nearly every aspect of mammalian biology. Despite the advantages associated with 

a stable internal temperature, endothermy is energetically expensive. To conserve energy when 

food is scarce, mice have evolved the ability to reversibly enter a regulated state of hypothermia 

and hypometabolism, known as torpor. We have found that circulating 17β-estradiol, a potent 

estrogen, inhibits fasting-induced torpor in ovariectomized female mice, yet the signaling 

mechanisms underlying this estrogenic re-mapping of the metabolic response to an energy deficit 

remain largely unknown. Recent studies have identified the medial preoptic area of the 

hypothalamus (MPO) as the central regulator of torpor. MPO neurons that express estrogen 

receptor alpha have been identified as central coordinators of torpor, and MPO neurons that are 

activated during torpor broadly express estrogen receptors, suggesting that circulating estrogens 

may directly modulate torpor-driving neurons in the MPO. To test the hypothesis that circulating 

estrogens inhibit torpor by acting directly on estrogen-sensitive neurons in the MPO, we 

delivered 17β-estradiol (E2) directly to the MPO before inducing torpor with a 48-hour fast. 

Surprisingly, we found that E2 delivered to the MPO was sufficient to inhibit fasting-induced 

torpor in gonad-intact, but not ovariectomized, female mice. These data demonstrate that E2 

signaling in the MPO is insufficient to inhibit torpor on its own and that there are likely MPO-

independent nodes in the body that circulating estrogens act on to inhibit torpor. However, our 

data also demonstrate that E2 signaling in the MPO does play a role in tuning the torpor response 

when endogenous gonadal hormones are present, suggesting that the MPO can sense estrogens 

and engage the appropriate effector circuits to inhibit torpor in certain physiological contexts. 

Together, these data advance our understanding of how circulating estrogens inhibit torpor in 

mice - a critical step towards the broader goal of understanding how circulating estrogens 

influence energy expenditure, and how these pathways can be manipulated to improve metabolic 

health. 
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Abstract: Background: Peripheral immune dysregulation, including upregulation of pro-

inflammatory signaling, is found widely in depression. So far as stress plays a role in the onset of 

depression, research has also shown that neutrophils are upregulated after chronic stress. 

Interestingly, using the chronic social defeat stress model we find that neutrophil elastase, a 

secreted neutrophil serine protease, is upregulated in stress-susceptible mice. The ongoing 

question remains to what extent this depression-associated peripheral imbalance can be 

modulated by currently available antidepressants (i.e., fluoxetine). Additionally, we tested the 

functional relevance of directly modulating elastase to either promote or blunt stress 

susceptibility. Methods: Adult male C57BL/6 mice were exposed to 10 days of chronic social 

defeat stress and then stratified by their interaction ratio (>1=resilient (RES), <1=susceptible 

(SUS)). SUS mice received chronic fluoxetine (160 mg/L in drinking water) and elastase levels 

were measured by ELISA after 4 weeks of treatment. A separate cohort of defeated mice were 

separated by phenotype and instead of fluoxetine, SUS mice were treated with Alvelestat, a 

neutrophil elastase inhibitor. In parallel, RES mice received chronic recombinant elastase 

treatment to precipitate a susceptible phenotype. Results: Mice that received chronic fluoxetine 

after stress showed a reversal of social avoidance and an attenuation of neutrophil elastase 

activity. Interestingly, recombinant administration of elastase only modestly facilitated a SUS 

phenotype in RES mice whereas attenuating elastase activity was sufficient to promote 

resilience, similar to that seen after chronic fluoxetine treatment. Conclusion: Neutrophil elastase 

could be a novel peripheral biomarker of stress susceptibility and a viable target for 

antidepressant treatment. Additionally, neutrophil elastase could be an indicator of positive 

antidepressant treatment response. 
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Title: Chronic Stress Exacerbates Viral Infection-Induced Sickness Behaviors and 

Neuroinflammation 
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Abstract: Post-viral fatigue syndrome (PVFS) is characterized by persistent sickness responses 

following viral infection. This study investigates the hypothesis that chronic stress predisposes 

individuals to develop PVFS. Mice were subjected to chronic stress prior to a viral mimic 

challenge (poly I:C). We assessed sickness behaviors, including fever, fatigue, pain, and 

depressive-like behavior. Chronic stress significantly attenuated grip strength (p<0.001), 

spontaneous locomotor activity (p<0.01), and the febrile response to poly I:C while increasing 

mechanical allodynia (p<0.001) and prolonged immobility in the forced swim test (p<0.05). 

Furthermore, we observed that minocycline and RU486, targeting microglial activation and 

glucocorticoid receptors respectively, attenuated PVFS-like symptoms (p<0.001). Preliminary 

histological data suggest altered activation patterns in brain regions implicated in stress and 

immune responses indicating potential neuroinflammatory mechanisms underlying these 

behavioral changes. These findings provide evidence that chronic stress is a risk factor for 

developing PVFS and highlight the importance of neuroinflammation in the pathophysiology of 

this condition. 
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Title: Sex Differences in the Synergistic Effects of (R,S)-Ketamine and Prucalopride on Neural 

Activity 
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Abstract: Sex is a significant risk factor in Major Depressive Disorder (MDD), with women 

experiencing depression and taking antidepressants at twice the rate of men. Given that MDD 

presents differently in men and women, it is crucial to study sex-specific treatments, as women 

often experience distinct symptoms and may respond differently to treatments, making targeted 

interventions essential. Current treatments are limited by non-specific side effects, inefficacy in 

Treatment Resistant Depression (TRD), and delayed onset. Serotonin type IV receptors (5-

HT4Rs) and N-methyl-D-aspartate receptors (NMDARs) have both been implicated in the 

pathophysiology of depression, and targeting these receptors with (R,S)-ketamine and 

prucalopride, respectively, has demonstrated rapid antidepressant effects in preclinical models. 

Previous results have found that combined administration of (R,S)-ketamine and prucalopride 

exerts additive effects against stress by attenuating learned fear in male mice and suppressing 

behavioral despair and hyponeophagia in both sexes. Here, we aimed to further understand the 

underlying mechanisms of these sex-specific behavioral changes by characterizing the neural 

circuits affected by combined (R,S)-ketamine and prucalopride treatment in both sexes. Male and 

female mice were treated with a single injection of saline, (R,S)-ketamine, prucalopride, or a 

combined dose of (R,S)-ketamine+prucalopride (K+P) one week before exposure to contextual 

fear conditioning. C-fos and parvalbumin (PV) expression in the medial prefrontal cortex 

(mPFC) and hippocampus (HPC) was analyzed using immunohistochemistry and network 

analysis. In male mice, K+P treatment increased c-fos and PV expression as well as the 

correlated activity of inhibitory PV+ interneurons in the mPFC and HPC regions. In contrast, in 

female mice, K+P treatment selectively decreased c-fos expression in the mPFC without altering 

PV expression or c-fos in the HPC. These findings suggest that the mPFC could be a potential 

target for female-specific treatments for MDD, highlighting the importance of considering sex 

differences in the development of therapeutic strategies. This research underscores the potential 

of (R,S)-ketamine and prucalopride to offer a novel, sex-specific treatment option for MDD. 

Further research into the distinct neural mechanisms in females is essential for developing more 

effective and tailored interventions for depression, ultimately improving outcomes for a 

significant portion of the population affected by MDD. 
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Abstract: Cobalt, a metallic element found naturally in the earth’s crust, is essential to survival. 

It is the active center of cobalamins such as vitamin B12 and is also a micronutrient for bacteria, 

algae, and fungi. The effects of cobalt (II) chloride, CoCl2, are dependent on the dosage. High 

dosage or chronic exposure of CoCl2 can have negative effects such as carcinogenic properties, 

intoxication, and cardiomyopathy known as “beer drinker’s cardiomyopathy.” This investigation 

was designed to test the acute effects of a high cobalt dose on physiological functions including 

behavioral, cardiac, neural, and synaptic properties in Drosophila, crayfish and crab. Using 1 

mM of CoCl2, there was decreased neural transmission at the neuromuscular junction (NMJ) in 

both crayfish and Drosophila larvae. In the crayfish proprioceptive organ there were no 

conclusive results due to variability. At the crab proprioceptive organ, activity was increased 

after 10 minutes when immersed in 1 mM CoCl2. Heart rate decreased and almost stopped at 1 

mM CoCl2 in larval Drosophila, and this in situ preparation was able to recover a regular heart 

rate after rinsing with saline. Systemic injections in crayfish hemolymph produced no significant 

effects on heart rate. All crayfish responded to tail taps as normal. There were no behavioral 

effects in larval Drosophila within 24 hours of consuming food with 1 mM CoCl2, with mouth 

hook movements and body wall movements unaffected. This did however cause a slightly 

decreased lifespan of adult Drosophila. This indicates that 1 mM CoCl2 has differing effects 

depending on the tissue and organism. 
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Abstract: Introduction: Approximately 50-80% of NOWS infants require medication for 

symptom management, which primarily consists of opioids. This seems paradoxical given recent 

preclinical evidence of neuroinflammation as a result of in utero opioid exposure, as well as 

clinical observations of poor cognitive outcomes in those previously diagnosed with NOWS. 

Thus, there is a need to evaluate non-opioid agents for NOWS treatment. Given that minocycline 

has effectively reduced opioid withdrawal symptoms in adult rats, this study investigated 

minocycline to reduce withdrawal symptoms and evaluate cognitive effects in a rat model of 

NOWS. Methods: In this ongoing study, 6 pregnant dams received heroin (2 mg/kg/day) via 

osmotic minipump from embryonic day 14 (E14) - postnatal day 10 (PN10). From PN8 - PN10, 

neonates received 45 mg/kg minocycline (i.p.; n = 30) or saline (n = 30). On PN10, all neonates 

received 5 mg/kg naloxone (s.c.) to precipitate withdrawal, followed by recording of locomotor 

activity; a measure of neonatal rat withdrawal. To evaluate cognitive function, a subset of rats (n 

= 26) completed the Morris Water Maze (MWM) at PN22-24. Results: There was no difference 

in PN10 weight between the saline and minocycline groups (t = 0.129, p = 0.89); however, 

within the saline group, females (n =17) weighed less than males (n =13; t = 2.295 p = 0.03). 

Compared to the minocycline group, the saline group experienced more locomotor activity 

during withdrawal including total distance moved (t = 1.690, p = 0.05), velocity (t = 1.653, p = 

0.05), and time spent moving (t = 2.238, p = 0.02). Within the males, the saline group (n =13) 

spent more time moving when compared to the minocycline group (n = 17; t = 2.685 p = 0.01); 

however, subsequent analyses did not show a sex by drug interaction effect (F (1, 59) = 2.800, p 

= 0.10). Additionally, within the saline group, there was a trend for males to spend more time 

moving than females (t = 1.815, p = 0.08); however, this did not hold after controlling for body 

size (F (1, 27) = 2.744, p = 0.11). There was no difference in the rate of completion of the MWM 

between the saline (n = 13) and minocycline (n = 13) groups (F (1, 24) = 0.054, p = 0.82) or the 

number of crossovers after escape platform removal (t = 1.203, p = 0.12). Conclusion: Acute 

minocycline may attenuate physical withdrawal symptoms in rat neonates exposed to heroin and 

experiencing naloxone-precipitated withdrawal. Additionally, minocycline may not affect 

cognitive functioning at the juvenile timepoint. Future work will test neonatal ultrasonic 

vocalizations as a secondary measure of withdrawal, as well as later cognitive functioning at the 

adolescent and adulthood timepoints. 
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Abstract: Consistent increases in global temperatures due to climate change is predicted to have 

critical implications on the habitat of aquatic animals, such as that of Danio rerio. Previous 

works have produced inconsistent results on the effect of rearing in high temperatures on 

behavioral response to alarming and benign cues. It was suggested that elevated temperatures 

during the development of larval zebrafish reduces overall locomotion, as measured by 

swimming distance. Other papers have reported increased distance traveled and swimming speed 

for zebrafish raised in increased temperatures. To help clarify these inconsistent results, we first 

recorded fear responses to benign or alarming olfactory and visual stimuli for zebrafish raised in 

normal (28° Celsius) and raised (32° Celsius) temperatures. Fear responses primarily include 

immediate fleeing or increased motility after exposure. For olfactory response, we used an 

alarming stimulus known as schreckstoff (a chemical cue released by injured conspecifics) and 

glutamic acid, a benign cue. For visual response, we used a looming stimulus as an alarm cue 

and a rotating pinwheel as a benign cue. In analyzing zebrafish mobility in response to alarming 

or benign cues, results indicate a lack of difference in fear response to the cue and the control 

condition. There is no indicative difference in responses to both cues within the same 

temperature groups. Between temperature groups, 32° C raised fish exhibit reduced motility. 

These results can be noted for both visual and olfactory groups. Significant differences in fear 

responses between temperature groups are likely supported by a difference in neuronal activity 

patterns as the zebrafish are presented with alarming or benign stimuli. With light bead 

microscopy, we found preliminary evidence that we can reliably record from multiple brain 

areas. Future analysis of fear response should consist of imaging the olfactory bulb and optic 

tectum as the zebrafish are exposed to various alarm and benign cues. Additionally, it will be 

beneficial to evaluate the downstream pathways which are developmentally affected by 

increased rearing temperatures, such as the habenula, which has been implicated in experience-

dependent regulation of fear responses in larval zebrafish. 
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Abstract: Adult worker honey bees exhibit behavioral maturation, age-related behavioral shifts 

that underlie colony division of labor. Because honey bee larvae undergo complete 

metamorphosis as pupae, completely restructuring their body plan, including the brain, prior to 

eclosing as adults, they provide a unique model to study how early-life experiences and 

environmental information affect adult brain and behavior. We used newly developed methods to 

rear bees in the laboratory and compared brain gene expression of 5th instar larvae and 1-day-old 

adults reared either in social isolation or under natural colony conditions. Statistical analyses of 

bulk RNA gene expression data (whole head for larvae and brain for adults) to identify DEGs 

were performed using a Wilcoxon Rank Sum Test, with p-values adjusted for multiple 

comparisons using the Benjamini-Hochberg false discovery rate (FDR < 0.05). Social isolation 

affected gene expression in adults (N = 24), but not larvae (N = 8). Social isolation had no effect 

on larval gene expression but did cause differences in ~2,400 genes in adults. To provide 

functional information for these genes, orthologs to the Drosophila melanogaster genome for 

~600 DEGs with a log-fold change > 0.5 were used to identify Gene Ontology (GO) terms for 

each list of up- or down-regulated genes using the R package "gProfiler2." Upregulated genes 

were enriched for terms related to development. Downregulated genes were enriched for terms 

related to sensory perception and metabolism. Future studies will study the possible behavioral 

consequences of the social isolation effects on adult brain gene expression and why larvae are 

insensitive to social isolation, but adults are. 
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Abstract: Retrotransposons are mobile elements within the genome capable of autonomous 

transposition via RNA intermediates. Long interspersed element 1 (L1) is a retrotransposon that 

comprises 17% and 23% of the human and rat genome, respectively, and has been implicated in 

several psychiatric disorders including depression, schizophrenia, and bipolar disorder. L1 was 

previously thought to be quiescent during typical development through epigenetic suppression; 

however, recent research has demonstrated that L1 is influenced by environmental experiences 

such as maternal care and early life adversity. My previous research revealed L1 copy number 

was increased in the juvenile amygdala after neonatal predator odor exposure in rats, a model of 

early life adversity. The neonatal predator manipulation reduces juvenile play and play is 

negatively correlated with L1 inserts in the amygdala. I am now extending this work to another 

early life adversity model. Currently, our lab uses a limited bedding and nesting (LBN) model to 

mimic a resource scarce environment, which is a form of early life adversity. Despite the low 

nesting materials provided, dams in LBN provide enhanced maternal care and male offspring are 

less impulsive and self-administer less morphine in adulthood than male rats raised in control 

housing. I used RT-qPCR to investigate whether LBN experienced during the first week of life 

altered the retrotransposon, L1, in the basolateral amygdala (BLA) genome later in adulthood. 

Our analysis demonstrates that male and female rats exposed to the LBN model as pups have 

fewer L1 copies in the BLA genome as adults compared to controls. This intriguing result 

demonstrates that the LBN model is impacting the BLA genome by reducing L1 copy number. 

We are now extending this research to investigate whether this change is cell-type specific. 

Understanding whether there are specific cell-types being impacted by LBN is an important step 

in understanding how early life adversity is directly altering the genome and potentially future 

behavior. 

Disclosures: A. Cuarenta: None. D.A. Bangasser: None. 
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Abstract: Anxiety and depression are mental illnesses that occur frequently in overall 

population. Previous research suggests that aerobic and resistance exercises both contribute to 

the alleviation of anxiety and depression symptoms. In addition, recent studies suggest that 

different types of exercises may modulate different mechanistic pathways in terms of mood. 

Existing research suggests that electroencephalography (EEG) can be utilized as a tool to 

measure electrophysiological changes in mood disorders. However, there is no research 

comparing which type of exercise is more effective for alleviating mood symptoms and changing 

mood-related EEG activities. This research investigates the different effects of each type of 

exercise on mood symptoms and EEG activities. We conducted a cross-over design; two groups 

participating in 6-week aerobic and resistance exercises 2 times per week with a 3-week washout 

period. The Score of Hospital Anxiety and Depression Scale (HADS) was measured to evaluate 

the severity of mood symptoms. The EEG analysis was conducted to verify brain wave pattern 

changes. EEG of 10 regions (Fp1, Fp2, F3, F4, T7, T8, P3, P4, O1, O2) was recorded. We 

calculated values of theta/beta ratio (TBR), total theta relative power, frontal alpha asymmetry 

(FAA), and Higuchi Fractal Dimension (HFD). Lastly, we conducted an Enzyme Linked 

Immunosorbent Assay (ELISA) to confirm the changes in cortisol levels, which is known to 

elevate in patients with anxiety and depression. Questionnaire results exhibited that both types of 

exercise contributed to the alleviation of anxiety and depression from mild to normal levels. 

However, the average score change deviation within each group of participants revealed that 

aerobic exercise (AE) decreased the score of HADS-A (p < 0.05), while resistance exercise (RE) 

improved HADS-D compared to CTL (p < 0.05). Our results parallel with the results of our pilot 

study, which reported that AE and RE (once per week) respectively reduced BAI and BDI 

scores. In EEG analysis, a significant decrease of TBR in the left frontal region (p < 0.05) was 

observed after AE. Next, we evaluated values of HFD, TBR (ch5, 6), and FAA as depression-

specific biomarkers. However, both interventions did not cause a difference within all groups. 

Lastly, a trend of reduced levels of cortisol (p = 0.0942) was identified after participating in RE. 

In conclusion, our results suggest the possibility that different types of exercise may alleviate 

different mood symptoms and moreover lead to different EEG changes. To the best of our 



knowledge, this is the first study to compare two types of exercise in terms of mood symptoms 

and EEG changes. 
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Abstract: Early life adversity (ELA) is a major risk factor for developing mental health 

disorders. ELA occurring during key periods affects brain development, specifically in reward 

and stress-related brain regions. Previous literature has shown that certain pairings of ELA with a 

second hit of stress prime the brain to be over responsive to stress, and alter affective behaviors. 

This project aims to understand the impacts of ELA and a later social isolation (SI) stress on the 

brain development and behavior. Previous research has shown that mice who experience SI 

during key developmental time points show a decrease in later social interaction. Through a 

limited bedding and nesting (LBN) protocol, an ELA model for resource deprivation in rodents, 

followed by a second hit of SI stress, this project has investigated ELA’s long term impacts on 

changes to behaviors associated with anxiety-like behaviors and social interaction. After one- or 

two-hit stress protocols, mice were tested through behavioral assays including the open field test, 

elevated zero maze, and sociability test. LBN mice showed increased anxiety compared to SI 

mice and LBN-SI mice, suggesting that, following LBN, SI may promote later resilience in 

anxiogenic environments. In social behavior assays, LBN, SI and LBN-SI mice all have a similar 

magnitude decrease in social interactions compared to standard reared mice. These results 

suggest that experiencing LBN during development has a differing long term effect between 

anxiety and social behaviors. Additionally, LBN does not appear to prime the brain for an over 

response to a second hit of SI stress in the domains of social and anxiety-like behaviors. These 

findings advance our understanding of rodent models of ELA, and provide insight into the nature 

of the additive effects of early adversity followed by juvenile social isolation. 
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Abstract: Maternal immune activation (MIA) can occur during pregnancy due to exposure to 

infectious diseases or other stressors. Resiquimod (RQ), a toll-like receptor 7 agonist, induces 

systemic inflammatory responses and mimics responses to viral infections. The current project 

investigates the degree to which late-gestation MIA with RQ impacts offspring development, 

anxiety-like behavior, and neuroendocrine function. Pregnant rat dams received a single vehicle 

(phosphate-buffered saline) or RQ (1 mg/kg, s.c.) injection on gestation day 18. We conducted 

an open field test to assess anxiety-like behavior and assessed plasma corticosterone (CORT) 

responses following restraint stress in separate cohorts of rats before puberty (postnatal day 

(PND) 23-28) and after puberty (9-10 weeks of age). In-utero MIA exposure did not affect birth 

weights or early-life developmental milestones (i.e., the timing of eye opening and righting 

reflex). However, the female offspring of RQ-injected dams experienced a significant delay (~1 

day) in vaginal opening, suggesting delayed pubertal onset. Before puberty, MIA did not affect 

open field assessments or CORT levels in response to restraint. After puberty, there was a 

significant effect of RQ (F(1,13)=7.046, p=0.0198) to increase anxiety-like behavior. 

Specifically, post hoc analysis revealed that the adult female offspring of immune-activated 

dams spent significantly less time in the center zone (p=0.0244) than their controls. Plasma 

CORT concentrations following 20 minutes of restraint tended to be higher in the offspring of 

RQ-injected dams (F(1,12) = 3.133, p=0.1021). In summary, the results of the open field test 

indicate that the adult female offspring of immune-activated dams display increased anxiety-like 

behavior. This group also displays trends of dysregulation of the hypothalamic-pituitary-adrenal 

axis based on the restraint plasma CORT concentrations. Moreover, the data suggests that these 

effects manifest post-puberty, indicating a role for gonadal hormones and/or aging in 

programming these changes. These studies contribute to our growing understanding of the long-

term consequences of MIA on the offspring. 
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Abstract: Adolescent stress is a well-known risk factor for cognitive deficits and 

neuropsychiatric disorders. The central mechanism thought to underlie these cognitive 

impairments is stress-induced disruption of synaptic communication in brain regions including 

the hippocampus, anterior cingulate cortex (ACC), posterior parietal cortex (PPC), and 

basolateral amygdala (BLA). Tsc22d3 is a gene regulating the expression of glucocorticoid-

induced leucine-zipper (GILZ) that is thought to play a role in the brain’s response to prolonged 

stress. Our preliminary data shows significantly increased GILZ expression in male mice ACC, 

PPC, and amygdala after repeated exposure to multiple concurrent stresses (RMS) during 

adolescence. RMS and other chronic stress paradigms cause impaired learning, increased 

anxiety, and synapse loss. We hypothesized that GILZ was a mediator of stress effects and 

therefore knocking out GILZ would mitigate negative outcomes following RMS. We anticipated 

stressed GILZ KO mice to demonstrate cognitive performance and anxiety levels similar to 

unstressed cohorts. Additionally, we expected GILZ KO mice would exhibit attenuated loss of 

excitatory and inhibitory synapses following stress. To test our hypothesis, we assigned male 

wildtype or GILZ KO mice to control or stress (10 days of RMS starting on postnatal day 30) 

cohorts. All mice were tested for visuospatial working memory by measuring spontaneous 

alterations in a Y-maze paradigm. To assess anxiety phenotypes we used an elevated plus maze 

(EPM) and measured time spent in the closed arms. To determine the effect of GILZ KO on 

synapse density, we used immunohistochemical staining of PSD 95 and Gephyrin to label 

excitatory and inhibitory synapses, respectively, in the hippocampus, ACC, PPC, and BLA. Our 

preliminary Y-Maze data showed no effect of GILZ KO on spontaneous alternation. In the EPM, 



GILZ KO and wildtype stressed cohorts indicated a stress-induced increase in anxiety by a 

greater amount of time spent in the closed arms, however, we did not see a genotype effect in 

this behavior either. Our immunohistochemistry data showed that stressed GILZ KO mice 

exhibited a greater loss of excitatory synapses in hippocampus and the PPC compared to 

wildtype. Conversely, in the BLA, stressed GILZ KO mice exhibited a greater gain in inhibitory 

synapses than wildtypes. Our findings indicate that GILZ KO has a marked effect on synaptic 

puncta counts in the PPC, Hippocampus, and BLA regions in stressed mice. Instead of mediating 

the stress effect, this preliminary data suggests GILZ has a protective effect on synapses in 

multiple brain regions, although the behavioral effects remain unclear. 
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Abstract: Military operations in cold environments may increase heat loss, impair task 

performance, and endanger service members’ health. While much has been learned on 

physiological responses to cold, very little is known on how the brain responds to cold while 

concurrently attempting to perform cognitive tasks. To address this gap, we monitored heart rate, 

core temperature, and brain activities with high-density electroencephalogram (EEG) while 

service members performed two cognitive tasks (Simple Reaction Time and Delayed Match-to-

Sample) during field cold-water immersion (CWI). Thirty-six participants were immersed to the 

neck for 10 min in an icy pond (~1.6°C). Data were collected in seven conditions: baseline 

(indoors), pre-immersion (outdoors), immersion (in water), post-immersion (outdoors with wet 

clothes), and at 0, 15, and 60 minutes of rewarming. After separation of the periodic and 

aperiodic EEG components with the FOOOF (Fitting Oscillations and One-Over-F) toolbox, the 

abundance of the θ, α, β, and γ band oscillations and the offset/exponent of the 1/f components 

were computed to profile the rhythmic and nonrhythmic brain activities, respectively. Analysis 



of heart rate and core temperature revealed a sequential transition from the homeostatic state in 

baseline and pre-immersion condition into two allostatic states. The first allostasis was achieved 

during the 10-min CWI, within which core temperature was maintained at baseline level (37.4 ± 

0.2 oC), heart rate increased substantially (ANOVA, p < 0.01, same statistics in the rest of the 

abstract), and response time in cognitive tasks slowed significantly. The second allostasis was 

achieved during the 15-min rewarming period as core temperature decreased and stabilized at a 

significantly lower level (35.9 ± 0.6 oC), heart rate increased to the highest level, and cognitive 

task performance declined further. Notably, distinctive patterns of brain activities were 

manifested in each of the two allostatic states. In the first state, only θ band abundance increased 

significantly and both the offset and exponent remained unchanged compared to baseline. In the 

second state, α and β abundance increased, θ and γ abundance decreased, and both the offset and 

exponent decreased significantly compared to baseline. These results revealed dynamically 

changing patterns of brain activity associated with homeostatic state changes during field CWI. 

Understanding the complexity of brain-body interactions during CWI is vital to improving 

cognitive performance and preventing hypothermia not just in military operations but also in a 

variety of human activities across multiple sectors of modern society. 

Disclosures: W. Zheng: None. R. Weller: None. N. Roberts: None. D. Jones: None. 
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Title: BNST Pathways involved in Avoidance Generalization 
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Abstract: PTSD is a psychiatric disorder characterized by emotional distress triggered by 

reminders of a traumatic event. Fear generalization and avoidance of trauma reminders are core 

symptoms of PTSD and are critical to understanding its pathophysiology. The bed nucleus stria 

terminalis (BNST) is crucial for mediating anxiety and fear generalization (Lebow and Chen, 

2016). It is unknown, however, if BNST mediates generalization of avoidance. BNST projects to 



ventral tegmental area (VTA) and the dopamine neurons of VTA have been implicated in the 

fear generalization (Jo YS et al., 2018). Additionally, the basomedial amygdala (BMA) has been 

shown to alleviate anxiety and fear-related freezing and signal safety and also projects to BNST 

(Adhikari et al., 2015). Thus, we hypothesize that BNST to VTA projections could promote 

generalization of avoidance, whereas BMA to BNST projection is needed to reduce 

generalization. To test this hypothesis, we used optogenetics in an avoidance-conflict task in 

male mice to test if activating the BNST-VTA pathway aggravates avoidance generalization. 

Similarly, we used optogenetic inhibition to test if the BMA-BNST pathway is required to 

suppress generalization. Our optogenetic experiments suggest that BNST-VTA promotes 

generalization to safe and uncertain stimuli, whereas BMA-BNST is required to suppress 

generalization to uncertain stimuli. Using slice electrophysiology, we show that BNST receives 

glutamatergic inputs from BMA. This is in line with the idea that BNST integrates safety 

information from BMA and gates the expression of avoidance generalization through selective 

activation of outputs to VTA. 

Disclosures: R. Masroor: None. W. Smith-Peters: None. F. Yasmin: None. V. Kondev: 
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Abstract: Post-Traumatic Stress Disorder (PTSD) is a common, debilitating mental illness with 

a high economic burden and limited available personalized treatments. Recent Genome-Wide 

Association Studies (GWAS) identified the transcription factor Forkhead box P2 (FOXP2) as a 

target implicated in PTSD. Foxp2 has been previously associated with language learning and 

neuropsychiatric disorders; however, its role in adult emotional learning is unknown. In adult 

mice, Foxp2 mRNA is expressed in clusters of Intercalated Cells surrounding the basolateral 

amygdala. Intercalated Cells are functionally important for conditioned fear response and fear 



extinction, with activation of the ventromedial Intercalated cluster being particularly important 

for retrieval of extinction memories. Despite its strong association with PTSD and localization in 

a region highly implicated in fear extinction, the role of the Foxp2 transcription factor in 

modulating fear-related behaviors in the amygdala remains unknown. The aim of the current 

study is to test the hypothesis that Foxp2 regulates specific components of fear learning through 

its interaction with the Wnt signaling pathway in the Intercalated Cells of the amygdala. We 

show that Wnt transcription is active in the Intercalated Cells of adult male and female mice 

during fear learning with neutral Conditioned stimulus (tone) followed by an aversive 

Unconditioned stimulus (mild foot shock), and that Foxp2 mRNA is dynamically regulated after 

fear learning in male mice. Following RNAi-mediated knockdown (KD) with Foxp2 shRNA 

targeting Foxp2 expression in the medial Intercalated Cell cluster of the amygdala, we find that 

mice with reduced Foxp2 expression acquire fear learning at a significantly lower rate than their 

control counterparts. We find no difference in time ambulating, total distance travelled in an 

open field task, or total duration rearing during fear learning. An ongoing goal of this study is to 

further describe the functional role of Foxp2 and its modulators in adult fear learning and 

memory and identify pharmacological targets for a more personalized treatment of trauma and 

stressor-related disorders. 

Disclosures: O. Ponomareva: None. E. Catt: None. S. Kini: None. K.J. Ressler: C. Other 
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Abstract: Background: The susceptibility to chronic stress has been associated with depression, 

a mood disorder which highly implicates the hippocampus. Hippocampal contribution to stress 

susceptibility has been supported by findings in mice following chronic social defeat stress 

(CSDS). However, little is known of the role of hippocampal activity in determining the 

development of stress susceptibility. 

Methods: We used the UCLA miniscope to longitudinally measure the activity of dorsal CA1 

hippocampal neurons across CSDS. Apart from examining the representation of social 

information by these neurons, we also compared social memory in mice that were susceptible or 

resilient to CSDS. 

Results: We observed more stable dCA1 correlates of social interaction and social memory in 

CSDS resilience. Such changes were absent in CSDS susceptible mice and accompanied by 

greater social memory impairments. 

Conclusions: CSDS susceptibility may be supported by hippocampal social cognitive processes, 

reflected in diminished hippocampal representations of social information and a greater 

impairment in social memory. 

Disclosures: A. Larosa: None. A. Wong: None. T. Wong: None. 
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Abstract: Selenium is an essential element, comprising the 21stamino acid (selenocysteine) and 

ensuring the functionality of selenoproteins. Selenoproteins maintain cellular health and support 

the immune system. Additionally, sodium selenite can be beneficial when used in therapeutic 

treatments. It has been shown to inhibit ferroptosis during spinal cord injury. However, it can 

also be biologically harmful depending on its concentration and form of exposure. Overexposure 

can lead to death, but the mechanisms and series of pathological actions are not fully understood. 

This investigation examined the effects of acute sodium selenite exposure in relatively high 

concentrations (1 mM and 5 mM) on marine crab (Callinectes sapidus) sensory nerves; stretch-

activated channels (SACs) in the muscle receptor organ of a freshwater crayfish; synaptic 

transmission at the crayfish and larval Drosophila neuromuscular junctions; and the myogenic 

heart of larval Drosophila. Systemic exposure of sodium selenite in crayfish hemolymph resulted 



in organism death after 2 hours. The development and survival of Drosophila through dietary 

exposure to sodium selenite was observed as well. When the food was laced to a 1 mM 

concentration, larvae died in 24 hours and adults died in 3 days. This indicates that the effects 

vary between acute exposure on tissue and chronic exposure of one or two days in intact animals. 
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Abstract: The midbrain dorsal raphe (DR), the source of most forebrain-projecting serotonin 

neurons, influences postpartum maternal caregiving and affective behaviors in female laboratory 

rodents. These postpartum behaviors are derailed by the stress-related neuropeptide, 

corticotropin releasing factor (CRF), acting on its two receptor subtypes (CRFR1 and CRFR2) 

that are both expressed in the DR. These receptors alter DR neuronal activity to affect serotonin 

release and signaling in forebrain regions, such as the medial preoptic area (mPOA) and the 

nucleus accumbens (NAc), that are critical for postpartum caregiving and affective behaviors. 

Previous work from our lab found that recently parturient rats had more CRFR2 (but not CRFR1) 

mRNA-expressing cells in the rostral DR compared to nulliparae, suggesting a potential role of 

CRFR2 receptors in the early postpartum resilience to stress. Whether or not, and how many, of 

these DR neurons expressing CRFR2 project to the mPOA and NAc has not been investigated. In 

the current study, we injected retrograde cholera toxin subunit b (CTb) conjugated to Alexa 

Fluor 488 into either the mPOA or NAc on pregnancy day 15, then used in situ hybridization to 

visualize CRFR2 and CTb-positive cells in the DR of recently parturient rats. This study is 

revealing previously uncharacterized anatomical connections between DR CRFR2-expressing 

cells and the mPOA and NAc, helping to explicate how stress can affect serotonin input to hubs 

in the maternal behavior brain network, with implications for maternal stress, peripartum 

affective disorders, and impaired infant caregiving. 

Disclosures: T.A. Meinhardt: None. J.S. Lonstein: None. 
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Abstract: The kynurenine (KYN) pathway, a major metabolic pathway in L-tryptophan (TRP) 

catabolism, is implicated in the formation of neurotransmitters serotonin and melatonin. 

Dysregulation of the KYN pathway is associated with multiple neuroinflammatory and 

neurodegenerative diseases, including Alzheimer’s disease, schizophrenia, multiple sclerosis 

(MS), and various cancers. However, much is still unknown regarding KYN activity in the CNS, 

including the location and pathophysiological role of its metabolites. Invertebrate species provide 

a unique model to study neural mechanisms and behavioral processes involved in neuronal 

growth and localization. KYN genes have been localized in different tissues of the gastropod 

mollusk Lymnaea, with expression in the central nervous system as well. To date however, there 

have been no studies locating actual neurons containing KYN in the snail brain. We use 

immunohistochemical stains to locate KYN in the central nerve ring and buccal ganglia of the 

pond snail Helisoma duryi. Brains were isolated from adult snails (n = 20, 4-10mm in diameter), 

fixed using 4% PFA, and stained using anti-Kynurenine. Positive staining was found in neurons 

in the buccal ganglia and the circumesophageal ganglia including the cerebral, pedal, parietal, 

and visceral ganglia. Immunoreactivity was also found in processes such as the cerebrobuccal 

connectives, the buccal and cerebral commissures, and nerves from the visceral and pedal 

ganglia. Given the importance of KYN to brain health, its localization in the snail nervous 

system can provide a new model to study its role in the function and survival of healthy neurons. 
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Abstract: Tumor Necrosis Factor (TNF), a proinflammatory cytokine, has been well-studied for 

its role in the progression of inflammatory diseases. Physiological changes driven by TNF 

markedly increase morbidity by exacerbating inflammatory diseases. However, the neural 

networks that regulate TNF-mediated effects are not yet known. Here, we identify the bed 

nucleus of the stria terminalis (BNST) as a central regulatory node in the physiological response 

to TNF. Administration of TNF significantly increases serum IL-6 (control vs. TNF; 26.8±8.3 vs. 

484.8±110.5 pg/ml; p=0.006) and MCP-1 (control vs. TNF; 242.5±75.2 vs. 1531.0±305.8 pg/ml; 

p<0.0001) 2 hours post systemic injection. A significant decrease in minimum core body 

temperature (control vs. TNF; -1.3±0.2 vs. -2.1±0.2 oC; p<0.03) and activity level (control vs. 

TNF; 9.4±1.4 vs. 3.8±0.4 AUC; p=0.003) is also observed following TNF adminstration. We 

utilized activity-dependent TRAPing technology to identify neurons activated in response to 

TNF administration. Our studies identified distinct neuronal populations in the BNST, 

paraventricular nucleus of the hypothalamus (PVN), paraventricular thalamic nucleus (PVT), and 

nucleus tractus solitarius (NTS) in response to TNF. Selective chemogenetic activation of TNF-

responsive BNST neurons recapitulates inflammatory phenotype in the absence of exogenously 

administered TNF (IL6: control vs. TNF; 24.1±4.3 vs. 252.3±75.4 pg/ml; p=0.02 and MCP-1: 

control vs. TNF; 204.3±38.0 vs. 803.3±247.5 pg/ml; p=0.04), and also induces a significant 

decrease in minimum core body temperature (control vs. TNF; -0.9±0.2 vs. -5.3±1.1 oC; 

p=0.008) and a trend towards reduced activity (control vs. TNF; 13.4±2.1 vs. 9.9±1.9 AUC; 

p=0.2). Taken together, our data identifies a neuronal node in the brain, the BNST, that is 

sufficient for mediating TNF associated physiological responses. 
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Title: SARS-CoV-2 S1 spike protein induces a temporal systemic inflammatory response that 

promotes long-term behavioral changes 

Authors: *L. MERINO GALAN1, J. M. HEMENWAY1, H. L. JAGANA1, S. ORTIZ 
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Abstract: The COVID-19 pandemic continues to affect millions of people globally, with 

increasing reports of persistent neurological manifestations such as fatigue, anxiety, and 

cognitive impairment, often referred to as Long-COVID. Understanding its etiology and the 

related neuropathological alterations is crucial for addressing ongoing public health challenges. 

The S1 subunit of the SARS-CoV-2 spike protein plays a critical role in viral entry into host cells 

by binding to the ACE2 receptor. Additionally, emerging evidence shows that the S1 protein can 

detach from the virion, its serum levels are associated with disease severity in patients, and it can 

induce systemic immune activation. This suggests that the soluble S1 protein alone might trigger 

host immune responses and neuroinflammation, inducing neurological symptoms even in the 

absence of viral particles. However, the exact mechanisms and extent of its impact remain 

unclear. This study aimed to investigate the short- and long-term effects of SARS-CoV-2 S1 

spike protein on systemic inflammation, neuroinflammation, and behavior. K18-hACE2 adult 

mice (both females and males, > 3 months old), genetically engineered to express the human 

ACE2 receptor, were administered the S1 spike protein intravenously (5 ug, 10 ug and 20 ug) 

and monitored over 2 months for signs of neurotoxicity and behavioral changes. Our findings 

reveal that the S1 protein induces a dose-dependent and temporal systemic inflammatory 

response, characterized by elevated levels of inflammatory cytokines such as GM-CSF, IFN-λ, 

IL-2, IL-13, MIP-1α and MIP1-β and CCL5. This initial inflammatory response diminished over 

time, yet residual inflammation persisted. Flow cytometry and histopathological analysis of brain 

tissue indicated no evidence of increased systemic immune cell infiltration. Neurologic screening 

exams and open field tests conducted 2 months post-inoculation revealed significant changes. 

Mice exhibited subtle neurological abnormalities, particularly in postural adjustment and balance 

and marked anxiety-like behaviors, without altered locomotor activity and spatial working 

memory. This suggests a correlation between the systemic inflammatory state induced by the S1 

protein and long-term neuropsychiatric alterations. These behavioral changes align with clinical 

observations in human Long-COVID patients, providing a potential mechanistic link between S1 

protein-induced inflammation and lasting neuropsychological effects that might be amendable to 

therapeutic intervention. 
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Title: Anthocyanin- and galactooligosaccharide-rich diet increased gut microbiome diversity and 

increased inflammatory cytokines but failed to protect against LPS-induced sickness 
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Abstract: Inflammation can result in cognitive impairments and anti-inflammatory interventions 

are of great interest to mitigate this. Dietary interventions may have multimodal actions, 

including via the gut-brain axis. In the current study, a diet of blueberries rich in anthocyanins 

and the prebiotic galactooligosaccharide (GOS) was used to enhance gut microbe diversity and 

increase levels of antioxidants. Behavioral and physiological outcomes were measured to 

determine if this diet would mitigate deficits associated with acute administration of 

lipopolysaccharide (LPS), a pro-inflammatory component of bacterial cell walls. In a behavioral 

study, rats were fed experimental diet or control for eleven weeks and then injected with LPS (1 

mg/kg) or vehicle. The elevated plus maze (EPM), the forced swim test (FST), and the Morris 

water maze (MWM) were used to measure anxiety-like behavior, depressive-like behavior, and 

spatial learning ability, respectively. At 15 days post-injection, IBA-1 immunohistochemistry 

staining of microglia was performed. In an acute study, rats were given the experimental diet or 

control for six weeks, then injected with LPS or vehicle. Brains were collected 48 hours post-

injection to assess for acute LPS and diet effects. IBA-1 immunohistochemistry for microglia 

was performed and inflammatory markers TNF-α and IL1-β quantified in brain tissue with 

ELISA. Blueberry/GOS diet increased alpha and beta diversity in the gut microbiome but did not 

mitigate the effects of LPS on the gut. LPS-induced sickness increased anxiety-like behavior in 

the EPM but was mitigated by the diet. LPS had no effect on forced swim or MWM. The diet 

alone significantly improved MWM spatial learning in control rats. LPS injections generated a 

sickness response and likely inflammation. At an acute timepoint, diet increased TNF-α and IL1-

β levels in the hippocampus and prefrontal cortex. Diet nor LPS increased microglia number at 

both timepoints. Further work is needed to understand discrepant response of blueberry diet on 

anxiety compared to other behavioral assessments. 

Disclosures: F. Arega: None. T. Beck: None. J. Jordan: None. A. Gentry: None. D. Chang: 

None. M. Antonius: None. R. Bruno: None. Y. Vodovotz: None. K.M. Martens: None. C. 

Vonder Haar: None. 

Late-Breaking Poster 



LBA006: Theme F Late-Breaking Posters 

Location: MCP Hall A 

Time: Monday, October 7, 2024, 1:00 PM - 5:00 PM 

Program #/Poster #: LBA006.043/LBA39 

Topic: F.04. Neuroimmunology and Neurovirology 

Support: CAPES 

 CNPq 

 FAPEMIG 

 IBRO 

Title: Disruption of immune homeostasis mediates neural and behavioral alterations induced by 

cocaine 
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Abstract: INTRODUCTION: Different data suggest that cocaine binds in the complex MD-

2/TLR4, being recognized as an exogenous substance and leading to neuroinflammation. 

However, the role of microglia activation and TLR4 in cocaine induced behavioral abnormalities 

is still poorly understood. METHODS: Mice were treated with microglial depletor PLX3397 and 

subjected to behavioral sensitization induced by cocaine . Thereafter, their brains were removed 

for analysis of number and morphology of microglia cells, as well as quantification of CX3CL1 

and BDNF levels. In addition, mice were treated with the TLR4 receptor biased agonist MPLA 

or TLR4-/- mice were submitted to behavioral sensitization, and to microglia phenotypic analysis 

by flow cytometry. All procedures were approved under the protocol CEUA 325/2022. 

RESULTS: PLX3397 treatment reduced Iba-1+ cells and attenuated behavioral sensitization. In 

the partial depletion group, the drug also increased activation of remaining microglia cells. 

Animals treated with PLX3397 + cocaine showed altered CX3CL1 in the striatum, hippocampus 

and in the PFC, as well as BDNF, in comparison with the animals treated with only cocaine. 

Besides, CX3CL1 and BDNF levels presented a correlation among the cocaine-induced 

behavioral sensitization. Moreover, MPLA treatment reduced cocaine-induced hyperlocomotion, 

while TLR4-/- mice showed an increase in cocaine-induced locomotor activity compared to WT 

animals. Finally, there are different microglia populations between saline, cocaine and cocaine + 

MPLA and cocaine + TLR4-/-treated animals, with differences in the expression of CX3CR1, 

CD62L, CD11b, CD44, CD11c, Single H and P2RY12. In addition, cocaine increased monocyte 

number and activation (Ly6C+), increased lymphocytes TCD8+ and TCD4+ central memory, but 

not effector memory, which was prevented by MPLA. Cocaine also decreased the dendritic spine 



in the brain, which was also prevented by MPLA CONCLUSION: Considering this data, we 

suggest that disruption in the immune homeostasis may be involved in the neural alterations that 

occur in neurobiology of cocaine addiction. 
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Abstract: Previously, we observed that binge treatment with ethanol (EtOH) differentially 

induces spleen atrophy in the F344 adolescent rats. In this study, male and female F344 rats were 

given 3-day EtOH (4.8 g/kg/d; 52% w/v; i.g.), or water, upon pubertal onset. 24 hrs following the 

last treatment of EtOH, the animals’ locomotor activities (LMA) in the Open Field Apparatus 

using AnyMaze focusing on locomotor activity, freezing, and thigmotaxis. Following the 

assessment for LMA, the rats were sacrificed, and spleens were collected and weighed to judge 

the EtOH-induced spleen atrophy (E-SA) differentially. Differential E-SA was observed in male 

and female rats with more profound effects on the male rats. Using Correlation analysis and 

Linear Regression analysis, we also found that E-SA correlating with motor deficits, anxiety, and 

fear in a sex-dependent manner with males more affected than females. RNA was isolated from 

the spleen to prepare cDNA for RNA-seq analysis. Fold change of each gene was obtained in the 

spleen of each rat being studied. Core analysis was conducted on the fold changes of each 

Differentially Expressed Genes (DEGs, adjusted p<0.05) to reveal the signaling pathways 

involved in E-SA. Correlation between the z-score for each signaling pathway and the behavior 

measurement were also analyzed. In female, Interferon Gamma Signaling, Multiple Sclerosis 

Signaling Pathway, Nicotine Degradation II, Acute Phase Response, were moderately correlated 

with most of the LMA measurements. However, in male, Neutrophil degranulation, were 



moderately correlated with most of the LMA measurements. Taken together, at the organ level, 

correlation between behavior deficit and E-SA is more profound in the spleen of the male rats 

than that of female animals. With the studies of signaling pathways involved in E-SA, correlation 

between activities of signaling pathways and behavioral deficit was found to be more profound 

in the spleen of the female rats than that of male rats given binge treatment with EtOH (partially 

sponsored by R01 AA25964 to SLChang). 
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Title: Experimental approaches in the development of novel biologics ablating the choroid 

plexus: our experience using human iPS/ES cells derived choroid plexus organoids 
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Abstract: Experimental approaches in the development of novel biologics ablating the choroid 

plexus: our experience using human iPS/ES cells derived choroid plexus organoidsAuthors: 

C. Richetta1, J. Tchieu2, G. Sebring1, S. Stephens1, C. Shula1, J. Goto1 , F.T. 

Mangano1Affiliations: 1.Division of Pediatric Neurosurgery, Cincinnati Children’s Hospital 

Medical Center, Cincinnati, Ohio, USA2.Division of Developmental Biology, Cincinnati 

Children’s Medical Center, Ohio, USA Disclosures: none.Funding: Rudi Schulte Research 

Institute, Robert McLaren Fund, NIH NINDS 1R21NS127177 

Key words: organoids, choroid plexus, adeno-associated viruses 

Abstract: Choroid plexus (ChP) is a system of specialized cells producing cerebrospinal fluid 

(CSF). Hydrocephalus is a common neurological condition where CSF accumulates in the 

ventricles. Although surgical CSF diversion effectively controls intracranial pressure, most 

patients suffer long term neurological sequelae. Additionally, surgery carries risks and 

significant failure rate. ChP tumors require surgical resection as the first therapeutic line. These 



lesions are deep seated and highly vascularized posing substantial challenges especially in 

children. The ability to target and ablate ChP cells through a minimally invasive approach, offers 

new tools of care for pediatric conditions related to the ChP. ChP cauterization in humans shows 

no complications compared to patients treated with shunts. Similarly transgenic mice carrying 

Diphtheria Toxin Human Receptor experience ablation of ChP after administration of Diphtheria 

toxin and no neurological adverse events. These findings support that ChP ablation is a safe 

technique.Adeno-associated viruses (AAVs) are commonly employed in brain gene delivery 

modifying cells function and even inducing cell death. AAVs serotypes 2/5 demonstrated 

tropism for ChP cells (X.Chen et al.). We designed an AAV expressing a prodrug able to initiate 

apoptosis of targeted cells. Additionally, we used an AAV (AAV-CMV-EGFP) to assess 

specificity and biodistribution.We developed an in vitro model to test our AAVs on human Chp 

cells. We followed Chp organoids protocol (Pellegrini et al.) starting from H-ESC cultures. To 

promote the Chp fate, BMP4 and CHIR were added at day 10. Cultures were maintained for >80 

days. About 50% of our colony produced balloon-like CSF cysts. IHC highlighted expression of 

FOXJ1 and TTR confirming ChP differentiation along the cysts walls. Organoids were infected 

at age +30 days with AAV-CMV-EGFP showing tropism for the cysts walls. These findings 

suggest that AAVs are a valuable tool for targeting of ChP and future treatment of ChP diseases. 
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Abstract: Incretin analogs, such as the GLP-1 agonist, semaglutide, emerged as 

breakthrough treatments for people with obesity, which predominantly stems from 

overeating. On the other hand, people with anorexia nervosa, a serious psychiatric 

condition with the highest mortality rate among mental disorders, purposefully starve 

themselves and frequently exercise compulsively to decrease body weight. Because 

starvation is highly stressful, incretin analogs may be sought after by subjects with 

anorexia nervosa to decrease appetite. It is assumed that such intervention would be 

detrimental. To interrogate this question, we used a mouse model of activity-based 



anorexia. In this paradigm, peri-pubertal mice given semaglutide displayed key differences 

compared to vehicle controls. Semaglutide reduced wheel running, basal metabolic rate, 

and respiratory exchange ratio of mice compared to the values of their vehicle controls. In 

addition, one week after returning to ad libitum feeding without wheel access, mice that 

received semaglutide showed reduced stereotypic behaviors and anxiety compared to 

control mice. In summary, while counterintuitive, our data show that semaglutide 

diminishes many of the negative attributes and consequences of anorexia nervosa in an 

animal model. 
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Abstract: Obesity, which affects ~42% of American adults, is disabling and deadly. Current 

medications require ongoing use and are only effective in some, with major long-term side 

effects. It remains key to identify molecular bases of obesity risk to develop new targets. Here, 



we aimed to identify obesity risk-related genes by determining transcriptome differences in the 

nucleus accumbens (NAc) of rats selectively bred for vulnerability (DIO) or resistance (DR) to 

high-fat (HF) diet-induced obesity. In Experiment 1, male DIO and DR rats (n = 18) were 

exposed to chronic (~6 months) low-fat or HF diet from 120 days of age until sacrifice. In 

Experiment 2, male DIO and DR offspring (n = 20) from chow- or Western diet-fed dams were 

studied in a Comprehensive Laboratory Animal Monitoring System (CLAMS) as adults and fed 

HF diet for 1 week before sacrifice. Total RNA from RNALater-protected NAc punches was 

subjected to NEBNext Poly(A) mRNA Ultra II poly(A) library prep and sequenced on a 

NovaSeq S2 flowcell (paired end, 150 bp reads, ~67M/sample). DESeq2 was used to build a 

multifactor model (Genotype, Early diet, Adult diet), yielding 1511 (Expt. 1) and 116 (Expt. 2) 

adjusted p-value transcript “hits” for Genotype. Hits significantly altered in both experiments, 

technically validated by qPCR, and biologically validated in a 3rd cohort of DIO/DR P23 

weanlings (n = 10) show the robust approach and include Dus2, Anxa6, Trim56, Psme1ps1, 

Srek1ps1, and MGC116121 (C18orf21 homolog). We have prioritized understudied genes that 

were “hits” in both experiments for further study based on enriched striatal neuron expression in 

single cell atlases and annotation to obesity or addiction traits in genome-wide human studies. 

These include Dock3, Ube3d, Cacna2d1, Camkk2, Mme, Plcb1, Sez6, Cntnap1, and Rgs7bp. 

Early and adult diet influences on NAc expression of these genes also will be presented. 
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Abstract: Pregnant mammals display significant changes in core body temperature (Tc). 

Circadian fluctuations in Tc are blunted, and there is a dampening of Tc towards the end of 

pregnancy. Our work aims to pinpoint the neurobiological processes contributing to maternal 

thermoregulation. In ovariectomized female mice, estrogen administration decreases core 

temperature. Circulating estradiol levels increase in the end of pregnancy and could underlie a 

decrease in Tc. We previously found that activation of estrogen receptor alpha (ERa) neurons in 

the medial preoptic area (MPO) decreases temperature in non-pregnant female mice. Thus, we 

hypothesize that estrogen sensitive neurons in the MPO coordinate maternal changes in Tc. 

Estrogens fine-tune biological processes by engaging estrogen signaling. This process involves 

estrogen receptors binding to estrogen response elements (EREs), where they are able to modify 

gene expression. We hypothesize that pregnancy is linked to greater estrogen signaling in 

thermoregulatory MPO neurons. We use a novel reporter (NeuroSeeER) that fluorescently 

visualizes cells with high levels of estrogen signaling. NeuroSeeER expresses enhanced green 

fluorescent protein (eGFP) in response to the binding of ERE sites, as well as, FusionRed in cells 

expressing Cre. We stereotaxically delivered this reporter to the MPO and report more eGFP+ 

cells (i.e., estrogen signaling) in mice that are in pregnancy day 16 compared to non-pregnant 

controls. Next, we tested the hypothesis that estrogen signaling in the MPO is required for 

maternal thermoregulatory adaptations. We ablated ERα in the MPO and monitored core 

temperature in control and KO mice throughout pregnancy. We report that eliminating ERα 

expression in the MPO increases Tc and the circadian amplitude of Tc. Thus, ERα KO blunts the 

changes in core temperature associated with pregnancy. This work expands our understanding of 

one aspect of physiology that is noticeably altered by pregnancy. 
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Abstract: The BOLD fMRI signal increases when the concentration of paramagnetic deoxy-

hemoglobin in the blood decreases. When a brain region becomes more active, blood flow to that 

region not only increases to meet metabolic demands, but it produces an overshoot that results in 

decreased concentrations of deoxy-hemoglobin in active brain regions. When a mouse becomes 

aroused, norepinephrine (NE) is released in the cerebral cortex and the pupil dilates. NE is an 

excitatory neurotransmitter and a vasoconstrictor. Therefore, the BOLD signal may decrease in 

high arousal states while neuronal activity increases. In this study, we use a multimodal imaging 

system to investigate the relationship between neuronal activity and the BOLD signal in awake 

mice. The red fluorescent calcium indicator jRGECO1a is expressed in all neurons to measure 

neuronal activity. Mice are implanted with curved glass optical windows covering the left 

hemisphere of the dorsal cerebral cortex. Fluorescent optical probes are imaged using an MRI-

compatible fiberscope that utilizes a 5 mm x 5 mm imaging fiber bundle and contains a system 

of optical components inside the scanner that allows for epi-illumination. Resting-state BOLD 

fMRI is performed on a 9.4 T system with T2* weighted GE-EPI sequences (0.2 mm in-plane 

resolution, 0.5 mm slice thickness, TR = 1 sec) and covers the whole brain volume below the 

optical window. Based on a parallel all-optical study from our lab, we use pupil diameter as a 

proxy of cortical NE release. During data processing, we perform slice-timing correction, 

despiking, motion correction, renormalization, alignment and resampling, finally arriving at 

aligned optical and BOLD data with 10 Hz optical and 1 Hz BOLD time resolution over an 

approximate 5 mm x 5 mm field of view on the cortical surface. We find that neuronal calcium 

has a positive correlation with pupil size and the BOLD signal has a negative correlation with 

pupil size. When pupil size is large, the BOLD signal goes down while neuronal activity 

increases. Therefore, when the mouse is aroused, changes in the BOLD signal do not reflect 

changes in neuronal activity as well as when the mouse is at rest. These results have profound 

implications for the interpretation of fMRI data. Pupil measurements may be valuable in clinical 

fMRI studies to enable more accurate estimation of neuronal activity. 

Disclosures: P. Doran: None. P.D. Perez: None. S. Kura: None. B.C. Rauscher: None. D. 

Balog: None. N.X. Chai: None. K. Kiliç: None. G. Chabbott: None. N. Fomin-Thunemann: 

None. J.P. Stockmann: None. B. Fu: None. D. Miller: None. M. Thunemann: None. C.T. 

Farrar: None. D.A. Boas: None. X. Yu: None. J. Mandeville: None. S. Sakadzic: None. A. 

Devor: None. 

Late-Breaking Poster 

LBA006: Theme F Late-Breaking Posters 

Location: MCP Hall A 

Time: Monday, October 7, 2024, 1:00 PM - 5:00 PM 

Program #/Poster #: LBA006.050/LBA46 



Topic: F.05. Brain Blood Flow, Metabolism, and Homeostasis 

Title: A novel mouse model for in vivo evaluation of anti-human CD98HC antibody penetration 

across blood-brain barrier 

Authors: R. LV1, Z. SHEN1, C. LI1, R. CHHABRA2, *Y. TIAN2, X. ZHOU1;  
1Biocytogen Pharmaceuticals (Beijing) Co., Ltd., Beijing, China; 2Biocytogen Boston Corp., 

Waltham, MA 

Abstract: Introduction: The drug delivery to the central nervous system (CNS) remains a major 

hurdle in treating neurological disorders, largely due to the restrictive permeability of blood-

brain barrier (BBB) to large molecules, such as antibodies. While many strategies proposed for 

brain delivery of antibodies, the leading approach is to utilize the receptor-mediated transcytosis 

by designing molecules that bind the membrane transport proteins at the luminal surface of the 

endothelial cells of the BBB. Objectives: CD98 heavy chain (CD98HC), also known as 4F2, 

heterodimerizes with large amino acid transporters (LATs), it is essential for transporting amino 

acids and other molecules into cells. CD98HC is highly expressed and presented on both luminal 

and abluminal surfaces of brain vascular endothelial cells in both mice and human. It has been 

identified as a promising drug delivery target of BBB through proteomic profiling. However, 

previously developed human CD98HC targeting antibodies do not interact with mouse or non-

human primate CD98HC. Therefore, it is urgent to develop scientifically appropriate animal 

models for assessing the efficacy and safety of anti-human CD98HC antibodies, particularly 

regarding their ability to penetrate the blood-brain barrier in vivo. Results: We successfully 

developed a mouse model expresses humanized hCD98HC proteins, named B-hCD98HC mice. 

Humanized CD98HC expression was detected on T cells, B cells, and brain vascular endothelial 

cells of B-hCD98HC mice. The proportions of various immune cells in the spleen, blood, and 

lymph nodes of B-hCD98HC mice were similar to those of wild-type C57BL/6 mice. The blood 

biochemistry and blood routine indicators of B-hCD98HC mice were similar to those of wild-

type C57BL/6 mice. These results indicate that humanization of CD98HC does not affect the 

differentiation and development of various immune cells and blood cells. Conclusions: 

Humanized CD98HC protein expressing mouse model, B-hCD98HC, is a novel and unique in 

vivo model for evaluating the ability and safety of anti-human CD98HC antibodies to penetrate 

the BBB. 
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Abstract: Introduction: Compromised blood-brain barrier (BBB) permeability is a hallmark of 

neuroinflammation. However, a robust and safe therapeutic approach to restore perturbed barrier 

permeability is still lacking. In this study, the immunomodulatory effect of first trimester human 

umbilical cord perivascular cells (FTM-HUCPVC), a young and potent source of mesenchymal 

stromal cells (MSC), was tested in a lipopolysaccharide (LPS)-induced in vivo model of BBB 

breakdown. We previously reported that immunomodulation by peripherally infused MSC was 

able to exert a neuroprotective effect in an LPS-based model of neuroinflammation and 

depression. Thus, we hypothesize that HUCPVC may render neuroprotection by regulating BBB 

signaling.Methods: 3 groups of C57BL6 mice, Control, LPS and LPS+HUCPVC were included 

(n=3-4). Blood and brains were collected at 5h and 24h after the injections of LPS (i.p; 

0.83mg/kg) and HUCPVC (i.v; 1x106 cells). A mix of fluorescently tagged dextran dyes (4KD, 

70KD) was also injected 10 min before anesthetizing the animals. BBB at both the timepoints 

was assessed by measuring the transcript levels of tight junctions (TJ), ZO1, OCLN1 and 

CLDN5 in the isolated brain blood vessels. Severity of BBB damage at these timepoints was 

studied by quantifying the extravasation of the dyes excited at different wavelengths. This was 

done by confocal imaging of the brain cryosections and by a permeability assay conducted by 

obtaining the fluorescence read-out from plasma and brain homogenate samples. Results: 

HUCPVC significantly rescued the LPS-induced downregulation of TJ transcripts in the LPS 

treatment groups of 5h (Cldn5: 2.8 folds, Ocln1: 5.3 folds) and 24h (Ocln1: 2.9 folds) 

timepoints. A significantly higher content of 4KD dextran dye was recorded in the brain 

homogenate of both LPS 5h (2.5-fold) and 24h (10.3-fold) groups. Whereas the 70KD dye was 

found to be significantly higher in the LPS 24h group (8.9-fold) compared to the LPS 5h 

treatment group (1.7-fold). However, HUCPVC was found to restore the LPS-induced increased 

permeability for 4KD (5h: 2.3-fold, 24h: 10.2-fold) as well as 70KD (24h: 10.3-fold) dextran 

dyes. Confocal imaging of the brain tissues revealed a more prominent extravasation of 70KD 

dye at 24h timepoint (6.3-fold), which was seen significantly curbed by HUCPVC (4.6-fold). 

Conclusion: The immunomodulatory properties of HUCPVC appear to intervene with LPS-

induced perturbed BBB signaling, thus normalizing the BBB permeability. Notably, the infusion 

of MSC was shown to be beneficial in diffusing the enhanced BBB damage at 24h, a critical time 

point at which many pathways to neuroinflammation and depression are initiated. 
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Abstract: Hyperpolarized-13C magnetic resonance imaging (HP-13C MRI) is an imaging 

technique that enables imaging of 13C-pyruvate and downstream metabolites 13C-lactate and 13C-

bicarbonate. Prior work has shown a 13C-metabolite topography governed by factors still under 

investigation1. In this study, HP-13C MRI images were related to the Allen human brain atlas 

(AHBA) microarray dataset to investigate the correlation between cell populations and regional 

patterns of 13C-metabolite signal. 

Forty-three cognitively normal volunteers (ages 21-77, mean 36, median 28) were scanned using 

HP-13C MRI. 13C-pyruvate preparation and 13C-metabolic imaging was done using previously 

described workflows2. Anatomical T1 and 13C-metabolite images were registered to the MNI152 

atlas and parcellated using the Yeo17 split atlas. Ratios of 13C-lactate/13C-bicarbonate signal 

(LB), 13C-lactate/13C-pyruvate signal (LP) and 13C-bicarbonate/13C-pyruvate signal (BP) were 

averaged across all volunteers to create brain maps. Microarray data obtained from the AHBA 

database (n = 6, ages 24-57) was pre-processed using the standardized Abagen python package 

(available from 10.5281/zenodo.3451463). 

Spearman correlations were calculated between transcripts and 13C-metabolite ratio maps before 

being ranked for gene set enrichment analysis (GSEA) using the Lake brain celltype genesets 

with the GSEAPY package. Spatial autocorrelation was accounted for using the brainSMASH 

package. Enrichment score p-values were corrected for multiple comparisons by controlling the 

false discovery rate at 0.1, and p-values surviving the FDR cutoff are listed. 

Numerous excitatory and inhibitory neurons had significant positive enrichment for the BP ratio. 

This can be interpreted as positive correlations between the BP ratio and the majority of genes 

representative of the corresponding neuron subtypes. The celltypes surviving the FDR cutoff 

include the Ex5a (p = 0.0008), Ex5b (p = 0.001), Ex4 (p = 0.002), Ex2 (p = 0.003), Ex3b (p = 

0.006), Ex6a (p = 0.008), Ex3c (p = 0.01), Ex6b (p = 0.01), Ex1 (p = 0.02), and Ex3a (p = 0.04) 



excitatory and In1c (p = 0.03), In8 (p = 0.04), In4b (p = 0.04), and In1b (p = 0.04) inhibitory 

neurons. For the LP, oligodendrocytes were positively enriched (p = 0.003). These results are 

supported by the literature: regions with higher BP ratios tend to also be regions with higher 

neuron and synapse densities3. In conclusion, BP signal in HP-13C MRI is related to regional 

neuron density. 
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Abstract: Conventional functional MRI (fMRI) methods map brain function based on the 

hemodynamic responses of vessels coupled to neuronal activity. Their indirect coupling scheme 

has a fundamental limit on its spatial specificity and temporal characteristics for in vivo neuronal 

activity measurement. The direct measurement of neuronal activity through NMR signal poses as 

a challenge of neuroimaging. In particular, to identify the “true fMRI” signal directly linked to 

the neuronal activity—e.g., the action potential (AP) or local field potential (LFP) mediated by 

transmembrane ion movement—Sodium (23Na) NMR signal measurement offers a promising 

mapping scheme in comparison with proton-based hemodynamic fMRI. Here, we implemented 

the reshuffled K-t space FLASH method originally used for single-vessel fMRI mapping to 

acquire 23Na fMRI images. Each k-space line is first filled in different k-spaces as the function 

of time (TR=10ms), during a block design (1 electrical pulse per 300ms). The 300ms block will 

be repeated for the number of 2nd phase encoding multiplied by the number of the 1st phase 

encoding (Fig 1). For the 3D dataset with 400x400x1500µm resolution, the total scanning time 



for a single trial of (30 data points) is 18 seconds. This ultra-fast acquisition scheme enables 

massive averaging to produce sufficient SNR for 23Na fMRI. By performing alternating 

electrical stimulation of the forepaw and vibrissal pad of anesthetized rats, we reported negatived 

23Na response (NAR) signals in the tens of millisecond scale per electrical pulse in contrast to 

the positive BOLD signals detected from the forepaw somatosensory cortex (FP-S1) versus the 

barrel cortex (BC). Although the underlying mechanism of the NAR fMRI signal remains to be 

investigated, this work demonstrates the feasibility to detect ultrafast 23Na-related signal 

changes coupled to neuronal activation in rat brains. 
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Abstract: fMRI studies discard the initial volumes acquired during the approach of the 

magnetization to its steady-state value. Here, we leverage the higher temporal signal-to-noise 

ratio (tSNR) of these initial volumes to substantially increase the sensitivity of event-related 

fMRI experiments. We introduce Acquisition Free Periods (AFPs) that allow for the full 

recovery of the magnetization, followed by rapidly sampled equal-length task or baseline 

acquisition blocks (AB) of fMRI volumes. When the peak of the hemodynamic response 

function occurs during the magnetization approach to steady-state within the task AB, we 

observe an increase in the tSNR by up to 60% compared to the conventional steady-state fMRI 

approach. We demonstrate the improved sensitivity using head-fixed awake common marmosets 

(Callithrix jacchus) as subject animals for visual and auditory experiments with a 9.4 Tesla MRI 

scanner. General Linear Model (GLM) analysis revealed a higher number of active voxels with 

higher z-values compared to the traditional steady-state sequence. The gain in tSNR is validated 

using theoretical modeling utilizing solutions from the Bloch equations. In addition to increasing 

fMRI sensitivity, the AFP allows flexibility for the silent presentation of auditory stimuli or the 

uncontaminated recording of electrophysiology, improved fMRI-to-anatomic registration, as well 

as acquiring fMRI data to asynchronous behaviours in the same manner as spike-triggered 

averaging. 
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Abstract: Considering the prevalence of general anesthesia in modern medicine, it is remarkable 

how little is known about its neurobiology. Here, we introduce a novel approach that links 

spontaneous fMRI activity to the distribution of 19 receptors (Hansen et al. 2023) in the 

neocortex, and we use the approach to examine reconfigurations of this multidimensional state 

with changes in wakefulness. We analyzed a dataset of 17 healthy subjects (Kandeepan et al. 

2020) where resting-state fMRI was collected for four states of propofol-regulated wakefulness: 

awake, no propofol; light sedation; deep sedation; and recovery. Network properties of the cortex 

were examined for functional and receptor-related activity. After standard fMRI preprocessing, 

differences in brain activity were derived voxel-wise and compared between awake and the other 

conscious states using paired t-tests. We modeled propofol-related changes in the amplitude of 

low-frequency fluctuations (ALFF) using linear multiple regression with the 19-receptor cortical 

maps. These models could explain more than 50% of the variance of the change in cortical brain 

activity across all three sedation levels relative to awake. For light and deep sedation, change in 

ALFF was mainly explained by 5-HT1A, 5-HT2A, and mGluR5 receptor-related activity (p<0.01), 

while the recovery state reflected μ-opioid and NMDA receptor-related activity (p<0.01). The 

appearance of statistically significant explanatory receptors in some contrasts but not others 

indicates wakefulness-dependent molecular effects. Further network analysis using receptor 

weighted cortical activity identified how the interaction of 12 receptor pairs tracked levels of 

wakefulness (p<0.05, FDR corrected). In contrast, the anatomically defined cortical resting state 

network remained mostly constant across all four conscious states. Our method of mapping 

multi-receptor distribution to ongoing brain activity seems to reveal novel cortical mechanisms at 

play during changes in wakefulness state. Engagement of multiple receptors and interactions 

between receptors characterized varying levels of wakefulness. Our findings may constitute 

molecular targets to better control states of wakefulness. These results are exploratory and will 

require future validation. 
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Abstract: We showed previously that testosterone (TTS) via its cytochrome P450 1B1 

(CYP1B1)-generated metabolite 6β-hydroxytestosterone (6β-OHT) in the paraventricular nuclei 

(PVN) of the hypothalamus promotes angiotensin (Ang) II-induced hypertension (HTN) in male 

mice. However, the underlying mechanism of 6β-OHT in the development of HTN and 

neuroinflammation is unknown. Ang II is known to increase the production of arachidonic acid-

12/15-lipoxygenase (LOX)-generated metabolite 12(S)-hydroxyeicosatetraenoic acid in male 

mice. LOX is present in the brain in neural tissue, endothelial cells, microglia, and astrocytes. 

Therefore, this study was conducted to determine the contribution of central LOX and its 

relationship to CYP1B1-generated 6β-OHT in Ang II-induced HTN in male mice. Ang II (700 

ng/kg/min, subcutaneous, osmotic pump, two weeks) failed to increase systolic blood pressure 

(SBP, mmHg) measured by tail-cuff in 6β-OHT (15 μg/g by intraperitoneal injection every third 

day) treated orchidectomized (ORX) LOX knockout (LOXKO) but not wildtype (WT) male 

mice (Day 0 vs Day 12: 111±5 vs 116±1 and 113±5 vs 176±6, respectively, P<0.05, n=4/group). 

LOX knockdown in PVN (200 nL, bilaterally) by transduction with adenovirus (Ad)-LOX-short 

hairpin (sh)RNA (7.04х1011 pfu/mL) but not its control Ad-scrambled (Scr)-shRNA (6.4х1011 

pfu/mL) minimized a) Ang II-induced increase in SBP in WT mice (Day 12: 192±9 vs 135±2, 

P<0.05, n=4/group); and b) the effect of 6β-OHT injected intracerebroventricularly (1.5 µg/2 µL 

per alternate day) to restore Ang II-induced increase in mean arterial pressure (mmHg) measured 

by radiotelemetry in CYP1B1KO mice lacking endogenous 6β-OHT (Day 12: 163±4 vs 114±1, 

P<0.05, n=4/group). Moreover, Ang II-induced increase in the number of GFAP-positive cells, a 

marker for astrocytes in PVN, was also reduced by transduction with Ad-LOX-shRNA in intact 

WT male mice (41±2 vs 17±1 per high power field, P<0.05, n=3/group). These results suggest 

that TTS, via its CYP1B1-derived metabolite 6β-OHT, promotes the development of Ang II-

induced HTN and neuroinflammation in male mice via activation of LOX in the brain. Thus, 



CYP1B1/LOX inhibitors could be useful for treating HTN in young males with heightened 

renin-Ang system activity. 
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Abstract: The diving response is an autonomic reflex characterized by apnea, bradycardia and 

increased peripheral vascular resistance initiated when animals submerge underwater. To initiate 

this response, afferent stimulation of the nose and nasal mucosa produces activation of second-

order neurons located within the brainstem, specifically the trigeminal medullary dorsal horn 

(MDH). We investigated whether the central projections from the nose, specifically the anterior 

ethmoidal nerve (AEN), can provide the anatomic connection that activates MDH neurons 

during diving. Male Sprague-Dawley rats were trained to repetitively dive through an underwater 

maze. In these animals the anterograde tracer wheatgerm agglutinin (WGA) was injected into 

either the nasal passages or AEN to identify the central terminal projections from the nasal 

passages. These rats then repetitively dived underwater to activate MDH neurons to produce the 

Fos protein. Other trained rats were used as non-diving controls. Brains from all animals were 

harvested, and 50 μm brainstem tissue sections were preserved. WGA immunochemistry 

confirmed nasal afferents terminate primarily ventrally within the superficial laminae of the 

MDH between the pyramidal decussation caudally and the area postrema rostrally. Within this 

WGA area of termination, immunohistochemistry further identified MDH neurons that express 

Fos and thus were activated by repetitive diving. In rats receiving WGA injection into the nasal 

passages (N=7), 32.34 ± 10.47 MDH neurons/hemisection (mean ± SE) were both Fos and WGA 

positive in repetitively diving animals (N=3), compared with 4.56 ± 2.09 MDH 

neurons/hemisection in non-diving control animals (N=4). In rats receiving WGA injection into 

the AEN (N=12), 30.27 ± 5.14 MDH neurons/hemisection were both Fos and WGA positive in 



repetitively diving animals (N=7), compared with 13.92 ± 3.55 MDH neurons/hemisection in 

non-diving control animals (N=5). Results indicate that repetitively diving rats express 

significantly more Fos positive MDH neurons within the superficial MDH region that receives 

nasal afferent terminations compared with non-diving control rats. Additionally, the AEN 

constitutes the primary innervation of the nasal passages important for activation of MDH 

neurons during repetitive diving. However, results also suggest that a second nasal nerve besides 

the AEN provides some innervation of the nasal passages that help activate MDH neurons during 

repetitive diving. We conclude that central projections from the nasal passages are important for 

activating MDH neurons during repetitive diving in rats. 
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Abstract: Depression is associated with dysregulated circadian rhythms, but the role of intrinsic 

clocks in mood-controlling brain regions remains poorly understood. We found increased 

oscillation of clock negative regulatory loop, as well as a phase shift of Bmal1 expression in the 

medial prefrontal cortex (mPFC) of a mouse model of depression (depression-like behavior and 

anhedonia induced by daily 10 min swim sessions for 5 consecutive days). Acute intraperitoneal 

injection of low-dose ketamine (3 mg/kg) normalizes the intrinsic clock by decreasing expression 

of negative feedback loop genes, and increases expression of positive elements. Selective 

disruption of mPFC clockwork with viral Bmal1KO in CaMK2a excitatory neurons blocks the 

development of depressive-like phenotype in our model of depression. Moreover, following a 

ketamine injection in these CaMK2a-Bmal1KO mice, we no longer observe the normalizing 

effect on the clock seen in WT mice, nor the improvement in the depressive-like phenotype. 

BMAL1 is involved in the regulation of the synaptic plasticity protein Homer1a, which is 



implicated in the antidepressant mechanisms. While mRNA expression of Homer1a is reduced in 

the mPFC of depressed-like mice, ketamine restores its expression along with positive clock 

elements such as Bmal1. However, in the CaMK2a-Bmal1KO mice, mRNA levels of Homer1a 

remain unchanged in mPFC following a Ketamine injection. Taking together, our data suggest 

the importance of the circadian clock in excitatory neurons of the mPFC, both for the 

development of a depressive-like phenotype and for the effects of ketamine on mood. 
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Abstract: Sleep is an essential and conserved behavior, yet the cellular mechanisms underlying 

sleep regulation remain largely unknown. To address the neural mechanisms of sleep drive, here 

we carry out whole brain calcium-modulated photoactivatable ratiometric integrator (CaMPARI) 

imaging of Drosophila and show that the activity of the neuropil protocerebral bridge (PB), a part 

of the central complex, correlates with sleep drive. Through a neural activation screen followed 

by anatomical and functional connectivity assays, we further narrow down the key player of 

sleep regulation in the PB to a three layer circuit composed of 4 SpsP neurons and their upstream 

and downstream synaptic partners: the 4 SpsP neurons act as an integrating hub by responding to 

ellipsoid body (EB) signals from ~ 40 EPG neurons, and by sending signals back to the EB 

through ~20 PEcG neurons. Moreover, sleep deprivation enriches the presynapse abundance of 

SpsP neurons and strengthens the connections of the EPG-SpsP-PEcG circuit, indicating 

plasticity gating in the circuit in response to sleep drive change. As the SpsP neurons also receive 

input from the sensorimotor brain region and given their known role in navigation regulation, 

these neurons probably mediate the negative feedback between sleep and navigation. The data 

taken together indicate that the four SpsP neurons and their sleep regulatory circuit play an 

important and dynamic role in sleep regulation. 
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Abstract: Falling asleep is associated with core body temperature (CBT) decrease which persists 

as sleep progresses. Conversely, the transition from sleep to wakefulness is associated with CBT 

increase. Heat exchange between the core body and the sleep microenvironment is mediated by 

cutaneous blood flow which positively correlates with skin temperature. Leveraging the ability 

of the Sleep Number smart bed to dynamically regulate the temperature of the in-bed 

microenvironment, we evaluated the effect of 10 temperature programs on sleep. A program 

consists of a sequence of four temperature settings each applied to four consecutive 2-hour 

segments in a sleep session. Possible settings included cooling at high, medium and low intensity 

(HC, MC, and LC respectively), off (OF), and warming at low and medium intensity (LW and 

MW respectively). Sixteen participants (8M/8F; 44.5 [SD: 6.7] years) recruited among smart bed 

owners, enrolled in a study consisting of 14 nights within their homes. For each night, 

ballistocardiography-based objective sleep estimates from the smart bed were collected. The 

sequence of programs was the same for all participants and included 4 nights without 

manipulation (all segments OF). A validated algorithm (Sensors 2022, 22(7):2605) to detect 

sleep/wake, breathing cycles, and heart beats estimated sleep duration, restful sleep percentage, 

sleep quality, mean sleep heart rate, time domain heart rate variability, and breathing rate. The 

sleep quality score (1-100) is a metric that considers sleep duration, level of movement during 

sleep, bed exit count, resting heart rate, and breathing rate. Linear mixed models were used to 

estimate the effects of temperature settings of each segment on each of the outcome metrics. The 

temperature settings were numerically encoded as follows HC=-3, MC=-2, LC=-1, OF=0, 

LW=1, and MW=2. As compared to all night OF, better sleep quality occurred during nights 

with warmer first segments (β1=+5.5; p=0.02) and cooler second segments (β2=-5.0; p=0.003). 

Likewise, a higher percentage of restful sleep occurred during nights with warmer first segments 

(β1=+1.64; p=0.03) and cooler second segments (β2=-1.47; p=0.007). While uncorrected for 



multiple comparisons, the integrated results at present suggest that a nocturnal microenvironment 

temperature profile favorable for sleep quality may consist of initial warming which may help 

with falling asleep and subsequent cooling which may help with sleep maintenance. The 

validation of these results on a larger sample size is ongoing which may also help identify 

significantly favorable temperature settings for the third and fourth segments. 
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Abstract: For a long time, sleep has been considered to have a restorative function for the brain 

and the organism. Recently, our group has shown that chronic sleep restriction (CSR) for 7 

days/4 hours induces a significant increase in delta FosB expression in the rat's prefrontal cortex 

(PFC). Delta FosB is a protein that regulates gene expression of proteins related to the neuronal 

plasticity process. Therefore, the objective of the present study was to determine if CSR induces 

changes in the dendritic length, branching of the dendritic tree, and dendritic spine morphology 

of the pyramidal neurons from the PFC. For this purpose, adult male Wistar rats were divided 

into two experimental groups: control and CSR for 7 days/4 h daily using the gentle handling 

method. At the end of the experiment, the rats were euthanized, and brains were dissected and 

processed by Golgi-Cox staining. The structural plasticity was determined using the Sholl 

analysis. The results showed that CSR increases the dendritic length, the dendritic tree's 

branching, and the mushroom spine density in neurons of the PFC. In conclusion, CSR could 

have a restorative role in some neurodegenerative diseases 
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Abstract: Sleep plays a crucial role in the consolidation of memories, particularly those with 

emotional significance. This study investigates the distinct functions of REM sleep and slow-

wave sleep (SWS) in emotional memory consolidation. Utilizing polysomnography, we assessed 

memory retention for emotionally charged and neutral stimuli in participants after a full night's 

sleep. Our findings reveal that REM sleep enhances the consolidation of positive emotional 

memories, likely due to increased amygdala and prefrontal cortex activity. In contrast, SWS 

predominantly supports the consolidation of negative memories, facilitated by the hippocampus's 

activity and associated cortisol release. These results underscore the importance of sleep's 

temporal dynamics in emotional regulation, suggesting potential therapeutic applications for 

sleep modulation in treating disorders such as PTSD and depression. This study contributes to a 

deeper understanding of how specific sleep stages influence emotional memory processing, 

offering insights into targeted interventions for improving emotional health. 
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Abstract: Sleep across species is controlled through a homeostatic process which measures both, 

the time spent awake as well as the time spent sleeping. Sleep control circuits in the fly have 

been linked to neurons in a central brain area important for navigation and memory. Identifying 

cellular correlates of sleep homeostasis in behaving fruit flies has however proven difficult. We 

have developed a number of methods for characterizing sleep behavior at high resolution and 

combined these methods with two-photon calcium imaging and cellular resolution optogenetics 

in the brain of flies navigating in virtual reality over multiple days. Using these techniques, we 

describe the dynamics of different populations of neurons and glia during sleep and feeding 

behavior, and identify molecular correlates of sleep related to metabolism. Together, these 

experiments describe the cellular dynamics and control of identified homeostatic sleep and 

hunger circuits for the first time in behaving flies. 
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Abstract: Infections and delivery of bacterial endotoxins induce lethargy and adaptive increases 

in sleep. Bodily sickness is conveyed via the vagus nerve to the nucleus of the solitary tract 

(NST) which mediates many sickness behaviors including anorexia, adipsia and reductions in 

movement. The pathways and mechanisms underlying increases in sleep, however, are not 

known. Here, we show that like bacterial endotoxin (lipopolysaccharide (LPS)), chemogenetic 

reactivation of NST LPS-TRAP neurons increases non-REM sleep and reduces REM. Axonal 

tracing of NST-TRAP neurons reveals projection targets in many homeostatic and autonomic 

related brain regions including paraventricular thalamus, periaqueductal gray, parabrachial 

nucleus and hypothalamic nuclei. We show that optogenetic terminal stimulation of NST to PB 

neurons increases nREM sleep. Finally, assessment of classic arousal-promoting 



neuromodulatory systems with LPS or NST activation shows differential effects on 

dopaminergic, cholinergic and noradrenergic signaling. 
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Abstract: Sleep states inferred from a single brain region are often assumed to reflect the state of 

the entire brain. However, recent studies suggest that different areas of the brain can 

simultaneously exhibit multiple sleep states. Considering the significant role of sleep in various 

forms of learning and memory consolidation, this newly discovered phenomenon of 

asynchronous sleep could influence how sleep shapes behavior and facilitates learning. We 

conducted experiments with 13 Long-Evans rats, training them on three tasks over seven days: a 

motor learning task (the complex ladder), a spatial hippocampal task (the hidden goal task), and 

a cue-based striatal task (the light-cued circular maze). The rats completed each task entirely 

before starting the next. During each week, the rats showed continuous behavioral learning, with 

significant performance improvement initially, followed by a gradual plateau. We recorded sleep 

activity in the motor cortex, hippocampus, striatum, and prefrontal cortex simultaneously, 

analyzing each channel to determine the sleep state. Asynchronous sleep was defined as any 

period during which at least one region was in a different sleep state compared to others. On 

average, asynchronous sleep constituted about 50% of total sleep time at baseline. There were no 

significant differences in the time each region spent in different sleep stages. As rats learned each 

task, the amount of asynchronous sleep time initially increased before returning to near-baseline 

levels. The number of asynchronous sleep bouts also increased and then decreased. Rats with a 

larger change in asynchronous sleep showed better task performance the following day. These 

results indicate that region-dependent learning might be enhanced or modulated through 

asynchronous sleep states across different brain regions. 
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Abstract: Chronic consumption of opioids has detrimental effects on sleep which include 

difficulty falling asleep, maintaining sleep, and altering the time spent in non-rapid eye 

movement (NREM) and rapid eye movement (REM) sleep. Sleep disturbances are associated 

with an increased risk of addiction and relapse. Withdrawal from drugs is distressing and stress 

affects hippocampal-learning including memory of spatial locations. Despite the known role of 

disturbed sleep in addictive behaviors, it is poorly understood. This study aimed to establish a 

detailed profile of sleep architecture, stress indicators, and hippocampal-dependent learning in 

control and oxycodone-treated rats. Long-Evans rats (n = 17) were tested on a hippocampus-

dependent test (object location memory (OLM)) and a non-spatial memory test (novel object 

recognition (NOR)). Behavioral tasks were conducted before and after seven days of either saline 

or oxycodone i.p. injections (3 mg/kg/day). Screw electrodes were implanted over the prefrontal 

cortex, hippocampus and olfactory bulbs (reference) to record sleep. Nuchal electromyographic 

electrodes were implanted in the dorsal neck muscles to monitor muscle tone and 

electrocardiogram electrodes measured heart rate variability, an indicator of stress. 24-hour 

electrophysiological data were collected before, during, and after injections and scored into sleep 

categories (Waking, NREM, REM, and Transition-to-REM). In the OLM task, investigation of 

the object placed in the novel location significantly decreased after oxycodone withdrawal, 

indicating an impairment in the rats’ hippocampal learning strategy (p < 0.0001). The control 

group showed no such impairment. However, exploration of the novel object remained 

significantly higher than that of the familiar object, indicating that performance in the NOR task 

was unaffected. Sleep onset latency from return to cage and percent time spent awake increased 

after oxycodone injections, indicating the development of sleep disturbances due to oxycodone 

intake and withdrawal. Since sleep is crucial for memory consolidation, understanding these 

effects will shed light on how opioid use and withdrawal impair cognitive functions, potentially 

leading to interventions for cognitive deficits in opioid users. 
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Title: Amylin in the amygdala is necessary and sufficient for feeding behavior control 

Authors: *S. BYUN1, S. BÖRCHERS2, M. R. HAYES3, K. P. SKIBICKA1;  
1Pennsylvania State Univ., State College, PA; 2Univ. of Gothenburg, Göteborg, Sweden; 3Univ. 

of Pennsylvania, Philadelphia, PA 

Abstract: Amylin, a pancreatic peptide, has a well-established role in feeding behavior control. 

Moreover, amylin analogues are already clinically utilized in patients with diabetes, and are 

under investigation as potential new anti-obesity pharmacotherapies. While area postrema has 

been recognized as a primary site for mediating amylin's satiating effects, more recent studies 

expanded this perspective to other brain regions, highlighting that our understanding of neural 

circuitry underlying actions of amylin on behavior remains incomplete. The central amygdala 

(CeA) recently emerged as a critical neural substrate for feeding behavior control and reward 

processing. We found that all components of amylin receptors (CTR, RAMP1-3) are expressed 

in the CeA; their potential role in physiology or behavior remains unknown. Therefore, here we 

investigated the potential ingestive and motivated behavior roles of amylin in the CeA of male 

and female rats. We found that intra-CeA delivered amylin was sufficient to acutely reduce chow 

intake in both sexes, with this hypophagic effect lasting longer in females. Intra-CeA amylin also 

potently reduced food-motivated behavior for sucrose. However, when high-fat and sucrose were 

offered, intra-CeA amylin selectively reduced the high-fat food intake, while sparing the sucrose 

intake. Pharmacological blockade of CeA amylin receptors increased food intake, but only in 

female rats. Virogenetic knockdown of CTR resulted in increased body weight gain in females, 

but not males. Our data indicate the CeA as a novel neural substrate for amylin. They reveal 

amylin receptors in the CeA are sufficient to alter feeding behavior in both sexes, while 

necessary only in females, underscoring a sex difference in the necessity of the CeA amylin 

signaling. 
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Title: Lateral parabrachial nucleus astrocytes control food intake 
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Abstract: Food intake behavior is under the tight control of the central nervous system. Most 

studies to date focus on the contribution of neurons to this behavior. However, although 

previously overlooked, astrocytes have recently been implicated to play a key role in feeding 

control. Most of the recent literature has focused on astrocytic contribution in the hypothalamus 

or the dorsal vagal complex. Contribution of astrocytes located in the lateral parabrachial nucleus 

(lPBN) to feeding behavior control remains poorly understood. Thus, here we first investigated 

whether activation of lPBN astrocytes affects feeding behavior in male and female rats using 

chemogenetic activation. Astrocytic activation in the lPBN led to profound anorexia in both 

sexes under both ad-libitum feeding schedule as well as after a fasting challenge. Since 

astrocytes have a key contribution to glutamate homeostasis, and can themselves release 

glutamate, and lPBN glutamate signaling is a key contributor to the potent anorexia which can be 

induced by lPBN activation, we determined whether glutamate signaling is necessary for lPBN 

astrocyte activation induced anorexia, and found that pharmacological N-methyl D-aspartate 

(NMDA) receptor blockade attenuated the food intake reduction resulting from lPBN astrocyte 

activation. Since astrocytes have been shown to contribute to feeding control by modulating the 

feeding effect of peripheral feeding signals, we further investigated whether lPBN astrocyte 

activation is capable of modulating the anorexic effect of the gut/brain hormone - glucagon-like 

peptide-1 (GLP-1) as well as the orexigenic effect of the stomach-produced orexigenic hormone 

- ghrelin, and found that the feeding effect of both signals are modulated by lPBN astrocytic 

activation. Lastly, we found that lPBN astrocyte activation induced anorexia is affected by diet-

induced obesity challenge, in a sex divergent manner. 
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Abstract: Early life Western Diet exposure impairs vagus nerve-mediated hippocampus 

cholinergic signaling.  

Authors L. Tierno Lauer1, S. E. Kanoski1,2, † Department of Biological Sciences, University of 

Southern California, USA DisclosuresL. Tierno Lauer: None, S. E. Kanoski: None Abstract: 

Chronic exposure to a Western diet (WD) elicits hippocampal (HPC)-dependent memory 

impairment. One potential unexplored mechanism for these effects involves impaired vagus 

afferent nerve (VAN) signaling, as VAN signaling promotes HPC function, and WD 

consumption blunts the capacity of vagally-mediated gut signals to communicate to the brain. 

The medial septum (MS) is an anatomical relay between the brainstem and the HPC, and the MS 

extensively innervates the HPC with acetylcholine (ACh)-releasing fibers. Thus, we 

hypothesized that VAN signaling engages the HPC via MS ACh release, and further, that 

impairments in this signaling pathway underlie WD-associated HPC dysfunction. Using in vivo 

fiber photometry and fluorescent ACh sensors (iAChSnFR) in adult (Postnatal day 56-75) male 

Sprague Dawley rats, we demonstrate that HPC ACh binding is elevated immediately following 

consumption of a meal (n=10). Additional results revealed that these meal-induced elevations in 

HPC ACh binding were eliminated in animals who underwent a surgical subdiaphragmatic 

vagotomy (SDV), thus identifying a role for vagal signaling in mediating postprandial HPC ACh 

signaling (n=5-6/group). To explore how a WD affects this outcome, we recorded HPC ACh 

release in animals chronically exposed to a WD during development (Post-natal days 26-56) 

while consuming a meal during adulthood. Results reveal that, similar to SDV rats, meal-induced 

elevations in HPC ACh binding were eliminated in the WD group (n=6-8/group). Further, 

Western blot analyses revealed comparable reductions in HPC protein expression of vesicular 

ACh transporter, an indicator of ACh HPC tone, in SDV and WD rats relative to controls. 

Collectively, our findings identify ACh signaling as a neural substrate for gut-originating VAN 

potentiation of HPC function, and that impairments in this signaling pathway may underlie WD-

induced HPC dysfunction.  
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Abstract: Anorexia nervosa (AN) is an eating disorder characterized by voluntarily restricted 

food intake, low body weight, fear of gaining weight, distorted body image, increased anxiety 

and physical activity. AN normally occurs in juveniles and teenagers and has a very high 

mortality rate in girls. However, the underlying neural basis of AN remains largely unknown. 

Here, we provide evidences that aberrant hyperactivity of steroidogenic factor 1 (SF1) and 

estrogen receptor-a (ERα) neurons in VMH, a satiety center within the brain, contributes for AN 

and its sexual dimorphism. We delivered Cre-dependent AAV-Flex-NaChBac and AAV-Flex-

Kir2.1 virus into VMH to activate or inhibit SF1 and ERα neurons respectively. We measured 

the body weight and blood glucose. We tested the anxiety-related behaviors using open field test, 

elevated plus maze test. We found chronic activation of entire VMH neurons led to severe 

hypophagia, self-starvation, and ultimately death, whereas chronic inhibition led to hyperphagia 

and weight gain. Chronic activation of VMHSF1 led to a dramatic voluntary hypophagia, weight 

loss, anxiety and hyperactivity in both females and males. Interestingly, chronic inhibition of 

VMHSF1 neurons caused obesity on HFD in males but not females. We found that the expression 

of SF1 and ERα in neurons within VMH mainly located in VMHdm and VMHvl respectively, 

and showed nonoverlapping expression. Interestingly, the VMHvl harbored more ERα neurons 

in females than in males. Chronic inhibition of VMHSF1 neurons in ovariectomized mice caused 

obesity. We further found that glutamate release was not required for weight loss and anxiety-

like behaviors resulting from VMHSF1 hyperactivity. Together, these findings support that 

hyperactivity of neurons within VMH is the neural basis for AN, and the different distribution of 

ERα neurons in VMH may contribute for the sexual dimorphism of AN. 
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Abstract: Obesity driven by genetic deficiencies in the melanocortin 4 receptor (MC4R) remains 

difficult to treat since this receptor is a point of convergence for many peripheral satiety signals. 

Genetic variants that result in a reduction in its expression or activity cannot be significantly 

overcome by increasing upstream signaling drive. However, downstream elements, such as the 

anorexigenic protein brain-derived neurotrophic factor (BDNF), in the hypothalamus could 

theoretically rescue weight gain due to MC4R deficiency. We report here that loxapine induces 

significant weight-loss in both diet-induced obese and MC4R-deficient mice. This weight loss is 

due to reduced food intake and is preferentially lost from the fat compartment. Loxapine also 

increases anorexigenic BDNF expression and activation of its receptor TrkB in the 

hypothalamus, contributing to signaling drive within the leptin-melanocortin system downstream 

of MC4R. These findings suggest the feasibility of drug targeting downstream of MC4R to 

rescue deficiencies not only in MC4R, but also of upstream elements such as leptin. 
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Title: Endocannabinoid signaling to astrocytes in the hypothalamus modulates feeding behavior 

and energy metabolism 

Authors: *D. HERRERA MORO1, C. PEREZ DE NANCLARES3, P. KOFUJI2, A. 
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Abstract: The brain controls energy homeostasis by fine tuning feeding and energy expenditure 

to nutrient availability. Disruption of this regulation results in obesity and associated metabolic 

pathologies. In particular, the lateral hypothalamus (LH) mediates autonomic metabolic 

regulation and motivational processes underlying feeding behavior. Over the last decades, 

evidence has shown that hypothalamic circuits are highly vulnerable to obesogenic diets and that 

diet-induced obesity (DIO) modifies astrocyte physiology, which contributes to local 

hypothalamic inflammation. The endocannabinoid (eCB) system participates in the 

pathophysiology of obesity, partly through the activation of type 1 eCB receptors (CB1Rs) in the 

brain and peripheral organs. Importantly, eCBs modulate synaptic function through the 

activation of astrocytic CB1Rs. By combining Ca2+ imaging selectively in astrocytes and in vivo 

metabolic profiling, we explored the contribution of astrocyte eCB signaling in the LH in the 

development of DIO. We show that astrocytic CB1R contributes to DIO-induced astrocyte 

hyperactivity and reactivity in the hypothalamus. Additionally, in vivo phenotyping after 

astrocyte CB1R KO in the LH shows increased food intake and body weight and decreased 

insulin sensitivity in lean and obese mice. In conclusion, our findings suggest that astrocyte eCB 

signalling plays a crucial role in obesity-associated functional changes in hypothalamic 

astrocytes and contributes to disbalances in systemic glucose metabolism and energy 

homeostasis associated with the development of DIO. 
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Title: Pathogen infection induces sickness behaviors by recruiting neuromodulatory systems 

linked to stress and satiety in C. elegans 
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Abstract: When animals are infected by a pathogen, peripheral sensors of infection signal to the 

brain to coordinate a set of adaptive behavioral changes known as sickness behaviors. While the 

pathways that signal from the periphery to the brain have been intensively studied in recent 

years, how central circuits are reconfigured to elicit sickness behaviors is not well understood. 

Here we find that neuromodulatory systems linked to stress and satiety are recruited upon 

infection to drive sickness behaviors in C. elegans. Upon chronic infection by the bacterium 

Pseudomonas aeruginosa PA14, C. elegans decrease their feeding behavior, then display 

reversible bouts of quiescence, and eventually die. The ALA neuron and its neuropeptides FLP-

7, FLP-24, and NLP-8, which control stress-induced sleep in uninfected animals, promote the 

PA14-induced feeding reduction. However, the ALA neuropeptide FLP-13 instead acts to delay 

quiescence and death in infected animals. This accelerated behavioral response to infection in 

flp-13 mutant animals is not caused by overaccumulation of PA14 due to defective pharyngeal 

grinding of bacteria or increased exposure time on pathogenic lawns. Cell-specific genetic 

perturbations show that the neurons that release FLP-13 to delay quiescence in infected animals 

are distinct from ALA. A brain-wide imaging screen reveals that infection-induced quiescence 

involves ASI and DAF-7/TGF-beta, which control satiety-induced quiescence in uninfected 

animals. Our results suggest that a common set of neuromodulators are recruited across different 

physiological states, acting from distinct neural sources and in distinct combinations to drive 

state-dependent behaviors. 
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Abstract: Glucagon-like peptide-1 receptor (GLP-1R) activation reduces food intake via 

multiple brain sites, i.e., hypothalamus, hindbrain, and limbic systems. Peripheral and central 

administration of GLP-1R agonists activate the central nucleus of the amygdala (CeA), yet the 

mechanisms mediating this action are understudied. In the present study, in vivo fiber 

photometry and GCaMP in the CeA in freely behaving mice was used to determine the role of 

GLP-1Rs in modulating neural activity in response to peripheral administration of a GLP-1R 

agonist. In addition, chemogenic inhibition of the CeA with an inhibitory DREADD was 

performed where feeding behavior was assessed in the presence of a GLP-1R agonist. Freely-

behaving mice with fiber optic cannulas implanted in CeA were attached to a fiber photometry 

system and neural activity recorded in response to intraperitoneal administration of saline, 

Exendin-4 (Ex4, agonist), or Exendin-9 (Ex9, antagonist). Home caged mice with inhibitory 

DREADD were given its chemogenetic actuator deschloroclozapine (DCZ) in the presence of 

Ex4. We found that Ex4 activates CeA neurons, and this effect is blocked by prior administration 

of Ex9. When the CeA is chemogentically inhibited, food-seeking behaviors remain intact 

despite the presence of Ex4. These measurements from freely behaving mice suggest that CeA 

GLP-1Rs are potentially mediating changes in neuronal activity when activated by a GLP-1R 

agonist and influence feeding behaviors. 
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Abstract: Oxytocin (OT) is a neuropeptide produced in the paraventricular (PVH) and 

supraoptic (SON) nuclei of the hypothalamus that acts in the brain to influence food intake. 

While numerous studies have investigated OT’s role in food intake control using a 

pharmacological approach, such approaches do not model the physiological conditions of 



endogenous OT release, nor can they differentiate whether observed effects are mediated by OT 

neurons originating in the PVH vs. SON subpopulations. To address these gaps, we targeted 

excitatory OT-specific designer receptors exclusively activated by designer drugs (DREADDs) 

to distinct regions in Sprague Dawley rats, allowing for selective activation of OT neurons in 

either the PVH or SON at the beginning of the nocturnal feeding period. Animals were tested for 

each standard chow, an 11% sucrose solution, and a highly palatable 45% by kcal high fat diet 

(HFD). Results revealed that while DREADDs-mediated excitation of PVH OT neurons 

significantly reduced the size of the first meal of standard chow following dark onset, 

surprisingly, SON OT neuron activation had the opposite effect by increasing the first nocturnal 

meal size. Similarly, SON OT neuron activation increased the size of the 1st drinking burst for 

sucrose and the number of drinking bursts resulting in a significant increase in sucrose intake. 

Activation of PVH OT neurons significantly reduced HFD intake with a trend towards 

decreasing average meal size while activation on SON OT neurons saw an increase in average 

meal size on HFD. To further examine the physiological role of OT neurons in eating behavior, 

we irreversibly silenced synaptic transmission of OT neurons in either the PVH or SON by 

expressing a tetanus toxin light chain under the control of the OT-specific promoter, which 

cleaves the vesicle associated membrane protein synaptobrevin that is necessary for vesicular 

release of neuropeptide. While silencing of OT neurons in the PVH and SON had no effect on 

average 24 hr food intake, silencing of OT neurons in the SON resulted in a significant reduction 

in average 1st nocturnal meal size. This effect is even more pronounced during a refeeding 

following a fast, where SON OT neuron silencing significantly decreases average meal size 

which is coupled to a significant increase in meal frequency, thus yielding no change in 

cumulative intake. PVH OT synaptic silencing had no impact on standard chow intake, but led to 

an increase in meal size along with a trending compensatory decrease in meal frequency when 

animals were maintained on a HFD. Collectively these data reveal that PVH and SON OT 

neurons function to reduce and increase meal size, respectively. 
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Abstract: Uncertainty is a core component of threat and associated learning processes. One 

factor impacting uncertainty in threat learning paradigms is the threat reinforcement rate, which 

refers to the proportion of times a cue is reinforced with an aversive stimulus. Here, we tested the 

effect of partial vs continuous threat reinforcement on threat discrimination learning, as indexed 

by skin conductance response (SCR) and self-reported US expectancy and evaluative responses. 

Participants (n = 102) completed a task in which three colored shapes were paired with electric 

shock at reinforcement schedules of 100% (CSP100), 50% (CSP50) and 0% (CSM). The data show 

enhanced SCR for the CSP100, consistent with previous findings. While participants 

differentiated between the threat and safety cues in their self-report data, they did not 

differentiate between the CSP100 and CSP50. Additionally, the study examined associations 

between trait measures and threat-safety discrimination. Previous exploratory research from our 

lab showed distinct roles for the inhibitory and prospective subscales of intolerance of 

uncertainty (I-IU and P-IU) on fear acquisition, where high I-IU and P-IU were associated with 

diminished and heightened threat-safety learning, respectively. Here, we tested this finding using 

a confirmatory approach. Similar to our previous research, no association was observed between 

total IU score or trait anxiety and learning. However, a two-factor model of IU showed high 

inhibitory IU was associated with diminished threat discrimination, consistent with our previous 

work, but only for the uncertain but not the certain cue, an interaction not previously observed. 

We found no association between prospective IU and learning, contrary to previous findings. 

Finally, we show that participants with higher scores in total IU reported higher levels of dislike 

for the uncertain vs certain cue. We think this work makes three valuable contributions. One, it 

highlights the importance of following up exploratory findings with confirmatory tests. Two, the 

results contribute to a growing literature exploring how the uncertainty inherent to predictors of 

threat, individual differences in sensitivity to uncertainty, and interactions between these two 

factors, can shape the acquisition of threat memories. Three, in accordance with dimensional 

views of psychopathology, the work suggests that studying fear-relevant traits can be valuable 

for better understanding variability in the acquisition of threat memories and, in parallel with 

research in clinical populations, could help elucidate the role of threat learning in clinical 

anxiety. 
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Abstract: Emotional memory is the lens through which we interpret the world and is essential 

for our behavioral and emotional balance. The auditory cortex (AC) and lateral amygdala (LA) 

are critical regions for processing auditory signals and emotional information, 

respectively. Reciprocal connectivity between the AC and LA is fundamental to understanding 

how emotional memories are formed and retrieved. While previous research has identified plastic 

changes in these regions due to learning and shown that excitatory projections from LA to AC 

are necessary for fear associations, gaps remain in understanding the specific role of somatostatin 

(SST) inhibitory neurons within this pathway. Recent research by the Apicella lab revealed a 

long-range SST projection from AC to LA, which synapses on the same excitatory neurons that 

project to AC (Bertero et al., 2019; Bertero and Apicella, 2024), but its functional role and 

impact on memory persistence are unclear. To address this, we developed a sound discrimination 

task. Mice were bilaterally injected with an inhibitory DREADD under the CAMKII promoter in 

AC. Four weeks after surgery, mice were fear-conditioned with a tone associated with shock 

(CS+, 15 kHz) and another tone never paired with shock (CS-, 3 kHz). The animals were then 

tested with the CS+, CS-, and two intermediate tones (11 and 7 kHz) presented randomly on 

days 2, 15, and 30 following conditioning. Experimental mice received clozapine oxide (CNO), 

the ligand that activates DREADDs, on either day 2 or day 15, while control mice received either 

saline or CNO. Our findings reveal that chemogenetic inhibition of AC principal cells during 

early retrieval significantly affects early and remote discrimination of the CS-. However, the 

same manipulation on day 15 only has subtle effects. Our data also suggest that inhibiting the 

long-range GABAergic projections from AC to LA on day 2 also impairs the ability of mice to 

discriminate between fearful and safe sounds. We are currently investigating if inhibition of this 

projection has similar effects at later time points during retrieval. This study provides insights 

into the functional role of SST long-range projections on emotional processing and clarifies the 

intricate involvement of both LA and AC in remote memory. These findings hold significant 

implications for the development of targeted therapies for anxiety-related disorders by 

modulating specific neural pathways involved in emotional regulation, highlighting the potential 

for innovative therapeutic approaches.  
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Abstract: Fear is a fundamental emotional state that is highly conserved across the animal 

kingdom. Despite the intrinsic importance of fear for survival, its behavioral manifestation varies 

between individuals where the choice of response can be the difference between life and death. 

However, we know little about the biological basis for these individual differences in fear 

behavior. To plumb the depths of this behavioral variation, we used adult zebrafish as a model 

organism. Fish were trained to associate a new environment with fear by exposing them to 

conspecific alarm substance (CAS), an ethologically relevant chemical stimulus released from 

the epithelial cells of injured fish to alert nearby animals to danger. After tracking with 

DeepLabCut, we trained a random forest machine learning model to identify different behaviors 

(e.g., freezing, bursting, and erratic movements) to greater than 95% accuracy. We collected data 

from over 400 animals from four different inbred strains (AB, TU, TL, and WIK) and both sexes. 

We used an unsupervised machine learning approach to identify four distinct behavioral clusters: 

(1) low fear responsivity, (2) increased erratic behavior, (3) high freezing interspersed with 

increased erratic behavior, and (4) high freezing interspersed with normal swimming behavior. 

We found that both background strain and sex had an influence on the type of fear behavior 

exhibited. Finally, we performed whole-brain activity mapping to identify the neural basis 

individual differences in fear behavior. To do this, we used a combination of in situ hybridization 

chain reaction for c-fos, tissue clearing, light-sheet microscopy, and image registration to the 

adult zebrafish brain atlas. We used partial least squares to identify brain regions that covary 

with different behaviors. We found that freezing engages the dorsal and ventral telencephalon 

whereas erratic movement is primarily characterized by elevated activity in the spinal cord and 

hindbrain. We discuss the implications of these findings with respect to how higher brain 

regions, like the telencephalon, modulate brain activity to give rise to different behavioral 

outputs. 
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Abstract: Conditioned immune response (CIR), a Pavlovian conditioning procedure, is an 

example of for a non -declarative brain-body interaction. In CIR, a sensory stimulus is paired 

with an immunomodulatory agent. A subsequent re-exposure to the conditioned stimulus leads to 

both aversion toward the stimulus and an anticipatory immune response. The insular cortex (IC) 

computes and integrates internal and external information, with distinct functions among the 

antero-posterior axis. Among the other functions, the anterior IC encodes taste and its valence 

and the posterior IC stores an accurate representation of the immune responses. Although the 

underlying mechanisms were not investigated, lesion studies suggest that an intact IC is 

necessary for conditioned immune responses. In our research, we hypothesized that a bi-

directional circuit connecting the anterior and posterior IC mediates the CIR. To test this 

hypothesis, we subjected adult male mice (n>7) to CIR, by pairing novel saccharin with a single 

injection of lipopolysaccharide (LPS); saccharin re-exposure triggered behavioral aversion and 

an increased cellular immune response similar but not identical to LPS exposure (i.e. the UCS 

alone). Following correlative studies, indicating a predominant role of the anterior to posterior IC 

pathway, we chemogenetically inhibited the reciprocal anterior to posterior connectivity during 

retrieval of the behavioral aversion and the anticipatory immune response. Our results showed 

that retrieval of CIR requires the activity of the neurons projecting from the anterior to the 

posterior IC, whereas modulating the anticipatory immunological dimension involves bi-

directional projections. Our study proved our hypothesis and uncovered that intra-insular circuit 

contributes to immune homeostasis. In addition, it paves the way for a personal, behavioral and 

drug-independent brain stimulation treatment, when fine-tuning of the immune system is needed. 

Our current efforts are directed towards understanding the dynamics and the coding of CIR by 

looking at the correlation between activity of specific neurons in the insula and behavioral 

readout by combining licking microstructure analysis and fiber photometry. 
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Abstract: The reward system is crucial for appetitive behavior, being significantly activated by 

dopaminergic transmission during sweet food consumption that mediates the integration of sweet 

taste with positive post-ingestion consequences. Thus, the reward system interacts with the 

memory system during rewarding experiences, facilitating behaviors like ingestion scalation of 

caloric and hedonic foods, such as sugar. In this regard, the nucleus accumbens shell (NACsh) is 

a vital structure of the reward circuit, functioning as a sensory sentinel that promotes hedonic 

feeding and may modulate flavor memory. Therefore, the dopaminergic function in the NaCsh 

during appetitive learning and aversive taste memory formation needs to be studied in more 

detail. Accordingly, this research aimed to evaluate the effects of dopaminergic activation in the 

NACsh during conditioned taste aversion (CTA) of novel sugar or the latent inhibition of CTA 

(LI-CTA) of familiar or highly familiar sugar. Thus, male adult Wistar rats received bilateral 

injections of dimethyl sulfoxide-10% in physiological saline (control group; 0.05ul/0.5ul side) or 

the dopamine agonism, apomorphine (9 ul/0.5 ul side) 30 min before CTA-acquisition of novel 

10 % sugar solution, familiar sugar (20 min access over three days), or high-familiar sugar 

solution (continuous access for 21 days). The results show increased appetitive response and 

sugar preference since the first consumption. During CTA acquisition, apomorphine treatment 

decreased appetitive response only for novel sugar, significantly impacting CTA and aversive 

memory extinction. On the contrary, dopamine receptor activation did not affect sugar preference 

for familiar or highly familiar sugar and did not impact the LI-CTA; nonetheless, dopamine 

receptor activation increased the appetitive relearning of highly familiar sugar. Likewise, long-

term sugar consumption (21 days) induces minor variability in sugar preference over water, 

which was enhanced by apomorphine treatment. These findings indicate that dopaminergic 

activity balance in the NACsh is related to a decrease in aversive memory formation of novel 

stimuli and an increase in appetitive response for highly familiar stimuli, suggesting changes in 



NACsh dopamine receptor sensitivity during appetitive or aversive memory formation, as well as 

during memory updating, depending on the degree of stimulus familiarity. 
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Abstract: Selecting appropriate actions and updating behaviors based on outcomes is a crucial 

process for all animals. Striatal patches (also known as ‘striosomes’) are specialized regions in 

the striatum, characterized by unique cellular markers and inputs relative to the surrounding 

‘matrix’ tissue. Additionally, patches act as the sole striatal output to substantia nigra pars 

compacta (SNc), suppressing dopamine release. Accordingly, previous studies have outlined the 

important role of striatal patches in action selection and decision-making. While patches are 

well-poised to inhibit dopamine release, no studies have fully characterized patch-dopamine 

interactions in freely moving mice during behavior. To examine this, we utilized fiber 

photometry to detect subsecond fluctuations in striatal activity and dopamine signaling via 

genetically encoded calcium indicators (jGCaMP8m/FLEX-jGCaMP8m) and GPCR-activation-

based dopamine sensors (GRAB-DAr) in C57BL6/J wild-type, Sepw1 NP67 (patch-Cre), and 

Plxnd1 OG1 (matrix-Cre) mice. During locomotion and operant conditioning, freely behaving 

mice demonstrated synchronous dopamine spikes with both patch and matrix activity. Moreover, 

during Pavlovian conditioning and in a more complex behavioral task with mixed stimulus-

response and action-outcome trials, we observed covariance between dopamine signaling and 

striatal activity that largely, but not perfectly, fit the reward prediction error model. Overall, 

patch and matrix signaling was predominantly consistent in these behavioral contexts, suggesting 

complementary, rather than antagonistic, activity between patches and nigrostriatal dopamine 

release. This work provides foundational insight into the interplay between the striatum and 

dopaminergic system in freely moving mice. 



 

Disclosures: H. Gao: None. Y. Lee: None. S. Krikawa: None. S. Chang: None. Z. Greer: 

None. H. Feller: None. J.A. Nadel: None. C.D. Howard: None. 

Late-Breaking Poster 

LBA007: Theme G Late-Breaking Posters 

Location: MCP Hall A 

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

Program #/Poster #: LBA007.007/LBA7 

Topic: G.02. Reward and Appetitive Learning and Memory 

Support: HHMI Gilliam Fellowship 

 NIH Grant R01MH130755 

Title: The basolateral amygdala differentially encodes social and nonsocial reward 

Authors: *J. L. JAVIER1, J. ISAAC2, H. BALASUBRAMANIAN2, M. MALAVIKA3;  
1Biol. Dept., Emory Univ. Neurosci. Grad. Program, Atlanta, GA; 3Dept. of Biol., 2Emory Univ., 

Atlanta, GA 

Abstract: As animals navigate their environment, they must make decisions on whether to 

engage with different reinforcing stimuli. While several studies have explored the neural 

substrates that underlie decisions between positive and negative stimuli, less research has 

focused on how different brain regions encode choice and reward when given two different 

http://files.abstractsonline.com/CTRL/43/5/405/FD0/078/4A7/DBC/640/8D8/6F7/05E/A6/g13792_4.png


competing, appetitive stimuli. Recently, we explored how the mPFC encoded social and 

nonsocial reward using a novel two choice operant assay (Isaac et al, 2023). This study revealed 

largely non-overlapping representations of sucrose and social reward that was modulated by 

internal state and sex. However, it is unclear if social and food reward representations remain 

largely distinct in other nodes of the reward circuitry, specifically the basolateral amygdala. To 

address this question, I focused on the role of the basolateral amygdala, a region known to 

encode positive and negative valence of food rewards, in encoding social and nonsocial reward-

related behaviors. Using in vivo cellular resolution calcium imaging while mice performed an 

operant assay in which they can choose between food and social rewards, I found that the BLA 

differentially encodes social and nonsocial reward choice and consumption (n=7 adult male 

mice, 1801 neurons). Additionally, it seems that rather than remain stable, reward representations 

are modulated by changes in internal state, such as thirst. Additionally, the BLA representations 

are distinct from those found in the mPFC. For example, compared to representations in the 

mPFC where social reward excite neurons where the majority group, in the BLA, sucrose reward 

excite neurons outnumbered those inhibited by sucrose reward or modulated by social reward. 

The unique representations in these two connected nodes of the social reward circuit points to a 

possible difference in the information being encoded in either region. This adds valuable insight 

into how the brain may differentially weigh competing reward options in one setting and support 

decisions to interact with one over another. 
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Abstract: Rewarding Aggression in Male and Female Mice 

Brittany M. Blasetti, Herbert E. Covington III, Michael Z. Leonard, Emily L. Newman, Kira 

Schaefer, Teghan Sydnor, Micah Frier, Klaus A. Miczek, Marcus M. Weera 

Aggression is a powerful reinforcer in social and territorial species. Female mice, like males, will 

readily attack same-sex intruders following cohabitation with a partner. Thus, the current series 

of experiments systematically examined if female mice will also work for the opportunity to 

fight. Measures of stereotypical ‘scalloped’ patterns of fixed interval (i.e., FI) operant responding 

- a rapid acceleration of responding as the end of the interval approaches - were used to 

operationally define ‘motivational states’ while anticipating an opportunity to physically 

confront same-sex conspecifics. We found that both male and female Swiss Webster mice 

respond here for the opportunity to fight. Specifically, both males and females acquire rates and 

scalloped patterns of operant responding for the opportunity to fight that are stable and persistent 

across sessions. At the completion of each fixed interval operant session, the performance of 

aggressive behavior in both males and females consists of short latencies to attack and 

considerably escalated patterns of fighting, consistent with historical measures of schedule-

induced aggression across many species investigating males. No significant changes in 

motivational or performance measures of rewarding aggression were observed across the entire 

estrous cycle in females. Using fixed interval operant responding procedures, we are currently 

investigating the neurobiological mechanisms that contribute to aggression seeking and 

performance (i.e., fighting) in male and female mice, and how these systems are dysregulated by 

chronic consumption of alcohol and other misused substances. 

This study is supported by NIH grants R01AA013983 and R01DA031734. 
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Abstract: Balancing perceptions of expected reward vs. expected costs is instrumental in several 

types of behaviors, including risk-taking. Extreme preference for one over the other is a feature 

of multiple neuropsychiatric conditions, including substance use disorders (risk seeking) and 

anorexia nervosa (risk avoidance). Dopamine signaling in mesostriatal circuits plays a 

fundamental role in mediating both expected and experienced behavioral costs and rewards, 

making it a compelling target for therapeutic modulation in the treatment of conditions 

characterized by risk-taking behaviors. Fortunately, pre-clinical evidence has suggested that the 

glucagon-like peptide 1 (GLP-1) receptor agonist family of medications modulate mesostriatal 

dopamine signaling , and initial clinical studies indicate that they may reduce the frequency of 

behaviors ranging from gambling to alcohol consumption. In order to determine if GLP-1 

receptor agonism can directly influence risk-taking behaviors, we evaluated the effects of acute 

administration of the intermediate-acting GLP-1 agonist exendin-4 on performance of a risky 

decision-making task in 7-month-old Sprague-Dawley rats (n=8 male, 7 female). In this task, rats 

make discrete choices between two response levers, one that yields a small reward (1 food pellet) 

with no risk of punishment and another that yields a large reward (2 food pellets) accompanied 

by a mild footshock that ranges in probability from 0 to 100%. Different doses of exendin-4 (0, 

0.1, 0.3, 1.0, 3.0 µg/kg in 0.9% saline vehicle) were administered subcutaneously at a volume of 

1.0 ml/kg, 1 hour prior to test sessions in the task, using a randomized, within-subjects design 

such that each rat received each dose of the drug, with at least a 48-hour washout period between 

successive injections. Data in male rats show that exendin-4 reduces choice of the large, risky 

reward (reduces risk taking) in a dose-dependent manner (two-way ANOVA, dose x risk, main 

effect of dose, F(4,24)=15.66, p<.001). Even when excluding the highest dose (3.0 µg/kg), which 

is the only dose of those chosen that is reportedly sufficient to suppress food intake, this finding 

remained significant (main effect of dose, p=0.004). In addition, exendin-4 did not reduce rats’ 

preference for the large reward in the absence of punishment. Replication of these findings in 

females is ongoing, as are experiments to evaluate effects of exendin-4 on task-related dopamine 

signals in the nucleus accumbens. Collectively, these data will begin to inform the mechanism(s) 

by which the incretin family of medications influence risky decision making, and reward-

directed behaviors more broadly. 
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Title: The midline thalamus shapes the motivational aspect of instrumental actions via the 

ventral striatum 

Authors: *E. E. MACDONALD1, J. MA2, B. B. AVERBECK3, M. A. PENZO4;  
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Abstract: Changes to motivation are pervasive among neuropsychiatric disorders such as 

depression and addiction. Understanding the neural mechanisms that underlie motivational 

processes is thus critical for the development of effective therapies. While changes in local 

dopamine (DA) concentration within the ventral striatum (VS) have been recently identified as a 

feature of motivational drive, the neural circuit mechanisms that account for this process are 

unknown. The paraventricular thalamus (PVT) is heavily implicated in motivated behaviors 

including reward seeking and threat avoidance, and stimulation of PVT can evoke local VS DA 

release. To investigate the mechanisms by which the PVT shapes motivational processes, we 

trained mice in a two-way active avoidance task. The PVT-VS pathway shows increased activity 

during the safety outcomes following a successful avoidance, and these outcomes are thought to 

play a role in avoidance reinforcement. Furthermore, these safety outcome periods in avoidance 

tasks have increased VS DA concentration. Thus, increased activity in PVT-VS during safety is 

potentially driving avoidance through the motivational effects of VS DA. To examine the role of 

PVT-VS DA in avoidance motivation in mice, we utilized in vivo fiber photometric recordings 

and optogenetic manipulation of PVT-VS and VS DA activity during avoidance. Inhibition of 

PVT-VS activity immediately after avoidance responses significantly impaired safety outcome-

evoked DA, indicating that PVT is driving DA during this period. Analysis PVT-VS activity 

recordings using functional linear mixed modeling revealed PVT-VS activity during safety was 

positively related to avoidance velocity, a proxy for motivational drive, signifying that PVT is 

contributing motivational signals to VS. In addition, optogenetic perturbation of PVT-VS 

activity during safety decreased avoidance behavior, and a Rescorla-Wagner learning model fit 

to this data estimated value of avoidance to decrease with inhibition at safety, further suggesting 

that PVT-VS is conveying motivational value of avoidance. Whereas perturbation of VS DA 

release during safety had similar effects on avoidance rate, recordings of VS DA activity had a 

positive relationship with avoidance latency and not velocity, indicating that these inputs might 

be contributing to different aspects of avoidance motivation. Collectively, our findings suggest 

that safety period activity from both PVT and DA in VS are critical to avoidance behavior, and 

the role of PVT-VS input is related to avoidance motivation. Ongoing work will investigate the 

circuit mechanisms by which PVT-VS shapes motivational VS DA release. 
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Abstract: Traumatic stress leads to avoidance behaviors and alcohol misuse in some people. 

Similarly, in rats, predator odor (“traumatic”) stress produces avoidance behavior in some 

animals (termed Avoiders), but not others (termed Non-Avoiders). In this model, Avoiders show 

persistent increases in alcohol drinking after stress exposure. Using multiple approaches, we 

tested the hypothesis that Avoider rats show lower sensitivity to the inherent aversive effects of 

moderate to high doses of alcohol, which may be one reason these animals consume more 

alcohol. First, we found that adult male Avoider rats exhibit less alcohol (1.5 g/kg)-induced 

conditioned place aversion (CPA) compared to Non-Avoiders and stress-naïve Controls. Then, 

we found that both male and female Avoiders also have less alcohol conditioned taste aversion 

(CTA) to saccharine when paired with a 1.5 g/kg alcohol injection. Together these results 

suggest that Avoider rats are less sensitive to the aversive effects of alcohol following stress. To 

elucidate the neurobiological mechanisms behind this phenomenon, we are currently testing the 

hypothesis that the lateral hypothalamus (LH) to lateral habenula (LHb) circuit is important for 

mediating the aversive effects of alcohol, and that dysregulation of this circuit contributes to 

blunted alcohol aversion in Avoiders after stress. Using a combination of retrograde tracing and 

cFos immunohistochemistry in male rats, we found that recruitment of LH-LHb neurons 

following alcohol injection was blunted in Avoiders compared to Non-Avoiders and Controls. 

Collectively, these data suggest that the stress-induced escalation of alcohol drinking seen in 

Avoider rats may be facilitated by lower sensitivity to the aversive effects of alcohol. This work 

was supported by NIH grants R00AA029726, R01AA013983 (Weera), R01AA023305 (Gilpin) 

and by VA grant BX003451 (Gilpin). 
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Abstract: Clinically relevant sex differences have been noted in a number of affective, 

behavioral, cognitive, and neurological health disorders. Midbrain dopamine (DA) neurons are 

implicated in several of these same disorders and consequently are under investigation for their 

potential role in the manifestation of these sex differences. The lateral habenula (LHb) exerts 

significant inhibitory control over DA neuronal firing, and we previously found that this control 

is both qualitatively and quantitatively different in female and male rats. However, the degree to 

which circulating gonadal hormones regulate this difference is not known. We hypothesized that 

circulating estrogen is responsible for the reduced DA inhibition previously demonstrated in 

female rats and predicted that estrogen removal would block this reduction. Fifty-three female 

Sprague-Dawley rats (200-225g; Charles River) were randomly assigned to one of three surgical 

groups: Sham, ovariectomized (OVX), or ovariectomized with estrogen replacement (+ EB). 

After 14-21 days single unit, extracellular recordings of substantia nigra DA neurons were 

performed in anesthetized animals; both spontaneous and LHb evoked activity were obtained. 

Recording and stimulation locations were histologically confirmed. In the OVX group, 

successful surgeries were confirmed by the lack of cornified epithelial cells in vaginal lavage 

samples and by weight gain exceeding that seen with Sham rats. These outcomes were reversed 

in the + EB group. For all measures of spontaneous activity (firing rate, firing pattern, coefficient 

of variation, percent spikes in burst) there were no significant differences amongst groups. In all 

three groups, LHb stimulation (0.5 Hz, 100 us, 1.0 mA) inhibited most DA cells. However, there 

were no significant differences in the prevalence, duration, or magnitude of inhibition amongst 

the three groups. Rebound excitation, an LHb evoked response phenotype that is more prevalent 

in male rats, did not differ amongst the Sham, OVX, or + EB groups. Although the DA neuronal 

response to LHb stimulation differs by sex, this difference does not appear to be driven by 

circulating estrogen in female rats. It is possible that circulating androgens are responsible for 

this sex difference, or that the difference results from an organizational effect of hormones 

during development. Determining the neuroanatomical and/or neurophysiological source of this 

sex difference will aid in understanding the contribution of the LHb-DA inhibitory circuit to 

mental health disorders. 
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Abstract: Previous research in our lab has demonstrated that male B. splendens responding for 

food reward in a discrete-choice instrumental-response task can exhibit behavioral self control, 

defined as a stable preference for larger-later (LL) over smaller-sooner (SS) food rewards. More 

recently, we reported that oral administration of the dopamine precursor L-DOPA to male B. 

splendens substantially reduces self-control and increases impulsive preference for the SS option. 

Previous literature on both humans and non-human animals indicates that the selective serotonin 

reuptake inhibitors (SSRIs) such as fluoxetine can be effective in decreasing aggression and 

impulsivity. The purpose of the present study is to determine if oral administration of fluoxetine 

can rescue the behavioral self-control diminished by L-DOPA in male B. splendens. Subjects 

were randomly assigned across 2 groups: fluoxetine only (F) or fluoxetine/L-DOPA combo 

(FD). Subjects in both groups were given a single oral dose of fluoxetine (2 mg/kg) at 9 am for 

one week prior to the beginning of trials and continuing throughout the duration of the trials. 

Additionally, subjects in the FD group were given an oral dose of L-DOPA (60 mg/kg) prior to 

each daily trial. Using a submerged T-maze, thrice-daily instrumental-choice trials were 

conducted in which subjects were presented with a choice between an SS reward (1 food pellet 

delivered immediately) and an LL reward (3 pellets delivered after a 15-s delay). Across the two 

groups, over half of all subjects were removed prior to completion of the study due to abnormal 

feeding or swimming patterns. Attrition was differential; nearly twice as many of the removed 

subjects were in the FD group as the F group. All of the remaining subjects in the FD group 

stabilized on the SS option, while results in the F group were mixed, with twice as many subjects 

stabilizing on the SS option than the LL option. Based on the stabilization rates in the FD group, 

it does not appear that the tested dosage of fluoxetine restores behavioral self-control when it is 



disrupted by L-DOPA. Furthermore, fluoxetine-only dosing also potentially disrupts behavioral 

self-control in this model. 
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Abstract: With over 5 billion people using social media, it is clear that social media is becoming 

an important part of daily life around the world. Although social media can have a positive effect 

on someone’s ability to connect socially through various online platforms, there is also evidence 

that social media can have a serious impact on (and be impacted by) mental health in ways that 

are unclear. The very feature of social media that signals social support, praise or validation - the 

social media rewards, such as likes, shares or comments - could itself be potentially harmful 

through reward processing mechanisms that lead to addiction. Prior research has found that 

looking at social media posts with more likes results in increased activity in neural regions 

associated with reward processing, reinforcement, and addiction. Other studies have shown that 

heightened activity of these regions in response to task-based social reward in early adolescence 

predicts social media addiction and depression in late adolescence. In order to test this 

connection directly from social media behavior in adults, here we use participants’ whole history 

of Twitter data to examine how their social media addiction relates to their “behavioral reward 

sensitivity”, i.e. how participants’ posting is reinforced by how many likes they receive . We 

predict that people with higher symptoms of social media addiction had higher levels of reward 

sensitivity upon starting their account, which then decreased with the number of years of social 

media use. Overall, this finding would suggest that initial high reward sensitivity is a potential 

cause of social media addiction later on, and would corroborate neural findings in adults using 

participants’ real-world social media data. 
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time):; Princeton University. 
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Abstract: Maladaptive habitual and compulsive behaviors are characteristic of various 

neuropsychiatric disorders, such as substance use disorder (SUD) and obsessive-compulsive 

disorder (OCD). Current pharmacotherapeutics fail to address the habitual nature of maladaptive 

learning and potent associations that drive compulsive behaviors. Psychedelic drugs like 

psilocybin increase cognitive flexibility and are currently being investigated as therapeutics for 

disorders like SUD and OCD. However, there have been no investigations into the effects of 

psychedelics on habitual behavior or the neural circuitry involved. Preliminary data from our lab 

shows that acute administration of the 5HT2A receptor agonist 2,5-Dimethoxy-4-

iodoamphetamine (DOI) in mice leads to significant activation of cells within the parafasicular 

nucleus of the thalamus, a brain region known to be involved in regulating behavioral flexibility 

and guiding goal-directed actions. We hypothesized that psychedelics may promote cognitive 

flexibility by reducing habitual behavior. To test this, we used an operant model of goal-directed 

and habitual behavior in mice (C57BL/6, n=24). All mice were food restricted and began 5 days 

of operant self-administration of food pellets on a fixed ratio 1 (FR1) reinforcement schedule to 

induce goal-directed responding. To test whether mice were responding in a goal-directed 

manner, we used a satiety-induced devaluation test, in which mice were pre-fed either regular 

chow or food pellets to induce a valued or devalued state, respectively. Mice were then put 

through an extinction session where no pellets were received. Half the mice remained goal-

directed and underwent devaluation after 5 days of FR1 self-administration. To induce habitual 

responding, the other half of the mice underwent 7 days of random interval training before 

undergoing the same devaluation test. 24 hours before each devaluation session, mice received 

an i.p. injection of either 1 mg/kg DOI or saline. DOI decreased devalued responding specifically 

after random interval training, suggesting that it reduces habitual responding and restores goal-

directed behavior. Ongoing experiments are being performed to replicate this behavioral data, 

test the effect of DOI on reversal learning as a measure of behavioral flexibility, and use whole-

brain c-Fos mapping to identify structures differentially activated by goal-directed vs. habitual 

behavior. This work addresses a critical gap in our understanding of the effect of psychedelics on 

behavioral flexibility and may aid in the development of novel therapeutics for psychiatric 

disorders rooted in habitual behaviors. 
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Abstract: The neuromodulators dopamine (DA) and serotonin (5-hydroxytryptamine; 5HT) are 

key regulators of motivated behaviors. In the striatum, DA drives reinforcement at least in part 

by differentially modulating the activity of the canonical striatal output pathways. There, DA is 

thought to increase the excitability of direct pathway medium spiny neurons defined by 

expression of Gs-coupled D1 receptors (D1-MSNs) while decreasing the excitability of indirect 

pathway neurons expressing Gi-coupled D2 receptors (D2-MSNs). Recently, 5HT signaling in 

the striatum has been shown to exert an opponent effect on reinforcement driven by DA release 

(Cardozo Pinto et al., 2023 BioRxiv). However, the cellular and circuit mechanisms underlying 

this activity remain unclear largely because we lack a comprehensive understanding of 5HT 

receptor organization across the striatal subregions and cell-types. Here, we used fluorescence in 

situ RNA hybridization to quantify the expression of the eight most abundant serotonin receptors 

across D1- and D2-MSNs in the lateral and medial compartments of the dorsal striatum as well 

as the ventral striatal nucleus accumbens core, lateral shell, and medial shell (dmStr, dlStr, 

NAcC, NAcMedSh, and NAcLatSh; respectively). We find that members of the Gi-coupled 5HT 

receptor 1 family are differentially organized across striatal subregions and cell-types, with one 

receptor exhibiting a consistent preference for D1-MSNs (htr1f), another exhibiting a consistent 

preference for D2-MSNs (htr1d), and yet another exhibiting a varied preference for D1- or D2-

MSNs across subregions (htr1b). By contrast, the Gq-coupled receptors htr2a and htr2c shared a 

preference for D2-MSNs, but with differential expression across subregions with htr2a enriched 



in lateral and htr2c in medial subregions. Finally, Gs-coupled receptors htr4, htr6, and htr7 

showed a cell-type bias favoring D2-MSNs, with the exception of a D1-MSN preference by htr4 

in the NAcMedSh and NAcLatSh regions where it was most highly expressed. Focusing on the 

NAcMedSh where we show 5HT inputs are densest, we find that most excitatory (i.e., Gs- or 

Gq-coupled) receptors are preferentially expressed in D2-MSNs, while most inhibitory (i.e., Gi-

coupled) receptors are preferentially expressed on D1-MSNs. These results suggest that the same 

striatal neurons that are excited by DA are likely inhibited by 5HT, and vice-versa. Our work 

thus provides a comprehensive molecular map of serotonin receptor expression across the mouse 

striatum and uncovers new receptor expression motifs that may contribute to the opponent 

actions of DA and 5HT signaling in this part of the brain. 
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Title: Gender-specific mechanisms in stress-induced approach motivation deficits: the role of 
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Abstract: Deficits in reward processing and motivation are key symptoms of major depressive 

disorder (MDD). These deficits are linked to structural and synaptic neuroplastic changes in the 

prefrontal cortex induced by stress. Chronic stress, often present at the onset of depressive 

disorders, exacerbates these changes. This further impairs reward processing and contributes to 

the severity of MDD symptoms. The RTP801/REDD1(DNA damage-inducible transcript 4) 

protein, a stress-sensitive negative regulator of mTORC1 (mammalian target of rapamycin 

complex-1), plays a crucial role in these processes. Increased expression of RTP801/REDD1, 



driven by chronic stress, produces structural alterations in dendritic spines and synaptic 

transmission leading to deficits in reward processing. However, activation of Rheb (Ras homolog 

enriched in brain), a GTP-binding protein that directly activates mTORC1, has been shown to 

counteract the effects of REDD1. By activating mTORC1, Rheb can rescue the structural and 

functional impairments caused by increased REDD1 expression. To better characterize the 

disruptive effects of stress on reward processing, we will examine the contribution of oral 

corticosterone (CORT) exposure via drinking water and chronic unpredictable stress (CUS) in 

the acquisition of conditioned approach behavior, using Pavlovian autoshaping in adult male and 

female Sprague Dawley rats (3-4 months old). CUS (twice daily stress exposure over 14 days) or 

oral exposure to 50 µg/mL of CORT over 14 days in the drinking water selectively reduced cue-

directed behavior (P <0.001) in males, but not in females as assessed in the autoshaping task. 

CUS and oral CORT exposure increased PrL REDD1 expression and CUS decreased 

phosphorylation of Raptor (P <0.001), a key regulatory protein for the stability and function of 

mTORC1, measured 4 hours post-CUS. Preliminary study suggests a sex difference. Ongoing 

studies are examining effects in oral CORT exposure on phospho-raptor. RTP801/REDD1 

overexpression in the PrL disrupted approach motivation in males but had no effect in females. 

Similarly, to assess the impact of Rheb overexpression on conditioned approach and PrL 

regulation, we injected AAV9-CaMKII-caRheb-mCherry or control AAV into the PrL four 

weeks before the autoshaping tests. Notably, Rheb overexpression significantly mitigated the 

effects of CUS on approach motivation in males (p<0.001). We are currently expanding our 

studies to further investigate these effects and incorporate additional controls. These findings 

have implications for our understanding of stress-related disorders such as MDD and have the 

potential to guide novel therapeutic approaches. 
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Abstract: Oxytocin Receptor Activation in the Nucleus Accumbens Differentially Mediates 

Phasic and Tonic Dopamine Release 

Rebecca C. Crenshaw, Madiha Syeda, Larry J. Young, and Deranda B. Lester 

Oxytocin is being researched as a new treatment option for substance use disorder. Oxytocin 

likely alters the rewarding properties of stimuli by altering their effects on mesolimbic dopamine 

release. Our lab has previously shown that oxytocin infused directly into the nucleus accumbens 

(NAc) reduces stimulation-evoked phasic dopamine release. The current study expands on these 

findings using in vivo fixed potential amperometry with carbon fiber recording electrodes in the 

NAc of anesthetized C57Bl/6J mice. Given that oxytocin can act on multiple types of receptors, 

we infused the selective oxytocin receptor agonist [Thr4, Gly7]-oxytocin (TGOT) (25 ng in 1 µl 

volume over 1 min) into the NAc during dopamine recordings. Dopamine release was elicited 

with electrical stimulations in parameters set to mimic phasic (20 pulses at 50Hz) and tonic (4 

pulses at 5 Hz) activity patterns. We found that intra-NAc TGOT reduced dopamine release 

elicited by phasic stimulations (-22.5%) with no significant differences observed between males 

and females; however, intra-NAc TGOT infusions did not significantly alter dopamine release 

elicited by tonic stimulations (-3.5%). Phasic dopamine release in the NAc is classically thought 

to drive drug-related reward and learning, with phasic firing highlighting salient environmental 

stimuli. Oxytocin has previously shown to reduce the rewarding effects of drugs but promote the 

salience of social stimuli. Although more research is needed, the present findings lend support to 

the hypothesis that oxytocin’s opposing influence on drug vs social reward may be related to its 

differential mediation of phasic vs tonic dopamine release. 
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Abstract: The motivational functions of striatal adenosine remain poorly understood despite 

high expression of adenosine 2A receptors (A2ARs) on indirect pathway striatal projection 



neurons (iSPNs). Genetic and pharmacological manipulation of A2ARs in medial striatum alters 

motivation to work for reward in a manner indicating that adenosine opposes the activating 

effects of dopamine. However, in contrast to dopamine, fast adenosine dynamics during effort 

exertion have not been characterized. To explore the relationship between adenosine, iSPN 

dynamics and effort, we employed fiber fluorometry to monitor dopamine, adenosine, and iSPN 

activity in the nucleus accumbens core of mice in a progressive ratio (PR) paradigm (n=4 adult 

WT mice transduced with GRAB-rAdo1.3 + GRAB-gDA3m; n=4 adult A2A-Cre mice 

transduced with GRAB rAdo1.3 + Cre-dependent GCaMP8m). Complete videos of each 

progressive ratio session were recorded with an overhead infrared camera. The accompanying 

figure displays heatmaps of Z-scored changes (dF/F) in adenosine levels and iSPN activity 

aligned to reward delivery for each reward earned by a representative A2A-Cre mouse on a PR5 

schedule. Adenosine levels fluctuated or increased while mice lever pressed for reward; 

sustained decreases were rarely observed during lever pressing. Cues signaling reward delivery 

evoked phasic increases in dopamine release and iSPN activity. Adenosine levels during reward 

retrieval positively correlated with apparent effort exerted to retrieve each reward. After 

successful reward retrieval, adenosine levels decreased rapidly, and this decrease persisted until 

reward consumption was complete. Similar dips in adenosine also occurred during grooming 

bouts. These results are consistent with previous findings that striatal adenosine accumulates 

during locomotion (Ma et al., Nature 2022) and suggest that it may signal physical effort. 
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Abstract: The Nucleus Accumbens (NAc) is a key component of the mesolimbic dopamine 

system (MDS), which plays an important role in the expression of many motivated behaviors. 

Here, we investigated the role of dopamine (DA) receptors in the NAc in the rewarding 

properties of social interactions. The NAc contains multiple subpopulations of medium spiny 

neurons (MSNs) with one population expressing D1-type dopamine receptors (D1Rs), another 

expressing D2-type receptors (D2Rs), and a third expressing both. D1Rs are excitatory Gs 

coupled G-protein coupled receptors (GPCRs), whereas D2Rs are inhibitory and Gi coupled. For 

decades, it has been proposed that these two receptor populations work in opposition to produce 

balanced motor output, and more recently, the same dichotomy has been proposed for valanced 

behaviors. The canonical view is that D1Rs mediate reward and approach while D2Rs mediate 

aversion and avoidance. There is a significant gap in our knowledge, however, in the roles of 

these receptor subtypes in the context of the rewarding properties of social behavior. In this 

study, we tested the hypothesis that DA receptors in the NAc modulate the rewarding properties 

of social interactions with D1R activation increasing social reward and D2R activation 

decreasing social reward. This was evaluated by utilizing the selective D1R antagonist, 

SCH23390, and the D2R antagonist, eticlopride, injected into the NAc prior to an operant social 

preference (OSP) task. The results support the hypothesis that D1Rs are critical for social 

reward, because D1R antagonism by SCH23390 in the NAc decreased social entries, social 

preference score (SPS), and increased the latency to enter a chamber with a social stimulus. Post 

hoc analyses revealed that this effect was driven primarily by the data obtained in females, 

however the same relationship existed in males. Additionally, we tested the hypothesis that 

antagonism of D2Rs in the NAc increases social reward. The results, however, do not support 

this hypothesis. D2R antagonism by eticlopride had no statistically significant effect on entries, 

SPS, or latency in OSP. Therefore, the role of D2Rs in social reward remains unclear and 

requires further investigation. 
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Abstract: Nursing professionals often underestimate the importance of learning habits and the 

efficacy of instructional strategies for their development. It is therefore recommended that 

teaching training be provided which allows for the use of successful teaching methods and 

strategies and facilitates self-regulated learning in clinical practice students. The objective of this 

study was to evaluate the association between an educational intervention designed to motivate 

nursing students to acquire knowledge, attitudes, and practices in the diagnosis of pulmonary 

tuberculosis. Methods: The study design is analytical, comparative, and quasi-experimental, with 

the sample size corresponding to the population of a nursing school with a technical level, which 

is 100% of the enrolled nursing students. From this sample and in accordance with the criteria of 

elimination and exclusion, a population of 75 subjects signed the informed consent form and the 

participants' privacy form, according to the ethical standards. The database was structured based 

on a survey that included three distinct steps: the administration of a pre-test, an educational 

intervention, and a post-test. The statistical analysis was conducted using the Stata 16 program, 

which calculated mean, standard deviation, percentages, univariate analysis, and the Student's t-

test. The statistical significance was determined using a p-value ≤0.05. Results: In the initial 

evaluation of the students (pretest), it was found that 53.3% had low knowledge, attitudes, and 

practices. After the intervention, another evaluation was carried out and found values of 79% in 

the three variables (posttest). Comparing the initial and final diagnosis of the population's 

knowledge, practices, and attitudes, the average initial diagnosis was 4.9 (CI 4.63 - 5.26), while 

the average final diagnosis increased significantly to 7.2 (CI 7.00 - 7.41, p ≤ 0.05). Conclusion: 

These results suggest a positive impact of the intervention, reflected in a significant improvement 



in knowledge, attitudes, and practices in the diagnosis of tuberculosis among the surveyed 

population. 
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Abstract: Fear is an intense emotion in response to an imminent threat resulting in fight-or-flight 

defense responses, integrating it as an essential part of the survival mechanism. In the predatory 

imminence continuum, with one end denoting complete safety and the other depicting the 

chances of being consumed by a predator, the defense response changes as the psychological 

perception of the threat imminence increases. The current study investigated the fight/flight 

responses in humans and underlying neural correlates using EEG in a 3D virtual reality (VR) 

simulation. Sixteen participants (Mean age (SD)=23.94 (3.45)) participated in the study. The 

participants were presented with a desktop VR environment from a first-person perspective in an 

urban street view. The experiment consisted of 2 phases: The training (familiarisation with the 

task and controls) and the experimental phases. The experimental phase consisted of 5 

conditions. Conditions 1 to 4 included a threat avatar, presented pseudo-randomly in 1 of the 

streets. The conditions differed based on the proximity of threat (distal versus proximal) and the 

escapability of the participant’s avatar (escape versus no escape). Condition 5 included no threat. 

A total of 20 trials were presented, with each condition presented 4 times. At the appearance of 

the threat, participants responded with Fight/Flight response followed by a rest scene of 10s and 

a fixation of 5s. An 8-channel EEG was recorded for the Frontal regions to analyse the power of 

different frequency bands across conditions. A chi-square test indicated no significant difference 

between fight/flight responses across 4 conditions. A Wilcoxon signed rank test indicated 

significant difference between Fight/Flight responses only in ‘Proximal Threat No Escape’ 

condition, z=-2.20, p=0.03. A Friedman test for reaction time indicated significant difference 



across 4 conditions, X2 (3, N=16) =10.725, p=0.01. A time-frequency analysis of EEG data 

(N=9) showed peaks in delta power at certain points for all conditions, however an overall low 

power was assessed for all the frequency bands across conditions. The findings indicate a 

heightened fight over flight response for all conditions. A reason for an increase in fight 

responses is because in the VR environment there were no consequences to their action in 

contrast to real life scenarios. Further, a significant difference in reaction time shows a distinct 

mechanism for proximity of the threat and possibility of escape. In addition, the delta power 

observed across conditions may indicate not only the involvement of emotional (threat) and 

cognitive (fight/flight) component, but different neural signatures. 
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Abstract: The ability to detect and avoid looming threats is critical for survival, a feat 

accomplished by brain pathways linking the cortex and multiple midbrain nuclei. Looming 

sounds evoke stronger firing in the primary auditory cortex of rodents and nonhuman primates. 

Primate neuroimaging studies have revealed that looming evokes stronger BOLD responses in 

the auditory cortex, superior temporal gyrus, and amygdala. Cortical projections convey 

information about looming objects to the superior colliculus, a midbrain structure that responds 

to salient, aversive events to coordinate defensive behavior. However, it remains unclear whether 

these regions represent looming per se or reflect more general qualities of aversive sounds. Here 

we evaluated these accounts by comparing encoding models trained to predict brain responses to 

naturalistic aversive sounds along stages of the auditory pathway. First, we trained a shallow 

convolutional network to classify cochleagrams of simulated moving sounds that collide with or 

miss the listener. We used representations of looming from the convolutional network to predict 

BOLD response patterns elicited by two varieties of aversive sounds: an environmental sound 

with sharp intensity ramping (a knife scraping on a bottle), and complex vocalizations (e.g., 

yelling, crying). We trained models for the inferior colliculus, superior colliculus, primary 



auditory cortex, and amygdala. To assess the distinctiveness of looming compared to other 

auditory features, we contrasted looming encoding models with models constructed using overall 

sound intensity, acoustic roughness and features from deep neural networks for speech 

recognition. We used leave-one-subject-out cross validation to quantify model performance and 

prediction across stimulus types to assess generalizability. We found evidence that looming is 

encoded in the auditory pathway and better predicts responses to basic compared to complex 

sounds. Looming models trained on knife-scraping generalized better than those trained on 

vocalizations in primary auditory cortex (Cohen’s d = 1.30), amygdala (d = 0.63), and superior 

colliculus (d = .29). Conversely, the models trained using speech recognition and roughness 

features showed better generalization when trained on vocalizations in amygdala (speech: d = -

0.56, roughness: d = -0.88), and superior colliculus (speech: d = -0.82, roughness: d = -1.03). 

Together, these findings demonstrate that looming is encoded in the human auditory pathway, 

and simple representations of ramping stimulus intensity generalize to predict brain responses to 

complex, naturalistic sounds across stimulus types and individuals. 
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Title: Awidespread oscillatory network to selectively target aggressive behavior in real-time 
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Abstract: Aggression is a prevalent, necessary, social behavior. However, agonistic social 

behavior can be detrimental to individuals and social groups under conditions of behavioral 

pathology. While several brain regions have been identified as loci for aggression encoding, 

none of these neural structures are uniquely responsive during aggression. Therefore, targeting 



any of these structures for treatment impacts many other aspects of behavior. Better 

understanding of brain-wide encoding of aggressive behavior could facilitate development of 

treatments to selectively mitigate aggression without impacting other behavior aspects. We 

proposed using machine learning to identify a widespread network incorporating multiple brain 

regions capable of distinguishing attack from social behavior. We hypothesized that this 

network, which would be causally linked to aggressive state, could sync optogenetic stimulation 

events to specifically target aggressive behavior. To accomplish these goals, we implanted male 

CD1 mice with multiwire recording electrodes in the ventromedial hypothalamus, lateral septum, 

medial amygdala, nucleus accumbens, lateral habenula, mediodorsal thalamus, ventral 

hippocampus, infralimbic cortex, prelimbic cortex, lateral orbitofrontal cortex, and the primary 

visual cortex. We then recorded from the implanted CD1 mice as they engaged in attack and 

non-attack social behavior. Using machine learning algorithms, we generated a network (EN-

AggINH) capable of discriminating attack behavior from non-attack behavior (n=20 for training 

network, n=9 for testing network). We further validated that this novel network using 

chemogenetics (n=8) and aggression-inducing stimuli (n=8). We then used this network to 

deliver closed-loop optogenetic stimulation to the prefrontal cortex (PFC; n=9). Closed-loop 

stimulation was sufficient to decrease aggressive behavior in CD1 mice as well as shift EN-

AggINH activity, with no significant effects on locomotion or social behavior. Using mediation 

analysis for the closed-loop and chemoenetic experiments, we demonstrated that shifts in attack 

behavior were largely mediated by EN-AggINH activity. Furthermore, we used the network to 

identify novel circuits for aggression mitigation (PFC->NAc, n=8; PFC->MeA, n=8; PFC->LHb, 

n=8). By targeting circuits identified by the network, we demonstrated mechanistic relevance of 

EN-AggINH. This research identifies a network robustly and causally associated with aggression 

that can be used to selectively target aggressive state while maintaining other social and 

locomotor behaviors. 
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Title: Transcriptomic diversity of basolateral amygdala cell types across humans and non-human 
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Abstract: The amygdala is a limbic brain region whose dysfunction has been implicated in 

numerous psychiatric disorders including post-traumatic stress disorder, substance use disorder, 

and major depression. In primates, the basolateral complex of the amygdala (BLA) is a cortical-

like structure that is composed of various anatomical subregions, including the lateral (LA), 

basal (BA), accessory basal (aBA), and central nuclei (CeA), which have divergent connectivity 

with downstream target regions and are linked to specific cognitive and behavioral functions in 

preclinical models. The ability to differentially target cell-types within these subregions is of 

great interest for the potential development of novel therapeutics. However, the molecular 

identities of cell-types that differentiate the BLA in humans, and how well conserved they are 

across species, remain entirely unknown. To address this, we performed single-nucleus RNA 

sequencing (10X Genomics Chromium v3) of the BLA in humans (n=5) and two non-human 

primate (NHP) species (macaque, n=5; baboon, n=3). Due to difficulties in accurately identifying 

BLA subnuclei in postmortem human brains, the entire BLA was carefully dissected and 

sequenced in humans. In NHPs, however, precise punches of either the LA, BA, aBA, or CeA 

were performed. Following standard pre-processing and data integration procedures we found 12 

distinct excitatory cell-type clusters and 18 inhibitory cell-type clusters that were well-mixed 

across species. Using the anatomical locations from dissected NHP samples, we found a number 

of excitatory cell-types that were specific to either the LA (2 clusters), BA (2 clusters), and aBA 

(1 cluster) subregions. Using pseudobulk differential expression analysis, we discovered novel 

marker genes for the LA (GULP1) and BA (COL25A1) subregions which were further validated 

using fluorescent in situ hybridization in both NHP and humans. We additionally found four 

inhibitory cell-types that were enriched in CeA punches, including one intercalated cell-type, 

while all other 14 inhibitory cell-types were well-mixed across subregions. All cell-types showed 

relatively strong conservation as determined by cross-species cell-type classification (mean 

AUROC > 0.7). Collectively, we have confirmed the first subregion-specific marker genes for 

excitatory neurons in humans and NHPs. This data will be made available publicly following 

publication; and thus, will be a valuable resource for developing targeted therapeutics in the 

amygdala. 

Disclosures: M. Totty: None. S.V. Bach: None. M.R. Valentine: None. M. Stocker: 
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Abstract: Background. Rumination may be defined as obsessional thinking involving 

excessive, repetitive thoughts that interfere with other forms of mental activity. It is thought to be 

a transdiagnostic symptom of mood and anxiety disorders. Previous work using fMRI suggests 

that the default mode, frontoparietal, and salience networks may all be involved in rumination. 

However, previous work has focused on state rumination in which individuals are actively 

engaging in rumination. Less attention has been given to trait rumination, or one’s general 

tendency to engage in ruminative thinking, which may be more closely associated with 

psychopathology. The present study leverages a lesion-symptom mapping approach to examine 

the neural correlates of trait rumination. We hypothesized that lesions to the default mode 

network will be associated with lower levels of trait rumination, while lesions to the 

frontoparietal and salience networks will be associated with higher levels of trait rumination. 

Methods. We included 169 adults from the Iowa Lesion Patient Registry, who were in the 

chronic epoch (> 3 months) following focal brain lesion. All participants completed the 

Minnesota Multiphasic Personality Inventory (MMPI), a comprehensive self-report measure of 

personality traits. The Stress and Worry subscale from the MMPI was used as a measure of trait 

rumination with higher scores indicating higher-than-average levels of trait rumination and lower 

scores indicating lower-than-average levels of trait rumination. Lesion-symptom mapping was 

used to identify lesion locations associated with higher and lower levels of trait rumination. 

Results. We found that lesions to the default mode network, in particular the right ventromedial 

prefrontal cortex and left inferior parietal lobule, were associated with lower levels of trait 

rumination. In other words, decreased functioning in these regions was associated with a 

decreased tendency to ruminate. We did not find a significant association between rumination 

and lesions to the frontoparietal or salience networks. Conclusion. These findings suggest that 

hyperactivity in areas of the default mode network may be involved in excessive rumination 

associated with mood and anxiety disorders. This provides further evidence for the role of the 

default mode network in internalizing disorders. 

Disclosures: E. Brandt: None. J.E. Bruss: None. A.D. Boes: None. D. Tranel: None. 
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Abstract: Dynamic gain control of aversive signals enables adaptive behavioral responses. 

While the role of amygdalar circuits in aversive processing is well established, the neural 

pathway for amplifying aversion remains elusive. Here, we show that the brainstem circuit 

linking the interpeduncular nucleus (IPN) with the nucleus incertus (NI) amplifies aversion and 

promotes avoidant behaviors. IPN GABA neurons are activated by aversive stimuli and their 

predicting cues, with their response intensity closely tracking aversive values. Activating these 

neurons does not trigger aversive behavior on its own but rather amplifies responses to aversive 

stimuli, whereas their ablation or inhibition suppresses such responses. Detailed circuit 

dissection revealed anatomically distinct subgroups within the IPN GABA neuron population, 

highlighting the NI-projecting subgroup as the modulator of aversiveness related to fear and 

opioid withdrawal. These findings unveil the IPN-NI circuit as an aversion amplifier and suggest 

potential targets for interventions against affective disorders and opioid relapse. 
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Abstract: Affective empathy is defined as that an individual can percept and respond to other’s 

emotion. Abnormal empathy is considered as one of the hallmarks for autism spectrum disorder 

(ASD) and other psychiatric disorders. Studies from both human and rodents have suggested that 

anterior cingulate cortex (ACC) and basomedial amygdala (BLA) associated ensembles are 

implicated in empathy. However, how empathy behavior changes and its underlying mechanisms 

in ASD remain poorly understood. SHANK3 is one of the most replicated causative ASD genes 

from human ASD genomics studies. We hypothesize that SHANK3 deficits in ACC-BLA circuit 

leads to abnormal affective empathy in ASD. Using the Shank3 exon 4-22 deletion (Shank3 ∆e4-

22) mouse model (Shank3-KO), we investigated affective empathy behavior in ASD through 

social fear transfer behavior assay. A wild-type (WT) demonstrator mouse experiences a series 

of foot shocks while a Shank3-KO or WT observer mouse freeze behavior is scored during the 

process and then compared. Unexpectedly, we found that Shank3-KO mice significantly freeze 

longer than WT, suggesting that Shank3 deficiency results in exaggerated affective empathy 

responses. Moreover, conditional inactivation of Shank3 in ACC decreased freezing duration, 

suggesting a role of Shank3 of ACC in mediating normal fear transfer process. Whereas 

conditional deletion of Shank3 in BLA increased freeze time, recapitulating the phenotype from 

Shank3-KO mice. Further optogenetic inhibition on ACC-BLA circuit restored the elevated fear 

transfer responses in Shank3-KO mice. These results imply that Shank3 in ACC-BLA circuit is 

pivotal in modulating affective empathy behaviors. To explore the cellular mechanism, in vivo 

Ca2+ signals of neuronal activity were recorded in WT and Shank3-KO BLA excitatory neurons 

with fiber photometry. WT mice neurons activity increased as expected after shocks began, but 

Shank3-KO mice neuron activity is inhibited after shocks began. When compared to WT, 

Shank3-KO neurons Ca2+ signals are bigger in habituation period while the signals are smaller in 

fear transfer stage. It suggested that Shank3 deficiency causes BLA neurons overactivation, 

which impairs neuron responses to emotion transfer stimuli and results in aberrant empathy 

behavior. Our results support a critical role of Shank3 in ACC-BLA circuit in aberrant fear 

transfer behavior in ASD model. This study offers valuable insights into the empathy behaviors 

in ASD, presents a unique opportunity to dissect the underlying cellular mechanisms, and lays 

the groundwork for the circuit based behavioral treatment for ASD. 
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Abstract: Fear extinction learning and retrieval are essential for overcoming fear, allowing an 

organism to decrease defensive responses to previously threatening stimuli. The infralimbic 

cortex (IL) is known to facilitate extinction memory retrieval via its projections to the basolateral 

amygdala (BLA), but the circuits that facilitate its role in extinction learning remain less clear. 

Given the robust connections of the IL with the attention- and action- modulating nuclei of the 

basal forebrain, we investigated the involvement of this pathway in extinction, and compared it 

to the IL-BLA circuit. More specifically, we were interested in the ventral pallidum/substantia 

innominata (VP/SI) subnuclei of the basal forebrain, given their previously demonstrated role in 

modulating behavior in aversive and appetitive tasks. First, using retrograde tracing combined 

with immunohistochemistry labeling for the immediate early gene cFos, our results show distinct 

neuronal populations within the IL that differentially project to the BLA and VP/SI. Whereas 

superficial (L2/3) IL neurons primarily target the BLA and are most active during extinction 

retrieval, both L2/3 and deeper (L5) IL layers project to the VP/SI, with only the L5 VP/SI 

projectors becoming preferentially active during extinction learning. Next, using in vitro patch 

clamp recordings of IL-VP/SI projectors, we show that they have increased excitability during 

extinction learning, followed by decreased excitability during retrieval, as well as lower rheobase 

at the end of extinction learning compared to retrieval. Lastly, to evaluate the functional 

significance of this pathway, we used the inhibitory opsin enhanced Archaerhodopsin (eArch3.0) 

to inhibit IL terminals in the VP/SI during extinction learning. Our findings show that inhibiting 

IL input to the VP/SI kept defensive freezing high compared to controls, thereby slowing 

extinction learning without affecting next-day extinction retrieval. These results suggest that IL 

projections to the VP/SI become more active and excitable during extinction learning. Further, 

IL inputs to the VP/SI constrain defensive freezing during learning. Taken together with previous 

work, we propose that IL communication with downstream targets during extinction functions as 

a switchboard, with IL-VP/SI communication increasing during extinction learning and IL-BLA 

communication increasing during retrieval. 
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Title: Food deprivation suppresses the social transfer of pain in mice 
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1Neurosciences, 2Neurobio., Univ. of California San Diego, La Jolla, CA 

Abstract: Prioritizing competing needs is essential for survival. Dr. Abraham Maslow 

conceptualized this as a ‘Hierarchy of Needs’ which posits that physiological needs like hunger 

are prioritized over psychological needs like social interaction. However, the underlying neural 

circuits that prioritize feeding over social needs remain largely unexplored. We developed a 

"social transfer of pain" model to study empathy-like behavior in mice where 'bystander' mice 

exhibit pain and negative affective states after interacting with a partner experiencing 

inflammatory pain. To understand how competing physiological and psychological need states 

affect behavior, we sought to determine how food deprivation of bystander mice impacted their 

acquisition of socially transferred pain. Given the strong evidence that food deprivation 

suppresses both social behaviors such as maternal care and pain related behaviors in mice, we 

hypothesized that food deprived bystanders would not develop mechanical hypersensitivity. To 

test this, bystander mice were food deprived for 8-24 hours immediately preceding social 

interaction with a mouse given an inflammatory pain stimulus. We found that 24-hour food 

deprived bystanders did not acquire mechanical hypersensitivity following this social interaction 

indicating that food deprivation impairs the social transfer of pain in mice. Future experiments 

will explore whether food deprivation also attenuates other pain and affective phenotypes in 

bystanders following the social transfer of pain. Further exploration of the neural circuits 

underlying this behavior could reveal the endogenous mechanisms by which social information 

about pain is inhibited, offering critical insights into the neurobiology underlying prioritization 

of competing needs and the interaction between feeding and pain circuitry. 

Disclosures: A.V. Nguyen: None. J. Zhang: None. P. Rezaie Boroon: None. K. Conway: 
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Title: Covid-19 pandemic related loneliness associated with ptsd symptoms and amygdala and 

subnuclei volumes in trauma survivors. 
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Abstract: Background: The COVID-19 pandemic caused significant mental problems globally 

due to fear of infection and social isolation. However, how trauma survivors respond to the 

pandemic and if the amygdala plays a neuropathological role remains unknown. This study 

tested perceived pandemic loneliness, PTSD severity, and amygdala volume in previous trauma 

survivors. Methods: Fifty-seven life-threatening trauma survivors from an acute PTSD study 

(2016-2020) were recruited. The participants completed COVID-related interpersonal needs 

questionnaire (INQ), social interaction (CSI), and PTSD checklist (PCL) online surveys, the 

virtual PTSD diagnosis interview, and structural MRI (sMRI) scans to measure amygdala and 

subnuclei volumes. Pre-pandemic PTSD history and COVID infection information were 

collected. The relationships between the psychological assessments and amygdala volumes were 

tested using partial correlations. The effects of PTSD history, COVID infection, and pandemic 

PTSD diagnosis on amygdala and subnuclei volumes were tested using univariate ANOVA 

analyses. Results: A total of 55 subjects were diagnosed pandemic PTSD (N=22) or nonPTSD 

(N=33). 14 out of 18 PTSD (77.8%) and 10 out of 29 nonPTSD subjects (34.5%) had pre-

pandemic PTSD (χ2 = 0.004). There were 19 subjects with a COVID infection distributed in 

both the PTSD and nonPTSD groups (χ2 = 0.517). The results showed that INQ and CSI scores 

in the pandemic PTSD group were higher than in the nonPTSD group (ps = 0.015 and 0.046). 

INQ scores were significantly positively correlated with PCL scores (p = 0.003). INQ and PCL 

scores were negatively associated with left amygdala volume (ps = 0.044 and 0.048) and INQ 

scores correlated with right amygdala volume at trend level (p = 0.053). The effect of pre-

pandemic PTSD history, but not pandemic PTSD diagnosis or COVID infection, was significant 

on right amygdala medial nucleus volume (p = 0.02, FDR corrected), which was smaller in the 

subjects with pre-pandemic PTSD than the subjects without PTSD history. Conclusion: These 

results suggest that pandemic PTSD subjects had more severe loneliness which was negatively 

associated with amygdala volumes. Further results suggest that reduced right amygdala medial 

nucleus volume related to previous PTSD history may contribute to stress maladaptation during 

the pandemic. 
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Abstract: Impact of 2-AG Inhibition on Fear and Stress Responses in Mice 

Maladaptive fear responses are a hallmark of stress-related psychiatric disorders, such as anxiety 

and PTSD. The endocannabinoid (eCB) system is a retrograde inhibitory signaling pathway. It 

includes the cannabinoid receptors, endogenous ligands (2-AG and AEA), and their respective 

enzymes responsible for maintaining homeostasis and regulating stress responses. Growing 

preclinical evidence implicates 2-AG as a key player in modulating stress adaptation and 

anxiety-like behaviors in rodents. Thus, the current study examined how altered 2-AG levels 

modulates stress and fear responses. Adult mice (C57BL/6J) underwent serial compound 

stimulus (SCS) fear conditioning paradigm to observe shifts in passive to active state defensive 

responses to imminent threat (Fadok, 2021). Briefly, a 7.5 kHz pure tone is played for 10 

seconds, immediately followed by white noise for 10s, and then ends with a 1s shock at 0.9 mA. 

We utilized DO34, an inhibitor of the 2-AG synthesis enzyme, to lower 2-AG levels globally. 

DO34 was delivered via intraperitoneal injection on conditioning days to assess the effect of 2-

AG levels on types of defensive responses and acquired fear learning. Increased flight responses 

among DO34 treated animals during white noise was observed as well as increased freezing 

during pure tone when compared to vehicle mice. Additionally, we examined differences in 

innate fear responses by subjecting mice to a looming shadow that mimics an aerial predator 

approaching. Here, we found decreased exploratory behavior in DO34-treated mice as well as an 

increase in avoidant behavior after first exposure to shadow. While differences between vehicle 

and DO34 mice were observed in both behavioral paradigms, further studies observing both 

conditioned and innate defensive behaviors in response to various threatening stimuli are 

necessary to further understand stress-related pathology in humans. 
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Abstract: Social buffering is a phenomenon where stress is alleviated by the presence of 

conspecifics while a subject is exposed to a distressing stimulus. Most previous studies have 

focused on social buffering in adults and used long periods, such as a day, despite evidence that 

social interactions during adolescence are important and that immediate short treatments are as 

effective as longer treatments. In this study, we aimed to determine whether brief buffering (only 

3 minutes) with conspecifics immediately after fear conditioning can produce a social buffering 

effect in adolescent Sprague-Dawley rats (4-5 weeks, male and female). We analyzed the data 

using YOLOv8, a deep learning-based object detection algorithm, to reduce human bias and 

analyze variables that humans cannot, such as the distance between subjects. This method also 

solves the problem of computer vision-based methods that cannot analyze in a shuttle box with 

black and white rooms. The groups were set up as follows: Control(non-shock, non-interaction); 

Toy(interaction with toy resembling a rat for 3 minutes after an electric shock); Pair(interaction 

with a conspecific for 3 minutes after an electric shock). In the behavioral test using the passive 

avoidance test, toy group showed a significant decrease in black room preference regardless of 

sex. pair group showed a significant increase in black room preference in both the learning check 

(confirming short-term memory) and retention (verifying long-term memory). In pair group, the 

more time the pair and their partner spent in the same room, the higher the black room 

preference, with a significant correlation found between these variables. Additionally, the shorter 

the average distance between individuals and the longer they stayed in close proximity, the 

higher the black room preference, with a significant correlation observed. Therefore, we 

demonstrated that social buffering occurred in both females and males in the short-term and 

long-term and that the more individuals interact in close proximity in the same room, the greater 

the effect of social buffering. 
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Abstract: Influential theories proposed that interoceptive signals (internal signals from the body) 

contribute to emotional and behavioral states. We found that the spontaneous firing rates of a 

large proportion of neurons in the somatosensory cortex (72%), secondary somatosensory cortex 

(64%), nucleus basalis of Meynert (50%), and amygdala (46%) of rhesus macaques correlate 

with heart rate. To determine if these correlations are driven by interoceptive afferents or reflect 

descending autonomic signals sent from the brain to the heart, we used a non-specific muscarinic 

antagonist (glycopyrrolate) to increase heart rate. Because glycopyrrolate does not cross the 

blood brain barrier, interoception is the most likely mechanism by which tachycardia induced by 

the drug can change neural activity in the brain. We found that glycopyrrolate modulated the 

baseline firing rates of 61% and 47% of heart rate-correlated neurons in the primary 

somatosensory cortex and the amygdala, respectively. Furthermore, the baseline firing rate of 

13% of amygdala neurons became correlated with heart rate only after glycopyrrolate 

administration, whereas this effect was not present in the somatosensory cortex. These results 

suggest that interoceptive afferents drive small but significant changes in spontaneous firing rates 

across the brain 
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Title: Support for the valence-specific hypothesis in parafoveal facial emotional perception 

across two studies 
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Abstract: There is still no consensus today about the brain mechanisms that afford perception of 

facial emotions. The Right-Hemisphere Hypothesis (RHH) and the Valence-Specific Hypothesis 

(VSH) are two leading theories hypothesizing about the brain mechanisms supporting emotion 

perception which disagree with respect to hemispheric dominance. A critical disagreement 



between them relates to the neural mechanisms supporting facial emotions of positive valence 

(pleasantness). The RHH suggests they are supported by right hemisphere dominant regions 

while the VSH posits they are supported by left hemisphere dominant regions. The divided 

visual field (DVF) paradigm takes advantage of the architecture of the human visual system to 

reveal potential hemispheric specialization in processing of emotional faces. The paradigm relies 

on unilateral stimulus presentation for maximizing its effectiveness in examining the processing 

of stimuli by each hemisphere. Here in two separate studies (one with KDEF and one with 

NimStim stimuli, each study with 37 different participants) we relied on the DVF paradigm 

while monitoring eye movements and briefly (200ms) presenting faces with positive, negative or 

neutral emotional expressions in different locations in the visual field (up to 4°) that allowed us 

to estimate perceptual valence judgments by location. Across the two studies we found (i) visual 

field modulations were evident at 4° but not at 2°, (ii) support for the VSH but no support for the 

RHH (higher positive valence accuracy for right- relative to left- visual field presentation), and 

(iii) right-left visual field valence-specific performance was correlated within (but not across) 

valence. These results support the VHS and suggest that visual field and potentially hemispheric 

differences may be evident for stimuli at eccentricities >2°. Additionally, our results indicate that 

the mechanisms supporting valence-specific perception may not be uniform and are associated 

across the visual field. 
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Abstract: Emotion perception constitutes one of the fundamental aspects of human interaction, 

and is dependent upon accurately processing facial expressions. Pupil diameter typically 

regulates the amount of light entering the eye via pupillary light reflex (PLR), a reflexive 

constriction or dilation of the pupil in response to bright and dark light, respectively. It has been 

suggested that LC (Locus Coeruleus), a brain stem region intricately linked to emotion 

perception, also contributes to the regulation of pupil diameter. LC also plays a significant role in 

attention via the neurotransmitter norepinephrine (NE), represented as LC-NE system. However, 

an underexplored aspect is the potential relationship between pupil diameter, attention, and 

emotion perception. This study systematically investigates the relationship between emotion 



perception and pupil diameter through an emotion detection task of face stimuli for three 

expressions: Happy, Angry, and Neutral. For the control experiment, the stimuli and time course 

of a trial were precisely the same as the experimental task, only that attention was not directed to 

the face stimuli but to a red dot overlaid on face stimuli. Participants were supposed to report if 

the red dot appeared on the right or left side of the face stimuli. The control experiment was 

designed to compare pupil responses when attention is directed to face stimuli (emotion 

detection) as opposed to when attention is directed away from face stimuli onto the red dot 

(Control) overlaid on it. Out of 40 participants recorded, 35 participants qualified the criteria of 

inclusion (70% and above performance in detection task). A distinct PLR in the form of 

constriction from baseline (pre-stimulus pupil response) and recovery to baseline was observed 

450 ms and 750 ms respectively post stimulus onset for both emotion detection and control task. 

We compared pupil features like constriction onset, peak minimum amplitude of constriction, 

constriction and dilation rate between emotion detection and control task. Significant differences 

were observed between emotion detection and control tasks in all analyzed pupil features. 

Specifically, the peak minimum amplitude was larger and dilation rate was slower for the 

emotion detection as compared to the control task. These differences could be attributed to 

disparity in attentional demands between the two tasks. Within the emotion detection task, 

significant valence-specific effects in two features: peak minimum amplitude and the dilation 

rate of pupil was observed, representing pupillary correlates of emotion perception. Our study 

highlights attention and emotion specific responses in pupil dynamics. 
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Title: Physical activity is related to GABA and glutamate concentrations in the anterior-

cingulate, in depressed patients. 
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Abstract: Physical activity is related to GABA and glutamate concentrations in the anterior-

cingulate, in depressed patients. A relationship between GABA levels and physical activity has 



been observed in several studies in animal models. This association is less studied in humans 

with depressive disorder. GABA serum levels have been proposed as an indicator of physical 

performance. In this study, we aimed to evaluate the relationship between GABA and glutamate 

concentrations and physical activity, in unmedicated depressed patients. Methods: We evaluated 

9 depressed patients without treatment; who were evaluated with the International Physical 

Activity Questionnaire (IPAQ ). Magnetic Resonance Imaging experiments were performed with 

a 3.0 Tesla scanner (Phillips Medical Systems). We evaluated GABA+ and glutamate levels in 

the ACC, using the Hadamard Encoding and Reconstruction of MEGA-Edited Spectroscopy 

(HERMES) sequence. Pearson correlations were used to evaluate the association between 

GABA+ concentrations, glutamate and total metabolic equivalents (METS). Results: A positive 

association was observed between METS and GABA levels in the ACC, conversely, glutamate 

showed an inverse relation with the METS. Associations were controlled by age, and BMI. 

Conclusion: Physical activity is associated with cerebral metabolites in depressed patients; this 

finding could explain, in part, the effects of exercise in well-being. 
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Abstract: Major depressive disorder (MDD) is heterogeneous disorder characterized by a broad 

spectrum of symptoms. fMRI functional connectivity (FC) research has established brain-

symptom associations between fronto-striatal FC and mood regulation, sustained negative affect, 

and rumination, and fronto-parietal-control network-hypoactivity with cognitive-control deficits. 

New machine learning (ML)-based approaches have used these data for identifying depression 

subtypes spanning diagnostic categories. In contrast, there is scarce prior research using 

magnetoencephalography (MEG) to study depression or identification of depression subtypes. In 

MEG, activity is characterized by neuronal oscillations and their network synchronization 

providing temporal clocking mechanisms for dynamic routing of information thus constituting 

central building blocks of cognitive subfunctions. We here hypothesized that oscillation-based 

networks would accurate reflect MDD symptoms and their heterogeneity and allow precise 



identification of MDD subtypes. We collected resting-state magnetoencephalography (MEG) 

data from 271 patients (146 Females) diagnosed with depression and used 10 symptom scales to 

allow identification of transdiagnostic subtypes. The study was performed according to the 

Declaration of Helsinki, and with approval of local ethical agency. MEG data was source 

reconstructed and collapsed into cortical parcellations. We then computed inter-areal phase 

synchronization from source reconstructed MEG data across all parcels and frequencies and 

estimated their correlations with 10 different symptom scales. This approach revealed significant 

correlations specifically in alpha- and beta frequency band synchronization with multiple 

symptom scores. Using these data as a basis for phenotyping with unsupervised machine 

learning, we identified 4-5 stable depression subtypes, with different symptom and spatio-

temporal profiles. These data demonstrate that oscillation-based functional connectivity is highly 

correlated with heterogeneous depression symptoms and further that these MEG-based 

oscillatory synchronization connectomes can be used to identify unique MDD subtypes that may 

complement those identified previously with fMRI. 
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Abstract: Background: Prenatal depression is a significant public health concern affecting 

women globally. Despite its prevalence, research on prenatal depression in Mongolia is limited. 

This study aimed to determine the prevalence of depression during pregnancy and identify 

associated factors in the Mongolian population. Methods: A cross-sectional study was 

conducted among 1482 pregnant women aged 18-46 years in urban and rural Mongolia. 

Participants completed the Edinburgh Postnatal Depression Scale (EPDS) and a structured 

psychiatric interview. Sociodemographic, obstetric, and psychosocial factors were assessed. 

Depression was defined as an EPDS score > 13. Results: The prevalence of prenatal depression 

was 15.9% (n=235). Depression was associated with younger age, lower monthly income, 

nulliparity, rural residence, unplanned pregnancy, and exposure to violence. Compared to urban 



women, rural women were 1.9 times more likely to experience depression. Second-trimester 

pregnancies were associated with a lower likelihood of depression compared to third-trimester 

pregnancies. Women who planned their pregnancies were 0.6 times less likely to experience 

depression than those with unplanned pregnancies. Furthermore, compared to non-violated 

women, currently violated women were 2.3 times more likely to be depressed. Emotionally 

violated women were 0.3 times more likely to be depressed than those not violated. Finally, 

women experiencing family discord were 3.1 times more likely to be depressed than those with 

peaceful family relationships.Conclusion: Prenatal depression is a significant public health 

concern in Mongolia, with a prevalence of 15.9% identified in this study. Risk factors for 

prenatal depression included young maternal age, rural residence, unplanned pregnancy, 

exposure to violence, and family discord. These findings emphasize the urgency of developing 

and implementing prevention and treatment programs for prenatal depression in Mongolia. 
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Abstract: Objective:This study proposes a Death Association-Reaction (DAR)-score to 

distinguish associations among control, depressed, and suicidal participants using reaction times 

in a sentence classification task, similar to the Death-Implicit Association Task (D-IAT). 

Participants classify (agree/disagree) a series of stimuli, and their reaction times are measured to 

infer associations. Methods: 112 young adults were recruited and categorized into control (42), 

depressed (35), and suicidal (35) groups based on scores from the PHQ-9 and the Suicidal 

Ideation Scale (SIS). Participants completed a sentence classification task while their reaction 

times (RT) were recorded. The task consisted of sentences drawn from four Topic of Interests 



(TOIs) (Biographical, Action, Reflection, and Intention) presented in first-person sentence forms 

predicted to be either congruent or incongruent for individuals within the three mental health 

groups (20 pairs of statement sentences for each TOI). The DAR-score for each participant was 

calculated by subtracting the mean RT for congruent from the mean RT for incongruent 

sentences, then dividing by the standard deviation of all RTs. Congruency was defined both by 

individual subject responses and by expectations driven by the experimental design. Results were 

analyzed using DAR-scores, RTs for congruent and incongruent sentences, and Receiver 

Operating Characteristic (ROC) curves across TOIs and combinations of TOIs. 

Results: Congruency based on apriori experimental design predictions generally provided better 

discriminability than individual subject response-based congruency. Among the four TOIs, 

'Intention' TOI had high discriminability for Control vs. Suicidal (AUC=0.94) and Depressed vs. 

Suicidal (AUC=0.90), but lower for Control vs. Depressed (AUC=0.52). Combining TOIs 

improved discriminability, with the best results for Intention, Action, and Reflection TOIs 

combined (Control vs. Suicidal AUC=0.97, Depressed vs. Suicidal AUC=0.88, Control vs. 

Depressed AUC=0.77). 

Summary: The proposed DAR-score from a congruency-based sentence task shows promise as a 

sensitive measure for detecting and discriminating associations with depression- and suicide-

related stimuli among individuals with depressive and suicidal tendencies. The study suggests 

the potential effectiveness for providing discriminability among depressed, suicidal, and healthy 

young adults through the use of experimental design-based congruency using first-person 

sentences to elicit agreement and RTs. We speculate that this method may remain robust even in 

the face of task response variability extant across individual subjects. 
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Abstract: This study evaluates the efficacy of open-class online mindfulness interventions for 

mental health, particularly focusing on depression and anxiety. Mindfulness interventions are 

believed to improve depression and anxiety by training individuals to pay attention to their 

bodies and enhancing prefrontal function. For future mechanistic studies, it is important to verify 

whether these easily administered online interventions improve depression and anxiety. We 

conducted a randomized controlled trial involving 140 adults (mean age: 37.4 years, SD: 10.9; 

100 females, 39 males, 1 other) exhibiting symptoms of depression and/or anxiety. Participants 

were randomly allocated to either an 8-week mindfulness intervention group or a wait-list 

control group. The intervention was delivered in an open-class style where participants freely 

chose and joined mindfulness-related meditation classes, although they were instructed to attend 

at least five days a week. After eight weeks, the groups switched conditions, allowing both 

groups to experience the intervention and control periods. Outcome measures included the 

Patient Health Questionnaire-9 for depression, Generalized Anxiety Disorder-7 for anxiety, 

World Health Organization-Five Well-Being Index, Five Facet Mindfulness Questionnaire-24, 

and Short-form Self-Compassion Scale. These were assessed pre- and post-intervention/waiting 

period, three times in total. Results from linear mixed-effects models demonstrated significant 

interactions for depression, anxiety, and well-being (p < .05), with improvements observed post-

intervention in each group (adj p < .05). After the initial eight-week period, the intervention 

group showed significantly lower depression and anxiety levels and higher well-being compared 

to the control group (adj p < .01). Regarding mindfulness and self-compassion measures, 

significant interactions were noted in the nonjudging facet of mindfulness and the negative factor 

of self-compassion (p < .01), with improvements observed post-intervention in each group (adj p 

< .05). After the initial eight-week period, the intervention group showed significantly higher 

nonjudging skill and lower negative factor of self-compassion compared to the control group (adj 

p < .01). In conclusion, the open-class online mindfulness intervention effectively ameliorates 

symptoms of depression and anxiety and enhances well-being and specific aspects of 

mindfulness and self-compassion. Given that the nonjudging facet of mindfulness has been 

associated with the superior prefrontal cortex in a previous study, future research exploring the 

neural mechanisms is needed. 
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Abstract: Background: Extracellular vesicles (EVs) are known to be involved in the 

pathogenesis of neuropsychiatric disorders. EVs are released from the brain into the bloodstream 

and carry markers that allow them to be traced back to their originating cells. This makes EVs a 

promising candidate for biomarker research. However, there is currently no established method 

for this purpose. In this study, we developed a new liquid biopsy method that focuses on plasma 

NCAM1-positive EVs. These vesicles are thought to originate partly from the brain but may also 

come from other sources. Using this method, we analyzed the gene expression levels of patients 

with major depressive disorder (MDD), bipolar disorder (BD), and healthy individuals to 

investigate whether the gene expression levels in plasma brain-enriched EVs could serve as 

diagnostic biomarkers. Methods: Total circulating EVs were isolated from 500 μL of plasma 

samples using two rounds of ultracentrifugation. The purified EVs were confirmed using 

electron microscopy, a nanoparticle tracking analyzer, and EV antibody array analysis. NCAM1-

positive EVs were isolated using immunoprecipitation with anti-NCAM1 antibody beads 

solution and confirmed by western blotting. Subsequently, RNA-seq and Enrichr analysis were 

conducted on human plasma samples from 39 MDD patients, 13 BD patients, and 15 healthy 

controls.Results: Using support vector machine analysis, we were able to differentiate between 

MDD and BD with a 77.9% accuracy rate using 195 gene expression data, wherein gene 

expression levels are significantly different between MDD and BD. The highest odds ratio from 

gene ontology analysis was 14.37 (Translation Initiation Factor Activity, adjusted p-value, 

0.003). Five genes (EIF3M, EIF5, EIF6, MTIF2, and EIF3D) were found to be related to this 

gene ontology. The highest odds ratio from pathway analysis was 22.47 (Sumoylation by 

RanBP2 regulates transcriptional repression, adjusted p-value, 0.03). Two genes (HDAC1 and 

RAN) were found to be related to this pathway. Conclusions: This study demonstrates that the 

developed method has the potential to be used as a diagnostic biomarker to differentiate between 

MDD and BD. The method could be applicable to biomarker research in neuropsychiatric 

disorders. 
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Abstract: Major Depressive Disorder (MDD) is a prevalent and complex condition with 

significant social and economic burdens, characterized by disrupted memory and emotional 

regulation due to hippocampal dysfunction. The efficacy of antidepressants in treating MDD is 

limited, with only 20-40% of patients responding, and among those who do show improvement, 

approximately half continue to experience residual symptoms. Thus, new molecular treatment 

targets need to be identified. This study presents the first proteomic profiling of the human 

hippocampus in antidepressant treated (MDDT) and untreated MDD (uMDD) patients, and non-

psychiatric controls (CONT). Using shotgun proteomics, hippocampus tissue from 12 uMDD, 12 

MDDT, and 12 CONT subjects was analyzed, focusing on the dentate gyrus-hilus region. The 

analysis identified 1,811 proteins, of which 1,131 were matching quality criteria to be retained. 

We identified 465 differentially expressed proteins (DEPs) in MDDT and 308 in uMDD 

compared to CONT, along with 228 DEPs between MDDT and uMDD. DEPs involved in 

synaptic plasticity and inflammatory response were altered in both MDDT and uMDD compared 

to controls. Apoptosis related proteins were differentially expressed in uMDD compared to 

MDDT. Correlations between DEPs expression levels and numbers of neural progenitor cells 

(NPCs), intermediate neural progenitors (INPs), and granule neurons (GNs) were identified. 

Three of the 308 DEPs in uMDD compared to control, were also altered at the RNA level in our 

single nucleus RNA sequencing analysis. CPNE8, which regulates cell adhesion, showed 

decreased expression at the RNA level but increased expression at the protein level in uMDD 



compared to CONT. HSDL2, a critical factor in fatty acid regulation and lipid metabolism, was 

elevated at both the RNA and protein levels in uMDD. NCEH, which protects against α-

synuclein neurotoxicity, was reduced at the RNA level but increased at the protein level in 

uMDD. Additionally, the long non-coding RNA AC079793.2, expressed in immature granule 

neurons (ImGN) in the snRNAseq dataset, was downregulated in uMDD. The genomic sequence 

of AC079793.1 overlaps with ARHGAP15, a RAC1-specific GTPase-activating protein (GAP) 

present in migrating cortical neurons during development and in most adult cortical neurons. 

RAC1, essential for neurogenesis, synaptogenesis, and plasticity, was downregulated at the 

protein level in uMDD compared to CONT. These findings highlight potential new molecular 

targets for therapeutic intervention in MDD for improving inflammation, synaptic plasticity, 

apoptosis and neurogenesis, as these pathways appear altered in the hippocampus in the disorder. 
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Abstract: Clinical reports indicate a bidirectional relationship between mental illness and 

chronic systemic disease. Kidney injury and inflammation have been linked to brain dysfunction 

and alterations in learning and memory, as well as development of anxiety and depression, 

however, the underlying neurophysiological mechanisms remain elusive. In the current study, we 

investigated whether a chronic kidney disease (CKD) state is sufficient to produce deficits in 

rodent stress behaviors using a mild or severe model of CKD. Male rats were exposed to either 



21 days of 0.75% adenine diet (AD) (model of mild CKD), or a combination of AD with 

unilateral nephrectomy (AD/Unx), prior to the start of AD (model of severe CKD). Control rats 

received sham surgery and remained on normal diet/chow throughout the experimental 

paradigm. CKD development in the rat models was determined by a significant increase in serum 

creatinine used as index for kidney function. Behavioral testing results demonstrate that mild 

CKD model, especially in combination with unilateral nephrectomy (severe CKD model), is 

accompanied by anhedonia (i.e., decreased sucrose preference) and increased anxiety-like 

behaviors in the novelty-suppressed feeding, open field and elevated plus maze tests. These 

findings suggest that impairment of kidney functionality is sufficient to increase behavioral 

emotionality in rodents consistent with development of depressive-like and anxiogenic 

phenotype. Ongoing studies are focused on identifying neurophysiological mechanisms linking 

renal disease with neurological abnormalities. Furthering our understanding of these mechanisms 

may aid in the development of improved treatments and prevention strategies for management of 

mental health comorbidities associated with kidney disease. 
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Abstract: Exposure to a psycho-social stress is one of risk factors for human diseases such as 

depression. Social-defeat stress (SDS) is a well-known rodent model of human’s psycho-social 

stress. In SDS paradigm, rodents show a variety of behavioral changes, including depressive-like 

behavior and social avoidance. Recently, epidemiological studies reported that higher dietary 

intake of omega -3 polyunsaturated essential fatty acids including docosahexaenoic acid (DHA) 

and eicosapentaenoic acid (EPA) decreases the risk of depressive disorders. Fish oil includes 

high concentrations of DHA and EPA. In a previous study, we found that fish oil intake during 

the SDS exposure period suppressed social avoidance behavior. In this study, we determined 

whether the timing of fish oil intake affect social avoidance behavior induced by SDS. 



Additionally, we measured serotonin level and expression of genes related to serotonin synthesis 

in hippocampus. In our SDS protocol, a male C57BL/6J (experimental) mouse was attacked by 

an aggressive male ICR (aggressor) mouse for 5 min once daily. After the physical interaction, 

these mice were divided using an acryl plate permitting sensory contact until next day. This 

procedure was repeated for eight days, and an experimental mouse was subjected to social defeat 

by an aggressor mouse. For fish oil treatment, experimental mice were fed a diet containing fish 

oil at middle (M-FO), and high (H-FO) concentrations. The daily dosage of DHA/EPA in M-FO 

and H-FO groups was approximately 120 mg and 240 mg, respectively. Control group 

supplemented equivalent canola oil. These diets were fed to experimental animals for 2 weeks 

before or after SDS exposure. After SDS protocol, we performed social interaction test and 

compared social behaviors between FO and control groups. In control group, SDS-exposure mice 

showed social avoidance behavior compared to non-stressed mice. However, M-FO and H-FO 

groups that had consumed fish oil for 2 weeks before SDS exposure did not exhibit negative 

social behavior. On the other hand, M-FO and H-FO groups that had consumed fish oil for 2 

weeks after SDS exposure showed negative social behavior. Fish oil intake during the 2 weeks 

before SDS exposure did not affect serotonin level in the hippocampus. In contrast, TPH mRNA 

expression levels of these groups were higher than control group. In addition, fish oil intake after 

SDS exposure did not affect serotonin levels or serotonin synthesis in hippocampus. These 

results suggest that fish oil intake before stress exposure improves psycho-social behavioral 

disorder caused by SDS. This improvement could be explained by increases in serotonin 

synthesis in hippocampus. 
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Abstract: The coronavirus disease 2019 (COVID-19) pandemic, caused by severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2), has been associated with a wide range of 

post-acute sequelae of COVID-19 (PASC) neurological symptoms. However, the mechanisms 



governing SARS-CoV-2 neurotropism and its effects on long-term behavioral changes remain 

poorly understood. Using a highly virulent mouse-adapted SARS-CoV-2 strain, denoted as 

SARS2-N501YMA30, we achieved the first in vivo investigation of PASC neurological symptoms 

in mice. We demonstrated that intranasal inoculation of SARS2-N501YMA30 results in viral 

dissemination to multiple brain regions, including the amygdala and hippocampus. Behavioral 

assays indicated a marked elevation in anxiety- and depression-like behaviors post infection. A 

comparative analysis of RNA expression profiles disclosed alterations in the post-infected brains. 

Additionally, we observed dendritic spine remodeling on neurons within the amygdala after 

infection. Infection with SARS2-N501YMA30 was associated with microglial activation and a 

subsequent increase in microglia-dependent neuronal activity in the amygdala. Transcriptomic 

analysis of infected brains revealed the upregulation of inflammatory and cytokine-related 

pathways, implicating neuroinflammation in the pathogenesis of neuronal hyperactivity and 

behavioral abnormality. Overall, these data provide critical insights into the neurological 

consequences of SARS-CoV-2 infection and underscore microglia as a potential therapeutic 

target for ameliorating virus-induced neurobehavioral abnormalities. 
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Abstract: Depression, affecting approximately 350 million people globally, is increasingly 

recognized for its link to neurodegenerative conditions. The rising prevalence of depression, 

contributing to an estimated 800,000 suicides annually (1.4% of all deaths worldwide, WHO), 

emphasizes the need for novel antidepressant treatments, especially as only one new drug class 

has emerged in the past 30 years. It is well known that stress is a major risk factor not only for 

depression but also for various neurological disorders. However, the direct pathology of the 

central nervous system due to stress remains unclear. This study explores the relationship 

between mild stress-induced behavioral abnormalities and neurobiological pathology in a mouse 



model, potentially uncovering new therapeutic targets.Mice were subjected to unpredictable mild 

stress over six weeks to examine the association between depression-like behaviors and protein 

aggregation in the brain, focusing on alpha-synuclein, ubiquitin, and p62. Behavioral 

assessments confirmed significant depressive-like symptoms, including reduced sucrose 

preference and increased immobility in the forced swim test. Post-mortem analyses revealed 

marked increases in ubiquitin, p62, and alpha-synuclein accumulation in the cortex and 

hippocampus regions of UMS-exposed mice.These findings suggest that unpredicted mild stress 

can induce depressive-like symptoms in mice, which are associated with abnormal protein 

accumulation in the brain. This supports the hypothesis that protein aggregation may play a role 

in the pathophysiology of depression, offering a potential mechanistic link between 

neurodegenerative diseases and depressive disorders. These insights could guide future research 

into targeted therapies for depression and related neurodegenerative conditions. 
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Abstract: Major depressive disorder (MDD) is a prevalent global condition resulting from 

impaired synaptic plasticity, often associated with abnormal serotonin and NMDA receptor 

(NMDAR) signaling. Our recent research uncovered a novel pathway involving the serotonin 5-

HT7 receptor (5-HT7R) and matrix metalloproteinase 9 (MMP-9), linking changes in dendritic 

spine morphology to extracellular matrix (ECM) remodeling. Chronic stress enhances MMP-9-

dependent proteolytic cleavage of its substrates in the hippocampal CA1 region through 

NMDAR engagement, as demonstrated in animal models. Using behavioral, biochemical, and 

imaging techniques, we investigated 5-HT7R/MMP-9 signaling and dendritic spine plasticity in 

the hippocampi of mice treated with the selective 5-HT7R agonist LP-211, and in a chronic 

unpredictable stress (CUS) model of depressive-like behavior. Acute activation of 5-HT7R 



induces depressive-like behavior in an MMP-9-dependent manner. Since both 5-HT7R and 

NMDAR are targets for antidepressant therapy and influence dendritic spine remodeling, and 

considering the role of MMP-9 in NMDAR diffusion and activity, we hypothesize that these 

molecules form a unified signaling module. We characterized the physical and functional 

interactions between 5-HT7R and NMDAR in primary hippocampal culture co-transfected with 

plasmid vectors encoding GluN1-GFP, GluN2B, and 5-HT7R-mRuby using FRET-based 

methods and high-resolution confocal microscopy. The use of custom-made COLOCALIZER 

software allowed for the creation of a co-localization map. Co-localization analysis showed a 

high degree of overlap between the two channels in the microscopic images (Mander's 

coefficient was found to be 0.90±0.01). The Fluorescence Recovery After Photobleaching 

(FRAP) was used to determine the dynamics of the 5-HT7R and NMDAR subunits separately in 

an individual sample and mixed sample. The results indicate that the fluorescence recovery 

halftime, τ1/2, in neurons co-expressing GluN1-GFP/GluN2, is shorter (τ1/2 ~ 15.24 s) compared 

to the group in which neurons co-expressing GluN1-GFP/GluN2/5-HT7R-mRuby (τ1/2 ~ 19.89 

s), indicating that fluorescence recovery is faster in neurons co-expressing GluN1-GFP/GluN2 

and showing the presence of interaction between them. Our study advanced the understanding of 

the interactions between 5-HT7R and NMDAR, indicating their direct interaction. 
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Abstract: Altered mood and psychiatric disorders are commonly associated with chronic pain 

conditions; however, brain mechanisms linking pain and comorbid clinical depression are still 

largely unknown. In this study, we aimed to identify limbic biomarkers that underlie 

susceptibility/resiliency to development of depressive-like behaviors during chronic pain state. 

Genome-wide RNA-seq analysis was used to examine the transcriptomic profile of the prefrontal 

cortex (PFC), a brain region that regulates mood and stress responses, from male rats exposed to 



chronic inflammatory pain. Pain-exposed animals were further separated into either ‘resilient’ or 

‘susceptible’ to development of enhanced behavioral emotionality based on behavioral testing. 

RNA-seq bioinformatic analysis, followed by validation using qPCR, revealed dysregulation of 

PFC genes involved in neuroinflammation, neuroplasticity and oxidative stress. Specifically, 

S100a9, Fmod and Cd74, genes with functional roles in neuroinflammation and immune-

inflammatory responses, and Fos, Lox, Gstm2, Nupr1 and Mgst1, genes associated with 

oxidative stress/antioxidative pathways, were significantly dysregulated between ‘resilient’ or 

‘susceptible’ pain groups. Moreover, differentially expressed genes (DEGs) were further 

characterized in the PFC of female animals exposed to chronic pain and in rodents stress models 

to determine whether their dysregulation is driven by common stress responses vs. affective pain 

processing. Altogether these results continue to strengthen the connection between dysregulation 

of PFC genes involved in neuroinflammatory and oxidative stress processes with increased 

behavioral emotionality often expressed in chronic pain states. 

Disclosures: A. Kornstad: None. K. Tefft: None. M. Girgenti: None. M. Banasr: None. V. 

Duric: None. 

Late-Breaking Poster 

LBA007: Theme G Late-Breaking Posters 

Location: MCP Hall A 

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

Program #/Poster #: LBA007.050/LBA49 

Topic: G.05. Mood Disorders 

Title: Antidepressant-like effects of betanin, a phytochemical from the beetroot plant, in the 

chick social-separation stress test, a dual screening assay of anxiety and depression. 

Authors: *S. W. WHITE, V. A. VILLARREAL;  

Psychology & Philosophy, Sam Houston State Univ., Huntsville, TX 

Abstract: Phytochemicals are naturally occurring compounds produced by plants to promote 

survival and have demonstrated numerous beneficial health effects. Betanin, found in the 

beetroot plant (beta vulgaris), has demonstrated antioxidant, anti-inflammatory, antimicrobial, 

anticancer, and neuroprotective effects. Preclinical studies and small sample clinical trials 

suggest betanin may reduce symptoms associated with anxiety and/or depression. The chick 

social-separation stress test exposes chicks to an isolation stressor which elicits distress 

vocalizations (DVocs) as a means to re-establish contact with conspecifics. Isolated chicks 

display a high rate of vocalizations over the first three min which gradually declines over the 

following 27 min and remains low but stable for the remainder of the isolation period. The initial 

high rate of DVocs in the first 3 min models a state of panic (i.e., anxiety-like phase) and the low 

steady rate of DVocs over the last 60 min of isolation models a state of behavioral despair (i.e., 

depression-like phase). Utilizing male Black Australorp chicks, we conducted a dose-response 



study evaluating the potential anxiolytic and/or antidepressant effects of betanin. Starting on day-

aged-2, animals were orally-treated with one of three doses of betanin, 10, 30, or 100 mg/kg, or 

saline twice a day for 8-9 days. Samples sizes for all treatment groups were n = 17-18. On days 

9-10, animals were exposed to a 90-minute isolation stressor and DVocs were recorded. 

Vocalization rates for the two individual phases were analyzed using separate one-way analysis 

of variance (ANOVA) and post-hoc tests using Fisher's LSD were conducted. Betanin had no 

effect on DVoc rates during the anxiety-like phase of the model. However, the 30 mg/kg dose of 

betanin significantly elevated DVoc rates during the depression-like phase of the model 

compared to saline-treated animals, [F(3,67), p = .012], indicative of attenuation of behavioral 

despair (i.e., antidepressant-like effects). Additional analyses reported a medium to large effect 

size, ηp
2 = .098, and suboptimal power with observed power of .578. The results of this 

exploratory study suggest a prolonged betanin regimen may be useful in reducing symptoms of 

depression, although further testing is needed before making conclusions. Future studies to 

evaluate the effects of betanin on biomarkers associated with depression, such as the stress 

hormone corticosterone and the pro-inflammatory cytokine IL-6, are planned. As market use of 

phytochemicals become more popular, this avenue of research offers promise in the development 

of novel approaches to treat mood disorders. 
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Abstract: Repetitive stress can cause mood disorders such as depression include weight 

changes, cognitive impairment, and social withdrawal. Depression is known that women are 

particularly vulnerable compared to men but the gender-specific mechanisms are not fully 

understood. Recently, Metformin, as a primary treatment for type 2 diabetes mellitus(T2DM), 

effects for antidepressant through reverses metabolic dysfunction, neuronal damage and 



behavioral changes associated with neurological disorders through neuroimmuological, 

neuroplastic, and neuro-oxidative modulation. In this study, we aimed to investigate how the 

mechanisms of depression that affect stress responses in gender are regulated by metformin. To 

investigate the C57BL/6 mice were treated with 2h x 14d repetitive restraint stress (RST) to 

induce depression and depressive symptoms were assessed through behavioral tests.RNA-seq 

was performed to confirm gene and transcript profiling related to the stress response according to 

gender in ventral hippocampus. And to determine the effect of metformin after repeated stress 

treatment, 200mg/kg, 10ml/kg metformin was orally administration for 3weeks to RST-

susceptible mice. As a result, sociality and desire for life were reduced in RST-susceptible mice 

through the behavior tests, but this was confirmed to be reversed with metformin treatment. 

Interestingly, this phenomenon appeared to be more severe in female mice. Additionally, in a 

previous study, it was confirmed through HT22 cells that reactive oxidative stress(ROS) levels, 

which had increased due to corticosterone treatment, were alleviated by metformin treatment. 

Taken together, our findings suggest that female mice are more susceptible to changes in 

depressive-like behavior as a stress response after repeated stress, and that metformin may 

alleviate depressive symptoms by increasing insulin signaling in neurons. 
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Abstract: In Obsessive-Compulsive Disorder (OCD), there is emerging evidence of neural 

circadian rhythms in severely symptomatic patients. However, the relationship between these 

neural patterns and sleep remains unexplored. Understanding this link could reveal the impact of 



neural activity patterns during sleep on disease state and inform improved therapy delivery to 

treat patients. In this study, we employed a 24/7 ambulatory recording setup using recording-

capable deep brain stimulation (DBS) devices for chronic stimulation and local field potential 

(LFP) recording alongside wearables for tracking sleep metrics. The DBS device was configured 

to continuously record LFP power in the theta-alpha (9 Hz) frequency band based on our 

previous work demonstrating its efficacy as a biomarker for OCD symptom state. We tracked 

neural and behavioral metrics over 30+ days in 4 OCD patients implanted with leads in the 

ventral capsule/ventral striatum (VC/VS), an effective DBS target for OCD. 2 of the 4 patients in 

this study were responders to DBS therapy. Despite symptom improvement after DBS, 

responders still exhibited varying degrees of symptom severity as measured by Yale-Brown 

Obsessive-Compulsive Scale II (YBOCS II) scores. We developed a sleep-awake classifier using 

LFP to determine sleep state predictive capability independent of time-of-day information. 

Results indicate that severely symptomatic patients exhibit significant differences in 9 Hz power 

not only in sleep vs awake states but also in sleep phases, where NREM phases exhibit higher 9 

Hz power than REM sleep and awake states (p<0.001). The best classification features for 

predicting sleep-awake state were rolling amplitude and average of the LFP waveforms, as well 

as overall spectral power derived from short-term Fourier transforms. We found a strong 

correlation between classifier accuracy and YBOCS II scores (R2 = 0.97), as our classifier could 

adequately predict sleep states in severe OCD (0.740 to 0.824 AUROC) but failed to adequately 

predict sleep states in our mildly symptomatic patient (0.559 AUROC). These findings suggest 

that 9 Hz neural activity in the VC/VS during sleep may be a driving factor in the highly 

predictable circadian patterns observed in severe OCD and can be used to predict when severely 

symptomatic patients are asleep. Further research can enforce neural predictability during sleep 

as an essential aspect of the OCD disease state and lead to new therapeutic strategies. 
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Abstract: Bipolar disorder (BD) is a psychiatric disorder that patients suffer from fluctuating 

mood and energy levels, yet the mechanisms by which mood and energy levels are altered 

remain poorly understood. Several cortical brain areas have been implicated in BD. Form these 

we focused on the dorsolateral prefrontal cortex (DLPFC) where most changes are predicted to 

occur based on previous imaging studies. We applied a recently developed strategy called serial 

fluorescence-activated nuclei sorting (sFANS) (Pressl et al., 2024) that allows to separate 

multiple neuronal and non-neuronal cell types from human cortical samples. We performed 

sFANS followed by deep RNA sequencing on DLPFC samples from six clinically diagnosed BD 

donors. Using this strategy, we profiled the molecular changes in twelve cortical cell-types 

across different cortical layers in BD patient donors. The nuclear transcriptome data was 

compared to age, sex matched unaffected control donors (n = 5) for each profiled cell-type using 

DESeq2. Reelin-positive (RELN+) interneurons possessed the highest number of differentially 

expressed genes (DEGs) compared to control donors among the twelve profiled cortical cell-

types, indicating RELN+ interneurons are significantly affected in DLPFC in BD patients. Using 

gene set enrichment analysis (GSEA), we identified potential pathways that are perturbed by BD. 

Ongoing experiments are aimed at developing strategies to isolate subtypes of RELN+ 

interneurons and study their contribution to the cause and effect of BD. These studies identified a 

candidate cell-type that is predominantly affected in BD patients, opening the possibility of new 

therapeutical interventions of BD targeting this cell type. 
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Abstract: Anorexia nervosa (AN) is a serious eating disorder. It is defined by abnormally low 

body weight, excessive and irrational fear of gaining body weight, distorted bodily perception 

and intense anxiety associated with their body image or weight. AN prevalence is 1-2%, showing 

many relapses and a low recovery. Although underestimated, mortality from AN is the highest 

among all mental disorders. Activity-based anorexia (ABA) reproduces the hyperactivity, body 



weight loss and low food intake of AN. Morphological alterations and changes in GABAergic 

receptors have been observed in the hippocampus, associated to ABA. Thus, our objective was to 

determine if there is an alteration in the expression of different glutamate receptors, associated 

with ABA in pubertal female rats. Wistar female rats (21-day-old) were housed individually, 

divided in four groups: 1) ad libitum food and drink, 2) with access to an exercise wheel, 3) with 

access to food for only 1 hour per day, and 4) subjected to ABA (exercise wheel plus access to 

food for only 1 hour per day). Glutamate receptor-1 and 2/3 expression was assessed by 

immunohistochemistry. The usual characteristics were observed: increased activity in the 

exercise wheel, body weight loss and low food intake. A trend for augmented GluR2/3 and 

reduced GluR1 expression in ABA females was observed. 
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Abstract: Insomnia is intrinsically linked to poor mental health. The aim was to explore the 

impact of an electrical vestibular nerve stimulation (VeNS) treatment for insomnia on mental 

health-related quality of life (HRQoL). This study was a secondary analysis of a double-blind 

randomised, sham-controlled trial (RCT) that evaluated the efficacy and safety of VeNS on 

chronic insomnia. The study was undertaken at two sites in the United Kingdom (UK) and Hong 

Kong (HK) (ID:NCT04452981) and included adults (18-80 years) with chronic insomnia 

(Insomnia Severity Index (ISI) score ≥15). Eligible participants who provided written consent, 

were randomly assigned to either sham or active groups and were instructed to use their device 

daily at home, for 30 minutes, over a period of 4 weeks (minimum 5 days per week). The 

primary outcome of the RCT was change in ISI score from baseline to week 4. A secondary 

outcome was change in the Short Form-36 (SF36) at 4 weeks. To explore the impact of VeNS for 

insomnia on mental HRQoL, the SF-36 Mental Component Summary score (MCS) was 



calculated on a scale from 0 to 100 in accordance with the SF-36 scoring manual with the change 

from baseline calculated. A higher score represents better mental HRQoL. Data on device usage, 

including the applied stimulation intensity, session duration (in minutes), and total number of 

completed sessions, were recorded and uploaded through a dedicated study application. 

Participants (mean age: 40.8 ± 13.5 years) were mostly female (66.7 %) and of Asian ethnicity 

(68.0 %). A per-protocol analysis reported that 95% of participants within the active group 

(n=61) reported an improvement in their ISI score with a mean reduction of 5.80 [95%CI:-6.79, -

4.81] points, while 75% of participants within the sham group (n=65) reported an improvement 

in their ISI score with a mean reduction of 3.52 [-4.74,-2.30] points, with the active group's 

improvement being significantly greater(p=0.013). The MCS score for the active group increased 

by 7.62 points (p<0.001), exceeding the minimal clinically important difference. The sham 

group's increase was not statistically significant (3.51,p=0.112). The between-group difference in 

MCS score was significant (p=0.016). There was no significant correlation between stimulation 

power level used and ISI score improvement (r=0.142, p=0.284). The findings from this 

secondary analysis shows that the significant improvement in insomnia severity observed in the 

active group led to greater improvements in mental HRQoL. Future research should investigate 

how VeNS, a low risk and non-invasive intervention for chronic insomnia, could also benefit 

individuals with specific mental health difficulties. 
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Abstract: Predicting adolescent depression and anxiety using machine learning models 

Although early intervention in adolescent depression and anxiety disorders is crucial, they often 

remain underdiagnosed. This is in part because the presentation of symptoms can differ from that 

of adults, complicating the diagnostic process. To address this gap, machine learning models 

may offer novel tools to support early detection. 

In this study, we extracted data from the US National Survey of Children’s Health (NSCH) - a 

nationally representative, annual survey of children’s health. Each year, guardians of selected 

children are asked to complete surveys on their child’s: (i) mental and physical health, (ii) access 

to health care, and (iii) family, neighborhood, school, and social environments. We combined 

data from 2016-2022, restricting analysis to adolescents aged 12-17. After feature selection and 

engineering, our final sample included data from 78,379 participants and 79 variables. Of the 

adolescents observed, 9% had depression and 16% had anxiety. 

Using the combined dataset, we trained and tested five machine learning models to predict the 

presence of either depression and anxiety. As predictor variables, we included: 50 variables 

related to the child’s living environment and experiences (‘environmental’), 19 related to non-

psychiatric health conditions (‘health’), and 10 related to the child’s behaviors (‘behavioral’). 

Subsequent analyses used the model with maximum sensitivity, selected to minimize false 

negatives (Random Forest). When all three categories of variables (environmental, health-

related, and behavioral) were used to train the model, the model showed 83% overall accuracy 

(0.77 sensitivity, 0.84 specificity, and an ROC AUC score of 0.88). 

An adolescent’s: (i) special needs status, (ii) history of being bullied, (iii) limited ability to do 

things, (iv) ability to make friends, and (v) difficulties with memory emerged as the strongest 

predictors of depression and anxiety. 

Taken together, this study presents a proof of concept for how machine learning models can 

contribute to the early identification of depression and anxiety amongst adolescents. Our findings 

suggest that in schools or primary care settings, a screening tool can be developed to flag out at-

risk adolescents based on a limited set of environmental, health-related and behavioral questions. 

More broadly, our findings underscore how a range of adversities and environmental settings 

may be associated with the presentation of mood-related symptoms. These results are consistent 

with allostasis and epigenetic models of mental health, and may suggest modifiable risk factors 

to target. 
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Abstract: Biomarkers that determine whether a person will respond to a certain treatment would 

be clinically valuable, and may also advance understanding of pathophysiological mechanisms. 

However, to develop robust biomarkers it may be necessary to test how the brain responds to a 

particular intervention. Here, we examined one such dynamic biomarker: the brain’s response to 

brief stimulation trains prior to permanent implantation of deep brain stimulation (DBS) 

electrodes in patients with severe obsessive-compulsive disorder (OCD). The macroelectrodes 

were placed in the ventral anterior limb of the internal capsule (vALIC) for eventual outpatient 

treatment, but intraoperatively we examined brain activity before and after delivering two 

minutes of electrical current to the pre-operatively determined white matter therapeutic target. 

Specifically, pre- and post-stimulation we recorded two minutes of resting-state local field 

potentials (LFPs) in the globus pallidus externus (GPe), the basal ganglia grey matter nucleus 

recently implicated by the main animal model of OCD. All patients were then followed for six 

months post-operatively to track their clinical outcomes. We found that of our cohort of 10 

patients (mean age = 35.5 ± 17.7 years; 6 males, 4 females), there was an average decrease of 

40.14% in the cohort’s Yale-Brown Obsessive Compulsive Scale (Y-BOCS) score, significantly 

improved from their pre-DBS Y-BOCS score (p=1.6e-4, paired t-test; t(9)=6.22, 95% CI = [7.82 

16.77]). At month six, only two patients (1 male, 1 female) never reached the standard criterion 

for clinical response, defined as greater than 35% decrease in YBOCS score. Those same two 

patients were also the only patients to display acute left-sided elevation of GPe low-frequency 

LFPs (delta: 1-4 Hz, theta: 4-7 Hz) in response to intraoperative stimulation (Figure 1). These 

preliminary findings may provide a signal that could be used to rapidly gauge the suitability of 

individuals’ circuits for planned treatments, potentially paving the way to noninvasive techniques 

for predicting response to OCD DBS. 
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Abstract: Chronic stress is a risk factor for many psychiatric disorders, including mood and 

anxiety disorders. The ventral hippocampus (vHipp), analogous to the anterior hippocampus in 

humans, mediates anxiety-related behaviors and the neuroendocrine response to stress. 

Additionally, postmortem brain studies have revealed significant reductions in the number of 

parvalbumin (PV) interneurons within the hippocampus in individuals diagnosed with major 

depressive disorder and animals exposed to stress. Therefore, the goal of the current experiments 

was to identify the neural circuit mechanisms by which chronic unpredictable stress (CUS) 

produces anxiety-like behaviors in C57BL/6J male and female adult mice. In Study 1, we first 

measured anxiety-like behaviors in mice after CUS. Mice were exposed to CUS, which involved 

14 unique stressors per week (two per day) for three weeks. We found that CUS significantly 

reduced the time spent in the center of the arena on the open field test (OFT) and the time spent 

in the open arms of the elevated plus maze (EPM). In Study 2, we used opto-electrophysiology to 

determine the effect of CUS on vHipp cell firing. Mice were briefly administered CUS, then 

vHipp pyramidal cells projecting to the mPFC were identified by a fluorescent reporter, and 

extracellular electrophysiology was used to measure the firing rate. We found that the firing rate 

of vHipp to medial prefrontal cortex (mPFC) projection neurons was significantly increased in 

mice exposed to CUS which is in alignment with previous research that has shown that the 

specific projection from vHipp to the mPFC is necessary for anxiety-related behavior. We have 

shown previously that the firing rate of these cells is regulated by inhibitory PV interneurons. 

Therefore, to investigate how PV interneuron inhibition is affected by CUS, we used 

optogenetics to inactivate the vHipp PV and found that inactivating these inhibitory PV cells led 

to increased firing rates of vHippmPFC projection neurons in control animals but not in CUS 

animals, suggesting that this dysregulation of inhibition is what is driving the significantly higher 

firing rates. To further explore whether this deficit in PV modulation is the primary mechanism 

driving these anxiety-like effects, in Study 3 we plan to investigate whether an excitatory 

Designer Receptor Exclusively Activated by Designer Drugs (DREADD) targeting PV 

interneurons in the vHipp is sufficient to alleviate anxiety-like behaviors in mice exposed to 

CUS. Together, these results will provide insight into the neural circuit mechanisms by which 

chronic stress leads to anxiety-like behavior and the cell types involved in modulating this. 
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Abstract: Major depressive disorder (MDD) is characterized by recurrent episodes, severe 

disease burden, and high suicide rates, with brain studies showing smaller hippocampal volume 

and granule neuron (GN) loss associated with the disorder. This research aims to determine if 

reduced adult neurogenesis, neuroplasticity and cell survival have a role in hippocampus 

anatomical and functional disruptions in MDD. To this end, we analyzed over 350,000 nuclei 

from untreated MDD and neurotypical control subjects using single-nucleus RNA and ATAC 

sequencing, Visium spatial transcriptomics, and Xenium multiplex ISH (10X Genomics). We 

included 52 samples from 9 male deeply phenotyped MDD cases and 12 male controls. Using 

integration and clustering, we identified 31 cell clusters across 12 broad cell types. We validated 

these clusters against recent studies. Cell types like oligodendrocytes, astrocytes, and granule 

neurons (GN) mapped well on their expected regions. RNA Velocity on spatial data identified a 

neurogenic trajectory going from the subgranular zone to the granule cell layer, expressing 

maturational stage-specific genes. Using machine learning, we identified quiescent progenitors 

(Type I), proliferating progenitors (Type II), neuroblasts (Type III), and immature GN (ImGN) 

based on selected gene expression. Pseudotime trajectory analysis supported a differentiation 

pathway from Type I, to Type II, Type III, ImGN, and GN, aligning with patterns observed in 

spatial data. In MDD, cell-type specific analyses reveal significant (FDR < 0.05) alterations in 

gene expression and chromatin accessibility, with GN showing consistent dysregulation across 

modalities. GN, excitatory neurons, and ependymal cells exhibited the highest numbers of 

differentially expressed genes and accessible chromatin regions, highlighting their central role in 

the molecular disruptions associated with MDD. PsyGeNET analysis identified 43 dysregulated 

genes associated with psychiatric disorders, including 15 linked to depression (p = 0.033). Gene 

set enrichment analysis revealed pathways related to apoptosis and cellular stress upregulated in 

GN and ImGN in MDD. This study provides the first single-nuclei and spatial multi-omics 

profiling of the human hippocampus in MDD, revealing detailed neurogenic trajectories that are 

altered in MDD. Key findings include altered gene expression and chromatin accessibility in GN 

and progenitors, with pathways controlling inflammation and apoptosis being implicated in 

MDD. The study highlights potential molecular targets for therapeutic intervention, though the 

results need replication in larger cohorts. 
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Abstract: Background/Purpose: Alcohol and cannabis are two of the most consumed 

psychoactive substances by pregnant persons today, with young adults of child-bearing age 

increasingly engaging in simultaneous alcohol and cannabinoid (SAC) use. Although 

investigations of prenatal SAC are currently limited, ongoing experiments in preclinical models 

have revealed synergistic effects of SAC compared to single-drug exposure alone, mediated in 

part through cannabinoid receptor 1 (CNR1) activity. The goal of this investigation was to 

determine whether SAC imposes distinct, persistent changes in CNR1-associated gene 

expression in the dorsal striatum, a region associated with regulation of alcohol-seeking 

behaviors. 

Method: Pregnant C57Bl/6J mice were assigned to one of four groups: drug-free control, 

alcohol-exposed, cannabinoid-exposed or SAC-exposed, and drug exposure occurred daily 

between Gestational Days 12-15. Dams received an intraperitoneal injection of cannabinoid 

agonist CP-55940 (750μg/kg) or volume-equivalent saline, and were then placed in vapor 



chambers for 30min of inhalation of ethanol or room air (controls). Approximately one year after 

birth, offspring dorsal striatal tissue was collected for RNA isolation. Quality-verified samples 

were then processed for bulk RNAsequencing and transcript quantification of preselected genes. 

Results: Prenatal SAC reduces CNR1 receptor-interacting protein (CNRip1) expression, with 

effect sizes larger in female offspring than male siblings, without producing changes in CNR1 

expression. As CNRip1 negatively regulates presynaptic CNR1 activity, this may indicate that 

SAC results in hyperactive striatal CNR1 signaling. Furthermore, cannabinoid exposure in male 

offspring significantly disrupts the relationship between CNR1 and genes associated with 

cytoskeletal reorganization, including Rac1, Wasf1, Actr3, BCR, Dlg4, and Dlgap 3. Preliminary 

within-animal comparisons of gene expression and adulthood behaviors reveal that CNR1 

expression corresponds significantly with self-administration of alcohol in control animals, and 

this relationship is lost in drug-exposed offspring; instead, CNRip1 expression better predicts 

alcohol-seeking behaviors in all drug-exposed offspring. 

Conclusions: Prenatal SAC produces distinct changes in CNR1-associated striatal gene 

expression compared to single-drug and drug-free controls, with effects detectable in middle age. 

Subsequent analyses of cortical tissue will facilitate network-level analysis of corticostriatal gene 

expression, to investigate long-term changes in circuitry that regulates alcohol-seeking 

behaviors. 
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Abstract: Alcohol-naive animals develop tolerance after a single alcohol exposure. It’s unknown 

how this early behavioral plasticity supports later developing plasticity associated with alcohol 

use disorder. Drosophila is helpful for identifying the molecular and circuit mechanisms for 

alcohol-induced plasticity. We discovered that three memory-like states are the basis for alcohol 

tolerance. Alcohol memory-like states are genetically and behaviorally identical to classically 

defined memory traces: labile anesthesia-sensitive, consolidated anesthesia-resistant, and 



consolidated long-term memory. Thus, alcohol tolerance and classical learning and memory 

share molecular signaling pathways. Each alcohol memory-like state is encoded by distinct 

neural circuitry. Tolerance memory circuitry, however, is distinct. For example, alcohol labile 

memory and classical labile memory require the PACAP-like neuropeptide amnesiac in different 

lobes of the mushroom body learning and memory centers. Moreover, chronic alcohol long-term 

memory is encoded completely independently from the mushroom body circuitry that is critical 

for classical associative long-term memory. We highlight the parallels between Drosophila and 

mammals for the memory-like encoding mechanisms for alcohol, and how partial overlaps in 

circuitry might affect memory strength and perdurance. 

Disclosures: C. Larnerd: None. F. Wolf: None. 

Late-Breaking Poster 

LBA007: Theme G Late-Breaking Posters 

Location: MCP Hall A 

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

Program #/Poster #: LBA007.062/LBA61 

Topic: G.09. Drugs of Abuse and Addiction 

Support: TI2030-Major Projects (2021ZD0202100,2021ZD0200801) 

Title: Neuroimaging and NeurophysiologyAbnormalities in Etomidate Abusers 

Authors: *J. ZHENG1,2, S.-Z. AI4, Y. SUN3, J. SHI2;  
1Peking Univ., Beijing, China; 2Dept. of Pharmacology, Sch. of Basic Med. Sciences, Natl. Inst. 

on Drug Dependence, Peking Univ., Beijing, China; 3Dept. of Pharmacology, Sch. of Basic Med. 

Sciences, Natl. Inst. on Drug Dependence, Peking Univ., Beijing City, China; 4The Affiliated 

Brain Hospital, Guangzhou Med. Univ., Guangzhou, China 

Abstract: Background: Etomidate, a general anaesthetic and a relatively new psychoactive 

substance has increasingly been non-medically abused. Its abuse can lead to paranoia and 

irritability, threatening safety. However, the damage of etomidate exposure on the brain is 

unknown. Here, we assessed clinical and neurophysiological abnormalities in etomidate abusers. 

Methods: Etomidate, methamphetamine and heroin abusers were recruited from voluntary drug 

rehabilitation hospital and compulsory drug rehabilitation centers, they were male and meet the 

diagnostic criteria of substance use disorder in DSM5. Demographic and drug-using 

characteristics were collected via self-developed questionnaires. We compared the EEG 

characteristics of etomidate abusers (n=24) with methamphetamine (n=17), heroin abusers 

(n=26) and healthy controls (n=18). EEG data were collected using a 32-channel system in a 

resting state with eyes closed, then were preprocessed by Matlab and EEGLAB. The MRI data of 

the etomidate abusers (n=42) and healthy controls (n=51) were acquired using a Siemens Prisma 

3-Tesla MRI scanner and were preprocessed and analyzed using FreeSurfer and fMRIprep. 



Results: Resting-state EEG power spectrum analysis revealed significantly higher relative beta 

power in all drug abusers groups compared to healthy controls. Specifically, the etomidate 

abusers exhibited significantly higher whole-brain beta power than the heroin and 

methamphetamine groups. Within the etomidate group, Pz Beta relative power positively 

correlated with the degree of etomidate addiction (R=0.67, P=0.00072), while O2 Delta relative 

power was negatively correlated with it (R=-0.8, P=0.0032). For MRI index, compared to 

healthy controls, etomidate abusers had a significant increase in the volume of the left and right 

putamen and reduced cortical thickness in the bilateral orbitofrontal cortex, left pars orbitalis, left 

pars triangularis, and right rostral middle frontal cortex in etomidate group (P FDR < 0.05). 

Importantly, the thickness of the left medial orbitofrontal cortex was negatively correlated with 

both the onset age and the initial dose of etomidate abusers. Conclusion: Etomidate abusers have 

similar increased resting-state beta activity with other drug addictions, suggesting its potential as 

a common biomarker for drug use disorders. Abusing etomidate significantly impacts brain 

structure, particularly in the orbitofrontal cortex (OFC) and putamen. This study provides the 

first evidence for the brain damage of etomidate abusers. 
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Abstract: Rationale: Kratom is a drug derived from the leaves of mitragyna speciosa trees, and 

has been used for centuries in Southeast Asia for its stimulant and opioid-like effects. In the 

United States, it has been primarily used for recreation and to mitigate opioid withdrawal 

symptoms. Kratom is currently unregulated on the federal level due to lack of evidence on the 

drug’s risks and/or benefits. Previous studies have focused on individual alkaloids of kratom and 

have largely ignored female animals. This study, therefore, aimed to determine how repeated oral 

administration of kratom powder interacts with the brain via opioid receptors to create 

withdrawal and tolerance in male and female rats. Methods: Following baseline testing in open 

field test, elevated plus maze, and tail flick paradigms, sixty-six Sprague Dawley rats (33 female) 

were randomly assigned to receive either 10% sucrose solution or 35mg/kg kratom in 10% 

sucrose solution for 15 days. On the final day of drug administration, sucrose animals and half of 



the kratom animals received subcutaneous injections of saline, while the other half of kratom 

animals received subcutaneous injections of 3mg/kg naloxone to precipitate opioid withdrawal. 

Changes from baseline were compared between groups and sexes. Results: Kruskall Wallis tests 

and ANOVA revealed no significant difference in locomotor activity, anxiety, or pain threshold 

between control, kratom, and kratom withdrawal groups (p>0.05). Additionally, there were no 

statistically significant sex differences (p>0.05). Conclusions: This study found that precipitated 

opioid withdrawal using naloxone did not significantly impact behavioral measures of 

withdrawal and dependence. These results suggest that kratom may act as an alternative harm 

reduction drug for individuals addicted to opioids. Additionally, we found no sex differences in 

measures of opioid withdrawal and dependence. Further information is needed to compare oral 

kratom to other opioid harm reduction drugs such as methadone. 
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Abstract: Opioids, known for their effectiveness, affordability, and long-lasting effects, are 

commonly prescribed for pain management. In the last decade, opioid prescribing and opioid 

misuse have dramatically increased, partly due to factors such as pharmaceutical marketing 

practices and medication formulations. Mice undergoing opioid withdrawal exhibit specific 

behaviours such as excessive teeth chattering, genital grooming, piloerection, etc.. Although 

physical withdrawal symptoms subside after a short time, emotional symptoms such as anxiety & 

irritability often persist for months due to lasting changes in neuropeptides, receptors, and 

molecular changes. Such altered emotional symptoms in individuals undergoing withdrawal can 

impact caregivers in their immediate environment. Family members often suffer greatly due to 

the unpredictability associated with having a relative with an opioid use disorder. In humans, this 

effect has commonly been referred to as the ‘ripple effect’ as numerous family members are 

often affected to varying degrees. Stressors come in the form of having to deal with the patients’ 

behavioural disturbances while restricting their own social activities. Hence these studies aimed 

to investigate the effects of drug-dependent individuals’ behaviour on the pain sensitivity of their 

drug-naïve cohabitant. All studies were conducted in adult (7-10-week-old) male C57BL/6 mice. 



To date our studies have shown a stress-induced decrease in mechanical pain thresholds as a 

result of cohabitation with a cagemate undergoing natural opioid withdrawal. These results are 

further supported as the behavioural hypersensitivity observed can be reversed by the 

administration of metyrapone hence blocking the stress response. Homecage behaviour analysis 

has revealed an increase in isolated behaviours in the drug-naïve observers as a result of repeated 

negative interactions taking place with their opioid administered counterparts. The placement of 

a physical divider or a social buffer tends to reverse these behaviour effects hence suggesting 

that the alterations in social interactions occurring in the homecage may ultimately be the source 

of social stress. 
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Abstract: Alcohol Use Disorder (AUD) affects millions globally, yet current treatments remain 

largely ineffective. This study investigated the relationship between individual behavioral 

markers and neurobiological mechanisms linked to ethanol self-administration and cue-induced 

reinstatement in rats. We employed a long-access ethanol self-administration model to collect 

behavioral data, including essential value, responding in the face of negative consequences, and 

anxiety-related behaviors. Following behavioral procedures, we measured c-Fos expression in 

brain regions implicated in cue-induced reinstatement. Results revealed that higher essential 

value was associated with increased substance use-related behaviors and c-Fos expression in 

several brain regions. Multivariate analyses identified significant behavioral predictors of c-Fos 

expression during cue-induced reinstatement. Principal component analysis and regression 

further elucidated the relationship between behavioral patterns and neural activation, with the 

strongest associations observed in the prelimbic cortex, piriform cortex, and lateral 

hypothalamus. Our findings provide novel insights into the behavioral and neurobiological 



factors underlying individual differences in cue-induced reinstatement of ethanol seeking. This 

study establishes a foundation for future research to refine neurobiological and behavioral 

markers associated with individual differences in AUD, potentially leading to more personalized 

and effective treatment strategies. 
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Abstract: Substance Use Disorder (SUD) significantly impacts public health, economics, and 

legal systems worldwide. Approximately 270 million people, or 5.5% of the global population 

aged 15-64, have used psychoactive substances in the past year. Eye Movement Desensitization 

and Reprocessing (EMDR) was initially developed in the late 1980s as a therapeutic approach 

for Post-Traumatic Stress Disorder (PTSD), using bilateral stimulation to integrate traumatic 

memories with calming physiological responses. However, the effectiveness of EMDR in 

treating SUD remains unclear, particularly in terms of reducing cravings among affected 

individuals. This study aims to conduct a systematic review and meta-analysis of the impact of 

EMDR therapy on craving reduction in individuals with SUD. We examined published, peer-

reviewed studies that investigated the continuous associations between EMDR and addictive 

behaviors, including alcohol, tobacco, cannabis, stimulants, opiates, and other substances. The 

search was conducted using databases such as PubMed and Web of Science, focusing on studies 

that measured craving and employed EMDR interventions. Publication bias was assessed using a 

risk of bias assessment tool and funnel plot analysis. Both random and fixed effects models were 

used to pool effect sizes, utilizing an R software meta-package. The study adhered to the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. 

The results indicated a significant reduction in cravings among patients undergoing EMDR 



therapy. Specifically, under the fixed effect model, the standardized mean difference (SMD) was 

-0.7243, with a 95% confidence interval ranging from -0.9960 to -0.4527 (z= -5.23, p < 0.0001). 

The random effects model showed a slightly larger effect size (SMD = -0.7985), with a 95% 

confidence interval from -1.2314 to -0.3656 (z = -3.62, p= 0.0003). These findings demonstrate 

the significant efficacy of EMDR therapy in decreasing cravings in people with SUD. 
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Abstract: Opioid use during pregnancy is a growing public health concern and can lead to 

neonatal opioid withdrawal syndrome (NOWS). NOWS refers to symptoms that emerge 

spontaneously following cessation of opioid exposure after gestation. Symptoms include low 

body weight, body temperature dysregulation, hyperirritability, and excessive, high-pitched 

crying. There is currently no standard care approach due to high variability of symptom severity. 

We employ a third trimester-approximate model in mice that is both necessary and sufficient to 

effectively model NOWS-associated traits. Neonatal inbred FVB/NJ pups are injected with 

morphine (10 mg/kg, s.c.) or saline (20 ul/g, s.c.) twice daily from postnatal day (P) one to P14. 

We assess several phenotypes including nociception, ultrasonic vocalization (USV) emission, 

and locomotor activity during spontaneous morphine withdrawal (16 h post-morphine) on 

multiple postnatal days. Because neonatal rodent USVs are emitted during isolation to 

communicate distress and promote maternal attention, USVs can serve to model an enhanced 

negative affective state during opioid withdrawal. However, the relationship between specific 

syllables and affective states such as morphine withdrawal remains unknown. Mouse USV 

syllables are identified by their acoustic features, and we implemented a custom supervised 



machine learning model to automatically classify syllables. On P14, morphine exposed pups 

emitted an increased percentage of Complex 3 syllables. Additionally, morphine-treated females 

vocalized more and emitted a greater percentage of Complex 3 syllables compared to males. 

Postmortem brainstem transcriptomics revealed upregulation of the kappa (κ)-opioid receptor 

(Oprk1), whose activity is associated with withdrawal-induced dysphoria. Selectively 

antagonizing the κ-opioid receptor with norBNI (30 mg/kg, s.c.) was sufficient to reduce USV 

emissions specifically in morphine exposed female pups during spontaneous withdrawal on P15. 

Kappa opioid receptor activation with the the κ-opioid receptor agonist with U50,488h on P14 

was sufficient to increase USV emission on P10 (both sexes) and P14 (females only). Pups on 

P14 also showed a significant U50,488h-induced reduction in Complex 3 syllable emissions 

compared to saline exposed pups. These results indicate a female-specific recruitment of the κ-

opioid receptor system and impact of specific syllable differences in neonatal opioid withdrawal 

symptom severity. 
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Abstract: Alcohol use disorders are characterized by the loss of control over alcohol drinking 

and our understanding of the neural populations that influence alcohol drinking is still 

incomplete. A small nucleus located on the lateral edge of the posterior hypothalamus, known as 

the parasubthalamic nucleus (PSTN), has recently emerged as a highly interconnected node 

within a network of brain regions mediating interoception and emotions. This study is the first to 

describe the contribution of PSTN neurons in alcohol drinking behavior. The PSTN is comprised 

of glutamatergic neurons, some of which express high levels of corticotropin-releasing factor 

(CRF, encoded by Crh) or preprotachykinin-A (encoded by Tac1). To address the functional 

relevance of this cellular heterogeneity, chemogenetic actuators were expressed within the PSTN 

of male and female mice using the Cre-lox recombination approach. Excitatory (hM3Dq) or 

inhibitory (hM4Di or KORD) designer receptors were expressed in subsets of PSTN neurons 

using Crh-IRES-Cre and Tac1-IRES-Cre mice, retrograde Cre transport from PSTN target 

regions in C57BL/6J mice, and activity-dependent Cre induction using FosTRAP2 mice, 

respectively. Using a chronic limited-access 2-bottle choice model, the results of our studies 

highlight the differential role of PSTN subpopulations in alcohol drinking behavior. 

Chemogenetic and optogenetic activation of PSTN Crh cells significantly increases alcohol 

consumption. In contrast, their inhibition significantly reduces alcohol consumption, both in 

mice subjected to chronic intermittent alcohol vapor inhalation and in air-exposed counterparts. 

Selective activation or inhibition of general PSTN projections to the central amygdala, bed 

nucleus of the stria terminalis, or paraventricular nucleus of the thalamus, however, was not 

sufficient to alter alcohol consumption. To address cell-type specific projections from the PSTN, 

a chemogenetic INTronic Recombinase Sites Enabling Combinatorial Targeting (INTRSECT) 

approach was used to selectively activate PSTN cells to target regions via retrograde Flp 

transport in Crh-Cre or Tac1-Cre mice . Activation of CeA-projecting PSTN Crh cells were 

sufficient to significantly decrease drinking behavior. Alcohol drinking, withdrawal from alcohol 

or alcohol expectation was used as stimuli to drive hM3Dq, hM4Di, and/or KORD expression in 

the PSTN of FosTRAP2 mice. Activations of these ensembles all resulted in significant 

decreases in alcohol consumption. These observations indicate that the PSTN exerts bidirectional 

control over alcohol consumption in a cell-type, projection specific and experience-dependent 

manner. 
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Title: Caspase-dependent ablation of indirect medium spiny neurons projecting to external 
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Abstract: The dorsomedial striatum (DMS) is primarily recognized for regulating goal-directed 

reward-seeking behaviors, while the dorsolateral striatum (DLS) is predominantly associated 

with movement and habitual behaviors. Notably, activating striatal direct-pathway medium spiny 

neurons (dMSN) enhances reinforcement learning, whereas stimulating striatal indirect-pathway 

MSN (iMSN) induces avoidance behaviors and inhibits reinforcement. While extensive research 

has compared the functions of DMS versus DLS or iMSN versus dMSN in reward-seeking, it 

remains unclear whether iMSN may exhibit distinct roles in suppressing compulsive reward-

seeking within each specific striatal subregion. In this study, we sought to address this by 

selectively ablating iMSNDMSGPe and iMSNDLSGPe and trained mice to exhibit goal-directed and 

habitual reward-seeking behaviors using random ratio (RR) and random interval (RI) operant 

conditioning, respectively. To ablate the circuit in a targeted fashion, we employed a genetically 

engineered caspase 3, in which activation results in apoptosis. Interestingly, caspase 3-mediated 

ablation of iMSNDMSGPe resulted in an insensitivity to satiety-based reward devaluation in RR-

trained mice, consistent with a shift towards habitual behavior. The ablation of iMSNDLSGPe did 

not influence locomotor function in the open field test, nor did it affect the expression of habitual 

or goal-directed seeking behavior during the devaluation of a random interval or random ratio 

operant schedule. However, when subjected to quinine adulteration, mice with iMSNDLSGPe 

ablation exhibited increased compulsive alcohol-seeking behaviors in habitual and goal-directed 

operant conditioning paradigms. Consistently, in a separate cohort of mice, we found that the 

iMSNDLSGPe ablated mice show higher preference and consumption of alcohol than control mice 

in two-bottle choice experiment, with increasing quinine concentration and exhibit more 

compulsive-like behavior. The iMSNDLSGPe ablated mice prefer more alcohol than control mice 

while still developing an aversion to seeking the reward. Altogether, our findings reveal an 

essential role of iMSNDLSGPe in behavioral flexibility and inhibiting compulsive-like behavior, 

which may be a potential therapeutic target for alcohol addiction and other compulsive disorders. 
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Abstract: Alcohol consumption patterns often progress over time, beginning with lower levels 

of consumption and sometimes progressing to heavier use in persons with alcohol use disorder. 

Animal models used to study the biological basis of alcohol use disorder typically focus on 

discrete stages of consumption such as initial intoxication and withdrawal. In most studies, the 

neural circuitry underlying alcohol use is centered on canonical brain regions involved in 

particular aspects of the addiction cycle, like the nucleus accumbens for intoxication and the 

central amygdala for withdrawal. However, addiction is a complex process that evolves over 

time and likely involves interactions across a broader range of brain areas. Here, we apply 

recently developed methods that allow for the interrogation of brain-wide activity patterns in an 

unbiased manner at multiple points in the progression of alcohol consumption. We employ a 

voluntary alcohol consumption paradigm in mice expressing an activity-dependent genetic label 

(Trap2:Ai14 mice). Male and female mice were exposed to a modified intermittent access two-

bottle free choice (2BFC) task. Activity-dependent neuronal labeling was performed at two 

timepoints in each animal while the mice were actively consuming alcohol. In the first timepoint, 

mice were injected with 4-hydroxytamoxifen to label active populations (“trapping”), and, for 

the second timepoint, mice underwent whole-brain c-fos staining. Mice were split into groups 

depending on when each timepoint occurred: early-early (EE; “trapped” on the first day of 10% 

EtOH consumption and sacrificed for c-fos staining 1 week later), early-late (EL; “trapped” on 

the first day of 10% EtOH consumption and sacrificed for c-fos staining 6 weeks later), and late-

late groups (LL; “trapped” 5 weeks after starting 10% EtOH consumption and sacrificed for c-

fos staining 1 week later). We performed whole-brain imaging and cell counting with automated 

segmentation followed by statistical analyses, revealing networks of brain regions with 

significant overlap at the two timepoints in each group. For example, in the EE group, the top 

two overall targets were the lateral orbital area and the arcuate nucleus of the hypothalamus. 

Interestingly, many regions involved in emotional regulation, such as the anterior insula, the 

basolateral amygdala, and the central amygdala, also showed significant overlap. The two-

timepoint whole-brain pipeline and statistical analyses promise to identify previously neglected 

brain areas involved in different stages of alcohol consumption. 
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Abstract: Background: Alcohol use disorder (AUD) and binge eating disorder (BED) frequently 

display comorbidity. Research shows that high-fat diets (HFD) can increase alcohol intake, both 

in human and animal models. Our lab’s previous work indicates that male mice consuming 

intermittent HFD exhibit higher alcohol intake than mice on standard diet. However, whether 

chow diet composition influences EtOH intake or if sex differences occur has not been studies. 

Purpose: We hypothesize that chow diet composition and sex significantly shape the ability of 

HFD to promote alcohol intake Methods: We studied the interactions between chow diet type 

(Bioserv 4031 or “white chow” vs. Teklad 8604, or “brown chow”) and sex HFD modulation of 

alcohol intake in adult C57Bl6/J mice. Mice were randomly assigned to two groups based on 

chow diet and split by sex: 1) Male + brown chow diet; 2) Male + white chow diet; 3) Female + 

brown chow diet; 4) Female + white chow diet. Over a 7-week period, all groups underwent a 

weekly cycle where they receive HFD (Bioserv F3282, fat calories 60%) for a 24-hour duration 

(Monday-Tuesday) and consumed their respective chow diets for the remainder of the week. On 

Tuesday-Friday each week, mice received access to alcohol bottles alongside standard water 

bottles for four hours per day, starting at 10am each day. Throughout the 7-week paradigm, 

alcohol concentrations increased every other week, while body mass was recorded daily. Primary 

outcomes included alcohol intake and changes in body mass post-HFD exposure. Post hoc, we 

conducted neuroimmune marker analysis of the Central Amygdala (CeA), a key brain region in 

binge intake behaviors. Results: In male mice, brown chow diet increased HFD intake. Chow 

diet type did not impact HFD intake in females, although long-term alcohol intake increased 

HFD intake in females. In all groups, alcohol intake increased across the paradigm, but chow diet 

type only impacted alcohol intake in male mice. Analysis of the CeA revealed significant 

differences in the levels of the neuroimmune marker IL-10 among the groups, notably, increased 

IL-10 levels in white chow males and decreased levels in control females. Conclusion: Control 

diets influence binge drinking and binge eating in a sex-specific manner. The interaction of sex 



and control diet appears to affect IL-10 levels in the CeA. Further validation with additional 

samples is needed to confirm these findings across all measured components. These findings 

indicate potential sex-specific neuroimmune responses to diet and alcohol intake. Funding: NIH 

R01AA026865. 
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Abstract: Alcohol Use Disorder (AUD) is an extended global health challenge. Repeated 

alcohol consumption leads to the development of tolerance, expressed as a reduced response to a 

normally consumed dose of alcohol. Tolerance has been characterized as acute, rapid, and 

chronic. The lasting changes in the brain caused by alcohol abuse perpetuate AUD and make 

individuals vulnerable to relapse. AUD risk is also influenced by the interplay between a 

person’s genes and environmental factors such as: drinking at early age, family history on 

alcohol problems, mental health condition and diet. The diet has been shown to affect many 

components of an individual physiology and behavior and can also modify the microbiota 

composition thus altering the Gut Brain Axis homeostasis. The aim of this study is to determine 

if diet modification could alter both acute and chronic alcohol tolerance development and if 

microbiome disruption can alter the tolerance development using a Drosophila model. This study 

is focused on the use of a Normal Diet (ND, Bloomington Formulation), High Fat Diet (HFD, 

30% coconut oil) or High Protein Diet (HPD, 30% autoclaved dry yeast) supplemented with or 

without an antibiotics cocktail to analyze how these diet variations and microbiome disruption 

affect the alcohol tolerance development. To test our hypothesis, 2 to 5 days post hatch females 

flies were exposed to diet modification for 7 consecutive days. The alcohol tolerance 

development assay was performed by exposing the flies for 2 consecutive days (acute tolerance) 



or 5 consecutive days (chronic tolerance) to 50% ethanol injected to a cellulose acetate plug. 

When 80% of the flies were sedated, the plugs were changed and the difference in sedation time 

was scored. Our results show that HPD and HFD can significantly increase the sedation time in 

acute tolerance when compared to ND. Also, we found that this increase is dependent on an 

intact microbiome because the acute tolerance development significantly decreases when 

antibiotic cocktail is added to the diet. In addition, HPD decreases the sedation time on chronic 

tolerance development when compared with ND exposed flies. Taken together our results 

suggest that diet is an important environmental factor influencing the AUD and this influence is 

dependent on a healthy microbiome. Understanding how the diet alters the Gut-Brain Axis and 

its role in AUD could lead to new discoveries in AUD development and treatment. 
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Title: Trigeminal circuits dictate innate rejection thresholds for ethanol through oral 
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Abstract: Ethanol is highly unusual among acutely toxic chemicals in that it is readily consumed 

by essentially all animal species when given access. The central pharmacological effects of 

ethanol mediate its powerful reinforcing properties, but the neural mechanisms that control 

palatability of ethanol and explain innate preferences prior to intoxication are unknown. Further, 



chronic heavy ethanol drinkers often substitute noxious ethanol-containing products, suggesting 

that dysregulated drinking may be related to disruption of innate chemical defense systems 

responsible for oral rejection of toxins. Ethanol's complex flavor profile includes pronounced 

irritant/burning sensations, termed oral chemesthesis, which become dominant at high 

concentrations. Following oral stimulation with palatable (15%) versus chemesthetic (50%) 

concentrations of ethanol, whole-brain cfos mapping revealed chemesthetic-selective activation 

of multiple sub-nuclei in the spinal trigeminal nucleus. Viral tracing from the tongue combined 

with whole-head clearing revealed TRPV1+ orotrigeminal ganglionic fibers anatomically 

positioned to transmit chemical concentrations from the mouth to the brainstem. Stereotaxically-

targeted pharmacogenetic lesions of TRPV1+ trigeminal nerve cells produced a robust blunting 

of oral reactivity to ethanol, resulting in preference for low doses and augmented rejection 

thresholds for high concentrations. Endoscope-enabled multiphoton through-brain imaging of 

single cell calcium dynamics in trigeminal ganglion during consumption of tastants and 

chemesthetics revealed ethanol-selective, concentration-dependent sensory coding. Together, we 

anatomically and functionally describe a peripheral-central circuit involved in mammalian 

chemosensation which controls palatability of ethanol thereby altering motivation and 

consumption. 
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Abstract: The cerebellum is highly sensitive to alcohol exposure with acute cerebellar ataxia 

being a prominent indication of intoxication, and chronic alcohol-induced cerebellar deficits 

persisting even after withdrawal from alcohol exposure. Epigenetic modifications of the genome 

have emerged as important molecular mechanisms that contribute to the pathophysiology of 

alcohol use disorder (AUD) and histone modifying enzymes have been suggested to have 

therapeutic potential for AUD. Changes in opposing covalent modifications, namely, acetylation 



and methylation in histone H3, frequently at lysine 9 (H3K9), have been implicated in AUD-

related behaviors. In the prefrontal cortex of mice chronically exposed to EtOH, H3K9 

methylation is decreased while acetylation is increased, an effect that is associated with ethanol-

induced long-lasting memory deficits. Given the abundant expression of acetyl-and methyl-

transferase enzymes in the cerebellar Purkinje cells (PCs), we hypothesized that chronic alcohol 

treatment induces changes in chromatin structure due to covalent modifications at H3K9 in PCs. 

To test this, we measured H3K9 methylation and acetylation in C57BL/6J male and female CIE 

exposed mice, and controls. Each CIE cycle consisted of 4 days of 16 hrs of ethanol vapor 

followed by 8 hrs of withdrawal. H3K9-dimethyl protein expression levels were measured in 

lobules V, VI and VIII at 3 days of withdrawal via immunofluorescence followed by confocal 

microscopy. CIE treated female mice showed reduced expression of H3K9-dimethyl inside PC 

somas when compared to controls in posterior lobules VI and VIII, but not in lobule V (Two-

way ANOVA, lobule VI: *p=0.034, lobule VIII: **p=0.0043, n=5 mice/condition, 81-120 

images, 573 PCs). Conversely, protein expression levels of H3K9-acetyl were significantly 

higher in female CIE exposed mice (Two-way ANOVA, lobule V: *p=0.015, lobule VI: 

****p=0.0032, **p=0.0073, lobule VIII: *p<0.00001, n=5 mice/condition, 78-99 images, 510 

PCs). Similarly, in males, H3K9dimethyl protein expression was significantly lower in the CIE 

treated group in all three lobules examined (Two-way ANOVA, lobule V, VI, VIII: 

****p<0.00001, n=5 mice/condition, 101-128 images, 684 PCs). H3K9acetyl expression in 

males are currently being analyzed. These results indicate that in cerebellar PCs CIE treatment 

induces a sex-independent shift in the balance between acetylation and methylation of H3K9 that 

is biased toward a facilitation of downstream target genes expression. This could result in 

pathological upregulation of neuronal activity modulators and underlie cerebellar deficits 

induced by CIE. 
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Abstract: We have found that the calcineurin mediated immunosuppressants cyclosporine A 

(CsA) and tacrolimus inhibit binge alcohol drinking in mice. Further, we have shown that this 

effect is mediated directly in brain, as intracerebroventricular administration also significantly 

decreases drinking. As these immunosuppressants have severe systemic toxic effects along with 

dangerous inhibition of immune function, our goal is to determine proximal mechanisms by 

which these immunosuppressants are working in order to develop effective treatments for 

alcohol use disorder (AUD) with fewer side effects. To this end, we are employing genomic, 

molecular, transcriptomic, metabolomic, anatomic, and behavioral approaches to explore the 

relationship between binge alcohol drinking, stress, and calcineurin mediated 

immunosuppressants. Calcineurin is a somewhat ubiquitous phosphatase, involved in a wide 

range of signaling pathways - both in neurons and glia. One major question is whether 

immunosuppressants are acting through neuronal signaling pathways, regulating reward and 

stress/anxiety pathways, or in glia, mediating neuroinflammatory effects. To address this, we 

have developed multiple transgenic models using a floxed calcineurin line (C57BL/6-

Ppp3r1tm1Stl/J) crossed with various Cre driver lines to knockout CN in various neuronal or 

glial populations. Results will be presented from two neuronal CN knockout lines: a 

“panneuronal” CN knockout line (CamKIIα-Cre) and a corticotropin releasing factor specific CN 

knockout line (CRH-Cre). We are also investigating the effects of CsA on candidate brain 

signaling pathways in models of both binge drinking and stress, as stress is a primary factor 

driving drinking behaviors. The CeA and PVN were microdissected from 300 μm frozen sections 

and qRT-PCR was performed. Overall, CsA inhibited the stress-induced expression of a wide 

range of neuroinflammatory markers in these regions including cytokines such as IL-2, IL-1β, 

IL-6, TNFα; markers of glial activation: CD45 and Iba-1; chemokine and chemoattractant 

molecules such as CCR2 and CCL2; as well as other inflammatory signaling molecules such as 

COX-2. Some of the largest effects were seen on IL-1β and IL-6 expression in both CeA and 

PVN. While CsA inhibited the expression of CD45 and iba1 in the CeA, in the PVN these effects 

were striking. Together, these data suggest that immunosuppressants could be acting, at least in 

part, through glial mediated neuroinflammatory mechanisms to reduce binge-like alcohol 

consumption in mice. 
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Abstract: NMDA receptor (NMDAR) channel blockers, which produce analgesic and anti-

depressant effects, preferentially block the GluN2D subtype of NMDAR at lower doses. Based 

on the knowledge of GluN2 subunit physiology, we hypothesized that compounds that 

concurrently modulate GluN2A and GluN2D subtypes of NMDARs to opposite directions can be 

useful analgesic and stress-mitigating agents. In this translational study, we explored in vivo 

activities of a recently discovered glutamate concentration-dependent NMDAR modulator 

(CNS4). Results from the pharmacokinetic study indicate that CNS4 reaches maximum plasma 

and brain concentration as quickly as 0.25 hours after intraperitoneal injection, and about 6% of 

the plasma concentration reaches brain tissue (54.5 vs 3.3 µg/ml). In preliminary in vivo studies, 

CNS4, a non-opioid compound, increased mice escape latency in a hotplate assay by 2.18-fold 

compared to saline and 1.78-fold compared to the positive control, meloxicam. Furthermore, in a 

fear conditioning (FC) experiment, CNS4 improved fear memory [decrease in freezing latency 

(11.78 vs 4.42s, p=0.0010)] and subsequent fear extinction [increase in freezing latency (3.56 vs 

15.08s, p=0.049)] in male mice. CNS4 caused no changes in locomotion in 8 out of 9 parameters 

studied. About fifty hours after FC training, CNS4 increased water (5-fold) and sucrose intake 

(4.5-fold) in male mice. These results indicate that the glutamate concentration-biased 

modulatory effect of CNS4 could produce analgesia and stress-mitigating effects. Further studies 

in this direction will help develop clinically useful drugs for pain associated with stressful 

conditions. 
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Abstract: Background: Demographic studies find that misuse of methamphetamine (Meth), 

cocaine and prescription opioids increase with altitude of residence. In rodents, short-term 

hypoxia (10% oxygen, 48hr) can elevate electrical brain self-stimulation (Koob & Annau, 1974). 

Using a sex-based animal model, we therefore evaluated chronic hypobaric hypoxia (CHH) 

exposure at moderate altitude as a biological risk factor for Meth misuse. Methods: Male and 

female SD rats were tested in the condition place preference (CPP) after 2wks of housing at sea 

level, 4,500ft or 10,000ft. In the CPP, individual chamber preference was gauged on day1, 

followed by 8days of conditioning, and a test CPP on day10. Rats were given Meth (0.5 or 

1.5mg/kg, IP) and placed in the non-preferred chamber on odd days, or given saline and placed 

in the preferred chamber on even days. In control rats, saline was paired with each chamber. In 

the test CPP, rats were given access to all chambers to assess impact of conditioning on place 

preference. Reward benefits were calculated as test preference (PREF: time in Meth-paired 

chamber - saline-paired chamber in the test session) or test difference (DIFF: time in Meth-

paired chambers in the test - that in the pretest). Another set of rats at the 3 altitudes were tested 

for striatal dopamine by ELISA. Results: In the saline-paired CPP, rats did not show place 

preference at any altitude. In the Meth-paired CPP, females in CHH show elevated Meth 

preference vs those at sea level. In females, one-way ANOVA shows a significant impact of 

altitude on Meth at 0.5mg/kg: PREF- F(2, 43) = 4.2, p=0.02, DIFF- F(2, 42)=5.9, p=0.005, and 

Meth at 1.5mg/kg: PREF- F(2, 39)=3.3, p=0.04, DIFF- F(2, 36)=3.2, p=0.04. Males did not 

differ in Meth preference across altitude groups, as shown by one way ANOVA with Meth at 

0.5mg/kg: PREF- F(2, 36) = 0.3, p=0.7, DIFF- F(2, 36) = 1.1, p=0.3, and Meth at 1.5mg/kg: 

PREF- F(2, 51)=0.7, p=0.4, DIFF- F(2, 50)=0.9, p=0.4. Striatal dopamine increased in females 

with housing at altitude (F(2, 25)=7.1, p=0.004), but decreased in males (F(2, 35)=7.7, p=0.002). 

Striatal dopamine rose significantly from 1wk vs 2wks at 4,500ft in females (Student’s t-test, 

p<0.0001), but did not change in males. Conclusion: Housing at moderate altitude can elevate 

Meth preference in female rats, in parallel to elevated striatal dopamine. In our model, Meth 

preference does not change in male rats housed at altitude. Exposure to CHH at moderate altitude 

may thus pose a biological risk for Meth misuse, particularly in women. 
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Abstract: Cannabis withdrawal symptoms are experienced by approximately half of individuals 

with regular or dependent use of cannabinoids. Here we compared patterns of cFOS expression 

associated with precipitated cannabinoid withdrawal in male and female rats dependent on the 

synthetic cannabinoid receptor agonist WIN 55212 (WIN). Rats were given escalating doses of 

WIN or vehicle for four and a half days via twice-daily infusions into an indwelling catheter. On 

the fifth day, withdrawal was precipitated via a single i.p. injection of rimonabant (3 mg/kg for 

females and 10 mg/kg for males) or vehicle 4 hours after the final infusion creating three 

comparison groups per sex: Veh+ RIM, WIN + Veh, and WIN + RIM. Withdrawal was observed 

for 30 minutes post-injection and rats were sacrificed and perfused one hour after the end of 

withdrawal observation. One hemi-section of each brain underwent antibody labeling of cFOS 

and tissue clearing via polyethylene glycol-associated solvent systems (PEGASOS) passive 

immersion procedures. Intact hemispheres were imaged on a 3i cleared tissue light sheet 

microscope and expression of cFOS signal was mapped in 3D space using the Waxholm Space 

Atlas to Quantify cFOS active cells by region in each hemi brain. Rimonabant administration to 

WIN-dependent male rats increased cFOS expression in the PVT [F(2,17)=3.878, p<0.05] 

relative to rats that received rimonabant independent of WIN . Furthermore, male global 

withdrawal scores positively correlated with cFOS expression in the cingulate cortex 

[r(18)=.623, p<0.05] and the posterior intralaminar cortex [r(18)=.611, p<0.05]. In females, 

rimonabant administration to WIN-dependent rats significantly increased cFOS expression in the 

frontal association cortex [F(2,14)=4.529, p<0.05] compared to rimonabant controls. Female 

global withdrawal scores positively correlated with higher cFOS expression in presubiculum 

[r(17)=.510, p<0.05], ventrolateral orbital frontal cortex [r(17)=.493, p<0.05], primary 

somatosensory face representation area [r(17)=.505, p<0.05], bed nucleus of the stria terminalis 

[r(17)=.503, p<0.05], and medial habenula [r(17)=.587, p<0.05], and VTA [r(17)=.531, p<0.05]. 

These results demonstrate interesting sex differences in the pattern of cFOS expression following 

precipitated WIN withdrawal. 
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Abstract: Postpartum relapse to cocaine use by new mothers continues to be a serious health 

problem that often has a tragic impact on the mother’s ability to care for her child, with life-long 

consequences for the mother, her child and society. There is a window of opportunity for 

treatment in the peripartum period, as new mothers are more likely to achieve abstinence or 

reduce drug use, many for the first time ever. Unfortunately, few women maintain abstinence 

and relapse between 6 to 12 months after birth. To date, little is known regarding the 

neurobiological mechanisms by which maternal motivation can prevent drug relapse in new 

mothers. Our prior work in rats demonstrates that during the unique early postpartum period, 

new mothers also exhibit reduced cocaine seeking, and that pharmacological inactivation of the 

medial preoptic area (mPOA), a critical site orchestrating maternal behavior, biases the maternal 

choice towards cocaine-conditioned incentives in a concurrent pup/cocaine choice conditioned 

place preference (CPP) task. The current study builds logically on our prior work to determine 

the functional necessity of mPOA neurons projecting to the infralimbic medial prefrontal cortex 

(mPOA-to-IL), a critical site involved in cognitive functions necessary for optimal selection of 

behaviors, in preventing reinstatement of cocaine seeking in new mother rats. To this aim, we 

used a pathway-specific chemogenetic approach to determine the role of mPOA-to-IL neurons 

during a novel adaptation of the extinction-reinstatement CPP animal model of drug relapse. An 

additional goal of this study was to evaluate the impact of chemogenetic inhibition of mPOA-to-

IL pathway on maternal behavior. Experimenter blind was maintained for behavioral scoring and 

analysis of immunostained images. Our findings show that selective inhibition of the mPOA-to-

IL pathway increased reinstatement of cocaine preference, highly contrasting the reduced 

cocaine preference by behavioral baseline and VEH-hM4Di control groups. In addition, CNO-

hM4Di inhibition of mPOA-to-IL pathway disrupted cognitive aspects of maternal behavior, as 

shown by inattentive maternal behaviors and disorganized caregiving sequences fragmented by 

non-maternal actions. Together, this new work expands our understanding of the mechanisms by 

which maternal motivation can facilitate abstinence. 
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Title: Infralimbic cortex interneurons become hyperexcitable after heroin self-administration and 

protect against cued relapse during acute withdrawal 
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Abstract: The infralimbic prefrontal cortex (IL-PFC) is important for inhibiting drug seeking. 

Whereas IL-PFC neurons projecting to the nucleus accumbens have been implicated in this 

function, the role of local, GABAergic IL-PFC interneurons is not well understood. To assess 

whether heroin self-administration impacts the physiology of IL-PFC interneurons, we exposed 

VGAT-Venus transgenic rats to heroin self-administration and measured the intrinsic excitability 

of VGAT+ and VGAT- neurons in cortical slices during acute withdrawal from heroin, 24 hours 

after the last heroin self-administration session. In wildtype rats, we then used a chemogenetic 

strategy to activate or inhibit IL-PFC interneurons to determine their functional role in heroin 

seeking. Male and female Wistar rats self-administered heroin (or saline for control) in 13 

weekday sessions. For electrophysiology experiments, slices of the IL-PFC were prepared 24 

hours after the last heroin/saline session. For chemogenetic experiments, rats underwent 

additional behavioral training to perform within-subject tests comparing the effects of vehicle to 

those of the chemogenetic actuator J60 hydrochloride. Rats were first tested under cued relapse 

conditions where the heroin cue was available, but heroin was not. They then underwent 

Progressive Ratio (PR) testing -to determine effects on heroin motivation (measured as break 

point). A DLX-promoter-driven virus delivering either an inhibitory Gi-DREADD or excitatory 

Gq-DREADD allowed us to bidirectionally modulate IL-PFC interneurons on each test, 

separated by two days of heroin self-administration. Whilst no changes were found in VGAT- 

neurons, the rheobase of VGAT+ neurons from rats that self-administered heroin was 

significantly lower than that of VGAT+ neurons from saline controls. Chemogenetic 

manipulation of IL-PFC interneurons did not alter heroin motivation (i.e. break points during PR 

tests) under these conditions. Although activation of IL-PFC interneurons with the Gq-DREADD 



did not alter cued heroin relapse, inhibition with the Gi-DREADD increased cued heroin seeking 

during acute withdrawal. Together, these results suggest that IL-PFC GABAergic interneurons: 

a) are hyperexcitable during acute withdrawal, and b) their activity is necessary to limit heroin 

seeking when heroin cues are present. Although it was not possible to further drive this limiter 

function using the Gq-DREADD, IL-PFC interneurons may present a viable new target for 

therapeutic interventions to mitigate relapse during early withdrawal from heroin. 

Disclosures: L. Ruiz-Leyva: None. G. Giannotti: None. R.D. Vareed: None. K. Glodoski: 
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Title: Extinction of heroin seeking does not require post-lever press activity in the infralimbic 

cortex or its projections to the nucleus accumbens shell or amygdala 
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Abstract: Evidence indicates that activity of the infralimbic cortex (IL), as well as its projections 

to the nucleus accumbens shell (NAshell) and amygdala, following an unreinforced lever press is 

critical for cocaine extinction learning and retention. It is unclear whether the same neural 

circuitry is involved in extinction encoding for other classes of addictive drugs, such as opioids. 

In this study, we used a behavior-guided optogenetic approach in female and male Sprague-

Dawley rats to examine the role of the infralimbic cortex and its projections in extinction of 

heroin seeking. Rats received bilateral microinjections of the inhibitory opsin eNpHR3.0 or 

eYFP control into the IL, bilateral fiber optics targeting the IL, NAshell, or amygdala, and 

implantation of an intra-jugular catheter. Rats then underwent 12+ d of 6 h or 3 h heroin self-

administration sessions, wherein an active lever press produced a heroin infusion and light and 

tone cues, followed by 12 d of extinction training. Optogenetic inhibition of the IL, IL-NAshell, 

or IL-amygdala pathway was given for 20 s immediately following an unreinforced lever press 

during the first 5 d of extinction. Unlike with cocaine extinction, these manipulations had no 

effect on lever pressing during extinction training, nor on retention of extinction learning, as 

assessed during the subsequent 7 d of extinction without optogenetic inhibition. These results 



suggest that the extinction of heroin seeking does not involve the same infralimbic mechanisms 

that are critical for the extinction of cocaine seeking. Moreover, although we did not find any sex 

differences in extinction learning, ancillary analyses of self-administration data revealed that 

females self-administered more heroin than males in 3 h, but not 6 h, self-administration 

sessions, indicating time-dependent sex differences in heroin taking. 

Disclosures: M.S. McGregor: None. K.E. Nett: None. R.T. LaLumiere: None. 
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Title: Lateral habenula inhibition alleviates stress-induced mechanical hypersensitivity and 

fentanyl preference regardless of stressor type 
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Abstract: Stress is a primary risk factor in the development of mental health and substance use 

disorders. Our previous research has shown that footshock stress induces states of learned 

helplessness and can alter reward value, affect, and mechanical hypersensitivity. Moreover, we 

discovered that these features are predictive of future fentanyl preference. One hub known to 

control pain and reward, which may be responsible for driving these behaviors, is the lateral 

habenula (LHb). However, it remains unknown whether modulation of LHb activity during stress 

can reduce susceptibility to stress-induced disorders. In this study, we first examined the long-

term effects of stress on mechanical hypersensitivity, which is indicative of opioid vulnerability. 

We then aimed to reduce stress-induced opioid susceptibility by inhibiting the lateral habenula 

(LHb). Here we show that stress-induced hypersensitivity (SIH) as measured by the von Frey test 

of mechanosensitivity occurred regardless of stressor type -inescapable footshock, escapable 

footshock, and restraint stress- and did not differ based on treatment or sex. However, the 

recovery of mechanical sensitivity was dependent on both sex and the intensity of the stressor. 

We next tested if stress-induced opioid susceptibility can be attenuated by chemogenetic 

inhibition of VGlut2 neurons in the LHb during inescapable footshock stress. Consistent with our 

prior results, we observed differences in negative valence behaviors, nociception, and oral opioid 

self-administration following stress, and found that some of these factors could be recovered. 



Our results show that inhibition of the LHb during stress can block the induction of stress-

induced mechanical hypersensitivity and future fentanyl consumption and preference. Although 

stress can trigger individual differences influencing the risk of developing a substance use 

disorder, our findings demonstrate that modulating LHb activity has extensive and enduring 

behavioral effects on mechanical hypersensitivity and fentanyl seeking following stress. 

Disclosures: O. DePasquale: None. C. O'Brien: None. B. Kurani: None. D. Desai: None. R. 
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Abstract: Women are more likely to be prescribed opioids due to factors like higher sensitivity 

to pain and higher rates of chronic pain. Prolonged use of opioids, such as oxycodone, results in 

long-term changes in neurological function. One of the known mechanisms supporting these 

long-term changes in neuroplasticity and behavioral manifestations of addiction is the 

overexpression of the transcription factor ΔFosB. Overexpression of ΔFosB in the nucleus 

accumbens (NAc), a brain region involved in reward processing, has been linked to increased 

compulsive drug intake and seeking. We hypothesized that females will voluntarily intake higher 

doses of oxycodone compared to males and as a result females will have higher levels of ΔFosB 

in the NAc. To test levels of ΔFosB expression in the NAc in response to chronic oral self-

administration of oxycodone, Long-Evans rats were subjected to a two-bottle choice (TBC) 

paradigm where animals had the option to choose between two bottles: one containing only 

water and another containing water mixed with oxycodone (0.1 mg oxycodone/1 mL water), 24 

hours per day for 14 days. A control group had access to two bottles of water for the same 

duration. The bottles were weighed daily within the first two hours of the light cycle to measure 

liquid consumption, calculated as the change in weight (g) of the bottle from the previous 

measurement. Brain NAc sections were taken from oxycodone-exposed rats, and ΔFosB 

expression was assessed via immunohistochemistry. An unpaired t-test between sexes 

determined that females ingested significantly higher doses of oxycodone (p < 0.0001) compared 

to males. An unpaired t-test between sexes displayed that females were trending towards 

significantly higher levels of ΔFosB in the NAc. A strong positive correlation (r = 0.9827, p = 



0.0173) showed that higher doses of oxycodone consumption were associated with an increase in 

NAc ΔFosB expression. This study shows individual differences in oral drug self-administration 

affect ΔFosB expression in the NAc. This study also reveals sex differences in chronic oral 

oxycodone self-administration and suggests the importance of sex-specific addiction treatments. 

Disclosures: C. Zuvia: None. T. Lugo: None. V. Chanchykov: None. G.R. Poe: None. 

Late-Breaking Poster 

LBA007: Theme G Late-Breaking Posters 

Location: MCP Hall A 

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

Program #/Poster #: LBA007.084/LBA83 

Topic: G.09. Drugs of Abuse and Addiction 

Support: Genetic, Molecular and Anatomical Characterization of VTA Cell Types Involved 

in Pain and Addiction 5654 

Title: Investigating opioid activated neurons in the dopaminergic system 

Authors: *L. B. DOSTER1, S. L. MORISON1, E. P. PHELAN1, M. V. CENTENO3, A. V. 

APKARIAN2, R. AWATRAMANI4;  
1Neurol., 2Neurosci., Northwestern Univ. Feinberg Sch. of Med., Chicago, IL; 3Physiol., 
4Northwestern Univ., Chicago, IL 

Abstract: In the past two decades, the opioid crisis in the United States has contributed to 

unprecedented levels of addiction and overdose. The effects of opioids on reward and addiction 

are largely dependent on dopamine release in the nucleus accumbens from the ventral tegmental 

area (VTA). However, the anatomical identity of opioid activated dopamine (DA) neurons and 

the interaction between DA circuitry and opioids remains unclear. Here we show that DA 

neurons in numerous brain regions associated with reward and addiction are opioid activated. To 

examine neurons activated during morphine exposure, we used early gene cFos-linked capture in 

a transgenic mouse model, as well as where these neurons projected to. Opioid-activated DA 

neurons, within regions associated with reward and addiction, were isolated and counted in a 

rostral-caudal spread. We found significantly more activated dopamine neurons in the morphine-

treated VTA and substantia nigra pars compacta (SNc) than in their respective vehicle 

counterparts. This difference remained true across the rostro-caudal axis, including the caudal 

linear nucleus of the raphe and retrorubral regions, with the highest number of morphine-

activated dopamine cells exhibiting a ventro-medial bias in the central VTA. The periaqueductal 

gray and dorsal raphe, regions that are also implicated in addiction, were found to have more 

activated dopamine neurons than their vehicle counterparts in morphine-treated mice. Projections 

of the captured activated DA neurons were observed in the olfactory tubercle, dorsal striatum, 

nucleus accumbens, bed nucleus of the stria terminalis, and the basolateral and central amygdala. 



These data suggest that the opioid reward-addiction paradigm may be recruiting multiple 

subgroups within the DA system. Additionally, although this study is focused on dopamine or 

tyrosine hydroxylase expressing neurons, we captured active cells across many additional 

regions implicated in addiction generally. The advantage of this study is that our techniques 

allow us to examine the projections of these neurons, as well as specify differences and 

similarities among the opioid paradigms. In broadening our understanding of distinct addiction 

circuitry, targeted therapies for both opioid replacement and opioid addiction may be developed. 

Disclosures: L.B. Doster: None. S.L. Morison: None. E.P. Phelan: None. M.V. Centeno: 

None. A.V. Apkarian: None. R. Awatramani: None. 

Late-Breaking Poster 

LBA007: Theme G Late-Breaking Posters 

Location: MCP Hall A 

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

Program #/Poster #: LBA007.085/LBA84 

Topic: G.09. Drugs of Abuse and Addiction 

Support: TRDRP T32DT5202 to MB 

 TRDRP T32IR4866 to CDF 

 UC LEADS 

Title: Characterizing the Role of Lynx2 Following Chronic Mild Stress 
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Abstract: Cigarette smoking is the leading cause of preventable death in the United States. 

Nicotine, the psychoactive constituent from tobacco, is responsible for the reinforcing properties 

of smoking. Adult smokers who attempt to quit, may relapse within the first few weeks as result 

of discomfort from stress. Lynx2, a negative allosteric modulator of nicotinic acetylcholine 

receptors (nAChRs), is enriched in brain regions associated with stress regulation and nicotine 

reinforcement. Our studies aim to characterize the mechanism by which lynx2 may impact stress 

related behaviors. To address this, we implemented a chronic mild stress (CMS) protocol 

including several different conditions (nesting removal, water deprivation, damp bedding, cage 

tilt, continuous light, and white noise with predator odor) with both wild-type (WT) and 

transgenic lynx2-knockout (KO) mice. Following CMS, both control and CMS mice underwent a 

social interaction test and a nicotine conditioned place preference (CPP) paradigm. We 

hypothesized that in the social interaction test, CMS mice would spend less time in a chamber 

containing a novel mouse in comparison to the control group, with WT mice exhibiting greater 

time spent in the chamber compared to TG mice. In addition, we hypothesized that CMS 



conditioning would exacerbate the preference for the nicotine-paired chamber in both WT and 

TG mice compared to the control group as assessed in nicotine CPP. Overall, our studies suggest 

a potential interaction where lynx2 significantly interacts with stress exposure to alter social 

behavior in mice. In conclusion, our studies illustrate a role for lynx2 in nicotine cessation and 

stress exposure. 
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Abstract: Despite the rates of smoking decreasing each year, nicotine use is still prevalent in the 

United States, affecting approximately 22% of the population. Nicotine has been known to affect 

cognition, motivation, and reinforcement; research suggests that nicotine induces neurological 

adaptations in the mesolimbic dopamine (DA) pathway, which alter the effects of reward stimuli 

and drive learning. However, the current literature addressing nicotine’s effects on reward 

behavior is mainly centered around acute administration, which does not reflect the constant, 

low-level of nicotine found in the blood serum of smokers. Using concurrent fiber-photometry 

(FP) recording in the striatum and optical intracranial self-stimulation (oICSS) in the ventral 

tegmental area, we investigated chronic nicotine (cNIC) exposure on behavior and 

neurotransmission during dopamine-mediated reinforcement. ChR2-YFP x DAT-IRES-Cre(het/het) 

mice were given either cNIC or drinking water before being trained to press a set of levers self-

stimulate. After acquiring oICSS behavior, the lever contingencies were changed: one lever was 

reinforced on a Fixed Ratio (FR) 4 schedule, and the other lever was on FR 10. After a 

contingent lever press, a cue light was presented followed by optogenetic stimulation. cNIC mice 

exhibited increased self-stimulation behavior on the FR 4 lever when compared to controls, 

however this increase was not observed on the higher-cost lever. Furthermore, the dopamine 

transients during self-stimulation events were blunted on the FR 4 lever in comparison to the FR 

10, but only in the cNIC mice. These results suggest that long-term nicotine exposure affects the 

reward response to different reinforcers by altering DA transmission in the striatum; decreases in 

DA are associated with increases in motivation, thus driving self-stimulation behavior. This bias 



in reward response may explain the difficulties in quitting nicotine, and why nicotine users are 

more likely to abuse other drugs. Understanding the relationship between cNIC and reward is 

critical in elucidating the mechanisms behind addiction, abstinence, and relapse for nicotine and 

concurrent use of other substances. 
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Abstract: The rapid rise of vaping among young adults is a significant public health concern. 

Despite safety claims, e-cigarette use is linked to addiction, lung injuries, and fatalities. In 2021, 

11.0% of adults aged 18-24 were e-cigarette users, with over 2.5 million youth reporting use in 

2022.This study investigated neural correlates of vaping cravings in 20 young adult e-cigarette 

users using fMRI. Participants viewed 75 videos across three conditions: vaping scenarios, 

neutral scenarios, and instruction to consider immediate or harmful consequences. Craving 

ratings were collected after each trial.Results showed increased activation in the occipital cortex 

and basal ganglia reward regions during vaping-related videos. The medial prefrontal cortex 

showed greater activation in the 'Watch' condition compared to the 'Suppress' condition, 

suggesting successful modulation of craving responses through cognitive strategies.Multivoxel 

Pattern Analysis using a linear Support Vector Machine identified distinct neural activation 

patterns for each condition, achieving 71.85% accuracy on the testing set and 71.73% ± 0.01% 

accuracy during cross-validation. Activation patterns in the paracingulate gyrus and frontal 

opercular cortex emerged as key predictors of condition/video type.This study provides insights 

into neural mechanisms underlying vaping cravings and demonstrates the potential for cognitive 

strategies to modulate these responses. The findings suggest that vaping-related videos engage 

attention and craving-related circuits, craving suppression involves cognitive control and 

inhibitory processes, and neutral watching serves as a baseline.The observed craving modulation 

through self-regulation strategies suggests potential pathways for targeted interventions in vaping 

addiction. These findings may inform the development of more effective prevention and 



treatment strategies for vaping addiction in young adults, potentially leveraging cognitive 

techniques to enhance craving control. 
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Abstract: Variation in laboratory-specific contexts, such as differing acclimation procedures, 

animal care facilities, and sex of the experimenter, contributes to reproducibility issues in 

behavioral neuroscience. These factors interact with the natural variability in mouse behavior 

and can obscure experimental effects. Quantifying the effect size of laboratory-specific contexts 

is ideal but requires extensive sampling, which may be impractical for a single lab. To address 

this issue in the rapidly growing field of psychedelic science, we formed Psy-BAANC, the 

Psychedelic Bay Area Animal Neuroscience Consortium. Psy-BAANC is a consortium of 

laboratories conducting mouse behavior research through a collaborative, multi-institutional 

approach. Here, five Psy-BAANC labs perform the same experiments to test the acute and 

persistent effects of a single 2 mg/kg dose of psilocybin. We use linear mixed-effects modeling 

to estimate the effect of psilocybin and analyze the variance of several mouse behaviors across 

standard laboratory tests. Our findings indicate that a single dose of psilocybin leads to several 

robust and reproducible acute effects on mouse behavior, including increased anxiety-like 

behaviors and decreased exploration of a novel object. However, we also observe a robust lab-

dependency in some commonly used behavioral paradigms that test long-term psychedelic 

effects. The tail suspension test (TST) and the forced swim test (FST) demonstrated significant 



lab-dependency, with 50% of the variance in mouse behavior in TST and FST is explained by 

the individual labs. Moreover, five labs could not reproduce long-term psilocybin effects in the 

TST and FST paradigms. Our results highlight the effect of psilocybin in commonly used mouse 

behavioral paradigms and confirm the value of collaborative efforts in the rapidly growing 

psychedelic field. 
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Abstract: When sensory brain regions are deprived of their typical inputs, they activate 

differently compared to non-deprived sensory regions. In blind individuals, visual regions 

activate during a wide range of auditory, tactile, olfactory, and language tasks, whereas in deaf 

individuals, auditory regions activate during visual and tactile tasks. The exact functions that 

deprived sensory regions might have taken, however, remain unclear. This issue is of immense 

interest because of its implications for understanding the brain’s areal specialization and the 

extent to which the brain can change with experience. Prior reports have indicated that deprived 

sensory cortices, especially visual cortices in congenitally blind individuals, show activation 

during tasks requiring higher-cognitive functions such as working memory, response inhibition, 

episodic memory recall, and mathematical operations. This suggests that these deprived sensory 

regions might have integrated into the multiple-demand (MD) network. MD regions, a group of 

fronto-parietal areas, respond to any cognitive control demands across different sensory 



modalities. Our study examined whether deprived sensory cortices show the key characteristics 

of MD regions, that is, activation of the same foci in response to diverse control demands. We 

had 22 congenitally and early blind, 20 sighted control participants, and 10 early deaf 

participants performed up to four diverse fMRI tasks involving different modalities. Each of the 

four tasks contained an alternating sequence of easy and hard blocks. In the hard blocks of these 

four tasks, participants (1) made more difficult tactile size-judgments, (2) maintained and 

updated more working memory items, (3) made more demanding time-duration judgments, and 

(4) executed speeded motor responses. We also performed task-based functional connectivity on 

the collected data. Our findings showed that, in addition to fronto-parietal MD regions, almost 

the entire occipital cortex in the blind group activated in response to the diverse control demands 

and was functionally connected with MD regions. The occipital cortex in the sighted group did 

not show such activation. Crucially, we found that the same set of individual occipital voxels, 

delineated on each blind subject’s unnormalized and unsmoothed images, that are most sensitive 

to one type of control demand (e.g., tactile decision-making task) also responded robustly to the 

remaining three types of control demands (e.g., working memory updating, sensory-motor speed, 

and time-duration judgment tasks) (BF > 28). Auditory regions in the deaf group, however, did 

not show such control-related activation. 
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Abstract: Existing studies suggest that stimulant medications effectively improve symptoms of 

ADHD in children, but with significant heterogeneity. This study aims to better understand the 



neural mechanisms underlying ADHD and this variability in treatment success. Many studies 

report differences in brain networks between typically developing (TD) youth and youth with 

ADHD in both task-related processing networks, such as the frontoparietal network (FPN), and 

internally-oriented processing networks, most notably the default mode network (DMN). This 

analysis uses dynamic functional connectivity (dFC) to assess how dynamic interactions within 

and between the DMN and FPN may vary between TD youth and youth with ADHD. How the 

relationship between these networks is altered by the administration of a stimulant medication 

was also modeled. Medication naïve youth with ADHD aged 8-12 years were recruited for this 

study, along with matched TD youth. All participants underwent two MRI scanning sessions 

during which a standard go/no-go (GNG) task was conducted. Prior to one scanning session, 

participants in the ADHD group received a standard oral dose of methylphenidate (MPH, 0.3 

mg/kg) prior to data recording. A placebo was administered prior to the alternate session. 

Standard image processing steps were implemented, and BOLD time series were extracted from 

the DMN and FPN. A hidden semi-Markov model (HSMM) was used to constructs brain 

connectivity states common to all participants and then map how individuals traverse those states 

across time. Dwell time (total time spent in a given brain state) and sojourn distributions 

(consecutive time points in a given brain state) were calculated for each network state for each 

group. Low motion MRI data was collected from 23 TD youth (11 females) and 26 youth with 

ADHD (12 females). When comparing youth with ADHD off medication to TD youth, the 

HSMM successfully identified 4 network states. Participants with ADHD spent significantly less 

time than TD participants in a state hallmarked by strong within network connectivity of the 

DMN and FPN and relatively weak between network connections (p < 0.01). Participants with 

ADHD also exhibited longer sojourn times in this state (p < 0.01). When comparing participants 

with ADHD on and off MPH, no significant differences were observed in dwell times or sojourn 

distributions. These results demonstrate significant disruption of DMN and FPN connectivity 

during an attention task in youth with ADHD, and this analysis demonstrates the novel use of 

dFC to examine the neurological underpinnings of ADHD. These findings highlight the need for 

further research exploring the effects of stimulant medications. 
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Title: Deep learning and eye tracking: Analyzing visual search data with convolutional neural 

networks 
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Abstract: Eye tracking during visual search generates spatiotemporally rich but complex data. 

Traditional analyses simplify data into metrics such as saccade landings and dwell time, which 

exclude a substantial fraction of the variance in the raw eye data. Here, we asked if deep learning 

might aid scientists in incorporating this discarded portion of the data into analyses. 

Convolutional neural networks (CNNs) are supervised machine learning tools that excel at 

classifying biological data. We built a series of CNNs that classify eye position data based on the 

most likely location of a visual search target. Each CNN produces a set of likelihoods, one for 

each potential target location, with the largest likelihood reflecting the CNN’s prediction of the 

true location. We train each CNN on 2/3 of the data and cross-validate on the rest, comparing its 

classification accuracy (CA) to chance via frequentist and Bayesian techniques. We established 

the validity of this approach through four research questions. 1) Can a CNN detect overt 

attention towards search targets? We trained a CNN using a dataset from Massa et al. (2024; 

DOI:10.3758/s13414-024-02878-7) in which participants located a color-defined target among 

five distractors, and found that the CNN had a CA significantly higher than chance. 2) Can a 

CNN detect the use of feature-based attention (FBA) during visual search? Massa et al. (2024) 

found that participants’ abilities to use FBA could be manipulated via a precue that provided 

upcoming target color with certainty (reliable condition) or uncertainty (unreliable condition). If 

participants use FBA to guide search, then reliably-precued eye movements should prove more 

informative for a CNN. We found that a CNN trained using reliable trials had a significantly 

higher CA than an identical CNN trained using unreliable trials. 3) Can our results from 

Question 1 be replicated in an independent dataset? We trained a new CNN using a dataset by 

Grubb & Li (2018; DOI:10.3758/s13414-018-1494-y), in which participants located a shape-

defined target among five distractors. This CNN also had a CA significantly higher than chance, 

replicating Question 1’s findings. 4) Can a CNN detect overt attention towards task-irrelevant 

objects? In Grubb & Li (2018), one of the five distractors was an “experience-driven” distractor 

with a history as a sought target. We trained a CNN that predicted distractor location from this 

dataset, and again found a significantly above-chance CA. We thus confirm the validity of our 

CNN-based approach as a method of oculomotor analysis, illustrating its generalizability 

between samples and versatility in modeling multiple forms of overt attention. 
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Abstract: This study investigates developmental differences in EEG patterns between infants 

and adults during object recognition tasks, focusing on frequency domain analysis. Utilizing 

EEG data from Ashton et al.'s 2022 study, we achieved a highest classification accuracy of 

96.60% by applying the Fast Fourier Transform to convert time-domain data to frequency-

domain and using Support Vector Machines (SVM). We analyzed EEG data from infants and 

adults during object-viewing tasks, examining 18 features, including individual band powers, 

power ratios, and spectral slopes across 18 electrodes located in the frontal, occipital, posterior, 

and parietal regions. We normalized band powers and utilized periodogram analysis to verify the 

comparability of infant and adult data before running the SVM models. Combining all frequency 

bands yielded an accuracy of 93.55%, with the theta/(alpha+beta) ratio showing the highest 

individual accuracy of 94.38%. Posterior regions, particularly occipital and parietal areas, 

provided the most informative data. Frequency band permutation analysis revealed optimal 

ranges for differentiation: theta [4-9 Hz], alpha [9-12 Hz], and beta [12-30 Hz], achieving the 

highest accuracy of 96.60%. Our findings indicate significant developmental differences in EEG 

frequency patterns during object recognition, with the prominence of theta/alpha and 

theta/(alpha+beta) ratios and the importance of posterior regions suggesting ongoing maturation 

of visual processing networks from infancy to adulthood(Ashton 2022). 
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Abstract: The rhythmic theory of attention proposes that attention operates in rhythmic cycles at 

the theta band (4-8 Hz), reflecting alternating states of external sampling and internal processing. 

While previous studies tested the theory using bottom-up attention cues, this project investigates 

whether the same applies to endogenous, voluntary attention, and how spatial uncertainty affects 

the rhythmic process.Participants performed a spatial attention task where they fixated in the 

center while monitoring two peripheral gratings. A brief dot cloud of blue and red dots served as 

an endogenous spatial cue. The color dominance indicates where a target would appear with 80% 

validity, while spatial uncertainty was introduced by varying the blue-to-red ratio. The target 

would appear after the cue, with a cue-target interval (CTI) randomly selected from 300 to 1100 

ms, representing a near-threshold orientation change on either of the gratings. Participants were 

required to indicate the target location and then rate their confidence about the cue's content.We 

found an endogenous attention effect; compared to the uncued condition, people displayed better 

detection performance for targets at the cued condition, while this effect attenuated with 

increasing spatial uncertainty. Importantly, preliminary results showed that detection accuracy 

fluctuated as a function of the CTI at the theta band. We further predict that when the spatial 

uncertainty increases, the rhythmic attentional sampling will accelerate to alternate between 

locations in a rapid manner.The study advances our understanding of how the brain allocates 

attention under uncertainty, with implications for underlying neural mechanisms. 
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Abstract: Consciousness refers to the state of being mindful and perceptive of both internal and 

external realities. Despite collaborative efforts, there remains ongoing debate concerning the 

nature, mechanisms, and location of consciousness, particularly the neurodynamic shifts deep in 

the brain as consciousness transitions. By continuously monitoring neural activity throughout the 

human brain, covering both the superficial cortex and deep subcortical regions, we observe a 

robust phase-amplitude coupling between low- and high-frequency brain waves in multiple 

human brain sites during unconsciousness by propofol anesthesia. Furthermore, during the 

transitions into and out of unconsciousness, there are observable asymmetrical dynamics in the 

phase-amplitude couplings within the subcortical-cortical circuit. Specifically, during the gradual 

induction of unconsciousness, phase-amplitude coupling is propagated from subcortical areas to 

the cortex. However, upon emergence from unconsciousness, brief phase-amplitude coupling is 

predominantly observed within subcortical areas. Strikingly, our results show that the variations 

in the background neural activity of the subcortical-cortical circuit are linked to shifts in 

consciousness states. The results indicate that transient brain wave phase-amplitude coupling and 

its background levels in subcortical-cortical circuits provide a mechanism for forming and 

maintaining consciousness in humans. 
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Abstract: Object-based attention (OBA) facilitates processing of an attended object among 

spatially overlapping, unattended objects (Duncan, 1984). Additionally, exposure duration 

modulates the object representation strength and can influence the strategy used to process 

attended objects (Shomstein & Behrmann 2008). We hypothesized that a compensatory cognitive 

mechanism (other than OBA) may be used to assist with evidence accumulation when exposure 

duration and object representation strength cause perceptual ambiguity, making it difficult to 

identify targets based on feedforward information alone. To test this, a rapid serial visual 

presentation (RSVP) of partially-cohered overlapping faces and houses was used to engage 



OBA. The frame/exposure duration was manipulated (500 ms, 600 ms, 750 ms, 900 ms, 1000 

ms, 1200 ms), which modulated the available time to accumulate evidence about object identity 

in order to detect a target (specific face or house). Reaction times (RTs) for correct responses (𝜇; 

= 1.6s) were significantly slower than false alarms (𝜇; = 1.18s) at each frame duration (p’s < 

0.01) except 1200 ms (p = 0.19). This RT difference suggests engagement of an additional 

cognitive operation (e.g., memory) that affords greater evidence accumulation and enables 

accurate target discrimination. To determine whether memory processes were engaged, RT data 

were used to indicate how many subsequent RSVP frames were presented between target and 

response. A correct response for shorter frame durations (500, 600, 750 ms) occurs on average 

1.8 frames after target presentation and 1.03 frames at longer frame durations (900, 1000, 

1200ms). Conversely, false alarms occurred 0.6 frames after the false target with a variance of 

0.039 frames, showing strong consistency across all frame durations. Paired t-tests showed 

significant differences between the proportion of correct responses and false alarms at all frame 

durations (p’s < 0.01). Additionally, there was a significant difference (p < 0.01) between the 

average number of frames following correct responses on short versus long frame durations. 

Thus, the amount of visual evidence accumulated on short (vs. long) frame duration trials 

suggest different strategies are engaged. When frame duration is shorter and subjects respond 

correctly, approximately two additional RSVP frames are processed prior to response. We 

believe that subjects may be comparing the target frame to subsequent frames, providing 

evidence that memory might be leveraged at shorter frame durations to compensate for limited 

evidence accumulation during target presentation. 
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Abstract: Resting-state functional connectivity (rsFC) predicts traits and behaviors. However, 

the human mind rarely rests. Does rsFC reflect ongoing thoughts? If so, could the reason why 

rsFC predict behavior be that people with similar traits and behaviors have more similar thought 

patterns? In a 2-session fMRI study (n=60) collecting movie-watching, rest, and attention task 

data, we used a novel annotated rest task to probe ongoing thoughts during rest. Individuals 

completed up to 4 10-mins runs of the task, where they rested for 30s, verbally reported their 

thoughts in the previous rest period for 10s, and rated the thoughts on 9 dimensions (e.g., my 

thoughts were in the form of images). Ratings were widely distributed, suggesting that 

participants have variable thoughts at rest. We first tested whether rsFC reflects content (512-

element text embeddings of verbal reports) and dimensions (9 self-report ratings) of ongoing 

thoughts. Individuals with more similar thought content (r = .168, p < .001) but not dimensions (r 

= -.049, p = .968) had more similar FC patterns. FC dynamics also tracked within-individual 

fluctuations in thought content (r = .063, p < .001) and dimensions (r = .078, p < .001). Next, we 

built connectome-based predictive models with leave-one-subject-out cross-validation, where 

nonlinear support vector regression and classification models were trained to predict thought 

dimensions and classify thought topics (9 annotator-rated speech categories). We observed 

significant predictions of 5 of 9 dimensions (corrected-p < .01; awake, external, future, valence, 

and in the form of images) and above-chance accuracy in classifying the topics (mean accuracy = 

28.5%, p < .01). Applying these models to resting-state data from the Human Connectome 

Project (HCP), we conducted a canonical correlation analysis to examine the relationship 

between predicted resting-state thoughts and out-of-scanner traits and behaviors. We identified a 

significant positive-negative mode of population covariation linking ongoing thoughts with 158 

HCP individual-difference measures, including psychometric measures, lifestyles and 

demographics (r = .443, corrected-p = .027). Finally, to explore the role of resting-state thoughts 

in everyday cognition, we related thought similarity to neural synchrony during movie-watching. 

Across four movie fMRI runs, people with more similar thought content showed higher 

intersubject correlation in multiple brain regions (corrected p < .001), suggesting that like-

minded individuals may process the world similarly. Together, our work suggests that ongoing 

thoughts are reflected in rsFC and predict everyday cognition and behavior. 
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Abstract: Reality monitoring is the ability to distinguish between sensory-dependent (e.g., 

viewing an image or hearing a sound) and sensory-independent conscious perception (e.g., 

imagining an image or dreaming a sound). When reality monitoring fails, the source of the 

conscious experience is confused. For example, hallucinations occur when a sensory-

independent perception is misattributed to a physical source. The precise neural mechanisms of 

reality monitoring in healthy brains are poorly understood. Additionally, it is unknown why this 

system becomes dysfunctional in certain patient groups (e.g., schizophrenia) and in altered states 

of consciousness (e.g., psychedelic state). Challenges arise to resolve these queries due to the 

difficulty of developing a paradigm that generates reality monitoring failures in a controlled 

experimental setting with healthy participants. To address this, we developed a novel reality 

monitoring paradigm involving image and afterimage conscious perception. Afterimages are 

illusory, visual conscious perceptions that often occur following adaptation to light stimulation. 

In recent behavioral and fMRI studies, we found evidence that negative afterimages share 

perceptual characteristics and brain network responses with sensory-independent conscious 

perception (e.g., imagery). In the current study, participants perceived either a Gabor patch 

negative afterimage triggered by a preceding inducer stimulus or an on-screen Gabor patch 

image. The appearance (contrast, sharpness, and duration) of the on-screen Gabor patch image 

was manipulated to match each participant’s internally generated afterimage in a separate 

calibration session. On a trial-by-trial basis, participants were asked to report whether they 

perceived an afterimage or image. To ensure that participants were not aware of the trial 

condition, continuous flash suppression (CFS) was used to render the inducer invisible while still 

allowing for conscious perception of an afterimage. We hypothesize that afterimage and image 

conscious perception will be regularly misattributed by healthy participants (i.e., a failure of 

reality monitoring), and task performance (e.g., the frequency of source errors) may predict 

susceptibility to hallucinations in daily life. In future investigations, this paradigm can be 

combined with neuroimaging to study the brain mechanisms of successful and erroneous reality 

monitoring. 
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Abstract: Background: Behavioral studies found that the right hemisphere/left ankle 

specializes in position-related proprioceptive control, while the left hemisphere/right ankle 

specializes in movement-related proprioceptive control. However, the neural mechanisms 

underlying this hemispheric specialization in ankle proprioceptive control remain unclear. 

Purpose: This Electroencephalogram (EEG) study aimed to explore brain activation 

during an active ankle inversion proprioceptive test to understand the neural mechanism 

underlying ankle proprioceptive control. 

Methods: Twelve right-footed healthy adults (7M, 5F, 26.2±2.3 yrs.) completed the ankle 

movement extent discrimination assessment (AMEDA) for both ankles. Participants 

familiarized themselves with 4 ankle inversion positions (8°, 10°, 12°, 14°), and then 

differentiated these positions in a randomized 60-trial test. Proprioceptive discrimination 

sensitivity scores were derived from the mean area under the receiver operating 

characteristic curve. EEG signals were recorded at 1000 Hz using 64 electrodes. A t-test 

examined the mean power spectral density differences across brain regions during ankle 

inversion and neutral position. Signal preprocessing and frequency analysis were 

performed using MATLAB. 

Results: During left ankle inversion, mean gamma power in the right central region 

increased significantly (t=2.56, p=0.02). During right ankle inversion, mean delta and theta 

power in the prefrontal region increased significantly (t=6.68, p<0.01; t=5.14, p<0.01). No 

significant differences were found in ankle proprioceptive discrimination sensitivity 

(p>0.05). 

Conclusion: Increased gamma power in the right central region may reflect spatial 

localization during left ankle inversion, while increased prefrontal delta and theta power 

may indicate cognitive and attentional demands during right ankle inversion. These 

findings suggest bilateral ankle proprioception tests involve different cognitive and motor 

control processes, resulting in distinct hemispheric electrical activity. 
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Abstract: Understanding how the brain processes semantic and syntactic errors is crucial for 

elucidating language comprehension mechanisms. Methods like EEG time-frequency and ERP 

analysis provide insights into the timing and spectral characteristics of brain activation during 

http://files.abstractsonline.com/CTRL/B0/B/05C/7F1/990/400/E9D/390/AA3/AF2/170/17/g13755_1.jpg


language processing, but do not explain the mechanisms of communication within neural 

networks (Schneider et al. 2019; Behboudi et al. 2023). This study investigates neural network 

connectivity dynamics in children and adults during auditory sentence processing using EEG 

signals analyzed through the Phase-Lag Index (PLI) and graph theory. PLI measures phase 

synchrony between two signals while minimizing volume conduction effects (Stam et al 2007; 

Gaudet et al. 2020). Participants included 8 children (ages 8-9; F: 5) and 8 adults (F: 5). 

Sentences were categorized as correct, semantic violations, and syntactic violations. EEG data 

were recorded, epoched starting at the sentences’ main verb (when both semantic and syntactic 

errors occurred). PLI was computed for the theta frequency (4-8 Hz) to measure phase 

synchronization between all electrode pairs. Average PLI values between each electrode and all 

other electrodes were calculated to indicate its hubness, the centrality within the information 

network. In the theta band, correct sentences showed no significant connectivity change 

compared to baseline in children or adults. Semantic and syntactic errors elicited increased 

synchronization in both groups. Adults exhibited significantly more synchronization over 

anterior frontal, left temporal, and left parietal electrodes compared to children for semantic 

errors (t(12.36) = 2.76, p = 0.017). For syntactic errors, no significant age group differences were 

observed, but adults showed more synchronization over frontal and left temporal regions 

(t(11.68) = 1.56, p = 0.14). Within-group comparisons revealed that adults had greater 

synchronization during semantic than syntactic errors (t(7) = -1.35, p = 0.218), whereas children 

showed minimal differences between semantic and syntactic conditions (t(7) = 0.64, p = 0.543). 

These results suggest that during semantic errors, the anterior frontal, left temporal, and left 

parietal theta networks in adults act as hubs for processing incongruent linguistic input, likely 

due to theta's role in lexical retrieval (Maguire et al 2022). In contrast, syntactic errors involve 

fewer synchronized theta networks. For children, semantic and syntactic processing differences 

are less pronounced, supporting previous research that children rely more on semantics than 

syntax in sentence processing (Skeidi et al 2014). 
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Title: Neural dynamics of singing versus speaking 
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Abstract: Introduction: For over 100 years, it has been observed that some post-stroke 

individuals with aphasia can sing more fluently than they can speak. Despite extensive 

exploration into the neurobiology of language, the neural mechanisms differentiating speech and 

song production remain unknown. Here, we leveraged the high spatial (mm) and temporal (ms) 

resolution of intracranial electroencephalography (iEEG) to define the hemispheric contributions 

and network dynamics of singing and speaking.Methods: iEEG data was collected from 15 

participants with surgically-implanted electrodes for pre-surgical evaluation of 

pharmacologically-refractory epilepsy while repeating sentences in either a singing or speaking 

condition. We performed power estimation using the Irregular Resampling Auto-Spectral 

Analysis (IRASA) (Wen & Liu, 2016), which allowed us to distinguish rhythmic activity from 

fractal 1/f components. We then compared rhythmic power-spectrum components between the 

singing and speaking conditions. Results & Summary: Hemispheric asymmetries were 

observed across multiple frequency bands. Alpha power (~8-12 Hz) in motor and temporal 

regions was lower for singing in the right hemisphere and for speaking in the left hemisphere, 

with effect sizes ranging up to Cohen’s d of 0.53 (medium). Motor regions showed increased 

power in the beta band (~12-20 Hz; Cohen’s d of 0-0.64) in speaking compared to singing, 

particularly in the left hemisphere. Cluster-based permutations revealed a significant difference 

between singing and speaking in these regions, driven by activity in the alpha band (pperm < .002). 

Taken together the observed asymmetries provide evidence for hemispheric lateralization of 

singing versus speaking. 
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Abstract: Background: Cognition in cognitively intact “oldest-old” individuals can differ 

significantly, including in executive functions, memory, and processing speed. Dynamic brain 

activity can be clustered on the individual time-point level to produce group-averaged “brain 

states,” termed “co-activation patterns” (CAPs). These can offer high resolution temporal 

information regarding brain activity. This study marks the first attempt to explore the correlation 

between brain dynamics and cognition within the oldest-old demographic.Methods: In a study 

conducted across four sites—University of Alabama at Birmingham, University of Florida, 

University of Miami, and University of Arizona—146 cognitively healthy participants aged 85-

99, without cognitive impairment, underwent an 8-minute, 2.4-second TR, 3T resting-state 

functional magnetic resonance imaging session (rs-fMRI). Additionally, the participants 

completed neurocognitive assessments as part of the McKnight Brain Aging Registry 

collaboration. Co-activation patterns (CAPs) were calculated using a k-means clustering 

algorithm. Dynamics were defined based on Fraction of occurrence (percentage of time spent in 

a specific state), persistence (consecutive time spent in a specific state), and transitions 

(movements from one state to another state).Results: The CAP displaying the highest stability 

across models (mean r = 0.92) has highly active default mode network (DMN) (z = 2.2), 

relatively high activation of the ventral attention network (VAN, z = 1.0) and low activation of 

every other network (z < -0.6). We examined the dynamics of the predominant CAP to five 

aggregated cognitive performance measures. These dynamics were strongly correlated only with 



processing speed, where better processing speed was associated with greater transition entropy, 

longer persistence, and greater fraction of occurrence.Conclusions: The default mode network 

was identified as a stable, common group-wide measure in the oldest-old cohort, regardless of 

model. Better processing speed was correlated to dominant and persistent default mode network 

activity. CAPs add a nuanced, dynamic dimension to fMRI and hold promise as a potential 

biomarker for cognitive intervention in future studies. 
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Abstract: Background: Tai Chi (TC) practice has shown promise in improving cognitive 

function and functional connectivity (FC) in older adults, potentially mitigating age-related 

decline. However, the neural mechanisms underlying these benefits remain unclear, with prior 

research often unable to disentangle the effects of aging from those specifically attributable to 

TC practice. This study aims to differentiate the distinct contributions of age and TC practice on 

recurrent neural network dynamics (RNNDs) using source-localized electroencephalography 

(EEG). We hypothesize that aging will be associated with decreased FC, while TC practice will 

partially mitigate these age-related changes. Methodology: Resting-state EEG data were 

collected from three groups: healthy younger adult controls (YACs, n=15), healthy older adult 

controls (OACs, n=15), and older adult TC practitioners (TCOAs, n=15). EEG data were source-



localized and fitted to a Hidden Markov Model (HMM) to derive spatiotemporal features of 

RNNDs. Non-parametric Mann-Whitney U tests assessed between-group differences in temporal 

and spatial features by age (OACs vs. YACs) and TC practice (OACs vs. TCOAs), controlling 

for multiple comparisons using false discovery rate (FDR) correction. Results: Aging was 

associated with significantly decreased within-network and between-network FC across most 

brain networks (all FDR-adjusted p-values < 0.05 for all within/between network measures, 

except DAN and LIN), particularly in the default mode network (DMN), ventral attention 

network (VAN), and visual network (VIN). Conversely, TC practice was associated with 

significantly increased within-network and between-network FC across all networks (all FDR-

adjusted p-values < 0.05 for all within/between network measures), suggesting a network-wide 

mitigating effect on age-related decline. Notably, the effect size difference between age-related 

and practice-related effects favorably showed that TC practice may provide strong intra- and 

inter-network compensatory effects (median rank biserial r-diff = 0.25). Conclusion: Our 

findings reveal distinct effects of age and TC practice on RNNDs, with TC practice potentially 

counteracting age-related declines in FC. The overlap in networks affected by age and modulated 

by TC practice supports the hypothesis that TC practice may confer neuroprotective benefits by 

enhancing functional integration and communication within and between brain networks. These 

results underscore the potential of TC as a non-pharmacological intervention for promoting 

healthy brain aging. 
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Abstract: Human aging is accompanied by alterations in the organization of resting state 

functional correlation (RSFC) brain systems. Increasing age is accompanied by a decline in brain 

system segregation, which reflects the extent to which systems are functionally differentiated 

(Wig, 2017). Lower system segregation is associated with worse cognitive ability in both 

cognitively healthy adults (Chan et al., 2014) and Alzheimer’s Disease patients (Ewers et al., 

2021; Zhang et al., 2023). Further, longitudinal decline of system segregation is prognostic of 

dementia severity during older age (Chan et al., 2021). Despite its consequentiality towards 

cognitive function in healthy and pathological aging, the mechanisms underlying age-related 

system segregation changes are unclear. Animal models offer a means of gaining direct insight 

towards age-related brain network decline, but it remains uncertain whether comparable age-

related RSFC brain changes exist in other species, and how these changes compare to those 

observed in humans. Here, we establish a multi-species model of large-scale functional brain 

network aging, thus bridging research silos across species and catalyzing a program of 

interactionist aging neuroscience. Our previous work showed age-related decline in RSFC brain 

system segregation among mice (3-12 months; Winter-Nelson et al., in prep.). Here, we examine 

age-related brain network alterations in the marmoset. We analyzed data from an open-access 

awake resting-state fMRI marmoset dataset spanning 2-9y (MBMv4; n=39; Tian et al, 2022). 

Brain networks were built by first parcellating the brain into functional areas (nodes) by 

examining transitions of RSFC patterns and then detecting functional communities amongst the 

nodes. Network analyses were performed on individuals’ RSFC networks. Age-associated 

alterations of system segregation in marmosets were compared to those observed in mice and 

humans (the latter calculated from data obtained from the Human Connectome Project; 20-90y). 

Brain system segregation differs across species, irrespective of age (main effect of species: 

F(2,997)=31.37, p<.001). However, age-associated declines of brain system segregation were 

evident in each species (main effect of age: F(1,997)=68.62, p<.001). Notably, the rate of decline 

varied across species (age*species interaction: F(2,997)=20.15, p<.001), with mice showing the 

steepest slopes, humans the shallowest, and marmosets exhibiting an intermediate rate of decline. 

These patterns support the viability of cross-species models of brain network aging and highlight 

differential constraints on network organization and decline across species. 
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Abstract: Motivation: REM sleep is not classically associated with slow delta waves (1-4Hz). 

However, recently, a study in young adults identified clusters of delta waves: frontocentral fast 

sawtooth delta waves and medial-occipital slow NREM-like delta waves. Two questions arise : 

Are REM slow waves functional and how are they affected by aging? 

Methods: Overnight polysomnographic sleep EEG recordings were conducted in 61 young adults 

(mean age=20.24±1.91) and 72 older adults (mean age=74.79±5.73). Participants completed a 

paired association learning task and were tested in the morning. REM sleep delta waves and eye 

movements were detected using established algorithms. 

Results: In young adults, topographic analysis confirmed two delta wave clusters: frontocentral 

fast sawtooth waves and occipital slower waves. Compared to young adults (YA) 

(mean=70.11±9.61w/min), older adults (OA) had significantly reduced frontocentral fast 

sawtooth wave density (mean = 63.71±6.92w/min, t=-4.39, p<0.001) and amplitude 

(YA=9.34±1.62μV, OA=7.14±1.77μV, t=-7.31, p<0.001) as well as occipital slow wave density 

(YA mean = 26.07 ± 2.99 w/min, OA=22.56± 2.65w/min, t=-7.06, p<0.001). Weaker overnight 

memory consolidation was observed in individuals with higher slow wave density in REM sleep 

(r=-0.35, pcluster<0.01), but not in NREM sleep (r=-0.23, p>0.05) or for fast sawtooth wave 

density (r =0.10, p>0.05). Consistent with previous reports, young adults had a widespread 

increase in fast sawtooth waves during phasic REM sleep period (permutation cluster test, 

p<0.01) and an increase in slow waves during tonic REM sleep period (permutation cluster test, 

p<0.01). In older adults, the increased density of fast waves during phasic periods was limited to 

the frontocentral regions, with no reduction in slow waves during the phasic period. Specifically, 

compared to young adults, older adults show less difference in slow wave density between 

phasic and tonic period in central and occipital regions (permutation cluster test, p=0.01). 

Conclusion: Aging significantly disrupts REM delta waves, impairing frontocentral fast sawtooth 

waves and occipital slow waves. Slow 'NREM-like' waves during REM sleep, but not fast 

sawtooth waves, are associated with aging-related overnight forgetting. Our findings provide a 

new explanatory framework that may contribute to age-related forgetting during REM 

sleep.Funding: NIH grant RF1AG054106. 
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Abstract: The hippocampus is crucial for forming and retrieving episodic memories. Past work 

in healthy young individuals suggests a functional specialization along the hippocampal 

longitudinal axis in which more posterior regions support memory for fine-grained details, and 

representations become increasingly coarse in more anterior portions. Supporting this theory, 

prior work has shown higher correlation of hippocampal signals within the anterior versus within 

the posterior hippocampus, suggesting that anterior hippocampal signals integrate across wider 

spatial and temporal windows. Although it is well known that memory declines even in healthy 

aging, it is not known whether breakdowns in the functional signals of the posterior versus 

anterior hippocampus contribute to this decline. To address this gap, we used resting state data 

from 329 male and female participants aged 18-88 from the Cambridge Center for Aging and 

Neuroscience. We assessed inter-voxel similarity (IVS) as a measure of signal similarity across 

three hippocampal regions that spanned the long axis: the tail (most posterior), body, and head 

(most anterior). We found that age-related differences in IVS were largest in the most posterior 

hippocampal region (tail), within signals becoming increasingly similar to one another in older 

age. Age effects in the more anterior regions trended negatively but did not approach 

significance. These findings are in line with the hypothesis that the specificity of episodic 

memory declines in older age in part because the posterior hippocampus is less able to represent 

idiosyncratic details of individual events. However, we also related IVS values from each 

hippocampal subregion to individual differences in visual short-term memory, object 

recognition, and memory for the emotional context an object was presented in. While the 

relationship between IVS and memory performance was persistently negative for the right 

hippocampal tail (more similar signals associated with poorer memory), this relationship was 

strongest for short term memory and did not pass a correction for multiple comparisons. Thus, 

while we found substantial changes to signals within the posterior hippocampus with advanced 

age, their relationship to memory performance was relatively weak, suggesting that older adults 

may employ other neural systems to compensate for differences in hippocampal processing. 

Disclosures: S.M. Birr: None. C. Charles: None. C.R. Bowman: None. 

Late-Breaking Poster 

LBA008: Theme H Late-Breaking Posters 

Location: MCP Hall A 

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

Program #/Poster #: LBA008.107/LBA192 

Topic: H.12. Aging and Development 



Title: The effect of age on pigeon (columba livia) decision-making in a variable reward, spatial 
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Abstract: The process of aging leaves a notable impact on the nervous system. The nature of 

this impact and its consequences are well-known in humans and other mammals, but there 

remains a dearth of research focused on aging processes of most other taxa, including birds. 

However, recent studies on the avian hippocampus, a key brain area for spatial memory, suggest 

that older pigeons do experience changes in hippocampal function and cognitive decline. Given 

that homing pigeons are one of nature’s foremost navigators, the present research compared the 

behavior of young and old homing pigeons in a spatial memory task. Twelve (12) unsexed 

homing pigeons (Columbia livia) were divided into two experimental groups consisting of a 

younger group aged less than 7 years and an older group aged greater than eleven years. Subjects 

were trained to locate baited food bowls in an open floor arena with scattered landmark cues. 

Two food locations were never baited with food, while two others were baited with either a 

small, constant reward (2 food pellets per trial) or a large, variable reward (5 food pellets 

intermittently available). The intermittent schedule of the large, variable reward changed 

pseudorandomly between an even number of low variable (25%) and high-variable (75%) trials. 

The constantly and intermittently baited bowls oscillated between another pair of locations 

depending on which intermittent schedule was active on each trial, such that their placement 

served as a cue to the availability (high or low) of the large, variable reward. After being shaped 

to task, subjects completed 160 trials over the course of 23 days. First order results suggest that 

the older pigeons do not suffer from spatial memory decline: there was no significant difference 

between the two experimental groups with respect to error rates (choosing an empty food bowl 

location). Further analysis revealed that older pigeons preferred the small, constant reward 

location in both the low and high variable conditions, whereas young pigeons only preferred the 

small, constant reward location in the low variable condition. In the high variable condition, 

younger, but not older, pigeons preferred the large, variable reward location. We propose that the 

avian hippocampus undergoes functional changes because of aging. Older pigeons may not 

struggle to remember food locations, but their choice preferences indicate a deviation from 

rational decision-making (over time, the high variable bowl would have yielded more food). 

Further research will be necessary to probe how the avian hippocampus and related structures 

evaluate risk and reward, and how that evaluation may change as a function of age. 
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Abstract: Hierarchical relations drive state changes in environments. The brain may encode 

these through Bayesian inference. Neural correlates of Hierarchical Bayesian Inference (HBI) are 

not well studied. We studied HBI across ages in a probabilistic task using EEG and fMRI. Partial 

Least Squares analysis on EEG data revealed inverse correlation between age groups in HBI 

parameters and uncertainty. Younger adults exhibited expected correlations, with age differences 

in CEN regions correlated with high-frequency stimuli, suggesting context consolidation, and 

sensory regions correlated with low-frequency stimuli, indicating sensory learning in gamma-

beta bands. DMN regions correlated with low-frequency stimuli in theta-alpha bands, suggesting 

context processing. FMRI data shows that younger adults had higher activity in the salience 

network (SN) during estimation of context update and its errors. They had higher activity in parts 

of DMN and subcortical regions during context update errors, and in precuneus during volatility 

updates. Overall, older adults exhibited lower brain response but higher behavioral estimates for 

HBI compared to younger adults. Differing patterns of HBI observed across behavior, neural 

oscillations, and network activity, suggest that as we age, reliance on familiarity increases, and 

skills required for uncertainty estimation decline, reflected as changes in neural dynamics, where 

overall functional network connectivity becomes less efficient and granular. 
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Abstract: Visuospatial processing and navigational deficits are frequently observed during the 

preclinical stages of Alzheimer's disease (AD). Declines in navigational ability may also be 

predictive of the development of AD, as the earliest regions affected by the disease overlap with 

navigational neural networks. Neuropsychological tests like the Corsi Block Test (CBT) have 

been utilized to assess visuospatial working memory deficits during the preclinical stage of AD 

and in patients with amnestic mild cognitive impairment (MCI), a transitional stage between 

healthy aging and Alzheimer’s disease dementia. The CBT involves tapping out spatial 

sequences of increasing length on a board containing an arrangement of nine blocks, and 

performance is thought to predominately depend on visuospatial working memory. 

In the current study, we adapted the CBT to a real-life scale using immersive virtual reality (VR) 

to assess both visuospatial working memory and navigation in young adults (N=21, 11 females, 

age range: 18-24 years old), older adults (n=21, 11 females, 65-85 years old) and patients with 

MCI (N=10, 5 females, age range: 65-85 years old). Our implementation of the Virtual Reality 

Corsi Block Test (VR-CBT) uses the same standard layout of squares scaled-up on the floor. 

Participants observe a virtual avatar walking a path connecting a span of squares of increasing 

length (starting at 2 locations and increasing up to 8 locations), and are then asked to recreate the 

same path. Using eye-tracking during the VR-CBT, we can explore whether these deficits in 

visuospatial performance arise from a failure to encode and/or poor retrieval. Participants’ 

movements are tracked by external cameras as they wear a head-mounted display, allowing for 

independent ambulation as they navigate the open space and cameras within the headset track the 

participants’ eye movements. 

Preliminary data reveal clear age-related differences in performance, specifically in terms of the 

longest path successfully completed, such that young adults performed significantly better than 



older adults and older adults with mild cognitive impairment performed significantly worse than 

cognitively normal older adults. Furthermore, eye-tracking measurements during encoding 

significantly predicted performance, such that a greater number of fixations during encoding was 

associated with decreased accuracy during retrieval in both young and older adults. These 

findings suggest that immersive VR has high potential for measuring both visuospatial working 

memory and spatial navigation ability performance in patient populations, healthy older adults, 

and young adults. 
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Abstract: The role of the basal ganglia network in visual bistable perception, where perception 

spontaneously switches due to ambiguous stimuli, remains poorly understood. The subthalamic 

nucleus (STN) has emerged as a potential key player due to its direct interactions with multiple 

cortical areas, including the prefrontal cortex, via the hyper-direct pathway. Bistable perception 

is often explained as a top-down process, and the STN is involved in this top-down mechanism 

through its role in cognitive control and decision-making. To investigate this, we conducted a 

study recording local field potentials (LFPs) from the STN through depth electrodes implanted 

for deep brain stimulation in Parkinson's patients during both ambiguous and unambiguous 

visual tasks. Our study involved nine patients (three males and six females, mean age = 62.8 ± 

5.1 years). We adopted the spinning dancer illusion, to create an ambiguous stimulus that 

induced visual perceptual switching and a control task with explicit depth cues to provide an 

unambiguous visual experience. During these tasks, patients were instructed to report any 

changes in perceived rotation direction by pressing a button. We identified electrodes connected 

to the STN and divided them into dorsal and ventral sections using patient brain imaging data 

(preoperative MRI and postoperative CT) to account for the functional diversities within the 



STN. Our findings revealed a significant increase (p < 0.05, cluster-based permutation test) in 

the alpha-beta (10-30 Hz) power from 500 to 1250 milliseconds after the motor response 

following the detection of perceptual changes in the spinning dancer illusion, compared to the 

control task. Notably, this increase was observed only in the dorsal STN, whereas the ventral 

STN did not demonstrate any such variation. Our findings suggest that higher alpha-beta power 

in the dorsal STN after perceptual changes in the ambiguous task reflects higher effort for top-

down processes. This is because the ambiguous task requires internal perceptual decision-

making, while the unambiguous task does not. 
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Abstract: The 3q29 deletion (3q29Del) is a 1.6Mb copy number variant that is the strongest 

known genetic risk factor for schizophrenia. 3q29Del results in hemizygosity of 22 protein-

coding genes, including TFRC, which encodes transferrin receptor protein 1 (TFRC). The 

transferrin receptor is ubiquitously expressed and binds to iron-bound transferrin at the cell 

surface, thus constituting the major pathway for cellular iron uptake that is essential for 

mitochondrial function. Iron deficiency during development is an environmental risk factor for 

schizophrenia, and mitochondrial dysregulation was recently identified as a functional 

consequence of 3q29Del. However, it is unclear how environmental factors affect 3q29Del 

phenotypes. We conducted a dose-response curve to the iron chelator deferoxamine (DFX) and 

determined the half maximal inhibitory concentration (IC50). We also determined mitochondrial 

respiration using the Seahorse mitochondrial stress assay. We found that 3q29Del-engineered 

HEK (3q29) cells were more susceptible to iron deficiency in vitro. 3q29 cells displayed reduced 

viability and impaired mitochondrial function in the presence of DFX and, unlike intact control 



(CTRL) cells, failed to increase TFRC mRNA or protein levels under iron-deficient conditions. 

Moreover, we used inductively coupled plasma-mass spectrometry (ICP-MS) to measure iron 

content. 3q29 cells contained less iron at baseline and failed to import additional iron when 

challenged to increase aerobic respiration. Functional deletion of one allele of TFRC in HEK 

cells (TFRC+/-), using the CRISPR/Cas9 system, recapitulated key respiratory phenotypes of 

3q29 cells. In contrast to CTRL cells, TFRC+/- cells did not increase basal oxygen consumption 

rate (OCR) when challenged to use mitochondria for respiration. Together, our data indicate 

TFRC may be a mediator of gene-environment interactions in the schizophrenia-associated 

3q29Del. Our ongoing experiments are aimed at testing the haploinsufficiency of TFRC in 

human induced pluripotent stem cell-derived neural models. 
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Abstract: Rare mutations in SETD1A (SET domain-containing protein 1A) are strongly 

associated with schizophrenia (SCZ), a debilitating mental disorder affecting 1% of the 

population. SETD1A encodes a component of the histone methyltransferase complex producing 

mono-, di, and trimethylated histone H3 at Lysine 4 (H3K4). H3K4 trimethylation (H3K4me3) 

and H3K4me1 are epigenomic marks of active gene transcriptional promoters and enhancers, 

respectively. Interestingly, histone methylation has also been suggested as one of the top 



enriched pathways in SCZ genome-wide association studies (GWAS). However, the detailed 

molecular mechanism by which it causes neuronal dysfunction and contributes to SCZ 

pathophysiology remains unclear. Recent advances in stem cell biology have allowed the 

efficient conversion of human stem cells into defined neuronal cell types to address this question. 

Using CRISPR/Cas9 gene editing, we have generated isogenic pairs of human induced 

pluripotent stem cell (iPSC) lines carrying SCZ-associated SETD1A heterozygous mutations 

including two human engineered mutations exon16 p. L 1533fs, exon4 16bp deletion and two 

patient-specific knock-in mutations c. 4582-2delAG> and p. Y42fs. Using qPCR and western 

blotting, we confirmed that two mutations, exon16 p. L 1533fs and c. 4582-2delAG>, resulted in 

reduced SETD1A expression at both the mRNA and protein levels in iPSCs and human Ngn2-

induced neurons (iNs), while the other two early exon mutations, exon4 16bp deletion and p. 

Y42fs, displayed a mild reduction in mRNA levels in iPSCs and protein levels in Ngn2 iNs. 

Nevertheless, the reduction in SET1A expression does not affect their neural induction since 

SETD1A mutant iPSCs can be induced into mature human excitatory neurons using ectopic 

expression of Ngn2 (iNs). We also observed that the expression level of SETD1A mRNA and 

protein is reduced in human iN cells carrying SETD1A mutations. We next investigated the role 

of nonsense-mediated decay in regulating the degradation of mutant SETD1A mRNA and found 

that the impact varied depending on the location of the premature stop codon caused by different 

SETD1A mutations. Moreover, ongoing experiments evaluate SETD1A mutations with 

functional, morphological, biochemical, and genomic parameters to better understand the 

mutation-specific impact in the human neural model. The study enables us to perform a well-

controlled assessment of the impact of SETD1A mutations that strengthens the understanding of 

molecular and cellular mechanisms underlying SETD1A mutations associated pathogenesis of 

SCZ. 
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Abstract: The habenula (Hb) is a small epithalamic brain region that modulates the activity of 

dopaminergic neurons in the midbrain. It is linked to many neuropsychiatric disorders involving 

dysregulation of dopamine signaling, including schizophrenia (SCZD). In a previous 

transcriptomics study, we performed bulk RNA-sequencing of Hb-enriched epithalamic tissue 

from post-mortem brains of SCZD patients and neurotypical controls, and identified 173 

differentially expressed genes (FDR < 0.1), including dopamine receptor 5 (DRD5). 

Downregulation of DRD5 in SCZD was unique to Hb-enriched tissue compared to other brain 

regions, including the hippocampus, prefrontal cortex, and caudate. As DRD5 has been relatively 

understudied compared to other dopamine receptors, such as DRD1 and DRD2, little is known 

about its cell type localization. To better understand the spatial distribution and cell type-specific 

expression of DRD5 in the human Hb, we used multiplex RNAScope single molecule 

fluorescent in situ hybridization (smFISH) to investigate DRD5 expression in epithalamic tissue 

from 3 post-mortem human neurotypical control donors. We also performed analogous 

RNAscope experiments in the mouse Hb (n=3 mice). We utilized HALO software (Indica Labs) 

to quantify RNA puncta and colocalization of DRD5 with various Hb cell type markers, 

including subpopulations of medial and lateral Hb neurons. We compared results from human 

and mouse Hb to understand the extent to which cell type-specific expression of DRD5 is 

conserved across species. Here, we present a spatial molecular map of DRD5 expression in the 

human and rodent Hb to better understand the role of DRD5 in neuropsychiatric disorders. 
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Abstract: Psychosis affects how people perceive reality, often leading to severe consequences. 

Identifying those at risk early can help reduce its impact. However, precise markers for early 

detection remain unknown. Here we use Fast Fourier Transform (FFT) and Autocorrelation 

Factor (ACF) to reveal trial-by-trial patterns in win-switching and belief-updating as human 

participants performed a three-choice probabilistic reversal learning (PRL) task. We show those 

at risk for psychosis (CHR; n=201) have unique patterns of cognitive instability (F2,57= 5.46, p = 

0.028) and rigidity (F2,57= 2.54, p= 0.07), characterized by low frequency fluctuations in 

switching behavior and beliefs about volatility. Specifically, CHR individuals exhibit less 

consistent and more erratic decision-making over time compared to those seeking help for other 

mental health symptoms (HSC; n =163) and healthy comparisons (HC; n=129). These trial-

resolution behavioral metrics may serve as markers of an at-risk mental state, and proffer the 

exciting possibility that computational psychiatry may furnish cheap, scalable, and efficient tools 

for the clinic. 
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Abstract: Numerous studies have reported that oculometric parameters such as pupillary 

responses, fixation, saccades, and smooth pursuit are affected by schizophrenia. Given the 

relative ease of collecting these oculometric parameters, they are appealing as potential 

biomarkers of the disease. We performed a meta-analysis of the oculomics literature in 

schizophrenia to investigate replicability and robustness, and to identify oculometric 

subcategories with most utility as a diagnostic tool. We used PubMed, Web of Science, and 

Scopus to identify papers for inclusion based on (1) a keyword search of title and abstract, (2) 

quality of the eye tracking methods, and (3) quantification of the results that allowed us to 

extract measures of homogeneity, summary effects, and effect sizes. We included papers only if 

they reported oculometric parameters for both adult schizophrenic patients and a control 

population. Studies were divided into seven categories: pupil, eye scanning, eye blink, fixation, 

smooth pursuit, anti-saccades, and saccades. Based on our preliminary analysis (96 of 2,211 

studies targeted for inclusion), we report that effect sizes in most subcategories were in the small 

to moderate clinical significance range (effect size of 0.2 to 0.5). Across categories, the fixation 

and saccades category stood out both for the largest number of studies with 30 and 33 studies 

respectively, and for effect sizes that were in the moderate to large clinical significance range 

(effect size above 0.5). However, the eye scanning category had an average effect size in the 

large significance range (effect size above 0.8). Even though eye scanning hasn’t been 

researched as extensively as fixation or saccades, it has the potential of being a biomarker and 

should be considered in future research. Our meta-analysis supports the general view that 

oculometric parameters are reliably altered in people living with schizophrenia. However, only 

some oculometric parameters have effect sizes that are sufficiently robust to serve as a diagnostic 

tool. 
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Abstract: Psychotic disorders, such as schizophrenia, present a major challenge for research and 

clinical practice. Psychiatry lacks biomarkers for early diagnosis of psychosis. Aberrations in 

GABAergic inhibition and glutamatergic excitation in the cortex have been implicated in 

psychosis. Properties of cortical circuits, such as the ratio between synaptic excitation and 

inhibition are critical for healthy cognition and altered in schizophrenia. Changes in such 

microcircuit properties alter certain parameters of spontaneous cortical population activity 

measurable in humans.Here, we aimed to (i) identify putative large-scale neurophysiological 

signatures of early-stage psychosis; (ii) unravel their underlying synaptic mechanisms; and (iii) 

relate them to clinical symptoms. We identified large scale patterns of changes in cortical 

population dynamics during MEG resting state recordings in two datasets: a clinical dataset 

included participants at high risk for psychosis, first episode psychosis patients, and healthy 

controls; a pharmacological dataset measured the effect of lorazepam (GABA-A receptor 

agonist) or memantine (NMDA-receptor antagonist), administered orally to healthy participants. 

Across 180 well-defined cortical regions, we parameterized the power spectra of cortical 

dynamics in terms of the exponent, knee frequency, and area under-the-curve of the aperiodic 

component, the power and peak frequency of peaks within the alpha range. We also mapped the 

Hurst exponent of long-range temporal correlations of 7-13 Hz amplitude envelope 

fluctuations.Changes in cortical dynamics in the clinical groups compared to healthy controls 

(“psychosis signatures”) varied across cortical areas, with patterns that were remarkably similar 

between both clinical groups. These large-scale spatial patterns resembled those induced by 

pharmacological manipulation of GABA-A and NMDA receptors (“drug effects”). The spatial 

similarities between individual psychosis signatures and group-average drug effects varied 

between first-episode patients in a manner that related to symptoms: Individual similarity to 

NMDA-R blockade effects was correlated with negative symptoms. Individual similarity to 

GABA-A effects was related to positive symptoms (e.g. delusions).We conclude that early-stage 

psychosis is associated with large-scale patterns of changes in cortical dynamics which result 

from alterations in GABA-A or NMDA receptor functions and differentially related to symptoms 

severity. Our approach opens new perspectives for a neurophysiological-biomarker assay of 

psychotic disorders. 
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Abstract: Altered properties of auditory and language brain systems may contribute to auditory 

hallucinations. Previously both common and psychosis subgroup-specific functional connectivity 

associations were found with hallucination severity in the Bipolar Schizophrenia Network on 

Intermediate Phenotypes-1 (B-SNIP-1) sample (Okuneye et al., 2020). Subgroups included 

diagnosis (schizophrenia, schizoaffective, bipolar) or the three B-SNIP Biotype groups based on 

neurobiological similarity. All patients showed increased connectivity within left auditory 

regions associated with greater hallucination severity. Interhemispheric auditory cortex 

connectivity was increased for bipolar subjects and decreased for Biotype 1 in association with 

greater hallucination severity. We sought to replicate these observations.We used data (n=377) 

from B-SNIP-2, a replication of B-SNIP-1. From resting state fMRI data, we extracted 

connectivity from the same clusters of voxels reported in Okuneye et al. to show altered 

connectivity in association with hallucination severity. We conducted similar linear regressions 

on these connectivity values with the PANSS hallucination severity assessment, using the same 

covariates (age, sex, recruitment site, antipsychotic medication dose, and head motion), as done 

previously. Neither the all-patient finding nor the bipolar-specific finding was replicated. We did 



replicate greater hallucination severity in Biotype 1 (N=146) associating with reduced 

connectivity of right auditory association cortex to posterior portions of left auditory cortex 

(p=0.028). Replicating only the Biotype finding reinforces the potential of this subgrouping 

approach. Biotype 1 has low auditory processing signal per EEG measurements. Reduced 

interhemispheric connectivity of auditory cortex may be another manifestation of this group’s 

unique neural pathology. Further work in other brain areas, such as those that regulate auditory 

cortex, may identify alterations leading to hallucinations in other Biotypes. 
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Abstract: Individuals with the 22q11.2 deletion syndrome, one of the strongest genetic risk 

factors for schizophrenia, demonstrate cognitive impairments such as episodic memory 

dysfunction. Place cell dynamics in the hippocampus supporting episodic memory are also 

impaired in a mouse model for the 22q11.2 deletion (Df(16)A+/-). While hippocampal neural 

dynamics are under strong inhibitory control, there is no available information about functional 

alterations of molecularly identified inhibitory circuits in mouse models for the 22q11.2 deletion. 

Here, we examined interneuron subtype-specific activity dynamics in hippocampal area CA1 of 

Df(16)A+/-mice performing random foraging and goal-oriented reward learning tasks. We found 

that Df(16)A+/- inhibitory interneurons carry markedly reduced spatial information during 

random foraging. Mutant mice perseverate at rewarded locations during reward learning, and 



multiple interneuron types exhibit aberrant responses to reward locations. We observe task-

dependent changes in functional correlation structure among multiple GABAergic subtypes, 

suggesting a broadly disorganized microcircuit functional connectivity in mutant mice. Overall, 

we identify widespread and heterogeneous subtype-specific alterations in interneuron dynamics 

during learning, depicting inhibitory microcircuits with impaired flexibility. Our study provides 

novel biological insights into how schizophrenia-risk mutations affect local-circuit interactions 

among diverse cell types in the mouse hippocampus during learning. 
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Abstract: Schizophrenia is a complex and disabling neuropsychiatric disorder thought to result 

from a defective connectivity between several integrative regions stemming from 

neurodevelopmental failures, affecting mainly young men. Various anomalies reminiscent of 

early brain development disturbances have been observed in the left prefrontal cortex (PFC) and 

left ventral subiculum (SUB) of patients with schizophrenia. Non-competitive NMDA/glutamate 

receptors antagonists such as ketamine, can induce psychotic symptoms in healthy humans and 

exacerbate these symptoms in patients with schizophrenia. Moreover, it has been emphasized 

that patients frequently present perseverative or stereotyped behaviors (Geyer and Moghaddam, 

2002). From an experimental point of view, in animals, stereotyped rotations (circlings) is the 

most commonly observed behavior with psychotropic substances. The aim of the present study, 

taking into account all the above points, was to compare the effects of ketamine in adult male 

rats on circlings (rotations of 360° in the same direction), following a postnatal inactivation of 

the left PFC (infralimbic/prelimbic region) or the left SUB. During the neurodevelopmental 

period, impulse electrical activity appears to be crucial for shaping connections once developing 

axons reach the target structure. Therefore, functional inactivation of the left PFC or the left SUB 

was carried out by local Tetrodotoxin (TTX) microinjections in 8-day-old (PND8) rats. Controls 

received the solvent (PBS). Then in adult rats (11weeks), circlings towards the left or the right 



were investigated after ketamine was administred sc with different doses (NaCl; 5mg/kg; 

10mg/kg; 20mg/kg). Main significant results were the followings: 1) A clear dose effect for the 

total left +right circlings, was observed during the 90mins following ketamine administration, for 

the microinjected animals with PBS or TTX at PND8 in the PFC or SUB; 2) Total left+right 

circlings were significantly increased in TTX vs PBS animals only after neonatal left PFC 

blockade, but not left SUB blockade; 3) Moreover after TTX blockade of the left PFC, only left 

circlings were significantly increased, but not right circlings. Inasmuch PFC and SUB neonatal 

inactivations have been both reported to induce disruption in latent inhibition responses and 

increased locomotor responses to different psychostimulants, the results obtained in the present 

study with the stereotyped rotations suggest that neonatal functional disturbance of the PFC is 

more relevant than that of SUB in the context of the animal modeling of schizophrenia and 

merits further consideration for the understanding of schizophrenia. 
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Abstract: Arousal plays an important role in a variety of psychiatric diseases. Patients frequently 

deviate from healthy subjects, being either hyper- or hypo-aroused. EEG biomarkers, such as the 

auditory steady state response (ASSR), are used as diagnostic marker for Schizophrenia. These 

translatable assays are also used preclinically to investigate Schizophrenia-like pathologies in 

rodents, ASSR is considered mainly unaffected by attention, yet there are new clinical studies 

showing that the state of arousal can have a substantial impact on early sensory processing. 

Detailed information regarding the state of arousal in preclinical research is often not considered. 

Therefore, we evaluated how vigilance state impacts the magnitude of ASSR readouts, and if 

readouts can be pharmacologically modulated. We have previously shown that a mGluR2/3 

agonist can reverse ASSR deficits in a pharmacological challenge model. ASSR amplitude and 

inter-trail coherence (ITC) was measured using a wireless recording technique [2]. Epidural 

electrodes were implanted above the primary auditory cortex and medial prefrontal cortex. 

Animals were placed in a sound attenuated cubicle for recordings. All readouts were acquired 



with a 40Hz auditory steady-state response (ASSR) paradigm during the active an inactive cycle. 

Recordings were stratified into active and non-active periods during each recording sessions 

based on the activity index derived from the head-mounted accelerometer. In addition, a 

mGluR2/3 agonist (LY-379268) was administered prior to initiation of ASSR recordings.The 

amplitude and phase precision (ITC) of the ASSR were increased during low arousal state 

(ínactive cycle) compared to the high arousal condition (active cycle). In addition, separating 

active and quite phases during the recordings also revealed that ASSR ITC was negatively 

correlated to the motoric activity. Basal gamma oscillation in contrast was increased during the 

high arousal phase. The mGluR2/3 agonist reduced motoric activity and increased ASSR ITC 

under high arousal state. Our results show that evoked gamma entrainment elicited under passive 

conditions in mice is sensitive to the level of arousal.These results recapitulate clinical findings 

showing a significant impact of arousal on ASSR measurements and emphasize the importance 

of monitoring vigilance state in preclinical EEG studies. The modulation of ASSR amplitude and 

ITC by arousal states warrants caution when investigating oscillatory brain activity and 

interpreting treatment effects in animal models. It also emphasizes the necessity of standardized 

EEG recording procedures in preclinical research. 
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Title: Erp analysis of motor imagery in the dominant and non-dominant hands during serial 

reaction time task 

Authors: *P. CAMARGO1, A. L. AREVALO3, G. LEPSKI4,5, A. F. HELENE2;  
2Dept. of Physiol., 1Univ. of São Paulo, São Paulo, Brazil; 3Dept. of Exptl. Surgery, Univ. of São 

Paulo Med. Sch., Sao Paulo, Brazil; 4Univ. of São Paulo Med. Sch., São Paulo, Brazil; 5Dept. of 

Neurosurg., Eberhard Karls Univ., Tübingen, Germany 

Abstract: Motor imagery is a mental representation of movements without the action per se. 

Handedness can impact how individuals imagine and plan these movements,particularly in tasks 

requiring serial reaction time. Such tasks may involve varying strategies for motor imagery 



during both preparation and execution. Notably, left-handers may adopt distinct strategies and 

present an increased recruitment of the kinaesthetic modality when imagining movements of the 

non-dominant hand. Electroencephalographic analysis to obtain event-related potentials (ERPs), 

such as P300, is a valuable tool for examining motor imagery and the expectation of event 

occurrence. This study investigated the P300 component in the dominant versus non-dominant 

hand during motor imagery in a serial reaction time task with a probabilistic structure. The 

experiment (CAAE 15274718.8.0000.5464) included healthy volunteers: a right-handed (RH) 

group (n=9; 25.334.97 y.o), and two left-handed (LH) individuals (LH1 - 25 y.o.; LH2 - 28 y.o.). 

Edinburgh Handedness Inventory (EHI) and Kinesthetic/Visual Motor Imagery Questionnaire 

(KVIQP-10, Brazilian version) were applied. The serial reaction time task consisted of 750 

auditory stimuli, with each stimulus followed by an imagined action of pressing the correct 

button. All participants imagined themselves performing the task with their right hand. The 

probability of each of the three possible auditory stimuli followed a context tree: 24% (rare 

event), 76%, or 100%. Groups showed consistent scores on EHI (RH: 83.3322.91 | LH1:-100; 

LH2: -20), KVIQP-10V (RH: 27.569.93 | LH1: 31; LH2: 41), and KVIQP-10K (RH: 26.676.76 | 

LH1:15; LH2: 26). ERP analyses revealed regions of significance in the Fz channel: LH1 

showed differences at 90-120ms (N100), 150-200ms, 220-280ms (P200), and 340-500ms 

(P300); LH2 had variations at 100-160ms (N100), 170-400ms (P200, P300, N300), and 420-

500ms (N400). The RH group exhibited P200 effects around 200-220ms and a typical P300 

effect for rare events at 320-380ms post-stimulus. Additionally, the P300 component in response 

to rare events aligns with stimulus probability. These results indicate similarities in motor 

imagery for the dominant-hand in the RH group and the non-dominant hand in LH individuals 

within Fz, suggesting potential adaptive cognitive processing in left-handers. 
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Abstract: Schizophrenia (SZ) is one of the most severe psychiatric disorders and affects nearly 

1% of the world's population. Yet, there has been no major improvement in the therapeutic 

management of this disorder since the commercialization of atypical antipsychotics. This is 



mainly due to the complexity of SZ pathophysiology, the limited understanding of the available 

antipsychotics and the poor translation of output parameters from preclinical to clinical 

investigations. Recently, the use of behavioral measures combined with electroencephalography 

(EEG) has been highlighted as a better approach in SZ drug development. Hence, we report here 

the different effects of the antipsychotic clozapine on behavioral and EEG features of an acute 

model of SZ induced by the NMDA receptor antagonist MK-801. Separate cohorts of Sprague 

Dawley rats were evaluated in the Y-maze as well as for EEG biomarkers, such as mismatch 

negativity (MMN) and spontaneous oscillations, following acute MK-801 dosing (0.1-0.2 mg/kg, 

subcutaneously). The effects of the atypical antipsychotic clozapine (1-10 mg/kg, 

intraperitoneally) were then evaluated on behavioral and electrophysiological changes induced 

by MK-801. MK-801 significantly and dose-dependently reduced cognitive performance, MMN, 

while it also increased spontaneous gamma oscillations. Clozapine differentially reversed these 

behavioral and EEG changes provoked by MK-801. These results further our understanding on 

Clozapine and show that the acute NMDA-receptor-antagonism model could be a reliable and 

translational pre-clinical tool for drug developers working in the field of SZ. 
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Abstract: Metacognition is theorized to encompass two key functions: generating confidence in 

behavioral states (metacognitive monitoring) and regulating these states based on confidence 

(metacognitive control). Previous research has primarily focused on confidence in single-

decision tasks, associating the role of metacognitive monitoring with the prefrontal cortex (PFC). 

However, the functioning of metacognition in sequential decision-making and the corresponding 

neural mechanisms remain largely unexplored. We posited that (1) confidence at a given 

decision point would modulate the likelihood of continuing the same decision in subsequent 

choices, and (2) distinct neural substrates within the PFC would underlie metacognitive 

monitoring and control during sequential decision-making. To test these hypotheses, we 

conducted an experiment using functional magnetic resonance imaging (fMRI) with 34 healthy 

volunteers engaged in a sequential perceptual decision-making task accompanied by confidence 

ratings. Subjects viewed two circular stimuli, determined which was larger, and rated their 



confidence in this decision. They then viewed the same stimuli again, made another size 

comparison, and rated their confidence a second time. Decisions could either be consistent or 

differ from the initial choice. Across trials, stimuli varied in size difference, and for each subject, 

trials were categorized into high or low confidence based on the median initial confidence. 

Results indicated a higher frequency of changed decisions in low-confidence trials, suggesting a 

significant role of metacognitive monitoring in subsequent decision-making. fMRI analyses 

revealed increased activity in the anterior medial PFC during high-confidence trials at the initial 

decision phase, while the dorsal anterior cingulate cortex (ACC) showed greater activity during 

subsequent decisions involving a change of mind. Additionally, overlapping activity patterns 

were observed in the perigenual ACC. These findings indicate that metacognitive processes are 

interrelated and suggest that metacognition plays an integral role in sequential decision-making. 
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Abstract: The orbitofrontal cortex (OFC) is crucial for encoding value information about stimuli 

to guide decision-making. Despite this, its functional microstructure remains poorly understood 

compared to well-characterized sensory regions like the visual cortex. For example, value 

encoding OFC neurons can be tuned positively (firing rate increases with value) or negatively 

(firing rate decreases with value). Here we investigated whether neurons exhibiting these 

different value-tuning properties exist in anatomically distinct patches of OFC. To address this 

issue, we performed high-density neuropixel recordings to monitor the activities of hundreds of 

simultaneously recorded OFC neurons in monkeys performing a value-based choice task. We 

report evidence of functionally distinct parcellations of positive and negative value-encoding 

neurons within the OFC. Specifically, we found that ensembles of positively and negatively 

tuned value neurons occupy non-overlapping patches within the OFC. This result challenges 

prior reports of salt and pepper value tuning within the OFC and suggests a deeper functional 

microarchitecture than previously appreciated. 
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Abstract: Neurons in the orbitofrontal cortex (OFC) are causally involved in the computation 

and comparison of subjective values underlying economic choices [Ballesta et al 2020; 2022]. 

Different groups of neurons in OFC represent the input (offer values) and the output (chosen 

good, chosen value) of the choice process, suggesting that these cell groups constitute the 

building blocks of a decision circuit. Two fundamental and closely related questions concern the 

organization and the optimality of this neural circuit. A previous study proposed that the 

encoding of offer values is optimal if it ensures maximal expected payoff [Rustichini et al 2017]. 

This normative principle could correctly predict some tuning properties of offer value cells in a 

simple decision model, where choices were determined by comparing the firing rates of these 

neurons (i.e., ignoring the rest of the network). However, this simple decision model made clear 

predictions on the strength of synaptic connections between offer value cells and other groups of 

neurons, which we found to be inconsistent with connectivity estimates inferred from neural 

data. Here, we propose a new and expanded network model that - under the same normative 

principle (maximum payoff) - predicts the complete structure of the decision network in OFC. In 

our model, choices are determined by the firing output (rather than the input) of the network, 

which reflects the linear integration of activity across different cell groups and the overall circuit 

processing of subjective values. In the fully-connected network, we find that roughly 50% of 

synaptic weights strongly influence the expected payoff. The model makes quantitative 

predictions about the strength and relative significance of different sets of connection weights. 

To test these predictions, we recorded from large populations of neurons in OFC, and we used 

network inference analysis to estimate the connectivity between different cell groups 

[Schneidman et al 2006; Cocco et al 2017]. We found a striking match between the theoretical 

predictions and the estimates of connectivity derived from neuronal data. These results indicate 

that neural mechanisms in OFC are set to maximize the expected payoff of choices, and that the 

complete neural circuit in OFC is required to perform this computation. 
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Abstract: In humans, loss aversion is sensitive to stress, and patients with neurological or 

psychiatric illnesses are particularly vulnerable to the detrimental effects of stress that lead to 

suboptimal life altering choices. The basolateral amygdala (BLA) and nucleus accumbens (NAc) 

are stress sensitive brain areas that alter extracellular levels of norepinephrine (NE) and 

dopamine (DA), respectively. However, the dynamics of neurotransmitter release in these brain 

regions during stress has not been systematically explored. We used pharmacology and fiber 

photometric analysis to elucidate the impact of stress, DA and NE on brain activity during 

decision making behavior. Long-Evans rats were trained on an operant touchscreen decision-

making task in which they chose between a safe stimulus that delivered a certain 50µl sucrose, or 

a risky stimulus that delivered either a ‘loss’ (10µl sucrose 75% of the time) or ‘win’ (170µl 

sucrose 25% of the time). Stress, induced by an inverse GABAA agonist, FG7142, biased rats’ 

decisions towards safety due to increased loss sensitivity. The aversion to loss was blocked with 

co-treatment of the a2A receptor antagonist, yohimbine. We also captured the rapid dynamic 

properties of stress induced changes in NE and DA release in the BLA and NAc, respectively. 

We discovered that these dynamics could be modulated with systemic injections of yohimbine 

by altering stress induced catecholamine release to optimize decision strategy and motivational 

state 

Disclosures: V. Visockis: None. C. Turner: None. M. Lowrie: None. K. Messanvi: None. Y. 

Chudasama: None. 

Late-Breaking Poster 

LBA008: Theme H Late-Breaking Posters 

Location: MCP Hall A 



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

Program #/Poster #: LBA008.017/LBA103 

Topic: H.03. Decision Making 

Support: Whitehall foundation research grant #2021-12-045 

Title: Work Hard, Play Hard: Comparing Food and Non-food Reward on a Foraging Task for 

Rats 

Authors: *R. S. LOGUE1, R. K. KENDALL2, A. K. GARCIA3, B. A. BEJARANO4, A. M. 

WIKENHEISER5;  
1Delaware State Univ., Dover, DE; 2Psychology, UCLA, Santa Monica, CA; 3Psychology, 

UCLA, North Hollywood, CA; 5Psychology, 4Univ. of California Los Angeles, Los Angeles, CA 

Abstract: Laboratory tests of decision making in rats are typically motivated by food or water 

deprivation, and experimenters implicitly assume that rats seek to rationally maximize their 

earnings of these reinforcers. However, a rat’s home cage environment is also lacking in 

opportunities to interact with novel objects, explore new spaces, and engage in other forms of 

play. Performing a decision making task thus affords opportunities to engage in behaviors that 

are not normally available. Apparent departures from rational decision making might, therefore, 

reflect subjects balancing pursuit of standard reinforcers alongside less well-defined behavioral 

objectives. Here, we systematically investigated how rats allocated their time between food and 

non-food reinforcement in the context of a patch foraging task. Food-restricted Long-Evans rats 

(n = 10; 5 female) distributed their time between two open-field foraging patches. While rats 

occupied a food-reward patch, sucrose pellets were scattered into the enclosure following a 

schedule in which reward rate decreased over time, encouraging rats to transition between 

patches to optimize their overall reward gain. In non-food patches, sucrose pellets were never 

delivered but rats had access to a play structure that included chew toys, climbing structures, and 

tunnels. To switch patches, the rats entered a travel corridor, which imposed a wait time of 10 

seconds or 60 seconds to imitate travel time in natural foraging conditions. The reward rate was 

reset to its maximum value every time the rat switched between patches. Each 30-minute session 

involved one of eight randomized combinations of patch type and travel time. There was no 

significant difference in the amount of time rats spent in food and non-food patches, and rats 

visited both patch types with equal frequency. Rats were therefore willing to incur a considerable 

cost in terms of food earnings by engaging with toys, earning around half as much food as they 

could have by only visiting food patches. Rats were sensitive to travel time when foraging for 

both food and non-food reward, spending significantly longer on each patch visit in sessions 

where the travel time was long and switching between patches was costly. These data provide 

evidence that rats rationally pursue exploratory activities even when food is available, indicating 

a complex decision-making process influenced by environmental enrichment and travel time. 

This behavioral task suggests a novel means of inferring rats’ utility functions for arbitrary 

reinforcers, enabling a comparison of the neural mechanisms that support decisions motivated by 

a wide range of possible outcomes. 
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Abstract: Business managers employ various earnings management techniques (EMTs) to 

prevent debt covenant breaches. Understanding the underlying decision-making processes related 

to such techniques may help a manager choose the optimal approach to avoid a violation, but 

these cognitive processes remain poorly understood. The current functional magnetic resonance 

imaging (fMRI) study aims to explore the brain activation associated with making the decision to 

apply 3 commonly employed EMTs: accounting earnings management (AEM) involves 

increasing reported earnings by manipulating the recognition of revenue or expenses, 

classification shifting (CS) involves reclassifying core expenses to increase reported earnings, 

and total real earnings management (REM) involves making operational changes to increase 

earnings in the short-term but deviate from the ideal long-term strategy. During the fMRI scans, 

local business managers (n = 50) read the text presentations of multiple scenarios where 

companies were at different proximities to debt covenant violations. Then the managers decided 

whether to apply one of the three EMTs or not. The activation was significant after multiple 

comparison correction using FSL Gaussian Random Field theory-based cluster thresholding at a 

voxel-wise z threshold > 3.1 (i.e., p< 0.001, one-tailed) and a cluster-wise p threshold of 0.05. 

The results revealed 

deciding whether or not to apply any EMTs commonly activated the primary occipital cortex, 

lateral occipital gyrus, occipital fusiform gyrus, and posterior middle temporal gyrus in the 

ventral stream of visual processing. All 3 techniques also activated the regions in the inferior, 

middle, and superior frontal gyri that underlie language processing, working memory, and 



cognitive inhibition control. On the other hand, making decisions to apply individual EMTs 

involved unique brain activation including the temporal pole in AEM scenarios; left thalamus 

and hippocampus in REM scenarios; and temporal pole, brainstem, thalamus, and basal ganglion 

in CS scenarios. These brain activation patterns suggest making decision to apply EMTs may 

involve common visual processing and frontal cognitive functions, but deciding to apply 

individual EMTs requires additional cognitive processes such as delay reward processing in the 

temporal pole for AEM; inhibitory control for errors in the left thalamus and visual memory in 

the left hippocampus for REM; and processing of explorative choice in the brainstem, thalamus, 

and basal ganglion for CS. These unique cognitive processes may underlie different earnings 

management behaviour. 
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Abstract: Decision making is the process of committing to a choice or course of action based on 

relevant evidence and is traditionally studied using tasks that require agents to sample 

information from a single external (sensory) or internal (mnemonic) source. However, many 

decisions, such as determining whether you’ve identified a friend in a crowded poster hall, 

require agents to sample and compare information across external and internal sources. To study 

this process, we developed an experimental task that required human observers (N = 38, both 

sexes) to calculate decision-relevant evidence by comparing the features of an external stimulus 

with a memorized template. We show that this task elicits a scalp EEG signal associated with 

perceptual decision making - the centro-parietal positivity (CPP). CPP amplitudes increased over 

time and reached a maximum immediately prior to participants’ responses, consistent with the 

operation of an evidence accumulation process. However, unlike prior work, CPP amplitudes 

scaled with the total amount of decision-relevant information available to participants. These 



findings extend electrophysiological studies of perceptual decision making into the realm of 

multi-source decision making and establish the CPP as a robust marker of accumulated and total 

evidence during this process. 

Disclosures: A. Thoksakis: None. E.F. Ester: None. 

Late-Breaking Poster 

LBA008: Theme H Late-Breaking Posters 

Location: MCP Hall A 

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

Program #/Poster #: LBA008.020/LBA106 

Topic: H.03. Decision Making 

Support: Max Planck Society 549771 

Title: Meg captures human neural dynamics during value learning and computation 

Authors: *L. SEAK1, Y. LIU2, Z. KURTH-NELSON3, R. J. DOLAN1;  
1Max Planck UCL Ctr. for Computat. Psychiatry and Ageing Res., London, United Kingdom; 
2State Key Lab. of Cognitive Neurosci. and Learning, Beijing Normal Univ., Beijing, China; 
3Google DeepMind, Univ. Col. London, London, United Kingdom 

Abstract: Value-based cognition is fundamental to everyday decision making and is proposed to 

be compromised in a range of psychiatric disorders. Animal data highlight the contribution of 

hippocampal and dopamine function to value-based decisions. In humans, recent studies have 

focused on the neural dynamics of value computation within a trial (P. Pinheiro-Chagas et al., 

2024). The question of how underlying neural dynamics evolve with value-based learning has 

not been well investigated. Therefore, we here focus on studying how humans learn values 

during a task and how our brain activities reflect this process. We report 

Magnetoencephalography (MEG) data, from 44 subjects, where we examine neural dynamics 

related to how humans plan value-based decisions, and learn choice-based values across trials. 

During the planning phase of each trial, subjects were tasked to determine an optimal route 

(within a 4-step decision tree) to maximize accumulated value, where the value of each state 

drifted over time. We analyzed the MEG data using the dynamic time warping method and 

generalized linear regressions (GLMs), which normalised diverse planning times and allowed for 

diverse final trial values (monetary reward the subject received in a trial), respectively. We found 

significantly stronger and earlier value coding signals (GLM betas reflecting the final values), at 

the later trials of the experiment (i.e. after value learning). There was also a temporal evolution 

in brain topography mediating value estimation, where an early phase dominance of temporal 

regions shifted to prefrontal regions over the course of the task, evident in sensor-based GLM 

betas. Importantly, how well individual subjects learnt throughout the task was significantly 

correlated with the value-coding activity (GLM betas), and this was even within the earliest 



experimental trials. These findings provide a new perspective on value-based neural dynamics 

and how they change with learning, providing insight into value-based decisions and learning. 
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Abstract: Ecological and evolutionary developmental theories suggest that the developmental 

context calibrates psychological and neural factors towards capitalizing on available resources to 

solve the problems of living. However, most studies look at social and economic resources as 

one and do not consider their differential impacts on adult psychophysiology. Addressing this 

gap, we conducted a functional magnetic resonance imaging (fMRI) study with 45 healthy adults 

(mean age: 20.1±3, male N = 26) who completed surveys on their developmental and current 

economic and social context. They also completed a modified version of the Balloon Analog 

Risk Task which allowed us to model decision-making in the context of monetary gain under 

risk (risky reward, RR) or with no risk (safe reward, SR). We first used a clustering algorithm to 

split participants based on their developmental experience; a High-Social/Low-Economic 

Resource Group (HS/LE, N = 23) and a Low-Social/High-Economic Resource Group (LS/HE, N 

= 22) emerged. We then computed loss aversion for the task using an Exponential-Weighted 

Mean-Variance Model and analyzed neural activations and task-based functional connectivity 

associated with RR and SR in relation to their developmental group ( HS/LE vs. LS/HE) and 

their current psychosocial context. Groups were comparable in demographics, survey responses, 

loss aversion, and total gains obtained. Current social context was associated with loss aversion 

for HS/LE but not the LS/HE group (social avoidance, SIAS, r = .52, p = .01; social support K-

SF-42; r= -.43, p = .02). Interactions between loss aversion and developmental group revealed 

greater activations in the precuneus, middle temporal gyrus (MTG), lingual gyrus, and other 

regions implicated in loss anticipation for the HS/LE group. Further, higher current social 

support coincided with reduced risk-related activation in these regions and functional 

connectivity between the supramarginal gyrus and MTG for the HS/LE group. Taken together, 

our data suggest that those afforded relatively more social than economic resources in 



development show 1) greater association between psychosocial context and loss aversion 2) 

greater recruitment of loss-associated and motor-behavior associated neural regions with greater 

loss aversion, and 3) decreased connectivity between these neural regions with greater current 

social support. These suggest that psychological and neural factors calibrate and become 

sensitive to social resources when it was the predominant resource in the developmental context 

and this impacts mechanisms of non-social decision making. 
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Abstract: Introduction: Adolescence is a period during which important processes occur in brain 

maturation, along with the acquisition of skills that allow the regulation of behavior, such as 

executive functioning. In this scenario, the characterization of brain structural features as cortical 

thickness throughout this stage could be useful in identifying the neurobiological substrates 

underlying the development of such cognitive abilities. Furthermore, brain morphometric 

features can then be explored in search of associations with variables such as performance on 

cognitive tests. The aim of this study was to identify associations between brain structure and 

cognitive performance in a sample of children and adolescents with a typical development. 

Methods:We conducted an analysis of a dataset containing neuroimaging and executive 

functioning tests information from a sample of children and adolescents with typical 

development. For the assessment of cognitive performance, we used the Neuropsychological 

Battery of Executive Functions and Frontal Lobes (BANFE), which has been validated on 

Mexican population. For the analysis of brain structure, high-resolution anatomical images 

(1x1x1 mm³ voxels) were obtained on a 3T General Electric scanner. Image processing and 

statistical analysis were performed on FreeSurfer version 7.1.1. General linear models including 

age and sex as covariates were implemented in search for associations between cortical thickness 

and the total BANFE scores. To correct for multiple comparisons, Monte Carlo simulations were 



performed at 10,000 iterations with an adjusted significance value set at p<0.05. Results:The 

sample included 61 subjects (38 female) with a mean age of 13.9±2.5 years. We identified a 

cluster in the anterior cingulate cortex (ACC) of the left hemisphere (MNI x=5.4, y=37.8, z=7.8), 

spanning an area of 1201mm² where cortical thickness was found to have a statistically 

significant positive association with the total BANFE score when controlling the effects of age 

and sex (FWE-corrected p=0.035). Conclusions: This study found an association between 

cortical thickness in the ACC with the total score of a test of executive functioning in a sample of 

typically developing children and adolescents. Such results are in line with previous findings 

leading to consider this brain region as an information integration center involved in different 

cognitive functions related to the ability to select goal-directed behavioral responses. Future 

studies on the longitudinal trajectories of the structure of the ACC could provide relevant 

information on the neurobiological substrates of the development of executive functions. 
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Abstract: Learning is classically modeled to begin with an acquisition period, followed by a 

mastery period when the skill no longer requires conscious control, and actions become 

automatic. Brain activity eventually shifts from responding to the rewarding or aversive event to 

the presence of the associated cue or the action necessary to accomplish the task. To investigate 

these processes, we've developed an operant conditioning paradigm using open-source 

microcontrollers. This paradigm involves training mice through three stages, each emphasizing 

different aspects of the learning process. The first phase associates a sound cue with the delivery 

of a sucrose-water reward. The second phase introduces a lever press as a requirement for reward 



delivery. The final phase integrates the cue to signal when the mouse can press the lever to 

receive the reward. During these training stages, we record GCaMP6f fluorescence from D1-

expressing spiny projection neurons (D1-SPNs) in the ventral striatum (VS). Our preliminary 

data indicate that there is a specific activation pattern as the cue or the lever press predicts the 

acquisition of the reward, suggesting a refinement of D1-SPNs for a specific learned task. 

Interestingly, SPNs activity over training is increased around the lever presses but not during the 

association of a sound with the reward. D1-SPNs appear to show depression in activity as the 

mouse is actively acquiring the reward, independent of whether the reward is provided. In 

summary, our research employs a sophisticated operant conditioning paradigm and 

neuroimaging techniques to unravel the complex neural dynamics involved in reward-based 

learning. The insights gained from our work may contribute to a better understanding of the 

neural mechanisms underlying maladaptive behaviors and could potentially inform strategies for 

addressing conditions such as addiction and mental illness. 
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Abstract: Ripples are emerging as a promising substrate for information binding in the human 

cortex. Recent work has demonstrated that these brief (~100ms), high frequency (~90 Hz) 

oscillations co-occur and phase-lock at zero lag in the human brain prior to correct semantic 

judgments. Published work on cortical co-rippling has investigated only the visual word 

modality, where widespread co-rippling was initiated by the left fusiform gyrus area that encodes 

visual stimuli as word forms. It remains to be seen if widespread ripple synchronization extends 

to other modalities. Building on this work, our study investigates whether similar patterns of 



widespread ripple synchronization occur in the human cortex during similar tasks in the auditory 

word modality. Using data from patients implanted with electrocorticography grids (ECoG), 

arrays that cover large portions of the cortex and record local field potentials (LFPs), we 

measured ripples during two auditory word semantic judgment tasks. During the tasks, we 

measured co-rippling (ripples with >25ms overlap), phase-locking (ripples with consistent phase 

lag), and coordination of single units in one patient who was also implanted with a Utah Array. 

Our analysis demonstrated that auditory semantic judgment tasks elicit similar widespread ripple 

synchronization in the human cortex, mirroring the patterns reported in the visual word task. 

However, in these auditory tasks, the widespread co-rippling is initiated by the posterior superior 

temporal gyrus (pSTG), a region associated with auditory word form encoding. Furthermore, co-

ripples were shown to phase-lock at long distances in target conditions during the auditory word 

task, as was seen in the visual word task. These findings indicate that ripple synchronization may 

be a general mechanism for cortical integration that extends across multiple modalities. These 

results have broad implications for understanding the neural mechanisms of cortical integration 

during cognitive tasks and support the long-debated idea that synchronized high-frequency 

oscillations may facilitate information integration in the brain. 
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Abstract: Background: A chronic reduction in cerebral blood flow (CBF) as a result of disease 

state is associated with impaired executive function (EF), whereas increased CBF arising from 

high-level physical fitness is associated with improved EF. Moreover, some work has shown that 

a transient increase in CBF (via exercise) benefits EF; however, it is unclear whether a transient 

decrease in CBF impairs EF. To that end, the present work employed a 3-h head-down tilt (HDT) 

protocol involving intermittent assessments of CBF and EF. The HDT protocol was employed 

because it has been shown to reliably and safely decrease CBF. Methods: A sex-balanced 



sample (n = 24) of healthy participants completed two 3-h sessions of -12° HDT and a no-tilt 

control while EF (Stroop task) and physiological assessments (i.e., heart rate (HR), blood 

pressure (BP) and middle cerebral artery velocity (MCAv)) were completed at 30-min timepoints 

throughout the protocol. Results: The HDT condition demonstrated a linear decrease in MCAv 

as a function of time (p>0.001), however, the control condition did not show a reliable time-

based decrease (p>0.05). Notably, in spite of the time-based decrease in MCAv during the HDT 

condition, neither congruent nor incongruent trial Stroop reaction times (RT) or response errors 

differed from baseline (all ps >.25), and MCAv and RT values were not reliably related (r<0.04, 

p>0.87). Conclusion: Acute HDT provides a transient and linear time-based reduction in CBF, 

and this physiological change is independent of a change in high-level EF. These findings may in 

part reflect an adaptive mechanism that enhances the brain’s efficiency in oxygen extraction 

during transient periods of reduced CBF. 
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Abstract: Background: A single bout of aerobic exercise (AE) across a continuum of 

metabolically sustainable intensities provides a postexercise executive function (EF) benefit that 

has been linked to an exercise-based increase in cerebral blood flow (CBF). Notably, music 

listening (ML) increases CBF in EF networks via an arousal-based increase in heart rate and the 

magnitude of this increase is comparable with “light” intensity AE. The present study sought to 

determine whether comparable changes in CBF induced by AE and ML benefit EF and whether 

combined AE and ML elicit an additive EF benefit. Methods: Healthy young participants 

(N=22: 14 female) completed four 10-min conditions on separate days consisting of: (1) non-

exercise, non-music control, (2) ML entailing a 5-song playlist of rock music in a randomized 

order, (3) “light” intensity AE (via cycle ergometer) at an intensity of 20-39% of predicted heart 



rate reserve and (4) combined ML and AE (i.e., ML+AE). Pre- and post-intervention EF was 

evaluated via the antisaccade task (i.e., saccade mirror symmetrical to target location) because it 

provides a reliable basis to identify subtle changes in EF. Transcranial Doppler ultrasound (TCD) 

measured middle cerebral artery velocity (MCAv) throughout each condition to estimate changes 

in CBF and heart rate and blood pressure were continuously recorded. Results: ML, AE and 

ML+AE produced a baseline to steady-state increase in MCAv (ps<.05); however, only the AE 

and ML+AE conditions produced a reliable post-intervention decrease in antisaccade reaction 

times (RT) (p<.001). Moreover, the magnitude of the MCAv change in all conditions did not 

reliably relate to the magnitude of pre- to post-intervention changes in antisaccade RTs (ps >.35). 

Conclusion: A single bout of ML increases CBF but does not elicit an EF benefit in line with a 

single bout of AE. Moreover, the introduction of a combined ML+AE protocol neither elicits an 

additive increase in CBF nor produces an increased magnitude EF benefit. 
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Abstract: About 45% of early-stage colorectal cancer survivors exhibit significant cancer-

related cognitive impairments (CRCI) in objective attention/working memory, verbal learning, 

and information processing speed after surgery with no added effects from adjuvant therapy. 

Little is currently known regarding its neural mechanisms, which greatly impedes the 

development of effective therapies. Towards addressing this issue, our study aims to utilize 7T 

MRI to investigate the relationship between colorectal CRCI and gray matter (GM) 

morphometry as regional variations in cortical thickness, area, and volume may be associated 



with differences in cognitive abilities. Twenty-six subjects were recruited including 13 colorectal 

cancer survivors (stage I or II, aged 58.92 ± 8.43 yrs) who have had surgery without adjuvant 

therapy within six months and 13 age/sex/education matched healthy controls (HC). All subjects 

had no prior malignancy or history of neurological disorders. Each subject underwent 

neuropsychological testing (Hopkins Verbal Learning Test-Revised, Trail Making Test, and 

Controlled Oral Word Association Test), Beck Depression Inventory, State-Trait Anxiety 

Inventory, and MRI in a Siemen's MAGNETOM Terra 7T scanner within the same day. Cortical 

surface reconstruction was accomplished using FreeSurfer's automated cortical measurement 

technique. Analysis of covariance was utilized to determine the specific neuropsychological tests 

and GM measurements that significantly differentiate between HC and survivors while 

controlling for the effects of age, education, depression, and anxiety. These were then fit to 

generalized linear models (GLM) to determine the GM measurements with significant 

relationships to the neuropsychological test results. We found that the Recognition 

Discrimination Index (RDI) (p=0.014) and Trail Making Test A (TMT-A) (p=0.037) results were 

significantly different between HC and survivors. GLM analysis of survivors indicated that the 

thickness of the left orbital gyrus was significantly correlated with RDI results (p=0.038) while 

the thickness of the left inferior temporal gyrus was significantly correlated with TMT-A results 

(p=0.037). These regions are known to be involved in executive functions and language/memory 

processing. Our preliminary results present evidence of alterations and associations between 

cortical thickness and cognitive functioning in colorectal cancer survivors. Further data 

collection is underway that will help elucidate the neural mechanisms and biological targets 

needed for treating colorectal CRCI. 
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Abstract: Epidemiological studies have found associations between exposure to particle 

pollution and neurocognitive outcomes. The life stages of childhood and adolescence are 

particularly vulnerable to the effects of particle pollution, since their CNS is still in development, 

especially in regions related to executive functions. The goal of this study was to assess if 

exposure to diesel exhaust particles (DEP) impairs the postnatal development of executive 

functions. We hypothesized that DEP exposure will impair executive function in juvenile mice 

by inducing neuroinflammatory responses. To test the hypothesis, female and male C57BL6/J 

mice were exposed intranasally to either saline or increasing doses of DEP during postnatal days 

(PND) 25 to 33. Behavioral and cognitive outcomes were assessed on PND 36 to 38. Mice 

locomotor and exploratory behaviors were evaluated with the Open Field Test; and problem-

solving skills, short- and long-term memory with the Puzzle Box paradigm. Mice were 

euthanized on PND 39 and brain tissue was collected to measure the concentration of cytokines 

and chemokine. Mice exposed to DEP exhibited a hyperactive phenotype with concurrent 

deficits in problems-solving skills (mid dose) and short- and long-term memory at the highest 

dose. Dose-dependent increases were observed for IL-1, IL-6, IL-12, IL-17; while dose-

dependent decreases were observed for IL-9, IL-13 and TNF alpha. Overall, results show that 

CNS immune responses were skewed towards a pro-inflammatory state. In addition, a principal 

component analysis discriminated the immune responses into IL-9 vs. IL-17 driven, suggesting 

the involvement of adaptive immune response in DEP induced neurotoxicity. 
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Abstract: To deal with the perpetual stream of information coming from the environment in 

daily life, we rely on the working memory (WM) to store information temporarily. This requires 

1) efficient encoding framework to separate stimuli coming at adjacent times, and 2) flexible 

updating mechanisms to discard the information no longer needed and to accommodate newly 

arrived one. To investigate the computational mechanism underneath such functional 

implementation of the WM, we analyzed the information representation of both a recurrent 

neural network (RNN) model and human subjects (n=28) in the same N-back task (N=2 or 3). 



The N-back task requires subjects to encode and update memory items continuously. 

Specifically, we examined the neural representations of memory items and dynamics during 

memory updating in the low-dimensional representational space, through implementing principle 

components analysis (PCA) on the hidden state of RNN model or the phase locking value (PLV) 

matrix extracted from the EEG signals recorded from the prefrontal cortex during the task. We 

found that an orthogonal-rotational dynamics supports the memory encoding and updating, 

allowing the information in the memory to be stored and proceed in a “first in, first out” manner. 

In the RNN model, we found orthogonal representations of memory items , each of which 

occupied a fixed subspace according to their relative ordinal rank. A rotational operation 

transferred information across different subspaces in a certain direction for updating memory 

items dynamically while maintaining their order. Meanwhile, the representations of memory 

information extracted from EEG signals in humans showed similar representations, i.e., the 

orthogonal-rotational dynamics, as found in the RNN model. Our findings reveal a potentially 

common framework of orthogonal-rotational dynamics that is implemented in both artificial and 

biological neural network, which supports efficient encoding and dynamical updating of memory 

during the processing of information steam. 

Disclosures: B. Yang: None. S. Yu: None. 
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Abstract: Working memory, defined as the ability to maintain and manipulate information, 

requires the interplay of different brain areas. A prominent theory proposes that connectivity 

between brain areas is implemented by the synchronization of neural oscillations. It has been 

recently proposed that frequency shifts could play a key role in the synchronization of neural 

oscillations and therefore, inter-areal communication. Specifically, it has been suggested that 

harmonic relationships between brain rhythms would facilitate brain communication via cross-

frequency phase synchrony. In this study, we assess whether changes in the frequency of 

posterior alpha (8-14 Hz) and frontal theta (4-8 Hz) neural oscillations during a working memory 

task are accompanied by changes in inter-areal communication as quantified through information 

theory metrics. For this purpose, we recorded High Density Electroencephalography (HEEG) in 



23 subjects (13 male) while they performed a spatial working memory task. In line with previous 

studies, working memory retention was associated to a posterior alpha frequency increase and a 

frontal theta frequency decrease. These frequency shifts during memory retention led to an 

increased occurrence of a 2:1 harmonic frequency arrangement (alpha ~ 11 Hz; theta ~ 5.5 Hz) 

and therefore, greater 2:1 phase synchronization. However, information theory metrics did not 

identify a significant change in information transmission (as assessed through Transfer Entropy) 

during working memory delay. Instead, a significant decrease in Mutual Information during the 

working memory delay was found. Together, our results show that harmonic frequency 

arrangements (and therefore cross-frequency phase synchrony) do not necessarily lead to greater 

inter-areal communication in the brain. 

Disclosures: J. Rodriguez-Larios: None. 
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Abstract: Recent work has documented striking heterogeneity in the performance of state 2 of-

the-art vision language models such as GPT-4v and the DALL-E text-to-image models. These 

models are able to describe and generate an incredibly diverse array of complex, naturalistic 

images, yet they exhibit surprising failures on basic multi-object reasoning tasks - such as 

counting, localization, and simple forms of visual analogy - that humans perform with near 

perfect accuracy. To better understand this puzzling pattern of successes and failures, we draw 

on theoretical accounts from cognitive science that postulate a fundamental trade-off between 

representational flexibility (i.e., the use of compositional representations to promote 

generalization) and channel capacity (i.e., the number of entities that can be represented at any 

one time). This trade-off gives rise to the classic binding problem, leading to severe constraints 

on the ability to rapidly process multi-object scenes, and necessitating the use of serial 

processing to prevent interference. Drawing on this perspective, we hypothesize that VLMs, 

under pressure for generalization, also learn structured representations, but lack the serial 

processing mechanisms to effectively use these to process and generate multi-object scenes, 

resulting in severe capacity constraints similar to those observed when humans are forced to rely 



on rapid, parallel visual processing. We test this hypothesis through a combination of classic 

cognitive tasks and novel benchmarks. Our results provide a unique perspective on VLMs, 

informed by work in cognitive science, suggesting that their capacity for generalization 

paradoxically gives rise to many of their most notable limitations, possibly for the same reasons 

humans exhibit a similar profile of competencies and limitations. 
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Title: Temporal regularities tune the prioritisation of sensory and motor working-memory 

contents 
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Abstract: Internal selective attention prioritises working-memory contents to prepare us for 

prospective behaviours. The prioritisation of visual contents in working memory is flexible and 

temporally tuned. In addition to visual contents, action-related contents can also be prioritised in 

working memory, highlighting the pragmatic nature of internal attention. An open question is 

whether the prioritisation of action-related contents is similarly flexible and tuned to the 

temporal structure of the task. Additionally, it is unclear if the modulation of co-existing sensory 

and action-related contents in working memory is intrinsically coupled. Here, we designed a task 

that encourages the flexible prioritisation of two item locations and two associated prospective 

actions as a function of dynamically evolving temporal expectations. The design orthogonally 

manipulated item location (left vs right side) and prospective action (left vs right hand), enabling 

the independent tracking of the prioritisation of sensory contents (through alpha EEG activity 

modulation and gaze biases) and prospective actions (through mu-beta EEG activity changes). 



Results across two sessions showed that sensory- and action-related prioritisation co-exist in 

working memory. Both are flexible and temporally tuned, as indexed by reaction-time benefits, 

modulations in alpha and mu-beta EEG activity, and shifts in gaze biases. Interestingly, 

modulations of visual and action signals were not continuously temporally coupled. The findings 

highlight a variety of modulatory processes that co-occur to prepare internal representations for 

adaptive behaviour. 
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None. 
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Abstract: In 2-alternative forced choice (2AFC) memory-guided tasks, activity in M2 predicts 

upcoming choice and is causally involved in planning. However, in the real world, planning can 

take place in different reference frames. For example, turn left/right versus go south/north. Does 

the role of M2 in planning generalize across different reference frames for planning?To address 

this, we trained rats on one of two novel auditory memory-guided orienting tasks using an 8-port 

wall (7 operant ports and 1 reward port). In both tasks, the start position was cued with a light 

and varied from trial to trial. Rats had to fixate in the start port for 1.5 seconds. The 0.75s had a 

sound cue (A:35 Hz or B:68 Hz click train). The second 0.75s was a silent delay period. In the 

‘allo’ task, sound A directed the rats to the bottom-left port and sound B to the bottom-right port, 

regardless of their starting position. In the ‘ego’ task, sound A directed the rats to move left and 

sound B to move right from their starting position. Behaviorally, we observed that in the "allo" 

task: the response time was 35 ms slower and the decodability of choice from animals’ posture 

was significantly weaker compared to ego.Decoding of upcoming choice from neural activity in 

FOF was significantly more accurate in the ego than allo task. Consistent with decoding, 

optogenetic silencing of the FOF during the memory period impaired performance significantly 



more in the "ego" task than the "allo" task.Together, our findings suggest that in the allo task, the 

sensorimotor transformation is delayed until the end of the fixation period and that the FOF is 

not involved, demonstrating that the role of FOF in M2 is not general, but depends on the 

mnemonic strategy of the animal. We reasoned that one possible reason for this, is that in the allo 

task there are 12 different possible movement vectors (3.6 bits) vs. 2 (1 bit) in the ego task. 

However, both tasks could be solved by remembering 1-bit of sound information. We developed 

a computation model that evaluates the cost of short-term memory in real-time, allowing for 

rapid adaptation when transitioning from the "allo" task to the "ego" task or a simpler 2-choice 

task.We validated this prediction experimentally: after transferring "allo" task-trained animals to 

a simpler 2-choice task, silencing the FOF impaired task performance and also increased 

decodability during the memory period. Our results suggest a fast and flexible mechanism for 

recruiting different short-term memory mechanisms based on task context, determined by the 

memory cost associated with each mechanism. 

Disclosures: J. Li: None. Z. Xu: None. A. Albesa Gonzalez: None. C. Bao: None. L. Li: 
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Abstract: Working memory (WM) allows us to use past sensory information to prepare for the 

near future. Although substantial work has focused on the neural mechanisms involved in 

maintaining past sensory signals, it remains unclear how the recent past is transformed into more 

abstract codes that guide future cognition. To examine the prospective nature of WM, we used a 

novel sequence-matching task. While being scanned with functional MRI, human participants 

maintained a separate spatial location in each hemifield wherein locations were embedded in a 

star-shaped sequence. On each trial, participants made a sequence-match decision to a spatial 

probe and then updated their WM with the probe. The same abstract star-shaped sequence guided 

judgments in each hemifield allowing us to separately track concrete spatial locations (hemifield-

specific) and abstract sequence positions (hemifield-general), while also tracking representations 

of the past (last location/position) and future (next location/position). A combination of 

multivariate decoding, representational similarity analysis, and multidimensional scaling 



revealed that both the intraparietal sulcus (IPS) and visual cortex (VC) initially maintained 

concrete past locations with concrete, retrospective coding particularly prominent in VC. Over 

time, these representations became progressively more abstract and prospective with abstract, 

prospective coding particularly prominent in the IPS. Taken together, these results suggest that 

WM guides future cognition by reformatting sensory signals of the past into abstract codes 

reflecting prospective expectations. 

Disclosures: J. Lee: None. D. De Vito: None. J. Miller: None. D.E. Nee: None. 
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Abstract: Working memory (WM) allows us to temporarily store and manipulate information 

but has limited capacity. For example, in a color change detection task, observers see 6 colors 

and then indicate whether one of them has changed after a one second blank memory period. 

Surprisingly, this test reveals that people can only store about 2-3 simple colors at a time. 

However, when we ran a "dual task" version of this experiment (pictured below) that combines 

two of these simple tasks into one procedure, we found substantially higher performance than in 

the single task. In our dual task, observers saw an array of colors, followed by a test of memory 

for the orientations and a test of memory for the colors. On average, observers stored about 50% 

more information during the dual task than during the single task. Our hypothesis is that 

observers were able to take advantage of storage in both working memory and long term 

memory. By this account, observers encoded the colors into working memory, but then offloaded 

those colors into long term memory, thereby freeing up working memory for the orientation task. 

This collaboration between WM and LTM was encouraged by the presence of a subjective 

"event boundary" between the color and orientation tasks that may have motivated the offloading 

of the colors into LTM when the orientation task began. To test this hypothesis, we attempted to 

disrupt the event boundary by randomizing the order of testing for the color and orientation 

stimuli. Because testing order was unpredictable, we predicted observers would be more likely to 



view the colors and orientations as part of a single event, thereby eliminating offloading into 

LTM. In line with these predictions, our prior work showed that randomizing testing order led to 

a large drop in dual task performance such that it was now substantially worse than in the single 

task condition. Thus, event boundaries may motivate the flushing of working memories for the 

earlier event, revealing the dynamic collaboration between capacity-limited working memory 

and long term memory. 
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Title: Sex, drugs, and working memory: The effect of sex differences and MK-801 

administration on learning in the delayed alternation task in the rat 
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Abstract: The prefrontal cortex (PFC) is implicated in working memory (WM) processing in 

both humans and rats. Impaired working memory function is a common symptom in patients 

with Schizophrenia (Jannus et al 2023, Wozniak et al 1990). Past research suggested that the 

deficit in schizophrenia patients may be associated with an inability to accurately encode 

information to be held in working memory (Lee and Park, 2005). This raises the question of 

whether working memory deficits seen in patients with schizophrenia or models of the disease 

are an acute effect of working memory performance, or an effect of impaired learning due to the 

chronic nature of the disorder. In order to answer this question, we have employed the non-

competitive NMDA receptor antagonist MK-801 to create a chronic learning impairment in one 

group of male rats (MLI) and one group of female rats (FLI) which we will compare to two 

control (MC and FC) groups given saline injections. We used 18 Long-Evans rats (10 F, 8 M) to 

compare the effects of sex on WM and drug effects, due to the historical prevalence of male rats 

in neuroscience research. We trained both groups of rats to perform a delayed alternation lever 

press task under the differential drug conditions, followed by 2 test phases. In phase 1, all 

animals performed the WM task with saline injections to compare the effect of LI without acute 

drug effects. In phase 2, all groups received MK-801 to assess the effects of LI combined with 

drug effects in both groups. Preliminary results indicate that MK-801 administration induced a 

significant performance deficit on this task (in terms of percentage of correct trials). We 

additionally found that female rats had a significant performance deficit relative to male rats on 

this task, but there was no evidence of a significant interaction effect of sex and MK-801. We 

conclude that MK-801 is effective at inducing a performance deficit, but this difference does not 

differ across sexes. Further analyses will discuss the nature of this cognitive deficit in terms of 

performance vs learning and its effect on WM. 

Disclosures: L. Eckstrom: None. K. Howles: None. R. Seebacher: None. N.J. Powell: None. 
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Abstract: Variation in global Covid-19 spread is partly explained by social and behavioral 

factors. Many of these behaviors are linked to genetics. The short polymorphism of the 5-

HTTLPR promoter region of the SLC6A4 gene is linked to collectivism, the seven repeat 



polymorphism of the DRD4 gene is linked to risk taking, migration, sensation seeking, and 

impulsivity, and fewer CAG repeats in the androgen receptor gene is linked to impulsivity. This 

study investigates an association between the country-level frequency of these variants and early 

Covid-19 spread. Results of multivariate linear regression analysis indicate a significant 

association between increased country-wide prevalence of the short allele of the SLC6A4 gene 

and decreased Covid-19 spread, when other factors that have been linked to Covid-19 are 

controlled for. Additionally, results show that the short allele of the SLC6A4 gene is associated 

with Covid-19 spread through GDP and percent urbanization, rather than collectivism. Results 

showed no significant association between the frequency of the DRD4 polymorphism nor the 

androgen receptor polymorphism with early Covid-19 spread. 
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Abstract: Rationale: parent-infant neural synchrony (coordinated brain activity between social 

partners) is crucial for the formation of the social brain, and social-adaptive and self-regulatory 

processes. Synchrony can reveal an additional layer of dyadic neurological responses during 

social interaction, above study of a single brain. Researchers investigating neural synchrony 

often ignore directionality (whether partners are demonstrating concurrent activation in the same 

vs opposing directions) of concurrent activation between partners. Research question: in an 

exploratory study, we explored how synchrony patterns and directionality may hold implications 

for the parent-infant relationship by assessing their associations with important behavioral 

outcomes during freeplay. Twelve infants (7 - 23 months; male = 3) and their mothers 

participated in fNIRS hyperscanning (recording simultaneous brain activity from two social 

partners) during a four-minute freeplay task. Parents were asked to play with their child using 

toys just as they normally would. We used the LeaderFollowerByPhase Toolbox (Gvirts 

Provolovski et al., 2023) to interpret results from WTC analyses, and calculated percent time 

spent in-phase (concurrent activation between partners in same direction), and anti-phase 



(concurrent activation between partners in opposing directions) neural synchrony between 

infants and their parents. Synchrony in the social brain areas (TPJ, STS, STG, SMG, and IFG) 

were assessed. Parent sensitivity, parent intrusiveness (controlling parenting), and dyadic 

reciprocity (turn-taking and social adaptation) were coded using the Coding Interactive 

Behaviors scale (CIB; Feldman, 1998). Spearman’s correlations revealed in-phase neural 

synchrony in the left middle temporal area (STG; implicated in language processing and social 

interaction) is positively associated with parent intrusiveness and negatively associated with 

parent sensitivity and dyadic reciprocity; variables less optimal for the parent-infant relationship 

and child development. Anti-phase synchrony in the left middle temporal area is negatively 

associated with parent intrusiveness, and positively associated with parent sensitivity and dyadic 

synchrony; variables more optimal for child development. These findings underscore the 

importance of considering the directionality of neural synchrony and demonstrate the 

applicability of this method for studying parent-infant play. Anti-phase synchrony patterns 

appear to indicate a more adaptive, turn-taking dynamic during freeplay interactions between 

parents and infants that is more optimal for child development. 
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Abstract: Affective touch is a fundamental aspect of mental and physical health, playing an 

essential role in hierarchical and causal social interactions. Most studies in humans have focused 

on how affective touch is perceived as the receiving agent of the tactile stimulation. However, 

typical interpersonal touch scenarios involve an agent who passively receives touch stimuli, 

usually through the hairy skin (e.g., during grooming), and an acting agent who actively delivers 

the affective touch usually with the glabrous part of the hand. Critically, the person delivering 

the touch stimuli must also have a sense of how pleasant (or unpleasant) the touch stimuli feels 

like in order to potentially recalibrate their applied touch. This actor/receiver pairing leads to 

specific hypotheses about how the different ways that touch stimuli are perceived. Here, we will 



test the hypothesis that pleasantness will be maximal in the hairy skin vs. glabrous skin when 

touch stimuli are passively vs. actively sensed, respectively. To test this hypothesis, we 

performed a human experiment where participants sensed different valence stimuli (Pleasant, 

Neural, and Unpleasant) either passively (experimenter applying a stimulus), or actively (by 

making an overt movement to sense the object). Tactile stimuli were delivered in one of three 

speeds (slow, medium, and fast) to the glabrous skin of the hand or the hairy skin on the forearm. 

Participants were asked to rate the pleasantness of the stimulation. Preliminary data (N = 7) 

shows higher pleasantness ratings for passively vs. actively sensed stimuli applied to the hairy 

vs. glabrous skin, respectively. In support, we found that unpleasant stimuli are rated less 

unpleasant for passively vs. actively sensed stimuli applied to the hairy vs. glabrous skin, 

respectively. Our preliminary findings show differential perception of affective touch depending 

on the mode of stimulation and location on the body. Our study provides a novel understanding 

of how touch is affectively perceived during active and passive sensation. 

Disclosures: Y. luo: None. K.H. Wang: None. M. Gomez-Ramirez: None. 

Late-Breaking Poster 

LBA008: Theme H Late-Breaking Posters 

Location: MCP Hall A 

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

Program #/Poster #: LBA008.040/LBA126 

Topic: H.06. Social Cognition 

Support: NSF IUCRC BRAIN University of Houston Site Award #2137255 

 Center for the Ballet and the Arts (New York University) 

 Gibney Dance 

 The Vangeline Theater/New York Butoh Institute 

 Mellon Foundation 

 Triskelion Arts 

 Hector Perez and the House of Hallucination 

 The New York Department of Cultural Affairs 

 New York Council on the Arts 

 National Endowment for the Arts 

 Associate Dean of Research Office 

 Mechatronics Department at the School of Engineering and Sciences 

(Tecnológico de Monterrey) 

Title: Unveiling Brain Activity during Dancing: Insights from mobile EEG Hyperscanning of 

Professional Butoh Dancers 
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Abstract: Dissecting the neurobiology of dance would shed light on a complex, yet ubiquitous, 

form of human communication. In this experiment, we sought to study the brain activity of five 

experienced dancers while dancing Butoh, a postmodern dance that originated in Japan. Butoh is 

a type of dance that falls out of the narrow and Western definition of dance, mostly consisting of 

very slow movements, often not entrained to a specific rhythmic pattern, but to specific sound 

cues and features, such as sound intensity. We used a hyperscanning protocol (Theofanopoulou 

et al. 2023 bioRxiv), which enabled us to combine mobile electroencephalography (EEG), 

electrooculography (EOG), inertial measurement units (IMU), and video recording. EOG and 

IMU were used to record eye and head/neck movements, respectively, allowing for the offline 

removal of relevant motion artifacts. We focused this analysis on ultra-slow EEG rhythms in 

dancing segments with specific annotated body movements, building on previous literature 

suggesting that ultra-slow rhythms display stereotypical spatiotemporal patterns time-locked to 

motor actions (Hari 2006; Jensen et al. 2005). EEG data was denoised by implementing a 

pipeline that combined bandpass filtering, adaptive filter H-Infinity, Artifact Subspace 

Reconstruction, and Independent Component Analysis (ICA). To identify dipoles, we first 

clustered the sources obtained from the Independent Components (ICs) and for each cluster, we 

calculated the centroids, which represent the central point of the clustered sources. These 

centroids were then used to identify the corresponding Brodmann Areas (BAs) by projecting 

them into an MNI (Montreal Neurological Institute) template. Our analysis revealed that during 

slow Butoh dance movements specific brain regions were recruited: the premotor and 

supplementary motor areas (BA6, @ 0.03 Hz), the precuneus and superior parietal lobule (BA7, 

@ 0.12, 0.06 Hz), the occipital cortex (BA18, @ 0.05 Hz), the angular gyrus (BA39, @ 0.045, 

0.018 Hz), and the dorsolateral prefrontal cortex (BA46, @ 0.012, 0.03 Hz). Activity in these 

areas has been associated with various relevant behaviors and cognitive functions, including 

sequence learning and planning (BA6), visuospatial processing (BA7), motion recognition 

(BA18), and spatial imagery (BA39). Being, to our knowledge, the first study to analyze brain 

activity during Butoh dancing through simultaneous mobile EEG, we expect that our findings 

will inform future art-science collaborations. 
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Title: Novel playpen enrichment reduces anxiety without changes in taste preferences 
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Abstract: Environmental enrichment (EE) promotes resilience to stress, enhances cognitive 

abilities, and increases behavioral variability in rodents. In the taste system, EE leads to the 

attenuation of conditioned taste avoidance, but the effects of EE on innocuous taste experience 

remain unknown. Here, we investigate how a playpen-style EE impacts individual taste 

preferences (and variability therein). It was previously shown that rats lacking EE exposure 

display variability in their individual taste preferences. We hypothesize that enriched rats will 

consume unpalatable tastes more frequently than non-enriched controls as a function of their 

reduced anxiety from EE. We also expect EE to increase variability in taste. We measure licking 

to a panel of tastes using the Brief Access Task (BAT) for both enriched and non-enriched 

groups, evaluating their preferences as well as the inter- and intra-individual variability. To 

verify the effectiveness of our EE protocol, we will measure anxiety and exploratory behavior in 

both groups using open field and novel object tests in addition to staining for brain-derived 

neurotrophic factor (BDNF) and doublecortin (DCX). In addition to providing further insight 

into the impact of experience on taste, my results will determine whether EE should be made a 

standard animal welfare tool. Preliminary results suggest that environmental enrichment, 

contrary to our initial hypothesis, does not impact individual taste preferences or the variability 

of taste preferences for each group of animals. Furthermore, the open field test shows a 

significant difference between anxiogenic unenriched and anxiolytic enriched animals, in 

addition to clear trends in other measures of anxiety, suggesting that playpen EE successfully 

reduces anxiety. However, any anxiolytic effect does not interfere with taste preferences and 

variability. 

Disclosures: G. Wernick: None. K. Maigler: None. C. Mazzio: None. D.B. Katz: None. 
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Abstract: Social animals adjust their decision according to their social context and social 

interactions. While some decisions focus on self-benefit, others, such as cooperation behaviors, 

are intentionally made to benefit others. The neural mechanisms that underlie cooperative and 

selfish behavior remain poorly understood. Recently, new behavioral tasks have been developed 

to study prosocial behaviors using preferentially C57BL6 mice as an animal model. Although 

C57BL6 mice show different forms of prosocial behaviors, including cooperation, it is uncertain 

whether these findings can be replicated in mice with greater genetic variability, such as CD1 

mice. To assess this, we designed a novel two-choice cued social decision-making task, to 

compare cooperation behavior in C57BL6 and CD1 mice. CD1 and C57BL6 mice were trained 

to choose between a choice that delivers a reward to familiar conspecifics (cooperative choice) or 

one that only provides a reward by themselves (selfish choice). Two distinct tones were used to 

signal each choice, ensuring that the mice developed a preference based on cooperative or selfish 

outcomes. Additionally, forced-choice trials were presented to ensure mice explored both options 

before showing a preference. As expected, C57BL6 mice preferred cooperation and shared the 

reward with their cagemates. In contrast, CD1 mice exhibited selfish behavior with their 

cagemate, suggesting differences in the development of prosocial behaviors between strains of 

mice. We next asked if brain activity differences explain prosocial behavioral differences. Using 

the neural activity marker c-Fos, we found that during the social decision-making task, CD1 

mice showed an increase in medial prefrontal cortex (mPFC) activity compared to C57BL6 mice. 

No differences in c-Fos expression were observed in the mPFC when both strains of mice were 

trained alone, suggesting that the differences observed were due to the expression of selfish 

behavior more than differences in brain activity across the strains. Notably, we did not observe 

differences in the expression of c-Fos in subcortical areas such as the basolateral amygdala, 

lateral hypothalamus, or mediodorsal thalamus in both strains. Future experiments will involve 

multi-site electrophysiological recordings to study the dynamics of mPFC activity and their 

subcortical projections during cooperative or selfish behavior. 

Disclosures: E. Illescas-Huerta: None. A. Villamizar: None. M. Cum: None. N. Padilla-

Coreano: None. 
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Abstract: Autism Spectrum Disorders (ASDs) are characterized by problems with social 

engagement, social communication, enhanced perseveration and restricted and repetitive 

behaviors that can be comorbid with other psychiatric problems. ASD has a strong inheritability 

and there are multiple genetic variants that have been described that cause ASD in people. Many 

of these variants occur in genes that encode for synaptic proteins including receptors and ion 

channels involved in synaptic communication mechanisms in neurons. One such de novo 

missense mutation was reported in the gene that encodes for the α subunit of L-type voltage-

gated Ca2+ channel (Cav 1.3). This mutation causes a single amino acid substitution (G407R) 

that reduces inactivation and increases Ca2+ influx through the channel and is causal to ASD in 

patients who do not demonstrate cognitive delay. In order to understand the consequences of this 

mutation in the brain we created a mutant mouse with the equivalent mutation (Cacna1dG407R) 

engineered into the genome. The homozygous mutation was lethal but mice with heterozygous 

mutation were viable. We performed a battery tests on the Cacna1dG407R mice to determine how 

their behaviors deviated from control mice. The mice showed significant impairment in a test for 

social memory but had normal activity in a test for sociability. Testing mice in an instrumental 

learning paradigm with an automated touch screen spatial discrimination task, we found that the 

mice learned the task normally but demonstrated perseverative behaviors when task 

contingencies were reversed. Cacna1dG407R mice did not demonstrate any impairments in tests of 

basal locomotor function or in tests for anxiety. Taken together these results demonstrate that 

Cacna1dG407R mice demonstrate altered behaviors consistent with social discrimination 

dysfunction and increased perseverative behavior and could be a valuable tool for the preclinical 

establishment of therapies for aspects of ASD. 

Disclosures: S. Otsuka: None. J. Xu: None. S. Zhai: None. D. Surmeier: None. A. 

Contractor: None. 
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Title: Investigating the Role of Vocalizations in Cooperative Behavior Between Marmoset 

Dyads 

Authors: *G. NANDY1, O. C. MEISNER2, W. SHI2, A. NAIR3, N. FAGAN3, M. P. JADI4, A. 

S. NANDY2, S. W. CHANG5;  
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Psychology, Yale Univ., New Haven, CT 

Abstract: Studies have shown that marmosets modulate their vocalizations depending on social 

context suggesting that these vocalizations could play a crucial role in their social behaviors and 

relationships. However, it is not known if these vocalizations play a significant role in 

cooperative behaviors. Characterizing vocalizations can present valuable insights into the 

complexities of cooperative learning and strategies in the context of species’ natural ecology. 

Here, we investigated the role of vocalizations during cooperative interactions in common 

marmosets (Callithrix jacchus) and examined how social factors influence these vocalizations. 

Specifically, we focused on chirp (food-related call) and phee (long-distance contact call) calls 

during coordinated lever pulls performed by marmoset dyads using the Marmoset Apparatus for 

Automated Pulling (MarmoAAP), a fully automated behavioral apparatus designed for studying 

cooperative pulling behaviors in common marmosets. In this task, the marmosets had to 

coordinate their lever pulls within a certain time window to earn rewards. To facilitate learning, 

the initial time window for coordinated pulling was large and progressively decreased until the 

marmosets could coordinate their pulls within one second of each other. We compared 

vocalizations across three task conditions: during the marmosets’ learning of the cooperative 

task, in sessions where they had fully learned the task, and in sessions where they were blocked 

from visual access to each other (No Vision). We found that while the average number of chirp 

calls remained steady over all session types, the average number of phee calls increased during 

the No Vision sessions. To investigate the role of vocalizations in facilitating cooperative 

pulling, we studied chirps and their relation to successful and unsuccessful pulls. We found that 

marmosets were more likely to chirp around successful pulls, and there were distinct patterns 

between the dominant and non-dominant marmosets. This reinforces the findings that chirps are 

food-related calls but brings forward insights into how they are used differently depending on the 

social status of the marmoset. Furthermore, we found that the probability a marmoset will chirp 

around a successful pull greatly increased across learning in comparison to the probability of 

chirping around an unsuccessful pull, suggesting that marmosets use and manipulate their 

vocalizations during the process of learning to efficiently cooperate over time. Overall, our 

results shed light on the complexities of cooperative social behaviors and reveal the role of 

vocalizing in successful social interactions. 



Disclosures: G. Nandy: None. O.C. Meisner: None. W. Shi: None. A. Nair: None. N. Fagan: 

None. M.P. Jadi: None. A.S. Nandy: None. S.W. Chang: None. 
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Abstract: Understanding the neural substrates underlying primates’ social behaviour is a 

fundamental question in neuroscience. This study leverages macaque species diversity in social 

behaviour to unravel the structural connectivity of subcortical socio-emotional circuits. We 

compared diffusion MRI scans of postmortem brains from 5 macaque species including 

intolerant rhesus macaque (Macaca mulatta) and the more egalitarian Tonkean macaque (M. 

tonkeana). We computed the structural connectome of 14 individuals based on a semi-automatic 

parcellation (SARM, 70 regions) and the total connectivity of each region (sum of weighted 

tracks terminating at a region) was modelled using a Bayesian linear model. We compared 

connectivity across the cohort for both sexes, social tolerance grades 1 and 4, and ages 1 to 30 

years. We found significant differences in the connectivity of several brain regions, all critical 

for emotion processing and social behaviour, such as the habenula, the amygdala, and the 

periaqueductal gray. Socially intolerant individuals (such as rhesus monkeys) exhibit enhanced 

connectivity in these neural circuits. The fornix, a bundle of nerve fibers important for emotional 

state, learning and memory, also displayed species-specific connectivity patterns. In terms of 

neuromediators related area, the medial raphe and the locus coeruleus are also more connected in 

more intolerant species, suggesting an involvement of serotonin and noradrenaline in the species-

specific behavioural modulations involved in variations in social tolerance grades. Differences in 

the limbic circuits may be rooted in genetic differences among species or the consequences of 

living in more or less despotic and violent monkey societies. Our model accounts for the effect 

of age on these neuronal connections, allowing us to tackle the innate versus acquired dimension 

of our results. In summary, our analysis is unique in its use of rarely studied macaque species to 

further identify neural circuitry that has evolved to adapt primates’ social and emotional 



behaviours. Further research will focus on cortical connectivity to investigate correlates of social 

tolerance grades using similar methods. Overall, our study highlights the intricate relationship 

between limbic circuitry connectivity and social behaviour in macaque monkeys. These findings 

provide valuable insights into the neural mechanisms of sociality and emphasize the importance 

of species-specific studies in understanding the evolution of the social brain of primates 

Disclosures: S. Silvere: None. C. Po: None. J. Sallet: None. J. Lamy: None. S. Ballesta: 

None. 
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Abstract: Huddling, or sleeping together in physical contact, is a thermoregulatory behavior 

observed in social animals. Mice, known as social animals, also exhibit group sleeping behavior. 

While individual sleep patterns have traditionally been the focus, recent studies have highlighted 

synchronization in sleep initiation and waking times during group sleep. However, the effects of 

group sleep on neural activities remain less understood. This study aimed to investigate changes 

in sleep patterns when mice huddle in groups compared to when they sleep alone. We conducted 

12-hour recordings using wireless neurophysiological devices and video monitoring. Each 

experimental group consisted of four male mice, with recordings of each mouse alone on one day 

and all four mice together on the next day. We collected electroencephalogram (EEG) from the 

frontal and parietal cortex, along with electromyography (EMG) signals from neck muscles 

using CBRAIN (Kim et al., Sci Adv, 2023). Our findings revealed that group sleep reduced the 

duration of both non-rapid eye movement (NREM) and rapid eye movement (REM) sleep 

phases. As overall wakefulness increased, the REM to NREM ratio decreased. Despite the stable 

power across different frequencies in both sleep conditions in each sleep state, we noted a peak 

frequency shift in the theta band (5 - 10 Hz) during REM sleep for huddled mice. Furthermore, 

phase synchrony in the theta band during REM sleep increased among the huddling mice, 

indicating enhanced inter-brain synchrony. These results highlight the significant influence of 

huddling on neural activity during sleep in mice as showing theta coherence during REM sleep, 

indicating potential mutual modulation of neural activity in social sleep dynamics. 



Disclosures: J. Lee: None. B. Kim: None. I. Tikhonov: None. H. Han: None. J. Choi: None. 

Late-Breaking Poster 

LBA008: Theme H Late-Breaking Posters 

Location: MCP Hall A 

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

Program #/Poster #: LBA008.047/LBA133 

Topic: H.06. Social Cognition 

Support: R01 MH132727 

Title: Hippocampal-vmpfc interactions predict distortions in memory for social feedback 

Authors: *G. SHIN1, M. QUAMLEY3, J. M. JARCHO4, V. P. MURTY2;  
2Psychology, 1Univ. of Oregon, Eugene, OR; 3Neuropsychiatry, Hosp. of the Univ. of 

Pennsylvania, Philadelphia, PA; 4Psychology and Neurosci., Temple Univ., Philadelphia, PA 

Abstract: To adaptively navigate our social world, it is important for individuals to store 

memories of prior social interactions. A large amount of behavioral literature has shown that 

memories can be distorted by schemas, including recent work from our lab that shows a strong 

positivity bias for social feedback (Johnston et al., 2023). However, research has yet to 

characterize the neural systems underlying successful and distorted social memories, and 

putative circuits underlying this well-documented positivity bias. Previous research has shown 

that the hippocampus is involved in successful encoding of social feedback, while the 

ventromedial prefrontal cortex (vmPFC) is thought to hold social schemas. In this study, we 

examined the interactions between the anterior hippocampus (aHPC) and vmPFC during the 

encoding of social interactions to better understand the positive bias in social memory. 

Participants underwent fMRI while completing the Recall After Feedback Task, which included 

selecting which of two purported peers liked or disliked the participant based on their photo, 

encoding their subsequent feedback. A surprise cued response phase was completed after 

scanning. Using parametric analysis, we examined how brain activation during encoding related 

to subsequent recall of positive and negative social feedback. This univariate analysis revealed a 

positivity bias on subsequent social memory was exclusively related to aHPC engagement. To 

further understand how schemas may influence this process, we characterized aHPC-vmPFC 

connectivity and found that interactions between the aHPC and vmPFC resulted in distorted 

memories for positive, but not negative feedback. These results align with models suggesting 

that schemas distort memory for social feedback, providing a neural basis for the observed 

positive bias in memory recall and enhancing our understanding of the intricate relationship 

between brain regions involved in social cognition and memory formation. 

Disclosures: G. Shin: None. M. Quamley: None. J.M. Jarcho: None. V.P. Murty: None. 
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Abstract: How do we conceptualize the minds of others? To understand what another person is 

thinking, or what they might do next, it can be useful to know what they are attending. For 

example, if I see John staring at a doughnut (overt attention), I might guess that he is hungry or 

thinking of eating the doughnut. Recent evidence suggests people do not just notice other 

people’s attention, but rather, they build a rich predictive model of other people’s attention. They 

predict how others’ attention will move over time (e.g. noticing John is attending the doughnut 

and predicting he will next attend the coffee), and they know when that predictive model is 

violated. Here, we explore the neural basis of this process. We created videos showing where 

real people attended over time while naturalistically viewing images, using their eye tracking 

data. We then showed new subjects the videos with these natural attention sequences as well as 

artificially manipulated versions of the sequences. After each video, we asked the subjects to 

judge if the attention was from “a real person” or “a fake.” In line with recent evidence, we find 

that people can correctly distinguish fake versus real attention sequences, comporting with a 

predictive modeling account. Second, we find that judging attention as “fake” versus “real” 

increases activity in brain regions associated with social cognition and visual attention. This 

suggests that subjects’ discrimination of attention sequences is driven largely by increased blood 

flow to social and attention-related regions when attention sequences violate the expected 

pattern. These results shed light on the neural underpinnings of predictive attention modeling and 

the ways our brains conceptualize the minds of others. 

Disclosures: S. Kimmel: None. K. Ziman: A. Employment/Salary (full or part-time):; 

Princeton University. M.S. Graziano: A. Employment/Salary (full or part-time):; Princeton 

University. I. Christian: None. 
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Abstract: The toxic dysregulated accumulation of the amyloid-beta (Aβ) protein in the brain is 

one key event in Alzheimer’s disease (AD), characterized by synaptic dysfunction and memory 

impairments and disproportionately affecting aging women more so than aging men. (Scheyer et 

al., 2018) However, Aβ is also constitutively present in the healthy brain and its secretion 

follows synaptic activity and impacts memory processes and synaptic activity: while low 

concentrations of Aβ peptides promote long-term potentiation (LTP) and memory consolidation, 

high concentrations as well as complete or partial depletion of Aβ impair these processes and 

promote long-term depression (LTD) (Puzzo et al., 2013). However, these findings were 

obtained exclusively with male animals and using aversive conditioning tasks. Therefore, we 

aimed to examine the role of endogenous hippocampal Aβ in everyday (non-reinforced) 

memories in both sexes, using a rat model of declarative memory (one-trial novel object 

recognition task). Male and female Long-Evans rats (3-4 months old) were exposed to two 

identical objects in an open field for 5 min, followed by a test for long-term memory for these 

objects 24 h later. We blocked Aβ with the monoclonal antibody 4G8, specific to amino acid 

residues 17-24 of Aβ in aggregated and precursor forms, as well as a control antibody (MG2a-

53). We infused these drugs into the dorsal hippocampi of rats before (i.e., to affect encoding) 

and after learning (i.e., to affect memory consolidation). Our results show that infusing the 

antibody before encoding strongly enhanced the acquisition of long-term object memories in 

female rats but had no effect on male rats. Furthermore, infusing the antibody during the 

consolidation phase had no effect on recognition memory in female rats compared to controls. 

These initial findings suggest that Aβ can promote formation of object memories in female but 

not in male rats, and highlight the importance of studying both sexes when investigating Aβ 

mechanisms in long-term memory. We are currently exploring whether sex-specific factors 

moderate these effects and test whether similar effects can be obtained during the forgetting of 

object memories, their reconsolidation, and retrieval. 

Disclosures: C. Sciandra: None. X. Gao: None. A. Leng: None. D. Devi Dewan: None. O.M. 

Hardt: None. 

Late-Breaking Poster 

LBA008: Theme H Late-Breaking Posters 

Location: MCP Hall A 



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

Program #/Poster #: LBA008.050/LBA136 

Topic: H.07. Long-Term Memory 

Support: CIHR Grant PJT-153155 

Title: Novel characterization of pacemaker neuron subtypes associated with differential memory 

consolidation following operant conditioning 

Authors: *J. BANDURA1, Z.-P. FENG2;  
2Dept. of Physiol., 1Univ. of Toronto, Toronto, ON, Canada 

Abstract: Associative learning is an essential physiological function. However, while the neural 

mechanisms underlying many forms of classical conditioning are well-defined, neural 

mechanisms of operant or instrumental conditioning have proven challenging to study due to the 

interactions of complex neural circuits in operant learning in mammals. The freshwater pond 

snail, mollusc Lymnaea stagnalis, can be used to great advantage to study LTM which forms 

following aversive operant conditioning of aerial respiratory behaviour (Lukowiak et al. 1996). 

Our lab has previously reported differences in the ability of animals to form LTM, which 

correlates with neuronal activity of the pacemaker neuron of the respiratory central pattern 

generator (Dong & Feng 2017), suggesting that within the same inbred laboratory population, 

endogenous differences in both basal respiratory behaviour and responses to conditioning exist. 

In this study, we hypothesized that endogenous population-level variability in basal respiratory 

behaviour is associated with behavioural and neural responses to operant conditioning. To test 

this hypothesis, we first conducted an in-depth, multiparametric characterization of endogenous 

differences in basal aerial respiration in a large population of inbred animals (n=285) to 

characterize three phenotypes of basal respiratory behaviour using unsupervised hierarchical 

clustering. We then conditioned (n=267) or yoked (n=18) animals and systematically categorized 

the distribution of behavioural responses to operant conditioning and identified four distinct 

underlying phenotypes of behavioural response. Finally, we characterized spontaneous and 

evoked activity in RPeD1 from trained snails exhibiting these phenotypes (n=33), and used a 

dimensionality reduction approach to identify four distinct electrophysiological clusters of 

RPeD1, of which two were associated with specific behavioural responses, including LTM 

formation. Using this combined behavioural, electrophysiological, and unsupervised clustering 

approach, we have for the first time systematically characterized phenotypes of respiratory 

behaviour and responses to conditioning present in a genetically similar population. Together, we 

report a correlation between electrophysiological identity of a pacemaker neuron and 

conditioning-related behaviour, suggesting that intrinsic properties of this neuron exhibit 

plasticity in response to learning. The neural mechanisms identified may thus constitute 

fundamental mechanisms of LTM formation following operant conditioning across species. 

Disclosures: J. Bandura: None. Z. Feng: None. 
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Title: Threat-related arousal bias of amygdala sub-nuclei and the medial temporal lobe during 

distance estimations in temporal memory of movie clips 
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MURTY4;  
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Abstract: Threat-related arousal bias of amygdala subnuclei and the medial temporal lobe 

during distance estimations in temporal memory of movie clips 

David F Gregory, Büşra Tanrıverdi, Emily T Cowan, Nicholas L Balderston, Vishnu P Murty 

The capacity to form episodic memories of environmental threats is crucial to avoid future 

dangers. While most prior work on emotional memory has focused on how threat enhances item 

and spatial memory, relatively less research has focused on temporal memory. Here, we 

characterized the neural systems underlying the encoding of temporal distance of short movie 

clips that varied in arousal using fMRI. We focused our analyses on how amygdala sub-nuclei, 

including regions of interest (ROIs) of basolateral (BLA) and central-medial (CEM) sub-regions, 

interacted with the anterior hippocampus (aHIP) and perirhinal cortex (PRC). We found that 

functional coupling of the BLA with the aHIP predicted temporal compression of duration 

estimates at lower levels of arousal (p<0.001), but not high levels of arousal (p=0.63). Next, we 

found that functional coupling of the CEM to aHIP predicted temporal compression at high 

levels of arousal (p=0.03 but, surprisingly, temporal expansion at low arousal levels (p=0.01). 

Finally, we found that functional coupling of the CEM to PRC predicted temporal compression 

at high (p=0.03) but not low levels (p=0.81), however, the arousal by connectivity interaction of 

these ROIs was only marginally significant (p = 0.09). Together, these findings highlight circuits 

within the medial temporal lobe responsible for temporal memory, and how differential 

engagement across these circuits can modulate whether time is compressed or expanded in 

memory. 

Disclosures: D.F. Gregory: None. B. Tanriverdi: None. E. Cowan: None. N.L. Balderston: 

None. V.P. Murty: None. 
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Abstract: Semantic memory includes general knowledge about the world that is collected and 

adapted over time through learning experiences. This includes social and emotional knowledge 

that equips individuals with the information needed to understand, navigate, and interact with 

other people. It’s been established that the hippocampus plays a critical role in memory 

acquisition. If the hippocampus is involved in enriching semantic memories over time, how does 

damage impact an individual’s social and emotional semantic knowledge? Building on prior 

work, we hypothesized that social and emotional semantic knowledge would be impoverished in 

patients with bilateral hippocampal damage. To evaluate the relationship between such damage 

and social and emotional semantic knowledge, we compared semantic memory of participants 

with bilateral hippocampal damage (n=5) to that of a targeted brain-damaged comparison group 

of participants with bilateral lesions in the ventromedial prefrontal cortex (n=5), and a 

demographically-matched non-brain damaged comparison group (n=25). In our measures of 

semantic richness, target words with social meanings and emotional ratings were chosen from 

normed databases, and participants listed features and senses relevant to each item. Results 

indicate that patients with hippocampal damage performed significantly worse than both 

comparison groups (p<0.001). Patients can recognize these words, name pictures of the tangible 

nouns, and understand their basic meaning. The initial acquisition happened before hippocampal 

damage, and that information remains intact. While the patients produced some of the features 

and senses on demand, their knowledge is not as extensive and rich as the comparison groups’. 

The results support our hypothesis and suggest that the hippocampus may be critical to updating 

and enriching knowledge over time. The hippocampus is not typically considered a structure that 

supports social and emotional cognition. However, our work suggests that the hippocampus 

plays a crucial role in expanding the knowledge base which other cognitive processes use to 

support behavior. These findings have potential implications for other patient groups with 

hippocampal dysfunction and deficits in social and emotional behavior such as individuals with 

Alzheimer's disease, depression, schizophrenia, epilepsy, and autism. 
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Abstract: Learning never stops. As we navigate life, we continuously acquire and update 

knowledge to optimise memory-guided action, with a gradual shift from the former to the latter 

as we master our environment. How are these learning dynamics expressed in brain and 

behavioural patterns? Here, we devised a spatiotemporal image learning task (‘Memory Arena’) 

in which participants (n = 27) learn a set of 50 items to criterion across repeated exposure blocks. 

Critically, brief task-free periods between successive image presentations allowed us to assess 

multivariate electroencephalogram (EEG) patterns representing the previous and/or upcoming 

image identity as well as anticipatory eye movements towards the upcoming image location. As 

expected, participants eventually met the performance criterion, albeit with different learning 

rates. During task-free periods, we were able to readily decode representations of both previous 

and upcoming image identities. Importantly though, decoding strength followed opposing slopes 

for previous vs. upcoming images across time, with a gradual decline of evidence for the 

previous image and a gradual increase of evidence for the upcoming image. Moreover, the ratio 

of upcoming vs. previous image evidence directly followed behavioural learning rates. Finally, 

eye movement data revealed that participants increasingly used the task-free period to anticipate 

upcoming image locations, with target-precision slopes parallelling both behavioural 

performance measures as well as EEG decodability of the upcoming image across time. 

Together, these results unveil the neural and behavioural dynamics underlying the gradual 

transition from learning to memory-guided action. 
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Abstract: Neural correlates of recognition memory, an ability to distinguish between previously 

experienced and new events, include specific event-related potential (ERP) markers referred to 

as ERP old/new effects. They include an earlier mid-frontal negativity (FN400), and a later 

posterior complex (LPC) presumably reflecting different aspects of recognition (e.g., familiarity 

vs. recollection, decision making, confidence, etc.) (Rugg & Curran, 2007). We have previously 

found (Utochkin et al., SfN 2023) that the ERP old/new effects were highly sensitive to the 

amount of information (memory set size, MSS) stored in visual memory. Our participants 

studied 8, 32, or, 64 sequentially presented object images and were tested with a standard 

old/new task when old and new items are presented one at a time and the observer has to decide 

whether a given item is old or new. We found that smaller MSS were correlated with larger and 

earlier ERP old/new effects (differences between ERP’s to old and new items, both in the frontal 

and parietal clusters). Our new study aimed to figure out whether this effect was driven by MSS 

per se (factors related to the number of stored items and overall memory load) or by temporal 

factors such as delay between item occurrences at study and test (for example, the average delay 

in MSS8 was shorter than in MSS32 or 64 because both the study and test phases were also 

shorter). In the new experiment, participants studied lists of MSS 10 or 32. In “MSS10” blocks, 

memory was tested with all 10 studied items and 10 new items. In “MSS32” blocks, memory 

was tested either using the last 8, middle 2 studied items and 10 new items (“MSS32 - last”), or 

using the first 8, middle 2 studied and 10 new items (“MSS32 - first”). Therefore, “MSS32 - last” 

had the same study test-delay as “MSS10” but different MSS. We found the strongest ERP 

old/new effects in both frontal (F3, F4, Fz, Fc1, Fc2, Fc5, Fc6) and posterior (P3, P7, P4, P8, 

Cp1, Cp2, Pz) clusters of electrodes for “MSS10”. It was followed by the “MS32-first” and then 

“MSS32-last” condition in the frontal cluster suggesting the primacy advantage. In the parietal 

cluster, we found no differences between the first and last tested items from MSS32. Our results 

suggest that MSS per se is an important determinant of ERP old/new effects, although study-test 

delay can further moderate its influence. 
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Abstract: The cerebellum is best known for its critical role in motor control. However, 

increasing evidence suggests a role in non-motor, cognitive processes, including 

autobiographical memory (AM) for personal experiences. Specifically, fMRI in healthy adults 

has implicated posterior cerebellar regions Crus I/II in AM, including task-related functional 

connectivity with default mode network regions known to support episodic memory. Brain 

stimulation methods such as transcranial direct current stimulation (tDCS) have further 

elucidated a role for the cerebellum in cognition, but, to our knowledge, it has not yet been 

leveraged to investigate how the cerebellum contributes to AM. We examined the effects of 

cathodal tDCS on the recall of AMs. Per the traditional “anodal-excitatory, cathodal-inhibitory” 

assumption, we predicted that the amount of episodic content of AMs would be reduced upon 

applying cathodal tDCS to the cerebellum. Eighteen healthy participants (aged 18 to 24 years; 15 

female, 3 male) underwent 3 sessions of 20-minute tDCS, approximately 7 days apart. Each 

session involved one of three stimulation conditions, counterbalanced across participants: (a) 

cathodal right cerebellar, (b) cathodal left dorsolateral prefrontal cortex (dlPFC), or (c) sham 

right cerebellar. Participants also completed a cued-recall AM task, where they viewed a cue 

word (e.g. “pencil”) and then recalled aloud a corresponding AM for a maximum of 1 minute. 

Participants recalled a total of 20 different AMs in each session; we later transcribed audio-

recorded AMs for analysis. We used the Automated Autobiographical Interview scoring tool to 

estimate the amount of episodic and non-episodic content comprising each AM. A two-way 

ANOVA on AM content showed a main effect of content type, with AMs comprising more 

episodic than non-episodic content across all stimulation conditions (p < .001). This effect was 

qualified by a significant Content Type x Stimulation interaction (p = .039), which revealed that 

during cathodal stimulation of the right cerebellum, AMs comprised less episodic and more non-

episodic content relative to those recalled under cathodal left dlPFC stimulation and sham right 

cerebellar stimulation. These findings suggest that the right cerebellum may be particularly 

involved in the retrieval of the episodic relative to non-episodic details comprising AMs. 

Overall, this study informs our knowledge of cerebellar involvement in AM and the utility of 

cathodal tDCS in investigating naturalistic cognitive processes. 
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Title: Neural activity in the hippocampus and prefrontal cortex of ramelteon-treated mice 

associated with novel object recognition memory. 

Authors: *K. TAKEDA, K. WATANABE, S. IIJIMA, Y. IKEGAYA, N. MATSUMOTO;  

The Univ. of Tokyo, Tokyo, Japan 

Abstract: Ramelteon, a drug used to treat circadian rhythm disorders, is a specific agonist for 

melatonin receptors, demonstrating a high affinity for MT1 and MT2 receptors. Previous 

research has shown that ramelteon has no significant effect on memory performance assessed by 

behavioral tasks with stress or rewards/punishments. However, we recently demonstrated that 

intraperitoneal injection of ramelteon enhances the acquisition of object recognition memory in 

the absence of reward or punishment. The hippocampus, prefrontal cortex (PFC), and their 

interactions are believed to be responsible for object recognition memory, but at the 

electrophysiological level, it remains unknown how neural activity in these two regions is 

affected by ramelteon when mice acquire object recognition memory. To explore neural 

correlates of this improvement in object recognition memory, we chronically implanted 

nichrome electrodes into the hippocampus and PFC of mice and recorded the neural activity of 

mice engaged in an object recognition task. In this task, the mouse was allowed to explore an 

open field with two identical objects for 10 min on the first day (Day 1; training session). On the 

next day (Day 2; test session), the mouse explored the open field with one object replaced by a 

novel object for 10 min. Performance in the novel object recognition task was assessed by a 

discrimination ratio defined as (N-F)/(N+F), where N and F represent time spent in areas around 

the novel and familiar objects, respectively. Using Hilbert transform, we then examined neural 

activity in the hippocampus and PFC in terms of the power of delta, theta, beta, low gamma, and 

high gamma frequency bands. We found that ramelteon increased theta and high gamma power 

in the hippocampus and PFC, respectively, when mice encountered novel objects. Based on these 



results, we hypothesize that ramelteon improves memory performance by modulating theta 

oscillations in the hippocampus and high gamma oscillations in the PFC. We will further 

investigate (1) whether neural activity during sleep is affected by ramelteon on Days 1 and 2, and 

(2) whether and how neural activity in the hippocampus and PFC is coupled when mice sleep 

and behave on Days 1 and 2. 
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Abstract: Insufficient sleep significantly affects the orchestration of neural networks, leading to 

cognitive impairment. However, the molecular & neural circuitry gating cognitive deficits 

induced by sleep deprivation remain largely unexplored. Here, we reported that a chronic sleep 

deprivation (CSD) model, characterized by disrupting rapid eye movement (REM) sleep & 

disinhibiting REM-specific dopaminergic input to the medial prefrontal cortex (mPFC), 

markedly impaired spatial memory assessed using the Y maze in mice. Transcriptome & 

immunofluorescent analysis revealed a significant increase of dopamine D2 receptor (Drd2) 

expression, specifically in layers II & III of the mPFC after CSD. Infusion of a Drd2 agonist into 

the mPFC reduced spatial memory in mice without sleep deprivation, while the Drd2 antagonist 

reversed the deficits caused by CSD. Furthermore, we found that Drd2 co-localized with 

Ca2+/calmodulin-dependent protein kinase II (CaMKII) positive neurons, which projected widely 

to various brains including the basolateral amygdala (BLA). During novel arm exploration, a 

significant increase in calcium influx was observed in these CaMKIIα+ neurons, indicating their 

involvement in processing spatial memory. Optogenetic activation of CaMKIIα+ neurons during 

the task rescued memory impairment induced by CSD through enhancing output to the BLA. 

Additionally, stimulating these BLA-projecting neurons in the mPFC reversed memory defects 

induced by the Drd2 agonist. Our findings clearly demonstrated that excessive Drd2 signaling 



after CSD suppresses mPFC-BLA neurotransmission during spatial memory tasks & thus leads 

to working memory impairment. Our work suggests a possible therapeutic value of dopamine D2 

receptor antagonists relieving CSD-induced cognitive decline. 
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Abstract: Past research has shown that the inclusion of pictures as examples in design problem 

solving fosters designers’ propensity to adhere to those examples, a phenomenon known as 

design fixation. In this study, we examined whether individual differences in learning tendencies 

during concept building might underlie one’s susceptibility to design fixation. We hypothesized 

that an exemplar-based learning approach, as reflected in brain activity patterns, would amplify 

the impact of the examples in design problems by heightening the prominence of specific design 

features over the abstract relationships that bind them. Conversely, an abstraction-based learning 

approach might prioritize the abstract design rules governing example designs, providing 

protection from adhering to specific design features of the example and thus, design fixation. To 

test these hypotheses, mechanical engineering students participated in two experimental sessions. 

The first session involved completing a learning task and multiple behavioral assessments; in the 

second session, they underwent a functional magnetic resonance imaging scan (fMRI), while 

completing learning and two design tasks using a sketching tablet compatible with the imaging 

environment. Participants’ thought processes during task completion were captured through 

simultaneous verbal protocols during the scans. A classification of design events via verbal 

protocol analysis using the Function, Behavior, Structure (FBS) ontology for design, in 

conjunction with the coding of the designs produced revealed an extensive frontoparietal 

network of regions associated with the propensity for design fixation. We discuss the importance 



of adopting a real-world, multimethod approach to quantify design fixation, learning tendencies, 

and individual differences through diverse neurocognitive assessments. 
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Abstract: Dopamine (DA) transmission and spiny projection neuron (SPN) activity are critical 

for learning signals in the striatum. Despite extensive research on the functional correlations 

among learning elements (cue, reward, and action), how these elements change within the dorsal 

striatum during learning remains unclear. We hypothesized that varying learning rules requiring 

different actions would affect both task-specific and spontaneous behaviors during intertrial 

intervals (ITIs). 

To test this, we trained head-fixed mice to perform anticipatory licking tasks in response to 

visual cues through Pavlovian conditioning. Mice were then conditioned to withhold licking 

upon cue presentation, with rewards based on task rules. We monitored their licking patterns and 

simultaneously measured DA transient and SPN activity in the dorsolateral striatum (DLS) using 

dual-color fiber photometry. This approach allows us to explore how behavior and striatal signals 

adapt during learning and how striatal circuitry connects task execution to preparatory periods. 

We observed distinct spontaneous licking patterns during ITIs, reflecting learned behaviors of 

producing either a rapid sequence of licks (burst) or a single lick. During Pavlovian training, 

most mice reduced overall spontaneous licking during ITIs, but the frequency of long lick bursts 

increased compared to short bursts as learning progressed. This ratio was disrupted by the 

introduction of a no-lick rule. 



To determine if DA signals in the DLS correspond to these behavioral changes, we analyzed DA 

transient traces aligned with the onset of spontaneous licking. The traces showed consistent 

negative deflections at the onset of lick bursts, with variability in timing and shape. We applied 

elastic shape analysis for phase-amplitude separation of DA traces and used a linear mixed-

effects regression model with non-linear functions to examine how experimental parameters 

affect negative phasic DA dynamics. Preliminary results suggest that DA response amplitude to 

spontaneous licking was significantly influenced by learning type, stage, and lick burst size. 

While DA signals in response to cues and rewards generally show phasic excitation, we observed 

inhibitory patterns with spontaneous licking. This indicates that striatal DA signaling 

differentiates between cue- and reward-related actions and non-reward-related spontaneous 

actions. We plan to confirm these findings across a larger cohort and further explore the 

relationship between calcium activity in D1- and D2-SPN populations and DA signals. 
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Abstract: Instruction-based learning characterizes the remarkable human intelligence in 

acquiring new skills bypassing the need for repetitive stimulus-response mapping. This rapid 

learning relies on transforming the declarative instructions into an action-oriented representation, 

which is mediated by the frontostriatal circuit. In the present study, we designed an original rule-

guided working memory (WM) task requiring learning and updating of goal sets to achieve 

proficiency. During the instruction phase, participants memorize the cue-task-response 

associations which change between blocks. During the implementation phase, participants must 

select the relevant cue-task associations stored in WM and execute precise motor responses. 

Habitual learning is assessed by measuring changes in reaction times from the first to the last 



trial within each block. To facilitate habitual learning, we designed a four-electrode 

configuration of noninvasive temporal interference (TI) stimulation targeting the right striatum. 

The focality and intensity were validated by large-scale simulation on over 600 individual 

anatomies. Participants performed the rule-guided WM task before, during and after 30 minutes 

of TI stimulation. Using TI stimulation with unprecedented precision, we found that entraining 

striatal beta band (20Hz) rhythmics in humans significantly enhances habitual learning. This 

effect was noted without altering overall response speed, task switching, or rule updating, as 

compared to a sham stimulation group. The spatial and frequency specificity of the facilitation 

effect was further supported by null results in the spatial control group with 20Hz TI over the 

right temporal and the frequency control group with 5Hz over the right striatum. Moreover, the 

facilitation effect was observed to be lateralized to the right striatum, but not the left. These 

findings establish a causal relationship between right striatal beta dynamics and rapid instruction-

based learning. 
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Abstract: Memory coding occurs during both movement and immobility in behavioral tasks. 

The theta rhythm (4-12 Hz) in the hippocampus is dominant during movement, coordinates place 

cell activity, and forms short virtual spatial paths aligned with the animal’s actual trajectory 

(“theta sequences”). When an animal pauses, the movement-related theta rhythm is believed to 

dissipate in CA1, along with the related memory coding processes. It is unknown whether and 

how theta-related memory coding can persist during immobility. To investigate this question, we 

used Neuropixels probes to record laminar neural activity profiles throughout dorsal 



hippocampal subregions of 4 male and 4 female rats while they performed a spatial working 

memory task. We did not only observe prominent theta oscillations throughout all subregions 

during movement, but also identified theta oscillations in the outer molecular layer of the dentate 

gyrus that remained detectable during pauses (running speed < 1 cm/sec), and in particular, 

during the period after the animals consumed a reward (“immobility theta”). Simultaneous 

recordings showed that theta oscillations in CA1 were not readily detectable during the same 

period. Current source density analysis revealed that the neuronal activity profiles during 

immobility theta were similar to those during movement. Furthermore, single-unit analysis 

showed that theta phase-locking of hippocampal neurons was as pronounced during immobility 

as during movement theta. We next decoded the information content of hippocampal spikes 

using a Bayesian probability algorithm and found theta sequences during immobility theta 

periods while animals paused in reward zones and at choice points in the task. In contrast to theta 

sequences during movement, remote locations were preferentially represented during theta 

sequences at pauses, and the immediate next choice of the animal was more likely to be 

represented than more temporally distant future choices. These novel findings indicate that theta 

sequences during immobility may serve as a fundamental mechanism for memory coding outside 

of moving periods and will provide important insights for learning and memory retention across 

behavioral states. 
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Abstract: How the brain reconciles dynamism with stability to balance learning and reliable 

memory storage has not yet been fully understood. To address the critical question, we 



longitudinally recorded place cells in the hippocampal dorsal CA1 (dCA1) region over 7 to 56 

days, utilizing multiple goal-oriented navigation paradigms across various complex 

environments. Our findings revealed that over 80% of place cells exhibit multiple place fields, 

demonstrating canonical statistical structures, limited relative heterogeneity in neuronal 

propensity, and high independence of the properties of sibling fields (i.e., place fields of the 

same neuron). Rich in complex evolution events involving combinations of the disappearance, 

the formation, and the retention of place fields, we confirmed that sibling fields evolve nearly 

independently with only ~5% coordination, preferring synchronized changes. Given the 

approximately independent evolution of individual place fields, we uncovered the Single Field 

Evolution Rule (SFER): the longer a field remains active, the more likely it is to continue being 

active; conversely, the longer a field remains inactive, the less likely it is to recover. We 

quantitatively described SFER in probabilistic form, suggesting the convergent dynamics of 

dCA1 representational drift. Mathematical modeling revealed that the SFER sufficiently 

demonstrates the growing stability of the dCA1 spatial representation at the population level. 

Based on the unique and extensive dataset rich in multi-field dCA1 place cells, our accurate 

measurement of drift rate and statistical estimation of SFER provide a congruent description of 

the dynamism-stability duality, offering compelling evidence and fresh insight into the long-term 

dynamics of representational drift in dCA1. 
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Abstract: Cells that are sequentially active on a behavioral time scale (‘time cells’) have been 

proposed to support diverse cognitive functions, such as temporal discrimination and working 



memory. Despite the potential importance of these cells and initial reports that hippocampal time 

cell sequences can span periods of up to 20 s, this finding has not been consistently confirmed. 

For example, sequences of hippocampal time cells were found to last no longer than ~5 s in a 

spatial working memory task with delay intervals of up to 60 s (Sabariego et al., Neuron, 2019, 

102:1235). Because their version of the working memory task did not require movement during 

the delay interval, it is possible that more prolonged time cell sequences only emerge with 

running in a wheel or on a treadmill during the delay, which elicits sustained theta oscillations. 

To test this hypothesis, we trained rats in a delayed spatial alternation task that included trials 

with or without running on a treadmill in the delay zone. As expected, the manipulation resulted 

in significant differences in amplitude and duration of theta oscillations during the delay. Despite 

these major differences, we found that time cell sequences in the entire hippocampus (n = 123 

time cells of 447 principal cells in dorsal CA1/CA3/DG, 37 of 257 in ventral CA1/CA3/DG) did 

not extend beyond ~5 s irrespective of the treadmill status. In contrast, time cell sequences in the 

dorsal medial entorhinal cortex (MEC; n = 180 time cells of 402 principal cells) were strongly 

dependent on theta oscillations. MEC time cell sequences lasted for only ~5 s without persistent 

theta (i.e., treadmill off), but for ~15 s with ongoing theta oscillations (i.e., treadmill on). Cells 

with time fields between 5 s and 15 s in the treadmill-on condition became broadly active or 

turned off in the treadmill-off condition. In addition, a high proportion of grid cells were 

identified as time cells, and we observed that many MEC cells, but not hippocampal cells, 

modulated their firing rate dependent on upcoming right or left turns. In ventral MEC (n = 119 

time cells of 553 principal cells), we observed similar patterns as in dorsal MEC, but the 

temporal firing fields of ventral cells were generally elongated, except during the first few 

seconds. Taken together, these findings imply that major differences between temporal firing 

patterns in hippocampus and MEC emerge in theta states. In MEC, the sequential activity of cells 

over time, including of grid cells, depends to a much larger extent on ongoing theta oscillations. 

Entorhinal computations are therefore governed by oscillatory neuronal firing patterns to a larger 

extent than those in connected brain regions. 
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Title: Investigating the hippocampal circuitry in Anolis carolinensis: Structural and functional 

Insights into spatial information processing in the lizards’ cortex 
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Abstract: The lizard Anolis carolinensis is an interesting model organism in cognitive 

neuroscience as it possesses an evolutionary early three-layered hippocampal homologue. 

Behavioral studies suggest that lizards are able to perform similar hippocampus-dependent 

cognitive tasks as mammals but it is not known whether the functional organization in reptiles is 

the same as in mammals.To reveal hippocampal substructures in Anolis carolinensis , we 

analyzed the expression of genes known to be specifically expressed in the murine hippocampal 

formation and its subregions. We find a homologous region to the dentate gyrus in the lizards’ 

medial cortex as well as homologous regions to the cornu ammonis region in the lizards 

dorsomedial to dorsal cortex.We investigated the participation of hippocampal substructures in 

processing spatial input using immediate early gene imaging in Anolis carolinensis. After 

exposure to a novel context, we find an increase in active cells especially in the medial cortex. 

Our data support the presence of an early hippocampal structure in the cortex of Anolis 

carolinensis. This structure shares functional principles with the mammalian hippocampus. 

Further research combining different behavioral paradigms with immediate early imaging will 

help us to further probe for functional homology and identify hippocampal sub-circuits in the 

lizard. 
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Abstract: In the real world, spatial and temporal contexts provide rich details for episodic 

memories during both encoding and retrieval. During recall, the spatial and environmental 

context of an episodic memory can assist and serve as a retrieval cue (e.g., context 

reinstatement). Although reinstatement of the encoding context may facilitate memory retrieval 

in young adults, there are mixed findings in the aging literature. Some studies have shown a 

similar benefit of context reinstatement on retrieval in young and older adults, whereas others 

have shown minimal to no effect of context reinstatement in older adults. In the current 

experiment, we investigated whether encountering related, overlapping experiences within the 

same context facilitates memory integration and associative inference and whether effects of 

context on integration and inference interact with age. Using a desktop virtual reality paradigm, 

young (18-24 years old) and older (66-95 years old) adults navigated through a virtual 

environment that included three different contexts (a house, library, and museum). After 

navigating to and entering the first context, participants encoded pairs of stimuli shown on a 

virtual screen (referred to as AB pairs). Subsequently, they saw new overlapping pairs (i.e., BC 

pairs, where one item [B] was part of a previously learned pair [AB]). Critically, overlapping 

pairs were encountered either in the same context as the original AB pairs or in a different 

context. We hypothesized that when overlapping events are encountered in the same context, the 

spatial context would assist in memory integration and associative inference. In comparison, 

when overlapping events are encountered in different contexts, the context may differentiate the 

two related memories, decreasing memory integration. To test memory integration, participants 

performed a surprise associative inference test in a new context. As predicted, preliminary 

findings suggest that young adults show increased memory integration and associative inference 

for related events (AB, BC) learned within the same context compared to across different 

contexts. These findings suggest that context reinstatement during encoding subsequently 

benefits memory integration and associative inference at test. In comparison, older adults did not 

demonstrate this contextual reinstatement benefit, showing no difference in associative inference 

performance between pairs learned within the same vs. different spatial contexts. These findings 

should motivate future studies aimed at understanding the mechanisms that lead to a reduced 

benefit of contextual reinstatement in older adults compared to young adults. 
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Title: Ventral hippocampus neurons encode meal-related memory 

Authors: *L. DECARIE-SPAIN, S. E. KANOSKI;  
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Abstract: The ability to encode and retrieve meal-related information is critical to efficiently 

guide energy acquisition and consumption, yet the underlying neural processes remain elusive. 

We set to illustrate the activity dynamics of ventral hippocampus (HPCv) neurons during meal 

consumption and characterize the profile and function of HPCv neurons engaged by eating in 

adult male Sprague-Dawley rats. Fiber photometry-based recording of dynamic bulk HPCv 

calcium-dependent activity during meal consumption (n=6) revealed dynamic increases in 

activity between eating bouts, the magnitude of which predicts subsequent performance in a meal 

location memory task. To evaluate a possible functional connection between HPCv neurons 

engaged by eating and meal-related memory, rats underwent targeted recombination in active 

populations (TRAP)-mediated ablation of HPCv neurons responsive to fasting (‘Fasted’; n=10), 

meal consumption (‘Fed’; n=11), or exposure to predator urine (‘Coyote’; n=7). Ablation of 

HPCv meal-responsive neurons (Fed) impaired meal location memory without influencing food 

motivation or spatial memory for escape location. To identify the projection profile of HPCv 

meal-responsive neurons, a tamoxifen-inducible Fos-driven Cre-recombinase virus was paired 

with a Cre-dependent fluorescent tracer. Presence of axonal projections from the HPCv to the 

lateral hypothalamus (LHA) was specific to rats from the Fed (n=4) and not Fasted (n=5) group. 

Retrograde tracing confirmed that the majority HPCvLHA neurons express cFos following 

meal consumption (n=4). In rats expressing inhibitory chemogenetic receptors (hM4Di) in 

HPCvLHA neurons, infusion of clozapine-N-oxide (n=7), but not its vehicle (n=6), impaired 

meal location memory and decreased inter-meal intervals. [4] Finally, to characterize the genetic 

profile of HPCv meal-responsive neurons, the HPCv was harvested in the Fed (n=6) or Fasted 

(n=6) state for single-nucleus RNA sequencing. HPCv meal-responsive neurons are enriched in 

the serotonin receptor type 2a (Htr2a), and HPCv infusion of the Htr2a antagonist M100907 

(n=7) impaired meal location memory and decreased inter-meal intervals. Collective results 

identify a population of HPCv neurons that dynamically respond during eating to encode meal-

related memories. 
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Title: Exposure to chronic light cycle disruption impairs memory and hippocampus in adolescent 

mice 
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Abstract: Currently, more than 80% of the global population experiences light-polluted skies, 

with China, India, and the United States ranking among the top three affected countries. Recent 

studies have linked these altered light environments to increased cognitive impairments in both 

adolescents and adults. The hippocampus, particularly the dentate gyrus (DG), not only plays a 

pivotal role in memory but also serves as a subordinate circadian oscillator. Over 10% of genes 

and proteins in this region exhibit circadian fluctuations and are associated with changes in 

synaptic and neuronal excitability. However, the impact of altered light environments of the DG 

during adolescence remains largely unexplored. To start addressing this gap, we exposed 

adolescent mice to either a light cycle disruption (LCD) paradigm involving 19 hours of light 

and 5 hours of darkness (19L:5D) for 5 days, followed by 12 hours of light and 12 hours of 

darkness (12L:12D) for 2 days, over a 4-week period or to a control condition of consistent 

12L:12D for 7 days. In this model, adolescent mice were exposed to LED light during the dark 

phase, thereby extending light exposure for 5 out of 7 days. Subsequently, mice underwent 

novel-object recognition (NOR) test, and their brains were processed for circadian rhythms 

analysis and neurogenesis. We found that mice exposed to LCD exhibited reduced exploration 

time with the novel object and increased exploration time with the familiar object compared to 

the control group. Furthermore, we observed a phase advance in neuronal activity rhythms 

within the granule layer of the DG, along with changes in doublecortin expression, a marker for 

neurogenesis, indicating neuronal network alterations induced by aberrant light exposure. Given 

that G-protein coupled inwardly rectifying (GIRK) regulates neuronal activity rhythm in the DG, 

we also analyzed GIRK expression patterns at 4 different time points in mice exposed to LCD 

and control condition. Our data suggests that LCD may impair memory through alterations in 

neuronal physiology and activity in the DG. Further exploration of the molecular mechanisms 

regulating memory deficits induced by aberrant light exposure holds promising avenues for 

developing targeted interventions to mitigate the cognitive impairments associated with disrupted 

light environments. 
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Title: Adult-born neuron reactivation in REM sleep for memory consolidation 
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Abstract: Our comprehension of memory consolidation is still incomplete due to its prolonged 

and multifaceted nature. Prior research suggests that synchronizing memory reactivation with 

theta oscillation during rapid eye movement (REM) sleep is essential for this process. Notably, 

robust theta oscillations are observed in the dentate gyrus of the hippocampus, where a small 

population of its principal neurons continues to be generated in adulthood. These adult-born 

neurons are crucial in modulating hippocampal circuitry to support various memory functions. 

However, the correlation between their information content and its causality for memory-related 

behavior remains unknown. In this study, we utilized genetic tracing and optogenetic silencing to 

demonstrate that reactivation of adult-born neuron memory ensembles, consisting of 

approximately five neurons, during REM sleep is necessary for fear memory consolidation. 

Additionally, we discovered that a specific phase of theta oscillation during REM sleep provides 

a critical time window for synchronized adult-born neuron activity to consolidate associative fear 

memory. These findings offer causal evidence that the reactivation of adult-born neuron memory 

ensembles during REM sleep is essential for associative memory consolidation. Overall, this 

study provides mechanistic insights into how new neurons integrate into functional circuitry in 

the adult brain. 
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Abstract: Chemogenetic silencing of dentate gyrus excitatory cells post-encoding disrupts 

memory consolidation. 

Katherine O. McDonald1, Aditi S. Prabhu1, Russell Day1, Sara J. Aton1 
1University of Michigan, Ann Arbor, Michigan 

The dentate gyrus of the mammalian hippocampus plays an important role in memory encoding 

and recall. When this region is experimentally lesioned prior to learning, memories fail to encode 

properly. Additionally, memory deficits can also be observed when dentate gyrus excitatory 

granule cells are optogenetically inactivated during recall tests. While it is postulated that the 

dentate gyrus plays a role in memory consolidation, the period between memory encoding and 

recall, the role of this structure during this memory-stabilization period remains unclear. The 

necessity of the dentate gyrus in memory consolidation is debated and yet to be proven. In our 

present research, we chemogenetically inhibited excitatory cells within the mouse dentate gyrus 

immediately following training on one of two learning paradigms: object location memory and 

contextual fear memory. In both experiments, animals were administered compound 21 

immediately following training to target the period of memory consolidation. Experimental 

animals showed a reduction in object location memory performance as well as a trend for 

reduced contextual fear memory recall. These data suggest that activity of excitatory dentate 

gyrus cells during the first few hours following learning may be necessary for proper memory 

consolidation for the first time. Because experimental sleep deprivation, which disrupts 

consolidation of both contextual fear and object location memories, suppresses activity in this 

same cell population, this further suggests a plausible mechanism for deprivation-induced 

memory disruption. 
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Abstract: While numerous imaging studies have investigated the brain regions supporting the 

acquisition and extinction of fear, the electrophysiological basis of these processes is much less 

known. Here we used intracranial EEG (iEEG) recordings in epilepsy patients (N = 40) 

implanted in several brain regions pertaining to the fear learning and extinction network, 

including the amygdala, hippocampus, and prefrontal cortex (PFC), as well as in various 

occipital-temporal areas relevant for processing of sensory stimulus features. Patients performed 

an extinction learning paradigm with phases of acquisition and extinction. We observed distinct 

neurophysiological signatures of fear extinction in the amygdala, with CS- items showing 

increased theta power as compared to CS+ items. We applied Representational Similarity 

Analyses (RSA) in order to assess representations of cues and contexts during the acquisition and 

extinction periods. Results revealed that the stability of item representations was stronger for 

CS+ as compared to CS- items in the lateral temporal cortex during extinction. This effect was 

observed during the presentation of the cue, and overlapped in time with a context-specific signal 

originating in the PFC. Critically, we observed that this contextual signal preceded in time and 

correlated across trials with item stability in the amygdala. Taken together, these results 

demonstrate distinct representational dynamics of cues and contexts during the extinction of fear 

memories in the human brain. 
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Abstract: As we age, efficiently processing and maintaining memories becomes more difficult. 

We here asked the question of whether declining precision in the coupling of neural oscillations 

within and across brain regions may be one target mechanism underlying declining age-related 

deficits in memory function. Healthy young (YA n=16, 18-39 years) and older adults (OA n = 

19, 61-76 years) practiced an online variant of an established sequence learning task over 

consecutive days until a plateau in performance precision was achieved before 

electroencephalography (EEG) was recorded during task practice. In this task, sequential 

information was provided implicitly interleaved with random key presses through visual cues 

associated with 1-2 simultaneous keypresses on a standard computer keyboard. Learning, i.e., 

change in temporal and spatial precision of sequential key presses across task practice, was 

monitored in real-time to identify an advanced level of consolidation here defined on an 

individual basis with an asymptotic exponential function fitted to single-trial performance. On 

average, participants practiced the 4-element sequence 203 (YA 150-250, OA 100-300) times 

over ~4 days. Despite overall lower performance precision in older as compared to young, both 

groups showed comparable behavioral advantage of sequence over random performance (Fig. 

1A). Task-based EEG recording at plateau revealed that sequence compared to random 

anticipation (SEQ>RND) was paralleled by significantly higher phase-amplitude coupling (PAC) 

between right frontal theta (3-7Hz) and parietal gamma (40-60Hz) frequency oscillations across 

both age groups (Fig. 1B). Despite comparable levels of sequence consolidation, older adults 

benefitted more from stronger frontoparietal theta-gamma coupling (Fig. 1C), i.e., relatively 

stronger coupling in SEQ compared to RND performance was associated with relatively higher 

precision for the same contrast. Therefore, we propose frontoparietal theta-gamma coupling as a 

potential compensatory mechanism to retain memory function in older age.  
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Abstract: Linking gene expression to electrophysiology (ephys) at the cellular level, and 

ultimately translating these profiles to behavioral phenotypes is a challenging endeavor. Using 

patch-sequencing (patch-seq) alongside a contextual fear conditioning paradigm (CFC), we have 

nominated a gene, Cav3.2, for its effects on memory acquisition, modulated through changes in 

action potential threshold. 

We performed patch-seq on 47 CA1 and subiculum cells from 5 - 7 month old HET3 mice. This 

diversity model consists of genetically unique individuals of a reproducible population that 

originates from 4 inbred strains. The mice underwent a CFC paradigm, and were assigned to low, 

medium, or high performance labels for 3 cognitive performance metrics. Two metrics related to 

memory acquisition during training, time freezing after the last shock during acquisition (CFA) 

and slope of freezing over all shocks; one related to memory recall, CFM, measured as the 

percent of time spent freezing during the testing trial. 

For targeted analysis we selected ion channels known to be expressed in the hippocampus and 

modeled ion channel gene expression as a function of each behavioral performance metric. 

Expression levels of the Cav3.2 gene were identified as being significantly different (p < 0.05) 

between CA1 cells derived from high and low performing groups when using the CFA metric. 

Multiple comparison correction was performed using the false discovery rate (fdr) method. We 

also performed correlation analysis to evaluate how changes in electrophysiological 

characteristics differ between performance groups. Action potential threshold (AP), was 

significant for differences between low and high performing CFA mice. We then evaluated the 

association between Cav3.2 expression and AP, and found a significant correlation. 

Cav3.2 has previously been implicated in short-term memory acquisition in a study that found 

providing a T-type calcium channel antagonist leads to higher acquisition in a CFC paradigm in 

rats.1 The current work provides additional context. We show that this association occurs across 

species in mice; low transcriptome levels of this gene are associated with higher memory 

acquisition; variation in levels of this channel occur naturally in a genetically diverse population; 

and, alterations in levels of this channel’s transcripts are associated with phenotypic effects on 

behavior and specific ephys properties. 
1Marks, W. N., Zabder, N. K., Snutch, T. P., & Howland, J. G. (2020). T-type calcium channels 

regulate the acquisition and recall of conditioned fear in male, Wistar rats. Behavioural Brain 

Research, 393, 112747. 
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Abstract: Both brain-derived neurotrophic factor (BDNF) and ovarian hormones have 

established effects on neuroplasticity, learning and memory. Critically, ovarian hormones 

modulate BDNF expression across the menstrual cycle and its animal analogues. In order to 

examine the effects of this complex interaction on cognition, we use BDNF genetic 

polymorphism as an estimate of participants’ baseline BDNF availability and study their 

performance on a rule-plus-exception category learning task at two points in the menstrual cycle. 

We find that, while Met homozygotes show advantages during the early follicular phase 

(typically characterized by low levels of ovarian hormones), Val homozygotes outperform them 

in the late follicular phase (typically characterized by high estradiol), indicating nuanced, 

genotype- and menstrual cycle-specific effects on category learning ability. These results provide 

the first evidence of BDNF genotype interacting with the menstrual cycle to predict cognitive 

performance in women and deepen our understanding of menstrual cycle-dependent changes in 

memory and learning. Notably, both BDNF and ovarian hormones have major effects on the 

hippocampus, and the category learning task we use, which necessitates memory integration and 

differentiation, is significantly associated with hippocampal processes. As such our findings are 

of interest to neuroscientists broadly interested in hippocampus and its role in learning. 
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Abstract: Emotionally negative experiences are generally more memorable than neutral ones, 

partly due to the activation of the central noradrenergic system, particularly within the amygdala, 

during negative emotion encoding. This activation, originating from the norepinephrine-releasing 

locus coeruleus in the brain stem, marks negative events as goal-relevant by inducing 

physiological arousal responses such as elevated heart rate and sweating. This study investigates 

how objective measures of physiological arousal during encoding influence memory 

performance for negative and neutral scene components across young and middle-aged adults. 

Higher skin conductance response amplitude in response to negative scenes was linked to poorer 

memory performance for negative compared to neutral objects, while greater heart rate 

deceleration for negative scenes predicted better memory performance for negative objects. Both 

younger and middle-aged adults exhibited higher false alarm rates for negative scenes compared 

to neutral scenes, indicating a greater tendency to incorrectly remember negative stimuli. 

However, middle-aged adults showed a more pronounced increase in false alarm rates for 

negative scenes, suggesting a heightened susceptibility to memory errors for emotionally 

negative information with age. Together, these findings suggest physiological arousal may have 

an overgeneralizing effect during the encoding of negative memories, and this effect becomes 

more prominent with increasing age. 
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Abstract: The discovery of activity-dependent long-term potentiation (LTP) in the vertical lobe 

(VL) of Octopus vulgaris has indicated that the octopus VL and mammalian hippocampus share 

not only anatomical features as suggested by J.Z Young but also the cellular process believed to 

mediate learning and memory, thus suggesting the independent evolutionary convergence of 

similar cellular mechanism. However, like the mossy fibers-to-CA3 pyramidal cell synapses, the 

textbook example of non-associative LTP, the VL LTP, that occurs at the synapses between the 

inputs pathway and the amacrine interneurons (AMs), was found to be also NMDA-independent 

and presynaptically expressed. These two properties are inconsistent with the canonical 

associative Hebbian LTP in the hippocampal CA1 region. Here, we integrate results that show 

that LTP expression and maintenance are mediated by persistent activation of NO-synthase in 

the postsynaptic AM interneurons and that LTP expression is mediated through NO retrogradely 

facilitating presynaptic transmitter release (Stern-Mentch et al. 2022; Turchetti-Maia et al. 2018). 

We suggest that mechanistically, the NO system in the VL provides an alternative solution to 

that of the NMDA receptor in the hippocampus.Moreover, our recent connectome results (Bidel 

& Meirovitch et al. 2023) contributed morphological support to this idea as they show that the 

majority of the AMs are simple (SAMs) each receiving only a single synaptic input. As this 

monosynaptic connection undergoes LTP, it implies that each SAM is analogous to a dendritic 

spine, which in CA1 ensures the fundamental Hebbian properties - synaptic specificity and 

synaptic associativity. How can associativity be achieved among coactivated SAMs? The 

connectome results revealed reciprocal connections between the SAMs and serotonergic 

processes. Such interconnections resemble the 5-HT-mediated heterosynaptic facilitation of the 

sensory-to-motoneuron synapse of the defensive reflex of Aplysia. Indeed, preliminary results 

suggest that the 5-HT-dependent PKC cascade, which mediates 5-HT-induced synaptic 

dishabituation in Aplysia (Ghirardi et al. 1992), is used in the VL to mediate LTP induction. 

Based on these findings, we are testing the working hypothesis that synaptic associativity in the 

VL is mediated by volume transmission of 5-HT and/or NO among the coactivated SAMs. This 

integrative assessment of the past and recent results supports the idea that the evolution of 

cognitive abilities in an advanced mollusk has converged into morphological and molecular 

properties that provide the biological properties essential for associative learning networks. 

Disclosures: B. Hochner: None. I. Katz: None. F. Bidel: None. Y. Meirovitch: None. D. 
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Abstract: Kynurenic acid (KYNA), a tryptophan metabolite along the kynurenine pathway, is an 

endogenous antagonist of glutamate ionotropic excitatory amino acid (EAA) receptors and the 

nicotinic acetylcholinergic subtype α7 receptor (nAChR). The involvement of KYNA in various 

pathological conditions and aging is significant. Increased KYNA levels correlate with dementia 

and cognitive impairment. Recently, we have demonstrated the presence of the enzymes 

kynurenine aminotransferases I, II and III, which synthesize KYNA, in different organs of the 

snail Helix pomatia, i.e. in the heart, liver and brain (Kronsteiner et al., Cell Physiol Biochem 

2023;57:279-97). We were interested to investigate the effect of anti-dementia drugs, i.e. 

cerebrolysin and D-cycloserine, on KYNA synthesis in snail liver homogenate in an in vitro 

study. Snails Helix pomatia (obtained from Gugumuck, Vienna Snail Manufacturer, Austria) 

with an average age of 7 years were used. The age of the snails was determined according to the 

Age Rating Scale. The snails were killed, the liver was dissected and stored at -40oC until the 

measurement of the enzyme activity of KAT I and KAT II. Study performed according to the 

Austrian Ethical Code. Different doses of cerebrolysin (1, 5, 10, 15 µl) and D-cycloserine (50, 

100, 200, 400, 800 µM) were used in the incubation mixture of the experiment. L-kynurenine 

(50, 100, 200, 400, 800 µM) was used to confirm the formation of KYNA under experimental 

conditions. KYNA was measured by high performance liquid chromatography. The number of 

data was between 4 and 9 for each treatment. The results are expressed as the mean ± standard 

error of the mean. One-way ANOVA analysis and Student's t-test were used. Analysis of liver 

KAT I and II activities in the presence of different doses of L-kynurenine revealed a dose-

dependent increase in KYNA formation in an in vitro study. In contrast, cerebrolysin and D-

cycloserine dose-dependently and significantly decreased KYNA formation in snail liver 

homogenate. KYNA synthesis in liver homogenate from the snail Helix Pomatia was 

significantly and dose-dependently increased in the presence of the bioprecursor L-kynurenine. 

The significant effect of anti-dementia drugs on KATs activities to reduce KYNA formation in 

liver homogenate of snail Helix Pomatia is similar to the effect published in other species, i.e. rat 

and human, at least in an in vitro study. Pharmacological study in an in vivo on the KYNA 

modulation in the snail Helix Pomatia is of particular importance. 
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Abstract: The brain’s remarkable ability to discern sequences of events unfolding within the fast 

timescale of milli- and tens of milli-seconds, as required in tasks such as precise timing in sports 

and music, continues to be a subject of active investigation. In this study, as a proof of concept, 

we suggest and explore a temporally Pavlovian conditioned Izhikevich model neural network as 

a potential mechanism for enabling this capability. Through a series of numerical simulations 

and comprehensive analyses, we present compelling evidence that this conditioned network 

effectively discriminates various doublets and triplets of sequential input pulses, each 

characterized by distinct millisecond order time intervals. A crucial insight emerging from our 

findings is the formation of a feed-forward network during the learning process, wherein 

temporal sensory information is mapped into specific topographic patterns. Subsequently, in the 

decoding phase within the read-out stage, discrimination is achieved based on the relative shape 

and degree of shift in the spiking rate profile of a population burst triggered by a given input. We 

propose that this mechanism extends beyond the simple spatiotemporal input sequences and may 

have broader implications for time perception and cognitive processing in real-world scenarios 

where precise timing plays a pivotal role. 
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Title: Similarity in brain activity dynamics across individuals during navigation and its 

prediction of spatial memory performance 
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Abstract: Spatial navigation and learning are dynamic information processing tasks involving 

multiple events, such as making turns and encountering or passing landmarks. Therefore, brain 

activity must correspond to the changing cognitive functions and demands over the course of the 

event. We hypothesized that such dynamic neural processing may reflect the successful encoding 

of a navigational episode.To study activity dynamics during navigation, we had 76 participants 

(42 females; average age 36.5, SD 16.4) share the same navigation experience by watching 24 

different 1-minute-long first-person view navigation videos in the scanner. At the end of each 

video, they answered a spatial memory question involving the identification of their traveled path 

or destination on a map. Canonical activity dynamics were defined by averaged activity 

dynamics across participants for each brain region. By comparing the similarity between an 

individual's dynamics and the canonical dynamics, we assessed the degree of shared dynamics 

across individuals for each brain region and investigated its association with individual spatial 

memory performance.The similarity between individual and canonical dynamics was strongest in 

the visual areas in the occipital lobe, and the parietal (e.g. precuneous), frontal (premotor cortex) 

as well as medial temporal lobe (parahippocampus). We also found that informative navigational 

events such as turns or landmarks contributed to the canonical dynamics of many brain regions. 

Next, we found that individuals whose activity dynamics were well-aligned with canonical 

dynamics in the medial temporal lobe performed better on subsequent Path and destination 

questions, and that age-dependent spatial memory decline was partly mediated by 

desynchronization with canonical dynamics in the medial temporal lobe. 
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Abstract: Remembering important locations relies on the hippocampus, where excitatory 

pyramidal cells represent spatial context. These pyramidal cells are strongly regulated by 

interneurons. While previous studies focused on interneurons’ general regulatory functions, we 

discovered inhibitory activity plays a key role in spatial memory formation of reward locations. 

Specifically, parvalbumin-positive (PV) interneurons, which directly inhibit pyramidal cells, 

reduce spiking activity around reward locations. This inhibitory reduction cannot be fully 

explained by changes in speed or licking behavior. Optogenetically disrupting decreases in 

inhibitory activity at reward locations impedes learning, indicating this disinhibition is necessary 

for remembering goal locations. However, whether selective disinhibition occurs around 

generally salient locations, and how disinhibition develops during learning remain unclear. Here, 

we address these key questions. We analyzed PV interneuron activity as head-fixed mice 

performed a Y-maze decision task in a virtual environment (n = 7 male C57BL/6J mice, 4.5-7 

mo. old). Before animals reached two possible goal arms, a visual cue was presented to indicate 

which arm would be rewarded. A reward was provided immediately after animal enters the 

correct arm. We assessed single-unit activity of PV interneurons and controlled for effects of 

speed and licking. We observed a significant reduction in PV interneuron activity around reward 

locations compared to baseline activity. There was not such decrease around the visual cue that 

indicates which arm is correct even though this cue is highly salient. These results show that this 

spatial-selective disinhibition is not related to salient cues generally and is rather specific to 

reward and goal locations. To characterize the development of disinhibition, we assessed trial-

by-trial PV activity as mice learned new reward locations in novel environments (n = 7 male 

C57BL/6J mice, 3.5-5 mo. old). Within a single day, PV activity develops from initially no 

decrease around reward locations, to a significant decrease after the reward, to a significant 

decrease when approaching and at the reward locations. This result indicates a shift in 

disinhibition from representing the receipt of rewards to anticipating the upcoming rewards. 

Together, our results demonstrate how hippocampal inhibitory activity develops to encode and 

predict reward locations. This goal-selective disinhibition that predicts reward has important 

implications for how animals learn locations that lead to reward. 
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Abstract: Prefrontal cortex (PFC) is critically important for the organisation and execution of 

flexible behavior, including sensory integration, decision making, and cognitive control. In 

particular, its functions are believed to be supported by networks of cells representing 

information that is currently relevant for the execution of the task at hand. This information can 

include sensory or behavioral variables, such as specific motor actions, and more abstract 

information, such as task-relevant categories, task phase or rules. 

Despite the well-recognized role of PFC in flexible behavior, the organization of these different 

types of information and learned concepts, and how they are flexibly accessed during task 

execution, is not fully understood. In a multi-phase spatial working memory task that required 

rats to navigate flexibly from one of three starts to one of three goals via unpredictable routes, we 

found that the representation of task elements were structured according to the task’s logic. This 

structure reflected both the meaning of task elements and the mutual relationships between 

categories of task elements. Key locations, actions and task phase dependent direction of 

movement were organized into functional motifs that collectively reflected the key conceptual 

elements of the task. Additionally, the structured representation of task elements was supported, 

at least in part, by functional preferences of subsets of cells. The structured representation of task 

elements in PFC might provide the animal with a cohesive understanding of a task, facilitate the 

correct succession of behaviors according to task phase and, together with the nonrandom 

selectivity of individual cells, may enable modularized computation across different behaviors 

and contexts. 
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Title: Novelty triggers time-dependent theta oscillatory dynamics in hippocampal-cortical-

midbrain circuitry 
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Abstract: Rapid adaptation to novel environment is crucial for survival, and this ability is 

impaired in many neuropsychiatric disorders. Understanding neural adaptation to novelty 

exposure therefore has therapeutic implications. Here, we found that novelty induces time-

dependent theta (4-12Hz) oscillatory dynamics in brain circuits including the medial prefrontal 

cortex (mPFC), ventral hippocampus (vHPC), and ventral tegmental area (VTA), but not dorsal 

hippocampus (dHPC), as mice adapt to a novel environment. Local field potential (LFP) 

recordings were performed while mice were freely behaving in a novel or a familiar arena for 10 

minutes. Initially, mice exhibited increased exploratory behavior upon exposure to novelty, 

which gradually decreased to levels observed in mice exposed to the familiar arena. Over the 

same time course, the mPFC, vHPC, and VTA displayed progressively increasing theta power. 

Additionally, theta coherence and theta phase synchrony measures demonstrated that the 

connectivity between these areas was initially weakened and then gradually strengthened to the 

level observed in the familiar group. Conversely, mice exposed to the familiar arena showed 

steady and consistent behavior as well as theta dynamics in all areas. Treatment with a dopamine 

D1-receptor (D1R) antagonist in the vHPC disrupted neurophysiological adaptation to novelty 

specifically in the vHPC-mPFC and vHPC-VTA circuits, without affecting behavior. Thus, 

novelty induces distinct theta dynamics that are not readily dictated by behavior in the mPFC, 

vHPC, and VTA circuits, a process mediated by D1Rs in the vHPC. 
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Title: Opposing gradients between recognition and navigation along the primate hippocampal 
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Abstract: The hippocampus plays a critical role in both recognition memory and spatial 

navigation. However, for a long time, independent studies of these functions have not been able 

to answer the mechanism by which the hippocampus plays both roles. Thus, the aim of the 

present study is to investigate whether recognition memory and navigation share a common 

circuit or have independent circuits within the hippocampus. Using macaque monkeys as 

subjects, we adopted a multi-task paradigm: a visual paired comparison (VPC) task followed by 

a free foraging (FF) task in a single session to probe recognition memory and spatial navigation, 

respectively. This design allowed us to record from the identical group of neurons and examine 

how the neural representations change across cognitive tasks. Considering the difference in the 

connections between the anterior and posterior portions of the hippocampus, we implanted 128 

chronic electrodes along the hippocampal longitudinal axis. In the VPC task, we identified 

22.5% of neurons showing a significant correlation between firing rate modulation and 

recognition performance. In the FF task, we found that neurons encode diverse spatial variables, 

and most exhibit conjunctive encoding that aligns with previous reports. When looking at the 

common neurons recorded in both tasks, 50.3% of neurons were selective to only one of these 

two tasks, and only 11.1% were tuned to both tasks. Further, the proportions of neurons tuned to 

the VPC task increased along the posterior-to-anterior axis, whereas those tuned to the FF task 

showed an opposite gradient. These results suggest that the hippocampus exerts memory and 

navigation functions through two groups of less-overlapping neurons. The anterior part of the 

hippocampus is more involved in recognition memory, while the posterior part plays a more 

significant role in navigation. 
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Abstract: Semantic memory and abstraction of knowledge from experience are thought to 

involve communication between the hippocampus and neocortex. The hippocampus encodes 

novel episodes using sparse and orthogonal neural representations, which are often correlated 

with spatial location. Recent studies have shown that several neocortical areas, including the 

retrosplenial cortex (RSC), and primary visual cortex (V1) of mice contain similar neural coding 

correlated to spatial location in one-dimensional environments. This spatial coding depends on 

an intact hippocampus, at the time of learning. To understand the contributions of visual and 

spatial (distance) cues to this neural activity, we dissociated visual cues from space by shuffling 

the position of some visual cues on each trial. We used 2-photon imaging to simultaneously 

study activity in RSC, and V1, and in separate mice in the hippocampus (CA1). We found that in 

all three areas, spatial information was degraded in the portion of the novel environment 

containing unstable cues. Many V1 neurons expressed reliable activity near certain visual cues. 

A few neurons (~5%) in RSC, and none in CA1 expressed activity near the location-varying 

visual cues. To elucidate the role of memory on the activity of CA1 and RSC neurons, we also 

exposed the mice to environments with stable cues for several days, before implementing the 

shuffling procedure. In these learned environments, population activity in CA1, RSC, and V1 

continued to express spatial information after the landmarks were dissociated from position. 

However, on the single cell level, more CA1 neurons were active at consistent positions than in 

RSC or V1, where equal numbers of neurons were consistently active near specific cues as at 

consistent locations. In summary, in a novel environment, V1 neurons were most likely to fire at 

consistent visual cues, irrespective of position. Fewer RSC neurons did the same. In a learned 

environment, spatial location influenced the activity in all three brain regions, reducing the 

number of V1 neurons that fired at consistent cues and increasing their position selectivity, but 

CA1 was the most position selective. RSC was influenced both by visual and spatial cues, 

showing activity somewhere between CA1 and V1. 
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Abstract: Literature proposes five cognitive strategies that travelers use for decision making at 

intersections. Here we investigate whether those strategies are differentially affected in older age. 

Using a within-person design, young and older adults navigated five virtual mazes, each 

requiring a different decision-making strategy. Data confirmed an age-related decay of 

wayfinding accuracy in all mazes. This decay was small for the beacon and for the relative 

location strategy, but was pronounced for the serial order, associative cue and cognitive map 

strategy. Contrary to literature, the decay was not larger for the cognitive map strategy than for 

the serial order and the associative cue strategy. However, the decay was substantially larger if 

cognitive map formation was tested outside a wayfinding context. We further found an age-

related decay in the acquisition of incidental spatial knowledge when wayfinding by the 

cognitive map strategy, but not when wayfinding by one of the other strategies. We conclude that 

our older adults compensated their deficits in cognitive map formation by exploiting auxiliary 

wayfinding cues, such as their momentary position with respect to the outer walls of the virtual 

maze. The additional computational demand of this compensation could explain the age-related 

decay in the acquisition of incidental knowledge. 
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Abstract: The histaminergic (HA) system has long been considered to be associated with 

learning and memory, fulfilling its functions mainly through the activation of both H1R, H2R 

and H3R. By whole-brain mapping of histaminergic projections in mouse brain, we find dense 

histaminergic projections to the anterodorsal thalamus (AD). AD contains a large proportion of 

head direction cells and has recently been identified as a critical nucleus in episodic memory 

regulation. However, the precise role of this histaminergic projection remains to be elucidated. 

By employing optogenetic technique, we found that TMN-AD histaminergic circuit 



bidirectionally modulates object location memory (OLM) but not other forms of memory 

including contextual fear memory and novel object recognition. Interestingly, histamine H3 

receptor (H3R) but not H1R or H2R express densely in AD shown by fluorescence in situ 

hybridization (FISH). Therefore, we selectively delete H3R in AD by bilaterally injecting AAV-

syn-cre-GFP into AD in Hrh3fl/fl mice and found that OLM was impaired. By contrast, selective 

depletion of H1R in AD fails to affect OLM. Taken all, evidence so far indicate that AD-

projecting histaminergic circuit mediating object location memory via downstream H3R-

dependent signaling in AD glutamatergic neurons. 
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Abstract: Given the limitations of conventional therapies for memory impairment, cognitive 

Brain- Computer Interfaces (BCIs) show promise in alleviating early symptoms of memory 

decline through targeted, real-time interventions. However, studying memory processes is 

typically done through constrained experimental designs with limited real-world applicability, 

underscoring the need for more natural tasks with undefined periods of memory formation and 

retrieval. 

To study these natural memory processes, we recorded stereotactic electroencephalography 

(sEEG) in six epilepsy patients while they played the card game Memory (also known as 

Concentration). The game introduces variable periods of memory encoding and decoding, 

incorporating aspects of short-term memory, working memory, and attention. We collected data 

from 676 channels across cortical and subcortical structures, including 29 electrodes in the 

hippocampus and 12 electrodes in the prefrontal cortex. 

We identified Local Field Potentials (LFPs) in various frequency bands that correlated with 

game success and card familiarity. Decoding these events across participants and anatomical 

regions yielded performance metrics significantly above chance level for subsets of individuals 

and cortical areas. Elevated beta activity in the Angular Gyrus (AG) and Supramarginal Gyrus 

(SMG) could be identified in one participant when recognizing previously seen cards, indicating 

active engagement in visual memory processing. 

Our findings support the feasibility of decoding memory-related LFPs using a naturalistic task 



setup. This establishes a basis for further exploration of the neural mechanisms underlying 

natural memory processing and the development of cognitive BCIs for treating memory 

impairments. 
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Abstract: The National Institute of Public Health (INSP) estimates that early childhood 

development in Mexico occupies the 81% national range. Early stimulation guarantees the 

optimal increase in cognitive, linguistic, motor, and affective skills and functions, which 

increases the child's visual-motor development, creativity, and imagination in the first five years 

of his life. The general objective of this research was to assess the child's development in 

preschoolers. The research consisted of a quasi-experimental study with a focus on the 

independent and observational variables. A pretest identified and classified the level of 

Neurodevelopment. Each child participant in the research received an individual assessment 

using the Child Development Evaluation Test (EDI). EDI evaluates five areas of development: 

Gross motor skills, fine motor skills, language, social skills, and knowledge. Methodologically, 

the Child Development Evaluation (EDI) test was analyzed and formed part of a screening tool 

designed to detect problems in children's Neurodevelopment. The nursing staff applied the test to 

26 preschool children from 3 to 4 years old in an educational institution, following the bioethical 

principles and protecting the autonomy and rights of the participating subjects. EDI test scores 

were analyzed using frequencies and percentages in the SPSS V-25 software. The results were 

generated by summarizing the items included in each area. This research applied a first phase, 

providing a data analysis pretest. Subsequently, the study applied didactic and playful activities 

with each child to strengthen the areas of more lag regarding their development; these 

interventions conformed to the study's second phase. This research's third phase consisted of a 



post-test by applying the EDI test again. Results revealed that 85% of the preschoolers achieved 

normal development during the pretest (first phase). Its development level increased to around 

94% in the third evaluation phase. 93% reported prayer during the initial assessment phase, while 

the prayer level decreased to 84% in the third evaluation phase. Furthermore, 10% was at risk of 

delay during the first evaluation phase, while during the third phase, the percentage decreased. 

These differences between the pretest and post-test of the intervention were statistically 

significant (p≤0.05).This study shows the impact of interventions on stimulated children, where 

it was possible to modify their level of development. Further discussions show that early 

stimulation must be promoted during the first years of life to contribute to and enhance optimal 

development in physical, intellectual, and psychosocial skills. 
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Title: Tracking dependencies on past events employing the goalkeeper game: an EEG study 

Authors: *P. CABRAL PASSOS1, P. AZEVEDO2, J. E. GARCÍA3, C. VARGAS4;  
1Univ. of São Paulo, Ribeirão Preto, Brazil; 2Physiol., Federal Univ. of Rio de Janeiro, Rio de 

Janeiro, Brazil; 3Statistics Dept. of the Mathematics, Statistics and Scientific Computation, 

Unicamp, Campinas, Brazil; 4Neurobio. Dept., Inst. of Biophysics Carlos Chagas Filho of the 

Federal Univ. of Rio de Janeiro, Rio de Janeiro, Brazil 

Abstract: The statistical brain conjecture states that behavior is guided by statistical inference. 

To address this conjecture, we employed the Goalkeeper Game (GG, 

https://game.numec.prp.usp.br/). Acting as a goalkeeper, the participant is asked to predict kicks 

in a sequence of penalties while his/her electroencephalographic (EEG) activity is recorded. The 

sequence of kicks of the penalty taker is generated by a probabilistic context tree model, a 

mathematical object used to generate, compress and model stochastic sequences. A Context Tree 



(CT) statistical model selection algorithm is then employed to summarize the relationship 

between the sequence of kicks and the sequence of EEGs preceding the response choices in the 

GG. The algorithm returns a context tree that matches (or not) the kicker’s tree. If so, the EEG 

segments recorded from the goalkeeper during the game should have the same dependencies on 

the past as those of the kicker’s sequence. Eleven right-handed subjects (3 F, 23 &pm 9.91 yrs) 

participated in the study (ethics approval: CAEE 69431623.2.0000.5407). The kicker shooted, in 

each trial, to the left-0, center-1 or right-2, totalizing 1500 trials (3 blocks of 500 trials). The 

goalkeeper informed his/her prediction choice by pressing buttons mapped to the numbers 0, 1 

and 2 on the keyboard (CEDRUS RB-840). Each button was mapped to a unique right hand 

finger. For EEG analysis we considered the 300ms interval preceding the button press. Raw 

EEGs (32 elec., avg ref., ActicHamp, 2.5kHz) were filtered at 1Hz and decomposed (ICA). The 

ICLabel (Swartz Center for Comp. Neurosci.) was then used for artifact removal. The resulting 

EEG was downsampled (1024 Hz) and low-passed at 45 Hz (4th-order butterworth). The CT 

algorithm starts from a maximum tree containing subsequences in the sequence of kicks which 

are represented with 0, 1 and 2. Then, each branch is visited. A branch is composed of at least a 

pair of subsequences of the same size that differ by one element. The EEGs associated with each 

pair of the branch are compared using the projective method (Hernàndez et al., 2021). If 

differences are found (p < 0.05) the branch is maintained in the estimated tree, otherwise it is 

pruned. After the context tree estimation, a distance (Balding et al., 2009) was calculated from 

the estimated trees to the penalty taker tree. Group analysis revealed that the distance between 

the kicker’s context tree model and that of the goalkeepers reduced significantly from the 2nd to 

the 3rd block (p < 0.05) only for the frontal electrodes Fp1 and Fz. These results suggest that the 

EEG signals recorded in frontal regions of the brain track the dependencies of the past displayed 

in the penalty taker sequence. 
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Abstract: In motor learning, micro-offline gains (MOGS) are improvements in performance that 

occur during brief rest periods between practice trials, facilitating rapid consolidation and 



stabilization of motor memory. While motor learning primarily engages cerebral regions, 

including the basal ganglia, cerebellum and motor cortex, recent studies suggest that MOGS may 

be dependent on the hippocampus, an area that is most commonly associated with episodic 

memory. However, the involvement and necessity of the hippocampus for MOGS is still not 

established. To determine whether the hippocampus plays a role in MOGS, we tested whether 

replacing rest periods with a hippocampal-dependent task (i.e., episodic memory encoding) 

would significantly alter MOGS. We predicted that, if MOGS rely on hippocampal-dependent 

processes, MOGS should be significantly reduced when participants perform an episodic 

memory task in lieu of a rest period. Furthermore, we predict that the ability to recall those 

episodic memories after motor learning should be negatively correlated with MOGS. Forty-four 

healthy participants performed an explicit sequence learning task, which involved typing a 

sequence of keypresses on a response box as rapidly and accurately as possible for ten seconds 

on each trial using their non-dominant hand. Our experiment included three groups that differed 

only in whether they rested (REST), encoded episodic memories (ENC), or compared the 

similarity of two words (SIM) during the rest periods. The ENC and SIM groups were both 

exposed to the same stimuli (pairs of words) but only differed in their task demands. While 

episodic memory encoding is hippocampal-dependent, making semantic comparisons relies 

significantly less on the hippocampus. Thus, we expected the ENC group to show significantly 

smaller MOGS than the REST and SIM groups. After motor learning acquisition (~35 minutes 

later), participants in the ENC group were asked to recall as many word pairs as possible. A one-

way ANOVA comparing MOGS during the first 11 trials (early learning) did not reveal evidence 

of group differences in MOGS. A planned t-test between the REST and ENC groups and 

between the ENC and SIM groups was also statistically insignificant. We also did not observe a 

significant correlation between episodic memory performance and MOGS in the ENC group. 

Our results do not support the idea that MOGS are dependent on hippocampal processes or that 

inter-trial rest period is important for the development of micro-offline gains. Thus, although our 

experiment revealed negative results, we propose that while MOGS may involve hippocampal 

activity, they are not dependent on hippocampal processes. 
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Title: Autoencoder models of human graph learning reveal that sparse and dense representations 

differentially support planning and recall 
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Abstract: Humans can learn complex task structure to infer how to efficiently reach their goals. 

This learned structure must be stored in memory. Previous work has shown that interventions 

which give experience more order (“blocked”) or randomization (“intermixed”) can aid or hinder 

learning of task structure and thus planning, depending on whether training is properly matched 

to memory encoding abilities. However, it is not fully understood how the interventions alter the 

learned representations to do so. Memory representations that are sparser and more distributed 

could be more efficient and robust to interference. This led prior work to hypothesize that high 

memory precision allows for sparser and more distributed memory representations. Furthermore, 

the intermixed sequence may lead to more distributed representations, whereas the blocked 

sequence leads to localized representations. Here we test these hypotheses using a neural 

network model.Participants implicitly learned complex associative structures in a latent learning 

and inference experiment (Noh, Cooper, Stark, Bornstein 2024). A blocked or intermixed 

sequence of shuffled node pairs was generated from a graph which contained 12 nodes and 16 

edges. Later, participants used learned structure to judge relative distances from a source node to 

target nodes. Finally, participants were asked to draw the underlying graph.Autoencoders, neural 

networks which learn to represent inputs as compressed representations, were trained to simulate 

learning under the blocked or intermixed sequence. Hidden layer width was varied to reflect 

people with differing memory capacities.We measured how distributed representations were by 

calculating the entropy of the reconstructed graph’s edge weights. We found that internal 

representations become more distributed with greater memory capacity (β = 0.02, p = 1.21 × 

10−13) and for the intermixed condition (β = 0.39, p = 2 × 10−16). Next, we measured sparsity 

from the weighted degree of the representation. Representations exhibited lower degree (more 

sparse) with higher memory capacity (β = −0.05, p = 0.002), and for the intermixed condition 

compared to the blocked condition (β = −3.07, p = 2 × 10−16). Critically, these representations 

reproduced two kinds of task behavior: Shortest-path judgments were improved when condition 

and memory capacities were matched (low-blocked, high-intermixed) relative to mismatched, 

and graph reconstruction accuracy was greater for blocked.These results suggest that 

representational form adjusts to memory capacity and is further shaped by training structure, 

explaining differences in planning across individuals and conditions. 
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Title: Selective Effect of Multiple Hippocampal Transection on Prospective Temporal 

Estimation with No Effect on Temporal Reproduction 
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Abstract: Multiple hippocampal transection is a neurosurgical procedure aimed at treating drug-

resistant temporal epilepsy by cutting the longitudinal fibers within the hippocampus responsible 

for the propagation of epileptic seizures, while preserving the transverse fibers to maintain 

memory function. The hippocampus is known to be involved not only in memory formation but 

also temporal information processing. However, detailed investigations into temporal processing 

have been limited due to constrains in neurosurgical approaches. This study aims to explore the 

impact of MHT on temporal processing functions, specifically rospective temporal estimation 

and temporal reproduction. Prospective temporal estimation involves predicting the time needed 

for a future event, while temporal reproduction requires generating a time interval matching the 

duration of a presented stimulus. To investigate these functions, we developed tasks for both. 

The prospective temporal estimation task had patients estimate the time for all dots to disappear 

from a visual stimulus within a 5-11 second range. In the temporal reproduction task, patients 

reproduced the time interval of a presented visual cue, also within the 5-11 second range. We 

measured the behavioral changes of the prospective temporal estimation and temporal 

reproduction tasks in patients (n=6) who underwent multiple hippocampal transection at the three 

time points: pre-surgery, 1 month post-surgery, and 6 months post-surgery. In the prospective 

temporal estimation task, we found at postoperative periods, the estimated times were delayed by 

approximately 1 second relative to the accurate duration for visual stimuli requiring estimation of 

less than 10 seconds. Conversely, for visual stimuli requiring time estimation exceeding 10 

seconds, the estimated times were approximately 1 second shorter than the accurate duration. In 

the temporal production task, patients at postoperative periods successfully reproduced the 

temporal interval of presented cues regardless of a variety of temporal intervals. The results 

suggest that the longitudinal fibers within the hippocampal circuits play a role in the prospective 

temporal estimation, a function related to temporal planning for future events from the visual 

cue. These circuits may not, however, be involved in the working memory of temporal 

information. Further studies are warranted to examine the distinct functional roles of the anterior 

and posterior hippocampal areas and the potential interactions between the hippocampus and the 

cerebral cortex in forming prospective temporal estimations. 
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Abstract: The cerebellum is implicated in timing behavior and has a putative role in essential 

tremor (ET) pathophysiology. In order to evaluate whether people with ET show any deficits in 

timing, we enrolled patients considering surgical treatment for medication-refractory ET (n=67, 

preoperative group) and age-matched controls (n=6) in a behavioral study evaluating the ability 

to reproduce time intervals in the 500-1500 ms range. We repeated the study for ET patients who 

received high-intensity focused ultrasound treatment (n=7, postoperative group) for ablation of 

the ventral intermediate nucleus (VIM), which receives input from the cerebellum, in order to 

assess the importance of the VIM in timing. Both ET groups exhibited significantly decreased 

accuracy and precision compared to controls (Mann-Whitney U and Levene tests). The 

imprecision manifested primarily at the shortest intervals, which attenuated the characteristic 

effect of scalar variability that defines increased variability for longer time intervals. Prior work 

has indicated that reproduction times are biased towards the mean of prior observed intervals. In 

our study, ET subjects demonstrated a stronger bias after presentation of a short interval than 

controls did, although this effect was deemed insignificant following false discovery rate 

adjustment. However, in the preoperative group, the bias was significantly amplified in trials 

following an early response, only if feedback was given (Mann-Whitney U test). This effect may 

or may not be isolated to the preoperative group, as the same feedback analysis is inconclusive 

for the postoperative and control groups, pending further data. These results suggest that ET 

patients were systematically more variable at time interval reproduction, which is best explained 

by a particular deficit in reproducing shorter intervals. We also enrolled ET patients undergoing 

deep brain stimulation electrode implantation for the VIM (n=12) and recorded intracranially 

while they completed the behavioral task. We utilized a semi-automated spike sorting pipeline to 

isolate single-unit activity. Current efforts are ongoing to characterize timing-related dynamics in 

the VIM. 

Disclosures: T. Ullrich: None. S. Lee: None. W.F. Asaad: None. 

Late-Breaking Poster 



LBA008: Theme H Late-Breaking Posters 

Location: MCP Hall A 

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

Program #/Poster #: LBA008.093/LBA178 

Topic: H.10. Human Learning and Cognition 

Support: Eötvös Loránd Research Network KÖ-36/2021 

 National Research, Development and Innovation Office Élvonal KKP 133807 

 National Research, Development and Innovation Office 2019-2.1.7-ERA-NET-

2022-00038 

Title: Direct in vivo identification of Hebbian networks in humans with a novel three-

dimensional laminar electrode array 

Authors: R. G. AVERKIN, S. BORDÉ, G. MOLNAR, P. BARZÓ, *G. TAMAS;  

Univ. of Szeged, Szeged, Hungary 

Abstract: We pioneered functional assessment of human synaptic function in acute brain slices 

with multiple patch-clamp recordings and showed that individual neurons can trigger sequences 

of polysynaptic events. Single neuron-activated groups of cells resembled the so-called 

functional assemblies proposed as building blocks of higher-order cognitive representations by 

D. Hebb. These synaptic event series were composed of motifs alternating glutamatergic and 

GABAergic postsynaptic potentials and required selective spike-to-spike coupling from 

pyramidal cells to GABAergic interneurons. We developed novel three-dimensional, high-

density electrode arrays for human in vivo recordings. The maximal vertical density of recording 

sites (30 µm) is similar to the density of human neurons in the cortex, the minimal lateral spacing 

of shanks in the array is 200 µm. Our electrode arrays contain a scalable number of recording 

sites, can span all layers of the cortex if needed and allow quick manual surgical placement and 

incorporation into standard intracranial EEG grids useful in mapping recording sites relative to 

epileptic foci and/or propagating network oscillations. We successfully implanted several 

prototypes of the novel electrode arrays in combination with standard intracranial EEG grids for 

7 to 11 days in human patients. Our recordings with the 3D array confirmed the strong power for 

low- and middle-frequency bands in supragranular layers compared to infragranular layers. We 

performed in vitro targeted patch clamp experiments in the neighborhood of in vivo electrode 

tracks in brain slices with the full anatomical recovery of the patched cells. Analysis of human in 

vivo recordings using the new microelectrode arrays allowed us to identify monosynaptically 

coupled human neurons in vivo. Moreover, these in vivo recordings confirmed the existence of 

reliable, monosynaptic human pyramidal cell-to-interneuron spike-to-spike coupling with up to 

83% reliability and relatively weak pyramid to pyramid spike-to-spike coupling with <5% 

reliability. We conclude that the novel 3D high-density electrode array allows the identification 

of Hebbian firing sequences involving closely located pyramidal cells and interneurons with 

timeframes corresponding to high frequency cortical motifs in the human cortex. 
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Title: Prefrontal and medial temporal neurons encode ordinal information of event sequences in 

humans 
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Abstract: Humans remember episodic events as discrete units, yet how these memories are 

integrated into a chronological continuum remains unknown. While prefrontal and medial 

temporal regions are implicated in temporal recall, the specific neural mechanisms underlying 

this process in humans are unclear. We investigated this question by recording single-neuron 

activity and local field potentials in 23 drug-resistant epilepsy patients as they watched a custom-

shot set of stimuli consistent of 25 video clips, each composed of four sequenced everyday 

events of variable length. Participants' memory was tested with scene recognition and temporal 

order discrimination tasks. We recorded 1014 single units across patients. We identified "order-

selective neurons" (OSNs) in the hippocampus (12% of hippocampal population), amygdala 

(13%), and orbitofrontal cortex (10%) that responded selectively to specific event orders, 

regardless of event content and event absolute time occurrence. At a population level, we 

discovered that event order was linearly decodable from neural activity alone, with OSNs being 

the major contributing features. Removing OSNs from the pseudopopulation reduced decoding 

accuracy to chance levels, highlighting their crucial role for temporal information encoding. 

Trial-averaged PCA population trajectories in time revealed significant neural state-space shifts 



corresponding to different event orders. At the mesoscale, theta oscillations increased in power 

along event sequences, with OSNs exhibiting theta phase precession. These findings reveal a 

neural mechanism for encoding event order in human episodic memory, demonstrating how 

event structure sculpts neural dynamics in medial temporal and orbitofrontal regions. This work 

provides insight into how the brain weaves discrete episodic events into a coherent temporal 

narrative, advancing our understanding of human episodic memory formation. 
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Abstract: Speech sounds map onto certain domains of meaning, in a phenomenon termed sound 

symbolism. For example, the pseudowords ‘bouba’ and ‘kiki’ are associated with rounded and 

pointed shapes, respectively. Aphasia is a condition, often caused by a stroke, that impairs the 

understanding and/or production of words. Only two studies have investigated sound symbolism 

in people with aphasia (PWA), one showing that onomatopoeia facilitates performance by PWA 

on tasks relying on phonological-to-semantic connections (Meteyard et al., Neuropsychologia, 

2015), and the other that sound-to-shape mapping for pseudowords is not as good in PWA as in 

neurologically intact people (NIP; Ammon et al., Cortex, 1977). Both studies suggest that sound-

symbolic language may be preserved in aphasia, but onomatopoeia and shape both relate to 

concrete domains of meaning. PWA, like NIP, have better comprehension of concrete than 

abstract words (Alyahya et al., NeuroImage: Clinical, 2018). It is important to determine the 

extent to which sound-symbolic language is preserved in PWA, since this represents a potential 

rehabilitation avenue. Here, we compared sound symbolism for a concrete (shape) and an 



abstract (valence) domain in 10 PWA and 10 age- and gender-matched NIP. We used a two-

alternative forced-choice task (2AFC) in which participants classified auditory pseudowords as 

sounding either rounded or pointed (shape), and either good or bad (valence). 40 pseudowords 

were chosen for each domain from the highest-rated items in a prior study (Matthews et al., Soc 

Neurosci Abstr 2021, P883.07), evenly split between the two alternatives in each domain. 

ANOVA showed a main effect of domain in which accuracy was higher for the concrete (shape) 

than the abstract (valence) domain, and a main effect of group in which the PWA were less 

accurate than the NIP. Although the domain by group interaction was not significant, PWA 

classified pseudowords significantly above chance levels for shape but not valence, suggesting 

that sound symbolism for concrete, but not abstract, domains is preserved in aphasia. These 

results clarify the extent to which sound symbolism may be preserved in aphasia, and therefore 

help to shape potential rehabilitation approaches. Our ongoing work seeks to replicate these 

findings using different concrete and abstract domains and using other test paradigms such as 

ratings; and to extend this work to real words. 
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Abstract: Background: Cerebellar mutism is characterized by impaired speech production, 

volitional movement, and emotional regulation following posterior fossa surgery, most 

commonly for medulloblastoma. Its occurrence is approximately 30%, and most cases recover 

the ability to speak after weeks to months from surgery. The neuropathophysiological basis of 

cerebellar mutism remains understudied. Case Presentation: A 12-year-old male underwent 

gross total removal of medulloblastoma. Although postoperative MRI revealed no evidence of 

parenchymal damage, cerebellar mutism was evident immediately after surgery. Language-task-

induced BOLD-fMRI response was recorded both at the symptomatic phase, and also at the 



recovered phase. Methods: The language task was a word repetition task, which required the 

subject to covertly repeat the word presented through earphones, both at postoperative-week 4 

(symptomatic phase) and week 34 (recovered phase). Functional connectivity was computed 

using Pearson’s correlation coefficient, between the statistically extracted 7 language-related 

ROIs. Analysis was then focused on differences between symptomatic and recovered phases. 

Results:The results indicated that connections between; bilateral SMA and right IFG (pars 

triangularis and opercularis), left IFG (pars triangularis) and right IFG (pars 

triangularis/opercularis), and right MFG and right IFG (pars triangularis) decreased during the 

symptomatic phase of cerebellar mutism compared to the recovered phase. Discussion: Our 

results showed that the internal connectivity of the frontal language network decreased during 

the symptomatic phase of cerebellar mutism. The causal mechanism through which cerebellar 

pathology impacts the frontal language network remains elusive and requires further study. 
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Title: Linking speech perception to production in single neurons of human precentral gyrus 
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Abstract: Speech perception and production are deeply interconnected aspects of human 

language. The mechanisms that enable us to link a sequence of speech elements from perception 

to production remains unknown. Here, we used Neuropixels multielectrode array recordings 

throughout the speech cortical areas while participants performed a delayed speech repetition 

task. Single neuron activity was observed. We discovered “mirror” neurons in human precentral 

gyrus (PrCG) that are transiently activated after perceiving specific speech content during 

listening and before producing the same content during speaking. Another group called “bridge” 

neurons maintain elevated firing between the same speech content in perception and production, 

bridging over the delay period. These neurons link and transform speech elements parallel in 

time and for various sentences. Unsupervised population analysis reveals sustained and 



orthogonal dynamics for different sentences only in middle PrCG. With characteristics of a 

premotor region, PrCG neurons preferentially encode specific phonemic sequences. These results 

reveal the role of PrCG neurons in linking specific contents from perception to production across 

the sensorimotor transformation of speech. 
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Title: Language-specific functional diaschisis: glioma infiltration of posterior perisylvian 

language areas disrupts functional responses in the left precentral gyrus 
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Abstract: The left ventral precentral gyrus plays a key role in higher level cognitive functions, 

including speech motor planning. Dual route models of language propose that the left precentral 

gyrus receives input from the left inferior frontal gyrus to support laryngeal motor control for 

language production, as well as from the dorsal language pathway via the arcuate fasciculus. The 

dorsal language pathway underlies auditory-to-motor integration and is a key pathway 

supporting repetition of auditorily presented words. We hypothesized that lesions to the dorsal 

language pathway will disrupt functional neural responses in the left ventral precentral gyrus 

when participants repeat sentences. Moreover, we hypothesized this effect will be specific to the 

domain of language, such that lesions to the dorsal language pathway should have no effect upon 

neural processing in the left ventral precentral gyrus when participants hum short melodies. In 

our study, 56 pre-surgical participants with lesions distributed throughout the left hemisphere 

performed a language and music repetition task while undergoing functional MRI. On every 

trial, they were presented with a sentence (“the boy stopped to tie his shoes”) or piano melody; 

they were instructed to listen to and repeat the stimulus after a rehearsal period of 12 - 20 



seconds. Overall, both language and music repetition elicited increased blood oxygen level-

dependent (BOLD) signal in the left ventral precentral gyrus. We then tested if participants with 

lesions to the dorsal language pathway reduced BOLD responses specifically for language 

repetition - but not melody repetition - in the left precentral gyrus. Consistent with that 

hypothesis, lesions to the left supramarginal gyrus, the left ventral postcentral gyrus, the left 

posterior superior temporal gyrus, and the underlying white matter caused weaker BOLD 

responses in the left ventral precentral gyrus during sentence repetition. When the analysis was 

repeated with data from the melody repetition condition, we found no relation between BOLD 

responses in the left ventral precentral gyrus and lesion damage to those sites. Our results 

provide causal evidence that lesions to the dorsal language pathway exert a domain-specific 

reduction upon processing in the left ventral precentral gyrus. These findings indicate that 

auditory-to-motor integration processes that come by way of the dorsal language pathway 

provide key inputs to speech motor planning in the left ventral precentral gyrus. 
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Abstract: How is sentence meaning encoded and processed in the brain? This study seeks to 

address this question by testing a range of computational models of sentence meaning using 

functional magnetic resonance imaging (fMRI). This work extends upon previous research in 

two main ways. First, this study analyses a more diverse mixture of sixteen different models, 

including word embeddings, transformers, syntactic parsing methods, and hybrid neurosymbolic 

architectures. Second, to control for the confound of lexical similarity, a set of sentence stimuli 

was developed in which various semantic roles (verb, agent, patient, etc) are interchanged (e.g. 

‘The lobbyist wrote to the politician about the reporter’ becomes ‘The reporter wrote to the 

lobbyist about the politician’). Data collection involved participants reading 108 sentences while 

undergoing 7T fMRI scanning. Data were preprocessed using fMRIprep, with activation maps 

for each sentence estimated using GLMSingle. Representational Similarity Analysis (RSA) was 

used to assess the fit between each computational model and the fMRI activation. To determine 



which brain regions encoded sentence information, voxelwise searchlight RSA analysis was also 

conducted. Searchlight results show sentence information is encoded in the medial frontal and 

inferior frontal gyrus, anterior and posterior temporal lobe, angular gyrus, posterior cingulate 

cortex, precuneus, and visual cortex. RSA results show that most models achieve correlations of 

between 0.02-0.20 with fMRI data. Surprisingly, there is no consistent relationship between 

model complexity and performance, with state-of-the-art transformers often performing similarly 

or even worse than simpler architectures. Furthermore, while models that ignore word order 

performed very poorly on sentences involving word interchanges, significant improvement was 

achieved by augmenting such models with information about semantic roles. These results 

highlight the critical role of sentence structure in semantic representation, and raise questions 

regarding whether transformers always represent sentence meaning in a comparable manner to 

the brain. 
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Abstract: Introduction: Investigators are increasingly focused on long non-coding RNAs 

(lncRNAs) as epigenetic regulators, biomarkers, and therapeutic targets. Dysregulated 

expressions of lncRNAs are implicated in multiple disease etiologies, including cancers and 

neurodegenerative disorders. Because lncRNAs form a distinct class of molecules that do not 

translate into proteins, they are best detected in situ with purpose-designed molecular probes 

using techniques and tools that are still being optimized to identify and spatially characterize 

them in their native tissues and subcellular locations. The ability to delineate different properties, 

including stability, tissue specificity, and association with regulatory and effector transcripts and 

proteins, is crucial to understanding their biology, and to evaluating the efficacy of emerging 

therapies and diagnostic platforms. The non-coding RNA activated by DNA damage (Norad) is 

lncRNA required for genome stability and is unusual among lncRNAs in its high degree of 

expression and sequence conservation across mammalian species. Its dysregulation has been 

established in neuroblastoma and in murine brain injury models. Methods: In this study, we used 

AMPIVIEW™ RNA probes, powered by Enzo’s LoopRNA™ ISH technology, to specifically 



target the lncRNA Norad and its downstream target Wnt5a. Expression levels and spatial 

localization of selected targets were determined by in situ hybridization (ISH) in murine brain 

tissue samples. Results: We detect robust expression via chromogenic or fluorescent staining of 

the lncRNA Norad in both rat and mouse brain. We place this expression in the spatial context of 

the tissue with other associated targets along the Wnt signaling pathway. Conclusion: 

AMPIVIEWTM RNA probes specifically detect expression of the lncRNA Norad in fixed rodent 

brain tissue sections and can be used to characterize its spatial patterning across tissue 

architecture in the context of other important regulatory and associated factors. Our results 

highlight the power of ISH and the flexibility of AMPIVIEWTM and LoopRNATM technology to 

detect multiple different types of RNA targets. 
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Abstract: Cross-site validation of mAb-based huntingtin quantification assays  

Yilin Zhang1, Vanessa Pahlow1, Carol Frye1, Xin-Xuan Lin2, Ivan Angulo2, Zahida Ali1, 

Douglas Macdonald3, T. Corey Custer11 Charles River, Skokie, IL, USA 2 Charles River, 

Leiden, NL 3 CHDI Management, Inc., The Company that Manages the Scientific Activities of 

CHDI Foundation, Inc, Los Angeles, CA, USA 

AbstractHuntington’s disease (HD) is caused by an expansion of the CAG repeat sequence in 

the huntingtin gene which produces an expanded polyglutamine (polyQ) domain resulting in the 

mutant huntingtin protein (mHTT). Sensitive, reliable, and readily accessible assays that enable 

the detection of the mHTT protein, as well as other huntingtin (HTT) variants, in HD animal 

models is key for pre-clinical HD programs. Previously, we have described selective assays that 

measure HTT proteins on the electrochemiluminescence Meso Scale Discovery (MSD) detection 

platform using either polyclonal or monoclonal antibodies. Now, we further validate the assays 



across laboratory sites for both rodent and non-human primate model biosamples. Using seventy-

two zQ175Q mouse model cortex tissues, we could detect mHTT level changes in heterozygous 

versus homozygous zQ175Q when compared to wild type murine HTT in both polyQ-length 

dependent and independent assays. We also expanded our HTT detection platform to non-human 

primate (NHP) biosamples, using thirty-five brain tissue samples from six regions from 5 NHP 

subjects. The cross-site verification in both animal models was conducted by comparing the limit 

of detection (LoD), lower limit of quantification (LLoQ), dynamic range, and precision. 

Additionally, correlation coefficient analysis demonstrated the studies performed in 

geographically distinct laboratories are reliable. Overall, these robust and sensitive MSD-based 

assays add a powerful platform to the HD research community to assess HTT levels and test 

novel HTT-directed therapeutics in rodent and NHP models. 

Key words:Huntington’s disease (HD), huntingtin (HTT), Meso Scale Discovery (MSD), Cross-

site validation. 
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Abstract: Organophosphorus nerve agent (OPNA) poisoning leads to a cholinergic crisis 

resulting in difficulty breathing, seizures, and death due to the inhibition of acetylcholinesterase 

(AChE). This process can be reversed with the use of reactivators which interact with the 

inhibited enzyme, releasing the bound OPNA from the active site. A genetically modified mouse 

strain was developed to address both the inherent resistance to intoxication afforded by serum 

carboxylesterase (CaE) and the varied reactivation potential of species-specific AChE. These 

goals were achieved by incorporating a loss of expression mutation of CaE (KO) as well as the 

alteration of the protein coding sequence of the AChE loci (KI) to express the human enzyme 

homolog. The strain combining both the knock in and knock out (KIKO) modifications presents 

an opportunity to evaluate compounds that interact with AChE in a humanized model. To 



confirm that the KIKO mouse accurately models the human response, direct comparison of tissue 

functionality as it relates to reactivation potential is required. In this study, precision-cut lung 

slices (PCLS) will be used as a comparative ex vivo model to visualize lung function and 

quantitate reactivation after exposure to OPNAs. These slices maintain the complexity of lung 

tissue, allowing for the study of airway function. Previous studies have utilized PCLS to 

demonstrate airway responsiveness, providing a system to test therapeutics for OPNA exposure. 

This study aims to develop an assay by measuring inhibition and reactivation as a function of 

airway response in KIKO lung tissues. PCLS samples will demonstrate airway contraction when 

exposed to OP and reversal of contraction when administered a reactivator, analyzed via 

brightfield microscopy. In the future, we anticipate that the functional reactivation of KIKO 

tissue will be compared to human tissue and presented as an adjunct for in vivo testing of OPNA 

reactivators. 
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Abstract: Fluorescent localization of biomarkers markers can enable detailed identification of 

cell types within the brain. The ability to uniquely identify cell types increases greatly with the 

number of biomarkers that can be used concurrently. Spatial proteomic workflows have been 

enhanced through the integration of enzyme-activated amplification reagents in combination 

with fluorescent spectral unmixing. These advancements offer several benefits, including the 

simultaneous detection of up to 8 biomarkers within a single tissue section. In comparison, 

traditional immunohistochemistry (IHC) approaches have limitations in terms of resolving 

spectrally distinct signals for a limited number of targets. To address this challenge, we have 

developed a multiplex spatial IHC workflow that incorporates spectral unmixing. By optimizing 

spatial amplification reagents in conjunction with a spectral imager and subsequent single-cell 

analysis, we can enable a more comprehensive investigation of cell types in complex tissues like 

the brain using a single sample. A key innovation in our workflow is the integration of spectral 

unmixing, which enables the separation of overlapping spectral signatures and the accurate 

identification of 8 individual biomarkers. Using a spatial imaging system to generate high-



resolution images of whole tissue sections combined with quantitative image analysis software, 

we can measure the spatial distribution of distinct cell populations based on the identified 

biomarkers. This allows for the specific localization of neuronal and glial subpopulations, as well 

as proliferating cells and disease markers, within a single tissue slice. These results highlight the 

advantages of using a spectrally unmixed 9-plex sample analysis (8 biomarkers and a nuclear 

counterstain) to investigate the spatial relationships between cell types in the brain. This 

technology has the potential to advance our understanding of the complex cellular dynamics and 

interactions within the brain, paving the way for further discoveries in neuroscience research and 

potentially contributing to the development of targeted therapies for neurological disorders. 
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Title: Characterization of B6.129-Ctnnb1tm2Kem/KnwJ during extinction learning after binge-like 

alcohol exposure 
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Abstract: The expression of β-catenin, as part of the canonical Wnt-signaling pathway, plays a 

fundamental role in cell processes such as proliferation, differentiation, and homeostasis. The 

availability of conditional knockouts (K.O.) allow for local and temporal specificity without 

interrupting normal developmental processes. We will use the B6.129-Ctnnb1tm2Kem/KnwJ 

conditional transgenic K.O. strain in a C57 background, to examine the role of β-catenin in 

alcohol-related behavioral paradigms. Previous work in our lab has shown the importance of 

Wnt/β-catenin signaling on the development of alcohol molecular tolerance associated with 

increased voluntary alcohol consumption and extinction learning. Our overarching hypothesis is 

that activation of the Wnt/β-catenin signaling has a pivotal role in mediating contextual fear 

extinction deficit induced by alcohol. Validation of a local K.O. of β-catenin in key brain regions 



such as the basal lateral amygdala (BLA) on a transgenic model, will allow us to determine its 

role in alcohol extinction deficits. The induction of Cre-recombinase by 

pENN.AAV.CamKII.HI.GFP-Cre.WPRE.SV40 (AAV-Cre) as compared to the control AAV-

GFP will be outlined; validating positioning, viral expansion, and quantifying GFP 

luminescence. Further determination of specific knockdown via immuno-histological 

quantification of β-catenin will be performed on coronal slices using cryo-preserved tissue 

samples. The implementation of this genetic model will conclusively determine the role of 

Wnt/β-catenin, allowing for novel targets and therapeutic approaches in the development of 

prevention and treatment alternatives for anxiety disorders associated with binge-alcohol 

drinking. 
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Abstract: Viral vector delivery of genetic cargos is a powerful tool for discovery and 

translational science. However, applications require extensive optimization for timing and 

dosing, which creates high-cost bottlenecks because current assays of cargo expression require 

postmortem assessments of multiple animals at multiple time points. To overcome this 

bottleneck, we are testing approaches using bioluminescent reporters that allow serial tracking of 

adeno-associated virus (AAV) cargo expression in living rodents. Bioluminescence is generated 

through an enzyme, luciferase, acting on luciferin substrates. Viral vectors expressing luciferase 

can be injected into the brain and luminescence can be detected in living animals through the 

skull and scalp using an in vivo imaging system (IVIS). Here, we report studies assessing the 

ability of luminescence to quantitatively track AAV cargo expression over time after injections 



of AAV into the sensorimotor cortex. Our previous studies reveal that bioluminescence detected 

by IVIS from equivalent doses of AAV expressing firefly luciferase (fLuc) varies across animals 

by orders of magnitude, but luminescent signal within individual animals is consistent over time. 

To determine the reasons for high inter-animal variability, we injected AAV expressing 

luciferase and an HA tag into the sensorimotor cortex of mice, and assessed: 1) variability of 

expression of HA and fLuc across animals by immunohistochemistry (IHC) using automated 

thresholding algorithms for image analysis; 2) the relationship between bioluminescent signal 

and AAV DNA levels by qPCR; 3) feasibility of tracking timing of cargos that are expressed 

transiently. IHC assessments of cargo expression revealed a strong relationship between numbers 

of transduced neurons and total fLuc (r2=0.9784), with intra-animal variability consistent with 

expression of other AAV cargos such as GFP. The relationship between luminescence and AAV-

derived fLuc transgene copies present in the injection site determined by qPCR from dissected 

brain samples was relatively weak (r2 =0.3067). Preliminary studies indicate feasibility of 

quantitatively tracking timing (onset and cessation) of expression of cargos that are expressed 

transiently in individual mice. Together, our data suggests the following: 1) high variability of 

luminescence does not reflect high variability of transduction or AAV-driven fLuc expression; 2) 

IHC provides a more reliable measure of extent of transduction than qPCR from dissected 

samples; and 3) it is feasible to quantitatively track timing (onset and cessation) of expression of 

cargos that are expressed transiently in individual mice. 
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Abstract: Snijders Blok-Campeau Syndrome, a rare hereditary brain disorder caused by CHD3 

gene mutations, is clinically characterized by intellectual developmental delay and symptoms 

associated with autism. Currently, effective clinical treatment options are lacking. Gene editing 

technology has witnessed rapid advancements in recent years, demonstrating significant potential 

for accurately rectifying pathogenic mutations in the genome. This holds immense promise for 

treating rare genetic diseases. However, the clinical application of gene editing technologyfaces a 

crucial challenge: the large size of Cas endonuclease proteins hinders efficient packaging and 

poses difficulties in in vivo delivery.This work is dedicated to the development and optimization 

of a novel miniature base editing system. The goal is to provide new tools for the precise repair 

of CHD3 gene mutations, explore potential therapeutic strategies, and offer innovative 

approaches to treating rare genetic brain diseases. The initial phase involves the screening of Cas 

endonuclease and deaminase components from various species to develop and optimize 

miniature base editors. The aim is to enhance base editing efficiency, widen the activity window, 

and minimize off-target risks. Subsequently, different combinations of sgRNA-miniature base 

editors will be screened in vitro. The work will conclude by exploring the application of the 

miniature base editing system in gene therapy using a mouse model of Snijders Blok-Campeau 

Syndrome. 
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Abstract: Brain organoids are three-dimensional (3D) structures, mainly derived from 

pluripotent stem cells, that aim to mimic key aspects of human brain development. They have 

emerged as a key tool in neuroscience research, providing unparalleled opportunities to model 

neurodevelopmental processes, study complex brain disorders, and test potential therapeutic 

interventions in a controlled and physiologically relevant environment. However, until now it has 

been challenging to perform multiplexed imaging of RNA in intact brain organoids with single 

cell resolution, and almost impossible to do so with subcellular resolution. This difficulty arises 

from the fact that common spatial transcriptomics technologies can only be applied to thin tissue 

sections (~10 micrometers) whereas organoids are typically more than 100 micrometers thick. 

One can choose to prepare sections from intact organoids, but this will not capture the organoid 

complex 3D structure. Here we demonstrate the first multiplexed super-resolved characterization 

of intact brain organoids. Our technology is a modified version of expansion sequencing (ExSeq; 

Alon et al., Science 2021, Vol 371, Issue 6528), which enables highly multiplexed mapping of 

RNAs of thick tissues with nanoscale resolution. Performing ExSeq on patient-derived induced 

pluripotent stem cells (iPSC) differentiated into cortical organoids, allows us to examine: (1) the 

content of cells inside the intact organoids while preserving morphological cues and the identity 

of proximal cells; and (2) nanoscale RNA distribution within neurites from single cells. In 

addition, we extended ExSeq to allow multiple cycles of antibodies staining on expanded 

organoids. This allows us to combine genomics and protein staining via image analysis, and 

provides a deep characterization of intact brain organoids. 
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Abstract: Title: Investigating Ancestral Genetic Factors in Children with ADHDZehra 

Agha1, Jamal B. Williams11Department of Psychiatry, State University of New York at Buffalo, 



Jacobs School ofMedicine and Biomedical Sciences, Buffalo, NY 14203, 

USA.AbstractAttention Deficit Hyperactivity Disorder (ADHD) is a neurodevelopmental 

disorderaffecting ~12% of school-aged children in the US. Recent studies suggest that 

geneticsrepresents more than 80% of the risk of ADHD, yet which genetic contributions 

areresponsible for ADHD has not been fully elucidated. Specifically, although commonvariants 

have been identified in large-scale analysis, rare variants associated with ADHDare far less 

known. Furthermore, the majority of what we understand about thesecontributions is derived 

from those of European descent. Therefore, the need for in-depthgenetic analysis of non-

European ancestry is needed. In this study, we compare commonand rare variants between 

European American and African American children betweenthe ages of 9-10 years old from the 

Adolescent Brain Cognitive Development cohort. Indoing so, we perform comparative polygenic 

risk analysis between European and AfricanAmericans with and without ADHD. We also 

investigated protein truncating variants(PTVs) between the two groups, with a pLI ³ 0.9, in 

which we identified 26,075 PTVs in9,810 different genes in African American cases, with 153 

variants being de novo. Incomparison, the burden of variants in the same 9,810 genes among the 

European caseswas 25786. Notably, there was a complete overlap in the genes impacted by 

differentvariants between African American and European American cases. Lastly, our study 

alsodemonstrates distinct differences in copy number variants between ancestral groups. 

Ourresearch not only highlights novel genetic contributions to ADHD but also 

highlightsancestral differences between European and African Americans. 
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Abstract: We present an innovative technology that encapsulates and maintains human 

neurospheres for extended periods to investigate the dynamics of axon growth, network 

formation, synapse development, and neurodegeneration. This system enables precise 

manipulation, imaging, and profiling of individual neurospheres, thus opening new research 



avenues to study neuron-target interactions, axogenesis, neurodegeneration, and neuronal 

physiology at an unprecedented resolution. Traditional molecular and functional assays often 

involve disruptive processes such as cell dissociation, droplet encapsulation, or flow-based 

microfluidics, which perturb neurons and alter their physiological state, reducing the reliability 

of biological findings. Furthermore, these methods do not permit the study of live neurons within 

functional networks, limiting the potential for multi-modal assays that correlate dynamic 

physiological properties with molecular profiles. Our platform addresses these challenges by 

enabling the comprehensive study of individual neurospheres, either in isolation or in networks. 

To achieve this goal, we generated neurospheres from 17-day old V2a interneurons derived from 

human pluripotent stem cells. Groups of 100 or 200 neurons were aggregated in AggreWells for 

2 days before being transferred to our flow cells. Our novel technology then captures individual 

neurospheres in, customizable, biocompatible compartments enabling longitudinal monitoring 

over days to weeks. Throughout this period, multi-modal analysis can be conducted on the same 

neurosphere by integrating morphology, function, and transcriptomic data through live imaging 

and barcoded library generation for RNA-sequencing. By preserving the integrity and function of 

neurospheres, this technology enables large scale and in-depth assessment of neuronal functions 

such as synapse formation and axon growth in response to various perturbations. Our goal is to 

leverage this system to perform high throughput multimodal screens to advance our 

understanding of neural degeneration and repair. 

 

Disclosures:  N.H. Elder: C. Other Research Support (receipt of drugs, supplies, equipment or 

other in-kind support); Cellanome. O. Vila: A. Employment/Salary (full or part-time):; 

Cellanome. S. Farahvashi: A. Employment/Salary (full or part-time):; Cellanome. G. Schroth: 

A. Employment/Salary (full or part-time):; Cellanome. M. Ronaghi: A. Employment/Salary (full 

or part-time):; Cellanome. F. Fattahi: F. Consulting Fees (e.g., advisory boards); Cellanome. 

Late-Breaking Poster 

LBA009: Theme I Late-Breaking Posters 

Location: MCP Hall A 

http://files.abstractsonline.com/CTRL/65/B/02A/216/DFE/472/09F/E16/E7C/536/A9A/32/g13935_1.jpg


Time: Tuesday, October 8, 2024, 1:00 PM - 5:00 PM 

Program #/Poster #: LBA009.011/LBA11 

Topic: I.01. Molecular, Biochemical, and Genetic Techniques 

Title: Spatial multiomic assay for studying interneuron heterogeneity in the brain 

Authors: *C. ZHOU1, D. WAKHLOO2, A. DIKSHIT2, L.-C. WANG2;  
1R&D, ACDbio/Bio-techne, Newark, CA; 2ACDbio/Bio-Techne, Newark, CA 

Abstract: Interneurons are a diverse group of inhibitory neurons that play an essential role in 

maintaining the delicate balance and function of neural circuits within the brain. Any disruptions 

of the balance between excitatory and inhibitory signals can lead to complex neurological 

disorders, age-related cognitive decline, and psychiatric disorders. Neurological and aging-

related disorders lead to structural and functional changes, such as alterations in synaptic 

plasticity, neurotransmitter levels, and neural connectivity. Interneurons, particularly within the 

hippocampus, the cortex, and the striatum, are integral to memory formation, learning, and 

sensory processing. Therefore, valuable insights can be gained from understanding the 

interneuron diversity in the brain. To enable optimum protein detection with RNA, we have 

developed a new protease-free workflow for the RNAscope™ Multiplex Fluorescent V2 assay 

that can detect up to 4 RNA targets with proteins. This assay utilizes a TSA-based amplification 

strategy that boosts the signal for both RNA and protein targets. We utilized 3 RNA probes 

against three widely studied interneuron types: Pvalb for Parvalbumin neurons, Vip for 

Vasoactive Intestinal Peptide, and Sst for Somatostatin interneurons. An antibody against NeuN 

was used to stain the nuclei of all mature neurons. We used these markers to examine the 

interneuron diversity in the aging brain and Parkinson disease mouse brain. RNAscope™ 

Multiplex Fluorescent V2 assay offers a powerful technique for studying cellular diversity by 

visualizing target RNAs with protein markers in brain tissue sections. The protease-free 

workflow enables optimal protein detection by preserving antigen integrity and tissue 

morphology. This multiomic workflow valuable insights required to study complex tissues like 

the brain and aids in understanding interneuron heterogeneity at different ages and in various 

neurological disorders. 
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Abstract: A detailed census of the identity and function of brain cell types is necessary to 

understand the complex biology of cognition and behavior. Single cell RNA-sequencing 

(scRNA-seq) is used to map single-cell transcriptomes as proxies of functional states. Still, 

transcriptomic profiles do not capture post-transcriptional regulatory mechanisms, a concern for 

neuronal cells which heavily rely on translational controls in response to activity. Recent single-

cell mRNA translation profiling methods have significantly advanced the field but currently 

exhibit limitations in scalability, or do not enable concurrent translation and transcriptome 

profiling. Generally, these technologies also require highly specialized technical expertise, which 

has hindered their widespread adoption. To overcome these limitations, we have developed the 

Ribosome Surveying Targets by Antibody-free Mutation Profiling (Ribo-STAMP) technology. 

In Ribo-STAMP, a fusion of the cytidine deaminase APOBEC1 with a ribosomal protein is 

expressed in cells, resulting in cytosine into uracil (C-to-U) edits that permanently mark 

translated mRNAs and that are identified by standard RNA-seq analyses using mutation-aware 

transcript mapping algorithms. Here, we establish the utility of Ribo-STAMP for neuroscience 

research. We validate Ribo-STAMP in primary cultures, by profiling the neuronal transcriptome 

and translatome in response to BDNF stimulation. We further combine Ribo-STAMP with 

scRNA-seq to study translation efficiency in mouse hippocampus cell types. Leveraging short- 

and long-read RNA sequencing, we uncover cell-type specific transcription-independent 

translation programs, down to RNA isoforms resolution. Intriguingly, we also identify global and 

gene-specific translation rates differences among hippocampal principal cells that are modulated 

by neuronal activity. Results from this study indicate that Ribo-STAMP can be used for RNA 

translation mapping, as well as for measuring neuronal stimulation-induced translation. 

Understanding changes of translational profiles of brain cell types at baseline and after neuronal 

activity will provide insights into how the brain functions in a healthy state and how it may go 

awry during disease. 
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Abstract: Neuronal and glial cell types can be characterized using cellular morphology, 

molecular expression profile, excitability, spatial context, or some combination of these 

parameters. Multiplex immunofluorescence imaging (mIF) introduces new opportunities to 

further elucidate the molecular and cellular diversity of brain cells by providing in situ biomarker 

expression detection with high plexity while maintaining single-cell and subcellular resolution. 

Here, we present a quantitative spatial biology solution to study fresh frozen and FFPE tissue 

samples of human and animal origin using the CellScape Precise Spatial Multiplexing platform. 

Tissues are mounted on standard microscope slides and then enclosed in microfluidic chambers 

for immediate use or long-term storage. Staining and imaging are then conducted automatically, 

on-instrument and in real-time. The experiment is divided into separate iterative staining and 

imaging cycles, which provide the end user with the opportunity to pause and conduct inter-cycle 

analyses that may guide decisions on whether and how to continue each experiment. With the 

facilitation of cell profiling and spatial analysis in mind, we developed an antibody panel 

consisting of neuronal, glial, vascular, and cellular architecture markers for use in human FFPE 

and mouse fresh-frozen tissues. Additionally, we present staining data from the application of 

this panel on healthy and diseased brains, collectively demonstrating that mIF with CellScape is 

a reliable spatial biology solution for neuroscience research. 
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Title: Automated preparation of single nuclei from FFPE samples for snRNA-Seq 
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Abstract: Formalin-fixed, paraffin-embedded (FFPE) tissues are the preferred format for 

preserving clinical samples with an estimated 20 million samples collected each year in the 

United States. Until recently, FFPE tissue samples have been difficult to study by single cell 

RNA sequencing. Recent advances in single nuclei RNA-Seq technology have made it possible 

to overcome these challenges and generate high-quality gene expression data from FFPE samples 

at the single nuclei level. We report here the development of a fully automated workflow for the 

deparaffinization, rehydration and processing of FFPE slices into singulated nuclei on the 

Singulator 200+ Platform. Isolated nuclei are compatible with the 10x Genomics Chromuium 

flex assay which uses targeted probes to hybridize to RNA. Single nuclei sequencing data will be 

presented on the preparation and analysis of snRNASeq libraries from healthy human brain and 

glioblastoma samples. 
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Abstract: Transcriptomic data is quintessentially valuable in single-cell analysis to determine 

cell identity and gene expression. However, during the course of sample processing, cells are 

dissociated and spatial information is lost. As a result, the nuances of cell interactions and 



organization are not captured. This is especially important in studies of primary tissues such as 

the brain that rely on cell-to-cell communication for functionality. Gathering single-cell 

information at scale is another challenge in the field. By combining the combinatorial barcoding 

technology of Parse’s Evercode barcodes and Curio Trekker spatial nuclei tags, transcriptomic 

and spatial information is seamlessly co-captured for single-cell analysis.To demonstrate 

compatibility of the two technologies, frozen nuclei of brain sections were spatially tagged with 

the Curio Trekker platform. The same brain sections were subsequently dissociated and the 

nuclei were fixed and stored using the Parse Nuclei Fixation Kit. Frozen nuclei were thawed and 

processed through a custom Evercode barcoding workflow. The resulting libraries contained 

both transcriptomic and spatial information, with shared barcodes as the cell identifier. Trekker 

barcodes were enriched and sequenced alongside a corresponding transcriptome library, and 

through parallel pipelines the data were subsequently integrated. The results yielded both high-

quality metrics of transcriptome data and high confidence of spatial assignments for samples of 

P1 mouse brain. At a sequencing depth of 20,000 reads/cell, we detected ~2,000 genes/cell and 

>60% nuclei were spatially assigned. This results in a high-quality dataset containing detailed 

gene expression profile for individual nucleus in its spatial context, allowing for robust analysis 

of cell-cell interaction.Together the technologies of combinatorial barcoding and spatial 

resolution will lead to unprecedented scaling that will resolve new biological insights in the field 

of neuroscience and beyond. 
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Title: Search and match across spatial omics data of the brain at single-cell resolution 
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Abstract: Spatial omics technologies characterize molecular properties of the brain with spatial 

information, but integrating and comparing spatial data across different technologies and 

modalities is challenging. A comparative analysis tool that can search, match, and visualize both 

similarities and differences of molecular features in space across multiple samples is lacking. To 

address this, we introduce CAST (Cross-sample Alignment of SpaTial omics), a deep graph 

neural network (GNN)-based method enabling spatial-to-spatial searching and matching at the 

single-cell level. CAST aligns brain samples based on intrinsic similarities of spatial molecular 

features and reconstructs spatially resolved single-cell multi-omic profiles. CAST further allows 

spatially resolved differential analysis (∆Analysis) to pinpoint and visualize disease-associated 

molecular pathways and cell-cell interactions in Alzheimer’s disease samples, and single-cell 

relative translational efficiency (scRTE) profiling to reveal variations in translational control 

across cell types and brain regions. CAST serves as an integrative framework for seamless 

single-cell spatial data searching and matching across technologies, modalities, and sample 

conditions. 
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Abstract: Deciphering the complex wiring of the mammalian brain is crucial for understanding 

neural information processing and the basis of neurological disorders. However, with an 

estimated 86 billion neurons and up to 1000 trillion synapses in a single human brain, 

comprehensive mapping of mammalian neuronal connections using traditional imaging-based 

methods remains a formidable challenge. We present connectome-seq, a novel high-throughput 

sequencing approach for large-scale reconstruction of neuronal connectivity at single-cell 

resolution. This method uses unique molecular barcodes to label individual neurons and their 

synaptic connections, enabling efficient decoding of the brain's wiring diagram through 

massively parallel sequencing. Connectome-seq employs a split reporter system that anchors 

RNA barcodes at synapses upon assembly of engineered pre- and post-synaptic components. 

Optimized AAV vectors enable efficient in vivo delivery across diverse neuronal populations. A 

custom biochemical workflow isolates intact, barcoded synaptic terminals (synaptosomes) and 

enriches transgene-expressing subpopulations using immunostaining and fluorescence-activated 

sorting. Using 10X Genomics platform, parallel sequencing of single synaptosomes and nuclei 

allows detection of synaptic barcodes and cell type-specific markers. A computational pipeline 

then matches barcodes to infer synaptic connections. We benchmarked this approach in the 

mouse pontocerebellar circuit, recapitulating known connectivity while uncovering novel 

connections, with validation by viral tracing. By providing a high-throughput, high-resolution 

view of synaptic connectivity, connectome-seq promises to transform our understanding of 

neural circuit organization and plasticity. This technology opens new avenues for investigating 



how brain wiring changes during learning or in neurodegenerative diseases, potentially guiding 

novel therapeutic strategies for neurological disorders. 
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Title: Detection of nanoplastics in the brain of dolphins (Tursiops aduncus) 
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Abstract: An estimated 4.8 to 12.7 million metric tons of plastic waste are entering the sea every 

year, and the trend is rising. A particular threat on aquatic animals is posed by nanoplastics (NP) 

particles, which are small enough to cross biological barriers and could thereby reach the brain 

and cause harm. NPs either directly enter the sea or arise from breakdown of larger plastic 

fragments through UV radiation, mechanical abrasion and other environmental effects. Studies 

on phytoplankton, crustaceans, gastropods and fishes showed effects on fitness, brain 

metabolism and inflammation of organisms after plastic ingestion. By accumulation through the 

food chain, particularly high amounts of plastic are expected in predators like dolphins. The 

detection and localization of NP in complex brain tissue remains methodologically challenging. 

Here, the establishment of an imaging-based method to detect NP particles in the brain of 

dolphins is described, using hyperspectral, confocal Raman imaging on sections of preserved 

brain tissue of Tursiops aduncus and comparing the resulting spectra with reference spectra for 

various plastic polymers. Preliminary results suggest presence of polyethylene and polyamide 

http://files.abstractsonline.com/CTRL/AF/6/80F/241/D5E/4A1/591/5DF/D9F/0A5/FAB/1C/g13650_2.jpg


NP in the sampled brain tissue with a high probability. This method holds immense potential for 

reliable detection of polymers in brain tissue. Further studies on the subcellular localization of 

NP and their potential effects on the brains of dolphins and other marine predators are required 

but considering published pathophysiological effects of NP in other organisms, it appears 

reasonable to speculate that NP accumulation in the brain might cause physiological and/or 

behavioural abnormalities in marine mammals. 
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Abstract: One way electron microscopy (EM) has advanced neuroscience is by enabling 

detailed mapping of neural connections. However, long imaging and limited access to high-

throughput multi-beam systems hinder its utility for many labs. We have addressed these 

challenges by integrating machine learning (ML) into the image acquisition phase of more 

readily available single beam scanning electron microscopes (SEM) to reduce image acquisition 

time without sacrificing quality. We anticipate this innovation will improve accessibility to 

circuit reconstruction approaches.Traditionally SEMs use a uniform, prolonged dwell time - the 

period an electron beam spends on each pixel - so that the most challenging parts of an image are 

relatively noise-free. Our SmartEM approach restricts the slow scanning only to regions that 



might be error prone once segmented, saving considerable time. The workflow starts with an 

initial rapid scan of the tissue. During image acquisition, a deep learning model, adapted to the 

dataset and operating in real-time, identifies regions of the very rapid initial scan prone to 

segmentation errors. The microscope then selectively rescans these regions slowly. The resulting 

heterogeneous dwell time images are then accurately segmented with a second ML algorithm to 

give high-quality segmentation results comparable to traditional methods. Applied to mouse 

cortex, SmartEM achieved segmentation accuracy comparable to traditional methods but with a 

7-fold speedup. The dataset comprised 94 sections imaged at 4 nm resolution, covering a volume 

of 60x68x3 µm³. We conducted a detailed spine analysis and a 3D neuronal reconstruction, 

revealing that ~ 65% of dendritic spines were accurately captured without split errors, 

comparable to recent reconstruction efforts. To enhance reproducibility and adoption, SmartEM 

outputs have been validated and integrated into existing EM workflows via BossDB, a public 

archive. We think this ML-guided real-time rescanning approach could improve other imaging 

modalities, including CLEM and STEM, expanding SmartEM’s applicability. 
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Abstract: Volume Electron Microscopy (vEM) with its 100 um3 and larger datasets is ideal for 

neuroscience. vEM includes serial block-face scanning EM (SBEM), FIB-SEM, and array 

tomography. While vEM imaging is automated, manual specimen prep of neurological 

specimens is a 4-5-day process of tedious error-prone reagent exchanges (fixatives, labels, stains, 

solvents, resins) that may not provide the consistency required for artificial intelligence image 

segmentation (AI) and quantification that is practically essential. The 3DEM Core provides state-

of-the-art vEM project development, specimen prep, imaging, and analysis using open-source 

(e.g. Image J, Python/TensorFlow) and parallelized analysis for high throughput and Deep-

Learning applications. The Core specializes in automated SBEM imaging and analysis of brain, 

neural tissues, organoids, cell pellets, and cell cultures. The Core automates specimen prep with 

the mPrep ASP-1000 (ASP, Automated Specimen Processor) to provide repeatability, speed, 

minimize reagent consumption, cut hands-on effort, and provide reproducibility for reliable 

feature identification and AI segmentation. ASP prep quality was validated by comparing cortex 

from the same prefusion-fixed rat brain prepared in a 4-day manual process to an 8-hr ASP-prep. 

Manual and ASP specimens yielded comparable 3D perspective projections, staining, 

infiltration, sectioning, and statistically identical measures of axon sizes, myelin thickness, and 

G-ratios. The Core has developed automated AI image analyses including non-linear 3D 

measures of internodal myelination of large-diameter motor axons, and an assay of peripheral 

nerve axon diameters, myelin thickness, and integrity/pathology using 2D section scanning: 3 

peripheral nerve segments (different experimental conditions) are mounted in a mPrep/s capsule 

with a fiduciary thread. These are then vEM-prepared and embedded in the capsule. Semithin 

sections on coverslips are then Ur and Pb batch stained and imaged with a Sigma VP or Teneo 

SEM with low kV backscattered electron detectors (Gatan, ThermoFisher respectively). Scripted 

imaging (Gatan Digital Micrograph) enables 30+ samples to be imaged at 20 nm/pixel in 1 hour. 

This provides automated quantitative axon pathology from multiple experimental conditions to 

assess therapeutics. The ASP also enables vEM prep of in vitro 2D cell cultures, 3D organoids, 

and cell pellets. With ASP processing, the 3DEM core now employs a 3-step automated 



workflow comprising specimen prep, imaging, and concluding with deep-learning AI analysis. 

With this automated workflow, Core scientists now can focus on human-only knowledge tasks. 
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Title: Em-compressor: electron microscopy image compression in connectomics with variational 

autoencoders 
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Abstract: The ongoing pursuit to map detailed brain structures at high resolution using electron 

microscopy (EM) has led to advancements in imaging that enable the generation of connectomic 

volumes that have reached the petabyte scale and are soon expected to reach the exascale for 

whole mouse brain collections. To tackle the high costs of managing these large-scale datasets, 

we have developed a data compression approach employing Variational Autoencoders (VAEs) to 

significantly reduce data storage requirements. Due to their ability to capture the complex 

patterns of EM images, our VAE models notably decrease data size while carefully preserving 

important image features pertinent to connectomics-based image analysis. Through a 

comprehensive study using human EM volumes (H01 dataset), we demonstrate how our 

approach can reduce data to as little as 1/128th of the original size without significantly 

compromising the ability to subsequently segment the data, outperforming standard data size 

reduction methods (see figure 1 and 2 below). This performance suggests that this method can 

greatly alleviate requirements for data management for connectomics applications, and enable 

more efficient data access and sharing. Additionally, we developed a cloud-based application 



named EM-Compressor on top of this work to enable on-the-fly interactive visualization: 

https://em-compressor-demonstration.s3.amazonaws.com/EM-Compressor+App.mp4. 
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Title: Multiscale 3D-imaging of white matter fiber orientations with polarization-sensitive 

optical coherence tomography and light-sheet fluorescence microscopy 
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Abstract: Mapping the 3D orientations of myelinated axons (fibers) across white matter is a key 

aspect in studying neuroanatomical connections. There is currently a need for new, high-

resolution neuroimaging methods that can complement the lower-resolution, whole-brain 

tractography provided by leading methods in diffusion MRI (dMRI). In this work, we used two 

optical imaging techniques, polarization-sensitive optical coherence tomography (PS-OCT) and 

light-sheet fluorescence microscopy (LSFM), to perform 3D-imaging of fiber tracts in partially 

cleared mouse brains. Our goal was to establish a pipeline for performing PS-OCT and LSFM 

simultaneously on the same brain tissues, as both techniques image in a reflectance geometry and 

therefore can be integrated in a combined system for comparative images of fibers at different 

scales. However, these two modalities have different contrast mechanisms and would ordinarily 

require different sample preparation. For fluorescence imaging with LSFM, the sample would, 

ideally, be fully delipidated and optically cleared to enable the most efficient imaging of fibers 

across depth at the microscopic scale (~1 μm). PS-OCT, on the other hand, is a label-free 

technique that requires myelin structure (lipids) to be largely intact for quantifying fiber 



orientations at mesoscopic resolution (~10 μm), and as a result, conventional optical clearing 

cannot be utilized. To accommodate PS-OCT and LSFM within the same tissues, we have 

developed a partial delipidation and RI-matching protocol, with mild B1n/PTxwH buffer pre-

treatment followed by equilibration in iohexol to a RI tuned to myelin lipids (n ≈ 1.46). Using a 

GFP/RFP double positive (Thy1-GFP-M and ChAT-Cre driven tdTomato) mouse brain sample 

with partial clearing, which provided both fluorescent labeling of two distinct sparse neuron 

populations and preserved myelin structure, we show that both PS-OCT and LSFM can be used 

for effective 3D-imaging of fibers up to ~200 μm in depth. With the sparse neuronal labeling, 

LFSM can provide 3D images of individual fibers within dense white matter, where the subset of 

labeled axons is consistent with the overall orientation and organization of the white matter tract 

measured by PS-OCT. These results demonstrate a proof-of-concept for 3D-imaging of fiber 

tracts in mouse brain tissues, paving the way for simultaneous acquisition of PS-OCT and LSFM 

across larger specimens such as human or monkey brain samples in future work. Together, PS-

OCT and LSFM provide complementary information at different spatial scales, and these 

techniques could serve to validate and enhance ex-vivo dMRI, which is limited to hundreds of 

microns in resolution. 
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Title: Multiplexed mapping of mesoscopic projections with fluorescent barcode vectors and a 

machine learning based barcode reader 
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Abstract: The brain consists of hundreds of brain regions with thousands of cell types. To 

understand how different brain regions interact with each other, mesoscopic maps of the 



neuronal connectivity have been extensively studied in the last decade. However, the existing 

methods have several limitations. Whole brain imaging combined with tracer injection visualizes 

projections from only one region per animal. Therefore, we need to obtain data from many 

animals to describe a comprehensive map of the connectivity. Moreover, data obtained from 

multiple animals must be registered to a standard brain atlas, making it difficult to evaluate the 

fine-scale organization of the connectivity. Recently, RNA barcode-based tools have been 

developed for highly multiplexed connectivity mapping. However, this strategy cannot currently 

provide detailed morphological information at the whole-brain scale. To overcome these 

limitations, we developed a multiplexed mapping tool for mesoscopic projection named 

“fluorescent barcode vectors”. We developed AAV vectors expressing two of seven different 

fluorescent proteins (XFPs), allowing the multiplexed labeling of neurons with up to 21 color 

combinations (fluorescent barcode vectors). When these barcode vectors were expressed in a 

non-overlapping manner, each XFP signal was detected in an all-or-none fashion after linear 

unmixing of fluorescence signals. We introduced the fluorescent barcode vectors into 10-20 

cortical areas in mice. The brain slices spanning the entire brain were then imaged with 

fluorescence microscopy. In subcortical areas, such as the striatum and the thalamus, the axonal 

projections were differentially visualized with multiple fluorescent barcodes, revealing a fine and 

intermingled topographic organization. To facilitate automated identification of fluorescent 

barcode signals, we also developed a machine learning-based “barcode reader” that enables pixel 

classification based on color and morphological information. This barcode reader detected even 

single axons for each of the barcodes from densely labeled brain samples based on the limited 

number of training datasets. When we used this barcode reader for the 21 two-color barcodes, 

there was almost no pseudo-positive detection. Our fluorescent barcode vectors with the 

automated barcode reader provide a multiplexed mapping of mesoscopic projections with rich 

morphological information. Our strategy will be powerful for high-throughput mapping of 

mesoscopic axonal projections in mice and for applications to other animals, including primates. 
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Abstract: To map and manipulate neural circuits, there is an unmet need for effective and non-

toxic tools that enable trans-neuronal anterograde access. While some neurotropic viruses such 

as HSV-1 H129 enable such access, there are significant barriers to their utilization, including 

notable toxicity at the cell and organismal level. In contrast, some non-viral tools, such as Wheat 

Germ Agglutinin, suggest that genetically encoded tools (i.e. protein fusions) can spread from 

neuron to neuron in an anterograde direction, although the efficacy is limited. We have therefore 

sought to create a genetically encoded amino acid sequence, an AnteroTag, that enables fusion 

proteins to spread from a defined starter population into post-synaptic neurons, in the 

mammalian brain. Here we assay the performance of an AnteroTag variant in the cortico-ponto-

cerebellar circuit of the mouse, making comparisons between the anterograde spread of a control 

Cre and an AnteroTagged-Cre fusion. Experiments were performed in male and female adult 

mice and were evaluated at multiple post-injection time points. We find that there are apparent 

qualitative differences in AnteroTag performance levels depending upon whether the reporter of 

Cre activity comes from the genome of the mouse (i.e. at the Gt(ROSA)26Sor locus), from the 

genome of an AAV (FLEX/DIO) Cre-reporter construct, or the interaction of both. We discuss 

that the efficacy of our AnteroTag system, and that of likely contemporary emerging alternatives, 

must be critically evaluated in the context of the controls and reporter systems being employed.  
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Abstract: In tissue engineering, and particularly in neural engineering, understanding the 

impacts of master molds on neurite outgrowth within PDMS microstructures is crucial for an 

investigation of neuron mechanosensation. This research provides insights into optimal micro- 

and macro-fabrication processes for neural tissue cultures. 3D printed master molds are highly 

suitable for industrial scale-up fabrication, in terms of affordability and accessibility. However, 

they offer less precision in surface topography compared to photolithography master molds, and 

the layered nature of 3D printing can create microscale ridges between layers. Photolithography 

can be more difficult to scale due to technical complexity and material availability, but master 

molds can provide nanoscale features with smooth surfaces in PDMS replication. This study 

investigates neurite outgrowth within diverse topographical microstructures, focusing on how the 

master mold fabrication method affects axonal outgrowth and directionality. By examining the 

correlation between scaffold topography and cellular behavior, we aim to discover new ways to 

enhance desired neuronal network phenotypes through specific microfabrication strategies. We 

compared human cortical neuron axonal outgrowth and neuron mechanosensation using four 

different fabrication strategies over 14 days with live imaging: A. Photolithography for 

microstructures (channel) and stainless-steel machine inserts for macrostructures (well). B. 3D 

printed master-mold for both macro and microstructures. C. 3D printed molds for 

microstructures and stainless-steel machine inserts for macrostructures. D. Photolithography for 

microstructures and biopsy punching for macrostructures. Our results indicate that smoother 

surfaces with ridges less than 1 micron in both micro and macro structures, provided by 

condition A, is the best method for consistent axonal outgrowth and morphology. This method 

also shows the highest consistency across replicates and has the potential usage in large-scale 

production of microdevices.  
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scalable optical connectomics 
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Abstract: Circuit mapping conventionally relies on continuous neurite tracing across long 

distances in single-channel morphological data. This approach is vulnerable to gaps in imaging 

data, and is error prone, requiring extensive manual proof-reading — all making circuit mapping 

time- and resource-intensive, and limiting scalability. 

We report Optical Connectomics, a scalable approach to single-cell circuit mapping that 

integrates combinatorial cell barcoding and highly multiplexed imaging. Individual cells are 

barcoded via stochastic AAV delivery of cell-filling protein epitopes. Barcoded cell morphology 

and synaptic identity are then co-detected by optical imaging using expansion microscopy and 

iterative antibody staining, enabling fine morphological discrimination of cell processes and 

precise synapse attribution. 

We demonstrate this approach in mouse motor cortex and hippocampus, with more than 15 

distinct protein epitopes, corresponding to at least 215 possible barcodes. We found barcoding 

proteins could be delivered with high levels of co-infection, and observed that fusing barcode 

epitopes to a common scaffold protein made them distribute efficiently across the length of entire 

neurons, including into dendritic spines, axons, and synaptic terminals millimeters from the cell 

body. 

To recover barcodes, we developed a multiplexing protocol compatible with hydrogel-embedded 

samples, comprising iterative cycles of immunostaining, imaging and signal extinction. We built 

a scalable image processing pipeline to stitch and register the data across imaging cycles. We 

found that high-dimensional barcode information at 6-fold expansion allows effective 



discrimination of adjacent cells, even for the thinnest neurites, resolving ambiguities encountered 

when using morphological information alone. We were able to precisely attribute synaptic 

markers to individual pre- and post-synaptic neurites, which is necessary for recovering synaptic 

connectivity. 

We anticipate Optical Connectomics to scale favorably towards larger, higher-dimensional 

datasets. Expansion microscopy allows tunable resolution and integration of molecular readouts 

with connectomics. Protein barcodes may complement recently proposed optical pan-protein 

connectomics (bioRxiv 2024.03.01.582884) by bridging spatial gaps, and barcode-based error-

correction may reduce the need for proofreading. Finally, an exponentially expanding barcoding 

space for every added epitope tag scales towards whole mouse brain labeling, which may be 

possible with 30 epitopes (~1 billion unique barcodes). 
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Abstract: The brain is made up of many cell types that communicate through the release of a 

variety of neurotransmitters to control brain function and behavior. Genetically encoded 

fluorescent indicators are widely used to measure neurotransmitter release at specific locations 

and cell types to dissect neural circuits. However, due to technical challenges, prior work has 

largely been limited to studying at most two signals at once in a given brain region. To enable 

multiplexed fluorescent measurements across many brain areas in vivo, we developed a 

hyperspectral fiber photometry system. The system records spectrally resolved emission at five 

excitation wavelengths from optical fibers implanted into the brain. Excitation lasers are 

combined and shaped to illuminate a linear array of optical fibers that are coupled to different 



brain areas. Emitted light is dispersed perpendicular to the fiber array using a prism. The emitted 

spectra are captured on a sCMOS camera. Image pixels are calibrated to wavelengths and images 

are interleaved according to the excitation laser. These hyperspectral measurements are then 

unmixed using a custom constrained non-negative matrix factorization algorithm that accounts 

for bound and unbound indicator states, autofluorescence, hemodynamics, and brain movement. 

In preliminary experiments, we have performed simultaneous measurements of dopamine, 

acetylcholine, and calcium in the ventral striatum of mice performing a reward-based decision-

making task. Preliminary analysis reveals distinct dynamics of each of these signals modulated 

by behavioral states and outcomes. 
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Abstract: Optical imaging of neural activity via fluorescent indicators offers advantages over 

conventional electrophysiological recording techniques, including improved spatial localization 

of the activity of a larger number of individual neurons, more reliable discrimination of these 

signals over time, and the ability to monitor specific cell types and detect neurotransmitter 

release. Although the continued development of miniaturized, head-mounted microscopes has 

enabled imaging of fluorescent indicators in behaving animals, optical components for cranial 

implantation (endoscopic lenses) incur more damage to surrounding tissue than slender, 

polymer-based fibers for photometric or electrophysiological recording. Additionally, such 

implants stand to benefit from the integration of multifunctional elements for chemical and 

electrical recording and stimulation during imaging sessions to add opportunities for precise 

circuit perturbation. Recently, we have expanded the capabilities of our lab’s multifunctional 

fibers to enable photometric recordings of calcium and dopamine indicators in vivo with flexible, 

scalable polymer optical fibers (POF) fabricated using thermal drawing and coupled to 

microfluidic channels and high-performance electrodes. In addition, we demonstrate the 



streamlined integration of POF bundles containing thousands of individual waveguide cores into 

these multifunctional devices to further enable spatially-resolved imaging of neural activity at a 

single-cell level. To date, we have shown that our flexible, thin (<500 micron) implants are 

suitable for long-term implantation in deep brain regions. We have coupled them with 

lightweight, detachable, 3D-printed head-mountable optics, which we have integrated with fully-

untethered electronics to enable imaging during free behavior. We have also leveraged the 

distinct patterns of spatially-resolved light modes in individual POF bundle cores to demonstrate 

volumetric reconstruction of the collected optical signal. Our initial recordings have captured 

dopamine release along the mesolimbic pathway and calcium transients in the hypothalamus in 

response to rewarding and stressful stimuli, respectively. We expect that our multifunctional 

imaging fiberscopes will expand the existing suite of neural recording tools by potentiating 

detailed, minimally perturbative, and multiparametric interrogation of neural circuits in deep 

brain regions. 
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Abstract: RNA editing in the developing brain is a complex process that involves the post-

transcriptional base-specific modification of RNA molecules. Adenosine deaminases acting on 

RNA (ADARs) modify mRNA, non-coding RNA, and microRNAs by converting adenosine (A) 

to inosine (I). RNA editing plays a crucial role in shaping neuronal function and development by 

regulating protein diversity, modulating neurotransmitter receptor function, influencing RNA 

stability and localization, and impacting gene expression. During neurodevelopment, the 



regulation of RNA editing occurs in a cell-type specific manner. To better understand the spatial 

and subcellular localization of the mRNA targets and protein products of RNA editing, we are 

using a technique that combines multiplexed ViewRNA in-situ hybridization (RNA-ISH) with 

immunohistochemistry (IHC). This technique allows for the imaging of up to nine fluorescent 

channels at the same time, facilitating the simultaneous detection of target proteins and mRNA in 

both cryopreserved and FFPE embryonic and adult mouse brain. Specifically, we used four 

fluorophores to detect mRNA encoding three ADAR isoforms and the self-edited ADAR2 

frameshift splice variant. We simultaneously used DAPI to image nuclei and 

immunohistochemistry to detect four fluorophore-conjugated antibodies to detect the three 

ADAR proteins and multiple neuromodulatory protein targets of RNA editing, including Kcna1, 

Cacna1d, Gabra3, and GluK2. We are using this approach to determine the distribution and 

developmental changes of these transcripts and protein targets in order to gain insight into the 

mechanisms and functional implications of RNA editing in the developing mouse brain. The 

simultaneous detection of these channels in single samples provides a high resolution 

understanding of distribution and localization. Products are for research use only and are not for 

use in diagnostic procedures. 
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Abstract: Economic choices depend on action-selection systems that process value-related 

information from the past and present when planning for future outcomes. The hippocampus 

(HPC), a brain region critical for learning and memory, not only represents spatial information 

but supports deliberative decision making by engaging a cognitive map that serves as a substrate 



for simulating potential future goals. Previous in vivo electrophysiological studies of rodents 

during decision-making tasks have used decoding analyses to show that HPC place cells, while 

exhibiting firing properties that are spatially tuned, also fire in patterns that represent non-local 

information. At choice points, this can decode not only prospective locations related to 

competing future options but also retrospective locations. While this has been heavily 

investigated during deliberative decisions in which animals must choose between two future 

locations, very little is known about how HPC systems engage re-evaluative decisions in which 

animals consider change-of-mind choices of past actions in light of future opportunities. 

Furthermore, to our knowledge, HPC mechanisms of deliberative, let alone re-evaluative, 

decision-making have yet to be demonstrated using calcium imaging tools. Here, we leveraged 

open-source Miniscope recordings of the genetically encoded calcium indicator GCaMP6f in the 

dorsal HPC CA1 subregion (dCA1) in freely behaving mice performing our novel 

neuroeconomic foraging task, Restaurant Row. On this task, mice were allotted a limited time 

budget to forage for their daily source of food by navigating a maze investing in rewards of 

varying costs (delays cued by tone pitch) and subjective value (flavors in unique spatial 

contexts). Importantly, decisions to accept and wait for rewards on each trial were separated into 

discrete stages of primary commitments and secondary re-evaluations separated in space and 

time. We recapitulated single-cell calcium activity patterns important for encoding spatial 

information as well as complex economic decision variables. Using a Bayesian decoding 

analysis, we uncovered reliable representations of the actual location of the animal despite fast 

mouse movement speeds and relatively slow kinetics of GCaMP6f. We also found nonlocal 

representations of previous, current, and future goal locations when mice were at different 

choice-points, including when animals may be engaged in prospective planning as well as re-

evaluative choice algorithms. These efforts pave the way for future work leveraging single-cell 

calcium imaging approaches to investigate circuit mechanisms at play in dissociable decision-

making processes. 
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Abstract: Endocannabinoids (eCBs), including Anandamide (AEA) and 2-arachidonoylglycerol 

(2-AG), are crucial retrograde neuromodulators. Despite their implications in various biological 

processes, the in vivo dynamics of AEA and 2-AG remain poorly understood due to the lack of 

detection methods with adequate spatiotemporal resolution. Previously, our group developed an 

endocannabinoid sensor, GRABeCB2.0 (eCB2.0), by inserting a circularly permuted EGFP into the 

third intracellular loop of the CB1 receptor. This sensor exhibits ~300% ΔF/F0 responses to both 

AEA and 2-AG, enabling the monitoring of eCB dynamics in living animals. However, eCB2.0 

is unable to distinguish signals contributed by AEA or 2-AG. To address this limitation, we 

performed structure-guided sensor engineering of eCB2.0, resulting in the development of new 

AEA and 2-AG selective genetically encoded eCB sensors, GRABAEA1.5 (AEA1.5) and GRAB2-

AG1.5 (2-AG1.5), respectively. AEA1.5 shows specific fluorescent responses to AEA with a peak 

ΔF/F0 exceeding 1000% and no detectable signals to 2-AG. Conversely, 2-AG1.5 displays 

~600% ΔF/F0 responses to 2-AG with an apparent affinity of ~3 μM and no significant response 

to AEA. We then expressed these sensors in living mice and used fiber photometry to record in 

vivo dynamics of AEA and 2-AG during foot shock in both the NAc core and BLA, as well as 

during sucrose reward behaviors in the VTA. We found that only 2-AG1.5 exhibited specific 

time-locked signals during these behaviors. Moreover, given the significant role of eCBs in 

psychoactive drug addiction, we extended our investigation to record AEA and 2-AG signals in 

the NAc shell during the administration of nicotine and Δ9-tetrahydrocannabinol (Δ9-THC). 

Interestingly, AEA signals were exclusively detected during nicotine intake, while only 2-AG 

signals were observed during Δ9-THC administration. These findings highlight the distinct 

engagement of endocannabinoid signaling pathways in response to different addictive 

substances. In summary, our newly engineered selective endocannabinoid sensors, GRABAEA1.5 

and GRAB2-AG1.5, serve as robust tools for real-time monitoring of AEA and 2-AG dynamics in 

living animals. They provide critical insights into endocannabinoid-mediated neuromodulation, 

thus facilitating our understanding of the nervous system. 
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Abstract: Concurrent recording of EEG/fMRI signals reveals cross-scale neurovascular 

dynamics that are crucial for elucidating fundamental linkage between function and behaviors. 

However, MRI scanners generate tremendous artifacts for EEG detection. Despite existing 

denoising methods, cabled connections to EEG receivers are susceptible to environmental 

fluctuations inside MRI scanners, creating baseline drifts that complicate EEG signal retrieval 

from the noisy background. Here, a Wireless Integrated Sensing Detector for simultaneous EEG 

and MRI (WISDEM) is developed to encode fMRI and EEG signals on distinct sidebands of the 

detector’s oscillation carrier wave for detection by a standard MRI console over the entire 

duration of fMRI sequence. Local field potential (LFP) and fMRI maps are retrieved through 

low-pass and high-pass filtering of frequency-demodulate signals. From optogenetically-

stimulated somatosensory cortex, the positive correlation between evoked LFP and fMRI signals 

validates strong neurovascular coupling, enabling cross-scale brain mapping with this 2-in-1 

transducer as a research and diagnostic tool. 
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Abstract: Xylazine, a veterinary tranquilizer and component of general anesthesia in animals, 

has emerged in recent years as an adulterant in an increasing number of opioid-positive overdose 

deaths in the United States. Although xylazine is known to depress vital functions and cause 

hypotension, bradycardia, hypothermia, and respiratory depression, its exact role in modulating 

physiological effects of opioid drugs is largely unknown.Two technologies were used in freely 

moving rats. First, we used multi-site thermorecording coupled with monitoring of locomotor 

activity to examine basic behavioral and physiological effects of xylazine. Second, we used 

oxygen sensors coupled with amperometry to examine the hypoxic effects of xylazine and its 

mixtures with fentanyl and heroin.Intravenous (iv) xylazine at low human-relevant doses (0.33-

3.0 mg/kg) dose-dependently decreased locomotor activity and induced prolonged brain and 

body hypothermia. At a 1 mg/kg dose, xylazine dose-dependently decreased oxygen levels in the 

nucleus accumbens and subcutaneous space, suggesting modest central and peripheral hypoxia. 

In contrast to relatively weak and prolonged effects of xylazine, iv fentanyl (20 μg/kg) induced 

stronger biphasic brain oxygen responses. The initial rapid and strong decrease, resulting from 

respiratory depression, was followed by a slower, more prolonged increase reflecting a post-

hypoxic compensatory phase, with fentanyl acting much quicker than heroin. When a 

fentanyl+xylazine mixture was administered, it induced a response that lacked its hyperoxic 

phase and displayed prolonged fentanyl-induced brain hypoxia. Furthermore, the hypoxic effects 

of fentanyl+xylazine were only slightly attenuated by iv naloxone (0.2 mg/kg), which had 

previously fully blocked the effects of fentanyl and heroin.These findings suggest that xylazine 

exacerbates the life-threatening effects of opioids, proposing worsened brain hypoxia as the 

mechanism contributing to xylazine-positive opioid-overdose deaths. Supported by NIDA-IRP, 

NIH 
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Abstract: Understanding the cooperative behavior of neuronal ensembles necessitates the 

simultaneous recording of electrical activity from numerous neurons. High-density 

microelectrode arrays (HD-MEAs) are a powerful tool for such studies, providing large-scale 

datasets at high spatial resolution. However, the acquired signals consist of a superposition of 

electrical potentials of multiple neurons near each electrode. To attribute individual spikes to 

their respective sources, a computational routine called spike-sorting is used. Spike-sorters 

typically assume the stationarity of spike shapes, or in general, the spike footprint (the 

distribution of the extracellular electrical potentials of the neuron across the array electrodes 

during spiking). However, these shapes can vary systematically depending on recent firing 

history, which poses a challenge for spike sorting algorithms. The impact on spike-sorting 

performance is difficult to characterize without reliable models of spike shape changes or 

simultaneous access to ground-truth spiking information. We address this challenge by proposing 

a detailed characterization of the variability of neuronal spike footprints using a combination of 

HD-MEAs and whole-cell patch clamping. Our experimental setup included a CMOS-based HD-

MEA featuring 59,760 electrodes at a pitch of 13.5 µm. We studied networks of primary 

dissociated rat hippocampal neurons between 13 - 22 days in vitro. A neuron of interest was 

identified for whole-cell patch clamping in current clamp mode, and a 2,025-electrode block 

around it was configured for readout. Ground-truth intracellular spike times were used to reveal 

activity-dependent extracellular spike-shape changes and to fit multivariate composite models at 

selected electrodes of a given footprint. Using gridded interpolation, we generated detailed 

spatial maps of the model parameters across neuronal compartments, revealing clearly 

anisotropic tendencies in spike-shape variability. Model parameters also varied considerably 

across neurons, suggesting that the dynamics of a neuron’s spike-shape changes may be 

indicative of its biophysical properties. Additionally, specific model parameters correlated well 

with failure modes in spike sorting. Based on this observation, we built model-based post hoc 

corrective routines and demonstrated their ability to rescue missed spikes and enhance spike 

sorting efficacy. Our findings demonstrate that detailed characterization of spike shape 

variability not only improves spike sorting algorithms, but may also facilitate label-free data-

based neuron-type classification. 
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Abstract: Ketamine is an emerging therapy for treatment-resistant depression, yet our 

understanding of its electrophysiological and network-based mechanisms is incomplete. This 

study first investigates novel periodic, aperiodic, and complexity measures based on mPFC local 

field potential (LFP)recordings immediately after subanesthetic ketamine treatment. It then 

compares these findings with cerebral blood volume changes, as measured while awake and 

behaving via novel Functional Ultrasound Imaging (FUSI) technology. In the first part of the 

study, 42 male Sprague-Dawley rats were administered corticosterone (CORT) or vehicle for 21 

days. Over the last 7 days, animals receiving CORT were treated intraperitoneally with 15 mg/kg 

ketamine or vehicle during LFP recordings; then tested across an array of behavioral tasks for 9 

days. We found that an immediate increase in the aperiodic exponent (r = -.75, p = .013) and 

offset (r =.78, p < .01), and decrease in sample entropy (r = -.72, p = .020), correlated with 

behavioral improvement in the Groom Test and Forced Swim Test. We hypothesized that these 

electrophysiological biomarkers represented changes in the activity and connectivity of the 

mPFC due to ketamine treatment. In the second part of the experiment, we investigated this by 

implanting a novel FUSI mount in 16 male rats, then recording either coronally or sagittally 

during three 1-hour long sessions separated by a week. The animals began each recording 

anesthetized with isoflurane, then allowed to awaken, and then administered saline, 7.5 mg/kg 

ketamine, or 15 mg/kg ketamine while exploring a novel arena. Compared to the pre-ketamine, 

wakeful state, the anesthetized mPFC showed significantly reduced functional activity (p < 

.01),and connectivity (p < .01) with the basal ganglia. In addition, compared to the pre-ketamine, 

wakeful state, the post-15 mg/kg recordings showed significantly decreased functional activity 

(p< .05) and connectivity (p < .05) in the mPFC. No significant changes were detected with 

7.5mg/kg. These blood volume change-based FUSI findings support the electrophysiological 

findings, that subanesthetic ketamine decreases the functional activity and connectivity of the 

mPFC, which may contribute to its therapeutic action. Furthermore, such electrophysiological 

and blood volume measurements could act as biomarkers of treatment efficacy, enabling 

personalized, targeted, predictive, and measurable treatment strategies. 

Disclosures: M. Bergosh: None. E. Hakopian: None. N.C. Zepeda: None. S. Medvidovic: 

None. S. Iyer: None. K. Liu: None. V.N. Christopoulos: None. D.J. Lee: None. 

Late-Breaking Poster 

LBA009: Theme I Late-Breaking Posters 



Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 1:00 PM - 5:00 PM 

Program #/Poster #: LBA009.036/Web Only 

Topic: I.05. Biomarker, Drug Discovery, and Experimental Therapeutics 

Support: National Science and Technology Council (TW) (109-2314-B-002-120-MY3) 

 National Science and Technology Council (TW) (112-2314-B-002-163-) 

 National Science and Technology Council (TW) (109-2311-B-002-024-) 

 National Science and Technology Council (TW) (110-2311-B-002-032-) 

 National Science and Technology Council (TW) (111-2311-B-002-001-) 

 National Science and Technology Council (TW) (MOST-111-2118-M-001-007-

MY2) 

 National Taiwan University (NTU-108L880304) 

 National Taiwan University (NTU-107L880305) 

 National Taiwan University (NTU-AS-112L104306) 

 National Taiwan University Hospital (111-UN0007) 

 Academia Sinica (AS-IA-112-M03) 

 Mission MSA (MSAC-2023-12-002) 

Title: Cholesterol homeostasis and oxidative stress-related novel plasma biomarkers for MSA 

patients 

Authors: *H.-H. LIN-WANG1,3, J.-W. HUANG4, M.-C. KUO5, Y.-T. TSAI6, C.-C. LU1, P.-J. 

KUNG2, C.-K. LAI7, K. UEDA8, R.-M. WU9, S.-P. LIN2,3;  
1Natl. Taiwan Univ., Taipei City, Taiwan; 2Natl. Taiwan Univ., Taipei, Taiwan; 3Inst. of 

biotechnology, Taipei, Taiwan; 4Inst. of Statistical Science, Academia Sinica, Taipei, Taiwan, 

Taipei, Taiwan; 5Med., Natl. Taiwan Univ. Cancer Ctr., Taipei, Taiwan; 6Inst. of Biotechnology, 

Natl. Taiwan Univ., Taipei, Taiwan; 7Inst. of Atomic and Mol. Sciences, Academia Sinica, 

Taiwan, Taipei, Taiwan; 8Cancer Precision Med. Ctr., Japanese Fndn. for Cancer Res., Tokyo, 

Japan; 9Natl. Taiwan Univ. Hosp., Taipei, Taiwan 

Abstract: Multiple system atrophy (MSA) is a form of atypical parkinsonism that shares clinical 

features with Parkinson’s disease (PD) but possesses unique pathological characteristics and 

shows limited responsiveness to (conventional) medication. The discovery of reliable biomarkers 

is critical for improving differential diagnosis and the development of targeted therapies. We 

profiled the proteomics of plasma-derived extracellular vesicles (EVs) from MSA patients, PD 

patients, and healthy controls (HCs) using liquid chromatography‒mass spectrometry (LC‒

MS/MS). We developed Biomedical Oriented Logistic Dantzig (BOLD) Selector, a modified 

linear programming system particularly suitable for unsupervised biomarker identification from -

omic profiling datasets where the number of the variables (1272 EV proteins in this case) are 

significantly larger than the numbers of patients from each category. The top EV protein 

candidates, integrated into our logistic regression model for distinguishing MSA patients from 

HCs, included LCAT, CRKL, Kallistatin, and CSE1L. For differentiating MSA patients from PD 

patients, the key proteins were APOE, ALDH4A1, ABCC4, and Kallistatin. Moreover, we have 



developed clinically compatible sandwich ELISA platforms that can examine peripheral 

circulating Kallistatin and LCAT in total plasma without the need for prior EV isolation. Results 

show that total circulating Kallistatin in plasma can significantly distinguish MSA from HC. (p < 

0.0001, MSA = 31, HC = 25). The total plasma LCAT also demonstrated a significant difference 

between MSA and HC (p = 0.0217, MSA = 10, HC = 10). Gene ontology analysis revealed that 

these EV proteins are predominantly involved in “cholesterol transport.” Other significant 

biological processes associated with these proteins include oxidative stress modulation, 

inflammation, and demyelination. Targeting these candidates with novel therapeutic strategies to 

regulate cholesterol homeostasis, reduce oxidative stress, and mitigate glial inflammation may 

offer neuroprotective benefits against these neurodegenerative diseases. 

Disclosures: H. Lin-Wang: None. J. Huang: None. M. Kuo: None. Y. Tsai: None. C. Lu: 

None. P. Kung: None. C. Lai: None. K. Ueda: None. R. Wu: None. S. Lin: None. 

Late-Breaking Poster 

LBA009: Theme I Late-Breaking Posters 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 1:00 PM - 5:00 PM 

Program #/Poster #: LBA009.037/LBA36 

Topic: I.05. Biomarker, Drug Discovery, and Experimental Therapeutics 

Title: Advancing migraine therapy with novel mucoadhesive eletriptan formulations 

Authors: *O. SINGH;  

Maharishi Markandeshwar Col. of Pharm., Mullana, Ambala, India 

Abstract: Migraine, a debilitating neurovascular disorder, imposes a significant burden on 

affected individuals globally. Despite advancements in acute migraine management, challenges 

persist, particularly regarding the delayed onset of action and gastrointestinal issues associated 

with oral administration of eletriptan succinate. This study aimed to address these limitations by 

developing and evaluating novel mucoadhesive formulations of eletriptan succinate. Specifically, 

microparticulate systems combining eletriptan with mucoadhesive polymers (chitosan, 

glutamate, and carbopol) and thermoreversible gels based on pluronic and mucoadhesive 

polymers were investigated. The objectives included formulation optimization, characterization, 

in vitro permeation studies, histopathological evaluation, pharmacokinetic assessments, and 

efficacy and toxicity evaluations in animal models. Additionally, analytical methods for 

eletriptan estimation using UV-visible spectroscopy and HPLC with UV detection were 

developed and validated. Results demonstrated the potential of mucoadhesive formulations to 

enhance drug absorption and efficacy, offering a promising avenue for improving migraine 

therapy outcomes. 
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Abstract: Microglia are the primary resident immune cells of the brain parenchyma and perform 

a variety of functions, such as releasing cytokines and phagocytosis of foreign and dead cells. 

The heterogeneity of microglial populations and the concept of disease-associated microglia 

have been proposed, and their relationship to neurological diseases has been actively 

investigated. On the other hand, macrophages have recently been reported to be resident in 

specific areas of the central nervous system (CNS). These macrophages, called CNS-associated 

macrophages (CAMs), are found in the meninges and perivascular spaces, and their properties 

are very similar to those of microglia. To understand the true microglial dynamics and their 

causal relationship to CNS disease, it is critical to accurately distinguish microglia from 

macrophages.Purinergic receptor P2Y, G-protein coupled 12 (P2RY12) and Transmembrane 

Protein 119 (TMEM119) are currently used as markers to discriminate between microglia and 

macrophage. It has been reported that the expression of these markers is altered by microglial 

activation, and their expression is often compared with that of Ionized calcium-binding adapter 

molecule 1 (Iba1), a common microglial marker. Currently, however, commercially available 

microglial specific marker antibodies are limited to a limited number of animal species and lack 

versatility in multiplex staining. In this study, we set out to develop a guinea pig derived anti-

P2RY12 antibody with high versatility for different immunohistochemical staining methods. 

First, we determined the target sequence from protein conformation prediction and designed 

antigen peptides. The designed antigen peptide was immunized to guinea pigs, and antiserum 

was collected and purified. Purified antibodies were co-stained with anti-Iba1 antibodies to 

examine staining performance. Results showed that P2RY12 signal was detected in the cerebral 

cortex, hippocampus and arch nucleus, all of which were localized in Iba1-positive microglia. 

The P2RY12 signal was also observed at the projection ends of microglia and detected fine 

projection structures compared to the Iba1 signal. In conclusion, we expect that guinea pig 

derived anti-P2RY12 antibody will be a useful tool for future research breakthroughs toward a 

more accurate understanding of microglial function and characteristics. 
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Abstract: Spatial omics is an expanding research area focused on integrating spatial knowledge 

of tissue with transcriptomics (RNA) and proteomics (protein). The intrinsic tissue complexity of 

biological structure is an important aspect of brain and cancer immunotherapy research, 

requiring accurate target classification. Simultaneous translational profiling of 4+ targets on a 

single sample presents challenges that include panel design, staining protocols, and data analysis. 

Furthermore, designing a reliable multi-target biomarker panel in the brain introduces 

complexities such as protein abundance and localization, fluorophore compatibility, diverse cell 

types, and data characterization. While recent advances in cyclic staining and target detection 

with automated fluidics enable a growing plexity of diverse target types, these approaches suffer 

from low simultaneous target throughput. Here, we test and compare a streamlined process for 

CNS and other tissue types that enables detection of high multiplexed panels, completed within a 

couple of hours. With this new methodology, we explore detection of a range of protein markers 

across CNS and other tissue types used in biological research applications with our uniform 

technique of labelling. 

Disclosures:  D. Beacham: A. Employment/Salary (full or part-time):; Thermo Fisher Scientific. 
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Title: Non-destructive luminescence imaging to monitor microenvironments in 

microphysiological systems: a brain metastasis model using dissociated cerebral organoids 

Authors: C. REED-MCBAIN1, R. TURAGA1, S. ZIMA1, A. CUNHA2, *S. REHEN3,4, H. 

BORGES2,4, J. AYUSO1;  
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3D'Or Inst. For Res. and Educ., Rio de Janeiro, Brazil; 4Promega Corp., Fitchburg, WI 

Abstract: During brain metastasis, tumor cells interact with the surrounding stroma, including 

neurons and astrocytes, to create a tumor-promoting microenvironment. However, the molecular 

and cellular factors driving tumor-neural stroma interactions remain unclear. Here, we developed 

a co-culture model of metastatic melanoma by combining metastatic melanoma cells with 

dissociated human iPSC-derived cerebral organoids, consisting of neurons and astrocytes, in a 

microfluidic device. We cultured these astrocytes and neurons in a 3D hydrogel that contained a 

domain with metastatic melanoma cells. This approach generated a spatially organized co-culture 

system with no physical boundary between the tumor and stromal compartments. Then, we 

leveraged several imaging modalities to study tumor-stroma interactions and changes in the 

microenvironment. Using non-destructive, luminescence-based methods, we spatially resolved 

changes in cell viability, metabolite concentration, and other biochemical parameters. This model 

provides a robust platform for investigating the crosstalk between tumor cells and neural 

scaffolds, offering valuable insights into the molecular and cellular factors driving tumor-neural 

interactions. 
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Abstract: Recent experimental advancements, including electron microscopy (EM) 

reconstructions, have produced detailed connectivity data for local brain regions. On the other 

hand, large-scale imaging techniques such as MRI provide insights into inter-regional 

connectivity. However, the link between local and large scale connectivity is missing. 

Understanding the links between local and long-range connectivity is essential to study the 

healthy and pathological conditions of brain activity. We present a novel technique to predict 

whole-brain connectivity at single cell level by generating detailed whole-brain axonal 

morphologies from sparse experimental data. The computationally generated axons accurately 

reproduce the morphological properties of experimental reconstructions. Furthermore, these 

models establish inter-regional connectivity, enabling the in-silico experimentation of large brain 

regions. 
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Abstract: Cell culture systems derived from the progenitor cells of human patients have many 

advantages over animal models for therapeutic drug testing and studies of disease pathogenesis. 

Here we describe a three-dimensional (3D) spheroid co-culture system of neurons and astrocytes 

derived from induced pluripotent stem cells-neural precursor cells (iPSCs-NPCs) of Alzheimer’s 

disease (AD) patients or healthy individuals that can provide information on drug efficacy 

unobtainable by 2D co-culture or monoculture approaches. iPSCs-NPCs of healthy controls or 

AD patients were seeded onto 96-well U-bottom plates and incubated with neuronal 



differentiation medium for one week and with astrocytic medium for two weeks to replicate the 

temporal order of cell maturation during brain development. These 3D spheroid models 

expressed marker proteins for mature neurons and astrocytes. In particular, patient-derived 

spheroids showed beta-amyloid (Aβ) accumulation as revealed by thioflavin T (ThT) staining 

and ELISA. Aggregation of Aβ induced caspase activation and cell death, while the 

neuroprotectants nordihydroguaiaretic acid (NDGA) and curcumin (CU) reduced the levels of 

both ThT and caspase staining. Taken together, these results demonstrate the feasibility of our 

3D spheroids combined with ThT and caspase staining as a patient-based anti-AD drug screening 

platform. 
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Abstract: Animal behavior is highly adaptable, allowing for the navigation and exploitation of 

complex, continuous state-spaces, recovery from mistakes, and execution of temporally extended 

actions. We explore the possibility that this adaptability can be understood by viewing behavior 

as the physical manifestation of a self-modifying search protocol. Inspired by the hippocampus, 

we introduce a mutable neural graph with place-cell-like vertices whose field responses (induced 

by grid cells) partition state-space. Physically executing complex actions (trajectories sampled 

from paths over the graph) yields graph-modifying experiences (edge-traversal failure/success), 

influencing future actions through edge-(dis)inhibition and vertex-addition. Dynamic global 

edge-(dis)inhibition is crucial for controlling the range of accessible paths and is regulated by 

edge-traversal and pathfinding failures. This on-the-fly learning doesn't require extensive 

training, and creates a link between the search for paths and the search through graph-space, 

leading to a tight model/behavior feedback loop. Our system can use perceptual knowledge of 

navigability affordances (PKNA) to build the graph more efficiently, using deep networks 

trained from the graph itself. We tested the system by allowing it to explore random mazes, 

measuring the distance-weighted target-reaching success rate, called graph reliability R(G) 

(reported as [Q1, median, Q3]). R(G) ranges from 0 to 1 (no to perfect reliability). We ran 16 

trials each for a naive agent (no PKNA), astute agent (good PKNA), and a misled agent (bad 



PKNA). After 150000 simulation steps, the naive agent’s R(G) was [.74, .82, .87], the astute 

agent’s was [.88, .91, .95], and the misled agent’s was [.61, .72, .89]. These results demonstrate 

that generating behavior via search is adaptable and robust to variations in prior knowledge. The 

requirement for fast non-local (context-sensitive) edge-(dis)inhibition could be fulfilled by 

astrocytes, suggesting they may have an active (rather than passive) computational role in 

behavioral adaptation. 
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Abstract: The modification of synaptic plasticity by neuromodulators is a generic feature of 

brain networks. To the extent that plasticity implements a process of learning and optimization, 

such modulation must ostensibly be associated with higher-level functional endpoints. In this 

work, we examine this issue through the lens of Hopfield neural networks (HNNs) with synaptic 

plasticity, a classical mathematical model of neuronal interactions and the basis of influential 

theories of associative memory function. A central aspect of this model is the implementation of 

plasticity mechanisms that lead to the adaptation of synaptic weights as a function of time and 

network activity. Over time, this adaptation causes the formation of stable equilibria in the 

network dynamics, corresponding to minima of the Hopfield network energy function, thus 

http://files.abstractsonline.com/CTRL/DA/0/638/6A5/19A/4BC/987/030/972/121/F9A/F3/g13539_1.jpg


enacting the encoding of memories. Classical implementations of HNNs rely on a static, Hebbian 

plasticity mechanism, i.e., one where the learning rate and functional form do not adapt over 

time. These static implementations have limited capacity to reshape the network attractor 

landscape, which can lead to inefficient and sub-optimal solutions for learning and optimization. 

In the current work, we formulated and studied a dynamic, modulated Hebbian plasticity within 

HNNs. Specifically, our model introduces a variable learning rate conditioned on a feedback 

signal obtained from the network energy function. This modulating signal enacts, in essence, a 

low-rank meta-plasticity by modifying learning in response to the global network state, at a 

slower time-scale than the plasticity itself. This dynamic learning rate can be interpreted as a 

mechanism of context-dependent meta-plasticity. Analysis and simulation of the modulated 

plasticity mechanism demonstrate that it can achieve more consistent optimization and learning, 

with the network converging to the desired global energy minimum. This contrasts with the case 

of fixed Hebbian plasticity, which does not reliably achieve such convergence. Our results 

provide a theoretical schema for how feedback neuromodulation of plasticity can stabilize 

learning toward high-quality solutions, enhancing robustness and adaptability across tasks. 
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Title: Randomness in connections enhances history-dependent information processing in 

inhibition-stabilized networks with multiple low firing-rate attractor states 

Authors: *C. HILTY1, P. MILLER2;  
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Abstract: For effective information processing, the response to a stimulus should depend on the 

history of prior stimuli. Neuronal networks built around recurrent excitation display such 

behavior but are only stable at unrealistically high firing rates. We demonstrate how a randomly 

connected inhibition-stabilized attractor network can preserve the computational abilities of 

recurrent excitatory networks, while stabilizing at arbitrarily low firing rates. Such networks may 

underlie many cognitive tasks, suggesting a functional role for inhibition-stabilized dynamics in 

cortical computation. The network is a simple threshold-linear firing-rate model, consisting of 

“units” representing the average activity of populations of inhibitory and excitatory neurons. 



Strong connections within pairs of inhibitory and excitatory units render each pair bi-stable and 

produce inhibition-stabilized dynamics. Weak cross-connectivity between pairs generates a 

multiplicity of attractor states. These dynamics result in “paradoxical” responses to stimuli, 

where excitatory input to inhibitory populations reduces both inhibitory and excitatory activity, a 

phenomenon observed in vivo in a variety of brain areas. Phase diagram analysis reveals multi-

stability across large regions of parameter space. In the inhibition-stabilized regime, negative 

feedback from inhibitory populations prevents runaway excitatory activity, permitting stability at 

arbitrarily low firing rates. Around its attractor states, the network can exhibit transient 

oscillatory dynamics that are sufficient for itinerancy — the ability to transition between states in 

response to stimulation. At stimulus onset, both the prior network state and the properties of the 

stimulus determine the next network state, encoding incoming information in the context of the 

preceding pattern of stimuli. These history-dependent network responses are sensitive to the 

dynamic properties of stimuli and are robust across a wide parameter space. We find a 

statistically significant (n=10) nonmonotonic relationship between heterogeneity in the weak 

cross-connectivity and the robustness of network itinerancy. Insufficient heterogeneity limits the 

number of possible state transitions, while excessive heterogeneity reduces the number of 

attractor states. Between these extremes, the network can behave like a finite-state machine, 

capable of discriminating between sequences of stimuli in an evidence-accumulation task. The 

ability to perform this cognitive task at low firing rates makes the multi-attractor inhibition-

stabilized network a realistic model for cortical computation. 
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Abstract: Epileptic seizures involve the brain transitioning from a resting state to an abnormal 

state of synchronized bursting, akin to a bifurcation in dynamical systems where a parameter 

shift triggers a sudden change in behavior. Several past works have focused on specific 

bifurcations to simulate a select group of human seizures. More recently, a comprehensive model 



proposed using a range of equations to simulate fast-slow bursting in a single point source, 

capable of simulating 16 “dynamotypes” of seizures that span the full range of theoretical 

dynamics. This model delineates between fast oscillations within a seizure (dictated by fast 

variables) and the transition between seizure and rest (dictated by slow variables), showcasing a 

bifurcation-induced dynamic. In the current work, we developed a dynamical atlas of all 16 

possible onset-offset combinations, each characterized by distinct features in the simulated EEG-

like recordings. We developed a primer and GUI allowing a user-friendly guide for generating 

diverse datasets of simulated seizure recordings and enhancing their resemblance to human EEG 

data through the addition of pink noise in post-processing and an electrode drift correction filter. 

This toolbox can thus produce large numbers of diverse seizure patterns that have similar noise 

and filtering characteristics as human EEG, which can aid in training seizure detection 

algorithms, understanding brain dynamical behavior for clinicians, and exploring the impact of 

noise on EEG recordings. 
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Abstract: Retinal degeneration conditions can be treated by retinal implants. However, the 

inability of retinal implants to convey the patterned neural information of physiological vision 

seems to be a major limitation. Researchers are investigating different stimulation strategies to 

provide spatial, time, and cell-specific selectivity to deliver more meaningful neural patterns to 

higher visual centers. The amalgam of possible stimulation waveforms is vast and the search 

time consuming. Under the hypothesis that there exist stimulation waveforms able to elicit 

mimicked physiological patterns, we have built a computational model based on the artificial bee 

colony (ABC) algorithm to provide an estimate of the time required to find these waveforms in 

electrophysiological experiments. Briefly, a set of 50 target waveforms (each consisting of 400 



samples with a bandwidth of 10 kHz) was defined as the optimal waveforms to be found. A hive 

with 20 employed and 20 onlooker bees was implemented in Matlab following the description by 

Karaboga 2010. The most relevant adaptation made to this model was pairing each bee position 

to a random waveform, which is modified by the algorithm as the bee ‘moves’ to a different 

location. As a fitness measure, we used the Pearson’s correlation coefficient, as this allows to 

calculate the similarity between the waveform estimated by the algorithm and the predefined 

optimal waveforms. Therefore, our adaptation of the ABC algorithm receives as feedback a 

fitness vector with 50 values, corresponding to the correlation with each target waveform. A 

successful identification was considered when any of the employed bees achieve 95% correlation 

value. The whole search was repeated 30 times, obtaining different solutions each time. Then, 

the average ensemble of the waveforms found was computed, in order to reduce estimation-

related distortion. The average number of trials, understood as waveforms tested (i.e., 

correlations calculated) was 3345.2 ± 185.1 (error given by the standard deviation). If a similar 

experiment was conducted in vivo or in vitro, allowing an average of 1 s between stimulation 

trials, each iteration would last about 40 seconds (20 trials for employed bees, 20 for onlooker 

bees, and scout bees being used when needed, but not every iteration). Therefore, the total 

duration of the experiment could be estimated to below 40 hours, that is, less than one hour per 

optimal waveform. This study suggests swarm intelligence algorithms can assist with improving 

the neural information elicited by, not only visual prosthetics, but also other forms of electrical 

neurostimulation. 

Disclosures: J. Jara Balsera: None. H. Guzmán-Miranda: None. A. Barriga-Rivera: None. 

Late-Breaking Poster 

LBA009: Theme I Late-Breaking Posters 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 1:00 PM - 5:00 PM 

Program #/Poster #: LBA009.048/LBA47 

Topic: I.06. Computation, Modeling, and Simulation 

Support: R01NS125298 (NINDS) 

 Kavli Institute for Brain and Mind 
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Abstract: Many neurons establish multiple synaptic contacts with the same postsynaptic cell. To 

avoid functional redundancy of these parallel synapses, it is crucial that each synapse exhibits 

distinct computational properties. We systematically investigate models of a neuron in which the 

current to the soma contributed by each synapse is described by a sigmoidal transmission 



function of its presynaptic input, whose shape can be learned. We evaluate the classification 

capacity of a neuron equipped with such nonlinear parallel synapses, and show that with a small 

number of parallel synapses per axon, it substantially exceeds that of the perceptron. 

Furthermore, the number of correctly classified data points can increase faster than linearly with 

the number of presynaptic axons. 

In order to evaluate these parallel synapses on a problem that requires generalization to held-out 

data, we use them in a feedforward neural network trained to classify handwritten digits, and 

demonstrate that they can increase the test accuracy. 

For synapses with simple step-like transmission functions, we can train models with an a priori 

unlimited number of parallel connections. Such a model neuron can effectively implement an 

arbitrary aggregate transmission function for each axon, constrained only by monotonicity. 

Nevertheless, the successfully optimized model typically employs only a small number of 

parallel synapses, consistent with observations in the brain. In addition, the learning of the 

nonlinear synaptic transmission functions can also be implemented in a more biologically 

plausible online fashion. Therefore, our study shows that the presence of multiple synapses per 

input axon can be understood as enhancing a neuron's computational power. 
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Title: Characterizing information stored in synaptic connections rather than firing activities: An 

analytical information-theoretic framework 
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Abstract: The study of how information is stored in the brain has a long and rich history. It is 

well-accepted that information is stored in synaptic interconnections, with robust experiments 

linking learning to predictable weight changes. However, theoretical and computational studies 

on information storage have traditionally focused on the relationships between input data and 

neuronal firing activities. Directly characterizing the information stored by connection weights 

within neural networks, relative to input data, remains significantly underexplored. One 

challenge in this endeavor is the complex and opaque relationship between input data and weight 



values in artificial neural networks, compared to the clear mapping between input data and firing 

activity. Here, we address this issue by introducing a basic information-theoretic model as an 

initial step toward a deeper understanding of information storage in connection weights. We 

employ the continuous Hopfield model to represent an associative neural network and, without 

loss of generality, hypothesize that data patterns follow a log-normal distribution. Through this 

model, we derive analytical solutions for the Shannon mutual information between individual 

synaptic connections and the data, based on the mean and covariance of the data distribution. 

Extending this approach, we derive analytical expressions for the information encoded jointly 

across pairs, triplets, quadruplets, and up to n-tuples of synaptic connections. By providing 

explicit expressions for mutual information, our work offers a clear and interpretable framework 

for exploring how information is distributed and encoded across synaptic connections. Overall, 

this research presents a novel theoretical perspective for characterizing information storage in the 

brain, emphasizing the dual importance of synaptic connectivity and neural population activities 

underlying cognitive processes. 
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Abstract: Accurate three-dimensional models of neuronal morphologies are fundamental in 

neuron modeling to understand cellular functions. Recent advances in volume electron 

microscopy and AI-powered segmentation techniques have enabled the reconstruction of 

massive amounts of high-resolution ultrastructures from neural circuits. Neurons are 

automatically segmented using flood-filling networks algorithms and represented by triangular 

surface meshes. However, resulting meshes are typically composed of fragmented partitions and 

have severe geometric artifacts, such as overlapping facets and floating vertices. Even with the 

manual proofreading efforts to correct some of these critical structural artifacts, automated 



reconstruction of high-fidelity - and complete - morphological models from segmented meshes 

remains highly challenging. We introduce an effective and unconditionally robust algorithm that 

can reconstruct precise and detailed morphological (or skeletal) models of neurons from their 

respective surface mesh representations. This algorithm can handle large meshes that are 

composed of thousands of fragmented partitions and millions of unstructured triangle soups. It 

maps an input fragmented mesh of a neuron to a single connected graph. This graph is then used 

to (i) identify, localize, and segment the soma and dendritic spines, (ii) reconstruct a high-fidelity 

morphological skeleton of the different arbors of the neuron, and (iii) classify the arbors. 

Resulting morphologies are finally exported to standard SWC files. Our implementation has 

been applied to thousands of neuronal meshes that have a wide variety of morphological types 

for mouse (datasets are available from the IARPA MICrONS program) and human (H01 

datasets) neurons resulting in a large database of detailed neuronal morphologies and their 

individual spine geometries. 
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Title: Deep Learning imputation of missing data empowers behavior analysis across species 
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Abstract: Video pose estimation and motion capture now allow tracking of fine animal 

movements over extended periods. However, these methods suffer from low precision detection 



and missing data. Few works have effectively addressed these issues, with most relying on linear 

interpolation and smoothing (e.g. Kalman filter) only suitable for short gaps, or lacking large-

scale testing. 

We hypothesize that recent advances in deep learning architectures and self-supervised learning 

can recover missing data by learning dynamics within and between keypoints. 

By estimating the frequency of missing keypoints and gap lengths, we incorporated realistic gaps 

to samples drawn from intact data portions. We trained unsupervised an artificial neural network 

(ANN) to reconstruct the incorporated gap coordinates. We tested several ANNs, including a 

custom transformer named DISK (Deep Imputation of Skeleton data). 

DISK outperforms other methods on seven datasets, which cover 2D and 3D data, five species, 

and 1-to-2 animal setups (42% +/- 3.3% to 89% +/- 0.3% root mean square error improvement 

compared to linear interpolation, calculated between true coordinates and imputed ones on a 

held-out test set - one value per dataset). For users, DISK provides an estimated error, allowing 

to filter out less reliable predictions and control the amount of noise in the imputed dataset 

(Pearson correlation between the real error and the estimated error: 0.746 to 0.890 - one value 

per dataset). We demonstrated the usefulness of imputing data with DISK in two examples: 1) in 

a two fish fighting dataset, DISK accurately imputes data if the fish are closely interacting even 

when all keypoints of one fish are missing. This can be particularly useful in social settings when 

pose estimation often fails or swaps keypoints between animals that are close to each other. 2) in 

a mouse dataset, imputing data with DISK led to a better detection of steps measured on the 

mouse rear limbs (57% more steps on average per 1-minute recording after imputation; 

compared with manual counts, 40% missed steps after imputation versus 53% on average with 

up to 79% missed before, paired t-test, p=7.7e−5, n=22 recordings). 

We made our imputation solution DISK, available as an open-source package 

(github.com/bozeklab/DISK). DISK can enhance results from any tracking algorithm, facilitating 

downstream analysis. DISK’s learning capacities can reduce the need for additional experimental 

data or manual annotations, and enable finer behavior analysis. 

Disclosures: F. Rose: None. M. Michaluk: None. T. Blindauer: None. B.M. Ignatowska-

Jankowska: None. L. O'Shaughnessy: None. G.J. Stephens: None. T.D. Pereira: None. M.Y. 
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Abstract: Investigating the L-DOPA response in 6-OHDA rats significantly contributes to the 

understanding of Parkinson's Disease (PD). Typically, the L-DOPA response is analyzed by 

comparing pre- and post-medication states (OFF/ON). This classification allows for an intuitive 

analysis of the differences between the two states. However, such traditional classification limits 

the exploration of potential states that may occur between these states. For example, some 

research has suggested that the L-DOPA response can be categorized into four states (OFF, 

Diphasic dyskinesia, ON, Peak-dose dyskinesia) from a behavioral perspective in Parkinson’s 

disease patients. Diphasic dyskinesia is a state occurring before the ON state and is a type of 

dyskinesia caused by rapid changes in plasma L-DOPA levels. As a result, diphasic dyskinesia 

can often be misinterpreted as dyskinesia occurring after reaching the ON state, leading to the 

erroneous conclusion that the therapeutic drug has achieved the ON state. Unfortunately, to our 

knowledge, there are no instances of dividing and analyzing the response to L-DOPA injection in 

6-OHDA rodents into these four states. Therefore, we applied a well-known change point 

detection method to the quantified metrics of rotational behavior to numerically segment the 

states of the L-DOPA response. We then examined firing activity recorded from extracellular 

recordings and tonic dopamine levels derived from fast-scan cyclic voltammetry (FSCV) across 

these four segmented states, using stochastic analysis and machine learning techniques. The 

classification into these four states demonstrated significant changes in firing rates, dopamine 

levels, and rotational behavior for each state. The conventional two-state classification method 

did not allow for the observation of detailed changes as seen with the four-state classification. 

Furthermore, our results suggest that estimating the onset of contralateral rotation as the ON state 

may lead to the misclassification of diphasic dyskinesia as peak-dose dyskinesia. We confirmed 

that using the tonic DA level derived from processed FSCV signals allows us to predict the four 

states with near-perfect accuracy. Additionally, even using only the firing rates of single units, 

we could effectively predict the four states. Consequently, we propose the necessity and 

methodology for classifying the L-DOPA response into four distinct states within the 6-OHDA 

rodent model. This approach suggests the possibility of establishing a foundation for more 

refined and customized treatment strategies in the management of Parkinson's Disease. 
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Abstract: Maintaining central nervous system (CNS) function requires careful and directed 

metabolic homeostasis. Metabolites, such as oxygen and glucose, are essential components of 

biochemical processes that supply energy to all facets of CNS activity including, but not limited 

to, small-scale local computations and large-scale network signaling. These metabolites reach 

their intended target sites via diffusion, a process that is difficult to study in vivo but can be 

modeled utilizing computational methods. Experimental methods provide sparse observations of 

oxygen concentration, from which it is difficult to directly estimate the diffusion field. To 

address this, we employ a reaction-diffusion model for oxygen concentration in the brain that 

allows us to infer the diffusion field from sparse observations. To understand oxygen diffusion 

within specific brain regions, we select a finite-element discretization (as opposed to finite 

difference or finite volume-based methods) that allows us to adaptively discretize the field. We 

use the Ensemble Kalman filter to test the identifiability of the diffusion field parameters from 

noisy synthetic observations. The filtering enables us to match the temporal evolution of the 

predicted concentration with observed data, while accounting for the missing physiological 

processes, such as chained consumption reactions. This filtering protocol allows us both to 

obtain the diffusion field estimates and to quantify the uncertainty associated with these 

estimates. Our findings here provide quantitative descriptors that identify the diffusion field and 

show that prediction uncertainty depends on the number of observations and the signal-to-noise 

ratio in a systematic manner: increases in observations or in signal-to-noise ratio decrease 

uncertainty. Spatial and temporal dynamics match those few data reported in the literature. 

Follow up work will include updating the estimated synthetic diffusion fields with more 

experimental observations. That resulting calibrated diffusion field would then allow us to 

predict the local spatiotemporal evolution of the oxygen concentration, which could then be 

related back to neural activity. This is a crucial first step in characterizing the dynamic interplay 

of energy needs and metabolite availability and its impact on neural circuit function in the 

healthy brain and in disease. 
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Abstract: The population receptive field (PRF) model of Dumoulin & Wandell (2008) has 

become the standard model in retinotopic mapping for decoding BOLD signals. We have 

recently developed a technology to rapidly accelerate the estimation of PRF model parameters, 

called qPRF. The introduction of qPRF created an opportunity to fit an elaborated version of the 

PRF model. Here, we considered a Difference-of-Gaussians (DoG) PRF model, wherein an 

excitatory PRF model was initially fit to the BOLD signal, and an inhibitory PRF model was 

optimized at the same receptive field location. Namely, the size and compressive exponent of 

this inhibitory model were optimized. As anticipated, the estimates of receptive field size were 

generally larger for the inhibitory PRF than the excitatory PRF (97.3% of vertices tested), 

consistent with the known center-surround properties of receptive fields. On average, the 

addition of an inhibitory component improved the R2 of the model by 0.2% (absolute difference, 

R2 ranging from 0% to 100%). The DoG PRF model significantly improved the fit for the 

majority of vertices (p < 0.05). This work serves as a proof-of-concept that qPRF can facilitate 

the recovery of receptive field properties, established in physiology, which have been otherwise 

difficult to recover non-invasively in humans. 
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Title: Early Life Neuroimaging: The Generalizability of Cortical Area Parcellations Across 

Development 

Authors: *J. TU1, J. LI6, X. WANG2, D. DIERKER3, C. M. SOBOLEWSKI7, T. K. DAY8, A. 

SNYDER4, J. KENLEY4, S. KAPLAN9, E. FECZKO10, O. KARDAN9, O. MIRANDA-

DOMINGUEZ11, L. A. MOORE12, C. M. SYLVESTER13, D. A. FAIR12, J. ELISON11, C. 

SMYSER15, E. GORDON14, A. T. EGGEBRECHT5, M. WHEELOCK4;  
1Washington Univ. in St. Louis, St Louis, MO; 2Dept. of Radiology, 3Radiology, 4Washington 

Univ. in St. Louis, St. Louis, MO; 5Radiology, Washington Univ. in St. Louis, Saint Louis, MO; 
6Dept. of Statistics, Univ. of Chicago, Chicago, IL; 7Virginia Commonwealth Univ., Richmond, 

VA; 8Ctr. for Brain Plasticity and Recovery, Georgetown Univ., Minneapolis, MN; 9Univ. of 

Michigan, Ann Arbor, MI; 10Univ. of Minnesota, Twin Cities, Minneapolis, MN; 12Masonic Inst. 

for the Developing Brain, 11Univ. of Minnesota, Minneapolis, MN; 13Psychiatry, Washington 

Univ. Sch. of Med., St Louis, MO; 14Radiology, Washington Univ. Sch. of Med., St. Louis, MO; 
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Abstract: The cerebral cortex consists of discrete cortical areas that form during development. 

The differentiation of cortical features that shape the formation of those areas depends on 

extrinsic input from thalamocortical axons, with postnatal exposure to sensory input likely 

playing a substantial role. Accurate area parcellation facilitates comparison of results across 

studies. Given the substantial changes in volume, microstructure, and functional connectivity 

observed in the first years of life, we hypothesize that the areas in 1-to-3-year-olds would exhibit 

major differences from those in neonates and increasingly resemble adults as development 

progresses.Here, we delineated maps of cortical areas using local functional connectivity 

gradients in 92 toddlers at 2 years. We demonstrated high reproducibility of cortical areas across 

1-to-3-year-olds across two independent datasets. We further demonstrated that infant/toddler 

area boundaries are more similar to adults than to neonates. While age-specific group 

parcellation fits better to the underlying functional connectivity in individuals in the first 3 years, 

some area parcellations from adults performed only marginally worse and still captured the 

functional connectivity organization better than chance in infants and toddlers (Figure 1). 

Further, adult parcells performed better than infant/toddler parcellations in children at 6-15 years, 

suggesting best fit and utility for lifespan studies. Finally, we provided the connectivity-based 

community assignments of infant parcels which aligned with the canonical adult systems. These 

findings lend support to the stability of areas across the lifespan and guide the use of area 

parcellations in lifespan studies. 
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Abstract: Aims: Craving plays a pivotal role in substance use disorder (SUD) and is typically 

evaluated using subjective self-report measures, which can be introspective and influenced by 

context. To create a robust model predicting craving intensity based on brain connectivity, we 

employed connectome-based predictive modeling (CPM), a machine learning algorithm that 

identifies neural networks associated with specific behaviors.Methods: We collected block-

designed fMRI data from 68 methamphetamine users. The design alternated between neutral and 

methamphetamine-related images, with cue-induced cravings assessed using Likert scales at 

each block's end. A Leave-one-out (LOO) cross-validation approach with a 20% holdout set was 

used to predict craving levels from the fMRI data. CPM was applied to each block across 

subjects, averaging results. Statistical significance was confirmed via permutation tests.Results: 

We used the CPM algorithm and optimized it by trying different correlation thresholds between 

connectivity matrices and behavioral measures, achieving an optimal threshold of 0.1. This 

resulted in RMSE of 0.97 ± 0.03 and a correlation coefficient of 0.74 ± 0.02 for each subject. 

This result confirms what we have obtained previously from analyzing the functional activity 

data. When plotting predicted versus true craving, the average slope connecting minimum to 

maximum craving was 0.71 ± 0.05, confirming a positive trend. Out-of-sample performance 

showed an average RMSE of 1.15 and an average correlation coefficient of 0.74 with an average 

slope of 0.90 for each subject. Permutation tests on RMSE yielded p-values < 0.001, indicating 

significant results. Through the training, the connections that were frequently utilized and 

significantly contributed to the correlation were identified as the key networks. They included 

the DMN, ventral and dorsal attention networks (VAN and DAN), and sensory-motor processing 

networks, highlighting interactions among self-referential thinking, attention, cognitive control, 

and motor functions in processing craving. Conclusion: We developed a pipeline to predict 

craving intensity in methamphetamine users using CPM. Our algorithm highlights brain 

networks contributing to craving, aiding in the development of neuromarkers for addiction and 

informing future personalized treatments and interventions. 
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Abstract: Objective: Dynamic stochastic general equilibrium models have been criticized for 

failing to forecast the Global Financial Crisis (Yellen, 2010; Vines & Wills, 2020). This and 

other flaws of neoclassical economics were proposed to arise partly from the failure of 

equilibrium-based models to capture excessive demand (Haracz, 2021, 2022, 2023), which 

exceeds the balanced “excess demand” in general equilibrium theory (Arrow, 1974, p. 266; 

Debreu, 1984, p. 270). Excessive demand is defined as demand that promotes disequilibria in 

asset or goods markets and drives prices above fundamental values (e.g., an asset-price bubble). 

Neuroimaging studies are elucidating the neuroeconomics of asset-price bubbles (Smith, A. et 

al., 2014). However, these studies have been limited in characterizing individual-level brain-

behavior relationships due to the lack of a subject-level measure of excessive demand. The 

present study makes such a measure available to neuroimaging researchers.Methods: In a 

standard lab asset-market design (Smith, V.L. et al., 1988), 9 experiments each included 9 

undergraduate-student subjects. The subject groups included males and females, but sex-related 

results were not assessed. Each experiment consisted of 15 2.5-minute periods of trading cash 

and an asset with a commonly known fundamental value that declined across periods. To capture 

excessive demand, the end of each Period 1-14 was followed by a survey that elicited each 

subject’s number of asset shares that they want to hold at the end of the next period. This 

measure was designed to tap into anticipatory euphoria that may drive price bubbles. Two other 

predictive measures included excess bids (Smith et al., 1988) and momentum, which was 

measured as the most recent inter-period price change.Results: The excessive-demand measure 

(EDM), which explained 34% of the variance in asset-price changes, significantly outperformed 

the excess-bids and momentum measures, which each explained less than 10% of this 

variance.Conclusions: The outperformance of the EDM in predicting price changes aligns with 

numerous other findings that underscore the predictive power of measures related to anticipatory 

affect. For example, fMRI-measured activity in nucleus accumbens, an area implicated in 

anticipatory affect, performed better than choice behavior in forecasting crowdfunding outcomes 

(Genevsky et al., 2017). Similarly, the survey-elicited EDM, which may reflect anticipatory 

affect, was a better price-change predictor than the behavioral excess-bids measure. Therefore, 

the presently introduced EDM may facilitate finding an excessive-demand biomarker with 

market-level predictive power. 
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Title: Stress kills, but does immune function? the comparison of statistical techniques on the 

stress function, immune, and biological factors in the metastasis progression of cancer patients 
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Abstract: Evaluating heterogeneous data from various perspectives can provide a more accurate 

approach to cancer treatment. The issue is that complex data requires sophisticated analytical 

tools as well. In this study, we aimed to identify which statistical methodology (classical, 

multivariate, or Bayesian) provided a more accurate interpretation of the data in a model of 

immune and biological function in addition to resilience against stress in the progression of 

metastases within prostate cancer (PC) patients. Data was collected from clinical patients (n=27) 

at the University of Pisa, Italy which includes age, psychological-assessment results, immune 

cell activity, presence of metastases, presence of mutated breast cancer (BRCA) 1 and 2 genes, 

hypothalamic-pituitary-adrenal (HPA) activation, and dehydroepiandrosterone (DHEA)/ cortisol 

(CORT) levels. The Statistical Package for the Social Sciences (SPSS) and the Jeffreys’s 

Amazing Statistics Program (JASP) performed classical statistics, multivariate statistical 

modeling, and Bayesian statistics tests. Three models examined this study’s questions: 1) 

metastasis progression versus biological, immune, and oncological factors, 2) metastasis 

progression versus psychological-assessment results, and 3) overall model of metastasis 

progression versus biological, immune, and oncological factors as well as psychological-

assessment results. Preliminary results demonstrated that DHEA-sulfate, CORT, DHEA, CD68, 

and CD163, Interleukin 2 receptor, CD21, and CD11 were related to the probability of finding 

metastases in PC patients and predicting future outcomes of metastasis presence. A small sample 

size proved difficult to interpret the use of multivariate statistical modeling techniques in 

comparison to classical and Bayesian statistics in order to understand the intervening and 

independent relationships of our models. However, classical statistics and Bayesian statistics 

only provided information of specific variables to metastasis presence in PC patients, rather than 

a holistic view of how the variables interacted with each other. This research reinforced the idea 

of a need to account for what types of statistical tools are being used to interpret the results based 

on the sample size and complexity of the models. 
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Title: Automated construction of single-cell electrical models: BluePyEModel, an integrated 

Python library 
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Abstract: Creating biophysically detailed neuron models is crucial for understanding the 

complex functions and behaviours of individual neurons. Building such models involves a 

multifaceted workflow including data extraction, parameter optimisation, model validation, and 

subsequent analysis. To simplify this process, we introduce BluePyEModel, an integrated Python 

library designed to automate and streamline the construction of single-cell electrical models (e-

models) based on the NEURON simulator. BluePyEModel manages the entire e-model building 

process by leveraging Blue Brain's software for the different stages: (i) electrical features (e-

features) extraction from intracellular/extracellular electrophysiology data using eFEL and 

BluePyEfe, (ii) multi-objective optimisation, and (iii) validation of e-model parameters using 

BluePyOpt. The entire workflow employs the Luigi pipeline management tool and supports both 

local data storage and integration with Knowledge Graphs via the Blue Brain Nexus ecosystem, 

facilitating efficient data organisation and management of e-models. BluePyEModel makes 

building accurate and reliable neuronal models more accessible to researchers, enhancing the 

reproducibility and efficiency of neuron modelling. 
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Abstract: Single-molecule imaging, both at and below the diffraction limit, is relevant for the 

investigation of synaptic vesicle release and cellular cargo transport in neural cells. Advances in 

nanoscale imaging technology have enabled the capture of multicolor super-resolution videos 

that can exceed 1 Tb per video. Because most research institutions and funding agencies have 

stringent rules about data storage and retention, many researchers use commercial video 

compression algorithms to store imaging data. However, little research has been done to 

investigate the effects of the latest lossy algorithms such as Advanced Video Coding (H.264), 

High Efficiency Video Coding (H.265), and AOMedia Video 1 (AV1) on data quality. Using 

simulated imaging data mimicking typical datasets, we investigated methods of preserving data 

quality while maximizing storage efficiency. 

A point source imaged at the diffraction limit is well-approximated by a 2D gaussian peak. We 

confirm prior sporadic reports that most video compression algorithms allow for accurate 

tracking of the 2D Gaussian peak location. However, older codecs such as H.264 decrease the 

performance of motion-tracking algorithms more than newer codecs for a given compression 

ratio. Interestingly, we also found that under certain conditions, compression with newer codecs 

such as AV1 actually improves the performance of common motion-tracking approaches relative 

to uncompressed data. 

The background noise contained in a dataset often contains valuable statistical information for 

meta-analyses. We found that newer, more efficient compression algorithms such as AV1 

disproportionately target (i.e. remove or blur) background noise in order to achieve higher 

compression ratios. We also found that above a certain threshold all three codecs (H.264, H.265, 

and AV1) distort the data so much that metadata recovery (signal-to-noise and gain back-

calculation) becomes questionable or impossible . We further demonstrate that Airy or Gaussian 

spatial data subjected to high compression ratios can no longer be accurately modeled as 

Gaussian. 
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Abstract: Fast Scan Cyclic Voltammetry (FSCV) faces significant hurdles, including problems 

with long-term measurements due to background drift and distributions shift caused by 

environment changes from in-vitro training set to in-vivo real-world data. We suggest a new 

machine-learning method to solve these issues. Our approach decomposes the background signal 

from FSCV data and reduces the effects of distribution shifts caused by environmental changes 

called domain shift. Our process has two main parts: (1) getting an environment-invariant feature 

from the voltammogram and (2) learning a temporal structure to remove background drift from 

voltammetry. The encoder maps the voltammogram from the observation space to a hidden space 

with domain-invariant loss, which captures the domain-invariant feature. Permutation contrastive 

learning (PCL) learns the temporal structure to decompose the hidden variable into independent 

components like concentration changes and background drift. It makes the model work properly 

in various environments, staying robust even when environmental changes. We tested our 

method using in-silico simulation, in-vitro probe-variance control, and in-vivo long-term 

experiments. In in silico simulations, we modeled environments with varying background ion 

distributions and tested the generalization performance accordingly. Proposed model shown the 

best and robust performance across the environment changes. It handled the distribution changes 

and make accurate concentration estimation in various scenario. Also, in in-vitro settings, our 

method effectively controlled for inter-probe variance, showing superior performance in both 

intra-domain and inter-domain scenarios. Finally, in-vivo experiment, our model caught long-

term neurotransmitter changes, showing it can make challenging long-term measurements of 

multiple neurotransmitters in natural environments. This new approach makes to more accurate 

and reliable FSCV measurements. We believe that our method contributes to understands and 

treat brain conditions better by monitoring neurotransmitters more. 
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Title: Quantification of stretch-attend posture based on morphometric and kinematic analysis of 

behavioral syllables in mice 
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Abstract: In certain behavioral tests, deciphering fear responses in mice is a complex challenge 

that requires precision and objectivity. When a rodent detects a potential threat, it shows a 

stretch-attend posture (SAP) characterized by a distinct stretching movement followed by an 

attentive pause. Traditional SAP measurement methods rely on subjective observer 

judgment,leading to inconsistencies and potential observer-expectancy bias, thus compromising 

the reliability of research findings. Additionally, the transient nature of behavioral 

changeschallenges the accuracy of direct observation. To overcome these limitations, we 

developed a program called SAP-Detector to measure SAP objectively and accurately in mice 

basedon measurement and segmentation of distance ratio. By employing this SAP-Detector, we 

propose a more precise analysis of behavioral responses, which can reveal differences 

ininteraction time with targets that may not be apparent through traditional metrics alone. 

Disclosures: S. Lee: None. J. Kim: None. H. Kim: None. 
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Title: Photometry Toolbox: an open-source MATLAB toolbox for the processing and analysis of 

fiber photometry data 
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Abstract: Fiber photometry is a rapidly growing technique to record real-time neural signaling 

in awake, behaving subjects. However, the processing and analysis of photometry data streams 

can be highly complicated, and there is wide divergence in methods across the field. While 



several open-source signal processing tools exist, platforms can be inflexible in accommodating 

experimental designs, lack consistency in signal peak detection, and be difficult to use for naive 

users. To remedy these challenges, we developed an open-source MATLAB based toolbox for 

the processing and analysis of fiber photometry data. To validate our pipeline, we conducted 

recordings using three sensors capturing mesolimbic dopamine dynamics: GRABDA2H, 

dLight1.3b, and GCaMP6f. We injected Long Evans rats with viral vectors and targeted fiber 

optic implants to the NAc (WT; GRABDA2H: n = 10; dLight1.3b: n = 10) or VTA (TH Cre+; 

GCaMP6f: n = 10). Recording sessions were conducted 4 weeks post-surgery in operant 

chambers and we compared signal processing methods across sensors. First, to correct 

photobleaching and motion artifacts in the signal streams, we use Fast Fourier Transform (FFT) 

to convert both signal and control streams and perform subtraction in the frequency domain. FFT 

subtraction outperforms regression in removing photo bleaching and motion artifacts with all 

three sensors. This advantage was most apparent with GRABDA2H, for which 405nm 

wavelength is a suboptimal isosbestic control. After applying a bandpass filter, the signal is 

normalized as df/f or z-scores. Multiple options for normalization (full session, session baseline, 

trial, etc.) are available in the toolbox, allowing for customization. Following normalization, we 

conduct peak analysis to detect individual transient events. Other tools implement a sliding 

window and absolute amplitude threshold approach. Our peak detection determines pre-peak 

baselines and thresholds transients based on the increase from baseline, allowing for more 

reliable detection of events and characterization of transient kinetics (event amplitude, rise time, 

fall time, and width). This approach provides a more robust picture of neural dynamics. 

Additional functions to detect signal magnitude and individual events by trial, across long time 

windows, with drug injections, and numerous other paradigms are included in the toolbox to 

allow users maximum flexibility. While operating through MATLAB, the code is annotated to be 

readable, accessible, and adaptable for new users. Ultimately, our photometry toolbox introduces 

customizable, user friendly platform to process fiber photometry signals and detect events. 
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Abstract: Transcutaneous spinal stimulation (TSS) is a promising non-invasive intervention to 

improve sensorimotor function in people with a spinal cord injury. However, little is known 

about the optimal electrical waveform. Hence, there is variability among studies that select 

conventional pulses or bursts of short pulses in monophasic or biphasic waveforms, with no clear 

justification. Here, we evaluate the ability of various TSS waveforms to elicit spinally evoked 

motor responses (sEMR). Based on axonal properties, we expect longer continuous phase 

durations to recruit sEMRs more effectively. In participants with intact neurological function 

(n=12), ten TSS waveforms were tested: monophasic and biphasic, with high-frequency burst 

(HF) waveforms (2kHz, 5kHz, and 10kHz; 1ms duration) and without (conventional pulses; 

400µs and 1000µs phase duration). The HF waveforms were matched in total phase duration to 

the 400µs conventional pulses. The base of the cathode was over L1 (5x10cm), and the anode 

was below the umbilicus (10x5cm); sEMRs were recorded from soleus with surface electrodes. 

Waveform effectiveness was measured with a) the minimal current intensity required to elicit an 

sEMR (threshold) and b) the peak slope of the recruitment curve (peak-to-peak sEMR amplitude 

vs TSS intensity) fitted with a log-logistic function. Waveform outcomes were compared using 

mean [95%CI] differences. The threshold and peak slope were similar between the biphasic and 

monophasic variants of each waveform (i.e. 400µs, 1000µs, 2kHz, 5kHz, 10kHz). Given the 

difference in phase duration, the conventional 400µs biphasic waveform had a higher threshold 

(67.1mA [53.07, 81.10]) and a lower peak slope (0.12mV/mA [0.08, 0.17]) than the 1000µs 

biphasic waveform (threshold mean difference: -19mA [-23.6, -14.4]; peak slope mean 

difference: 0.09mV/mA [0.01, 0.16]). Compared to the 400µs biphasic waveform with 

equivalent total phase duration, the sEMR thresholds were higher with the 2kHz (20.6 mA [15.6, 

25.6]); 5kHz (83.6mA [61.6, 105.5]) and 10kHz (168.5mA [135.0, 202.0]) HF waveforms. 

Similarly, the peak slopes were generally lower for the 2kHz (-0.02mV/mA [-0.04, 0]), 5kHz (-

0.07mV/mA [-0.09, -0.05) and 10kHz (-0.10 [-0.14, -0.06] HF waveforms. The differences in 

threshold and peak slope between waveforms were also present with the monophasic variant. 

Clinically available stimulation devices use biphasic waveforms without HF burst modulation. 

Our results indicate that these TSS waveforms are more effective (i.e. lower threshold, greater 

peak slope) at eliciting soleus muscle sEMR in people without neurological impairment 

compared to waveforms with HF. 
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Abstract: Sleep is defined based on various physiological changes that distinguish it from the 

state of arousal. Abnormal sleep-arousal state regulation can cause sleep disorders, and many 

researchers have conducted studies to control sleep-arousal state and treat sleep disorders using 

non-invasive electrical stimulation. Trigeminal nerve stimulation (TNS) is a non-invasive 

electrical stimulation method approved by the Food and Drug Administration (FDA) for ADHD, 

and several studies have reported that drowsiness was induced during and after TNS. TNS 

regulates the central nervous system and autonomic nervous system involved in the regulation of 

sleep-arousal state through nucleus tractus solitarius (NTS). However, few previous studies have 

reported the effects of long-term TNS on sleep, and the effect of TNS on sleep varies from study 

to study. In this preliminary study, we conducted to analyze the effect of long-term TNS (4-

week) on sleep and bio-signal parameters. Long-term TNS was applied to two adult males who 

had never been diagnosed with sleep disorders. We collected sleep questionnaires (insomnia 

severity index, ISI; Pittsburgh sleep quality index, PSQI), actigraph (sleep efficiency, SE; wake 

after sleep onset, WASO), and bio-signal parameters (heart rate variability, HRV; power of 

electroencephalography, power of EEG) at 2-week intervals. We analyzed the trends of 

parameter changes according to the stimulation period (0-week, 2-week, 4-week, respectively). 

As a result, subjective sleep parameters (sleep questionnaire) and objective sleep parameters 

(actigraph) improved in two subjects (ISI: 11.5, 5.5, 4; PSQI: 8.5, 3, 3; SE: 79.98, 83.45, 85.92; 

WASO: 83.67, 71.5, 57.33). The resting state RMSSD (root mean square of the successive 

differences), one of the HRV parameters indicating parasympathetic nervous system (PNS), 

showed a tendency to increase over time (47.4, 40.24, 28.54). However, the difference before 

and after TNS showed an increasing trend (-13.66, 3.95, 24.27). That is, as the TNS progressed 

(from 0-week to 4-week), the PNS was suppressed, but responsiveness to TNS was enhanced. 

Additionally, one subject had a decrease in resting state normalized beta power of EEG, which 

indicates hyperarousal of the cerebral cortex (0.1106, 0.0867, 0.0634). Through a preliminary 



study, we analyzed the effects of long-term TNS on sleep and bio-signal parameters, and 

confirmed the possibility that the application of long-term TNS can help improve sleep quality. 

We plan to systematically analyze the effects of long-term TNS on sleep by targeting more 

subjects in the future to see if the same tendency is observed. 
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Abstract: Electrical stimulation mapping is widely used for clinical characterization of epileptic 

and functional circuitry in patients undergoing stereoelectroencephalography (sEEG) for 

medication-resistant epilepsy. While stimulation is an essential tool for mapping functions of 

neural tissue, approaches vary widely by institution, and mapping of stimulation-evoked 

phenomena remains inconsistent. The current study aims to expand available data on the sensory 

responses to neurostimulation in areas under-studied in stereo-EEG evaluation - the insula, and 

centromedial thalamus - and to compare responses of these structures to those more commonly 

studied - superior frontal gyrus (SFG), anterior cingulate, orbitofrontal cortex (OFC), superior 

temporal gyrus (STG), and amygdala. Out of 32 patients taking part in an electrical stimulation 

experiment (varying parameters, including amplitude, frequency and duration), 10 patients 

reported stimulation-evoked phenomena, spanning sensory (15), affective (9), visual (4), motor 

(4), and interoceptive (2) sensations. Regions most regularly evoking responses are insula, 

centromedial thalamus, and pulvinar. Sensory responses were also reported, although more 

rarely, in response to stimulation to the superior frontal gyrus, the rostral anterior cingulate, the 

medial orbitofrontal cortex, the superior temporal gyrus and amygdala. Sensory phenomena were 

reported following stimulation to the insula in 4 cases, stimulation to the centromedial thalamus 

in 3 cases, as well as following stimulation to the SFG in one case. Affective phenomena were 

evoked by stimulation to the rostral anterior cingulate (1), the medial OFC (1), the insula (1), and 

the STG (1). Motor phenomena were evoked by stimulation to the pulvinar (1) and the SFG (1). 

Visual phenomena were evoked following stimulation to the medial amygdala in two cases. 



Overall, the highest reported responses are somatosensory, highest reported regions are the insula 

and centromedial thalamus, with the majority responses in white matter contacts. The current 

findings suggest reduced stimulation amplitude and charge density when mapping insular and 

thalamic-adjacent contacts, even when in white matter. Understanding the differential sensitivity 

of neural structures to stimulation will enable optimized clinical evaluation of eloquent cortical 

anatomy in epilepsy. In addition, such knowledge may aid in training machine learning 

algorithms to predict sensory functions based on stimulation parameters, anatomical locations, 

and patient characteristics. 
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Title: Optogenetic Papez Circuit Modulation in Göttingen Micropig 
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Abstract: Rationale: Mesial temporal lobe epilepsy (mTLE) is often drug-resistant and 

associated with significant comorbidity, including sleep disturbance, mood changes, and various 

memory problems. People with drug-resistant mTLE are candidates for neuromodulation 

therapies. Electrical brain stimulation has proven efficacy, but achieving long-term seizure 

freedom is difficult. Recent progress in cell type-specific neuromodulation using optogenetics 

shows promise and may prove more effective in controlling complex epilepsy networks. Various 

opsins have been developed and tested in animal models of epilepsy. We evaluated a technology 

platform for optogenetic modulation of Papez’s circuit using eOPN3, a red-shifted, inhibitory 



type-2 opsin (GPCR opsin), in a porcine seizure model to advance translational applications of 

integrated electrical and optogenetics therapy. Methods: We expressed eOPN3 in the anterior 

nucleus of the thalamus (ANT) and hippocampus (HPC) of 3 Göttingen micropigs to suppress 

synaptic transmission through the Gi/o signaling pathway. On Day 1, an MRI-guided stereotactic 

surgery was performed to deliver 15 - 60 µL of an optogenetic construct (AAV5/9-CaMKII-

eOPN3-mScarlet + Gadolinium (Gad); AAV titer: 2 X 1012 particles /ml) into ANT and HPC. 

Post-procedure MRI Gad distribution confirmed targeting accuracy. Two to three months later, 

acute electro-optical experiments followed by euthanasia and histopathology were performed to 

demonstrate: 1) Opsin expression, 2) optical modulation of Papez circuit, 3) optical modulation 

of HPC kainic acid (KA) induced electrographic seizure activity 4) histological investigations to 

characterize the distribution of eOPN3 and electrode targeting. Results: The developed platform 

enables stereotactic delivery of KA, optogenetic constructs and integrated opto-electrodes for 

local field potential sensing and stimulation. The eOPN3 expression was demonstrated in HPC 

and ANT using fiber photometry. Optogenetic modulation of the Papez circuit was demonstrated 

by modulating electrical stimulation-evoked potentials and KA-induced electrographic seizures 

under ketamine/xylazine and isoflurane with 50/50 N2O2. Conclusion: The technology platform 

enables real-time electrophysiology and optical data visualization, and analysis to evaluate 

electrical and optogenetic stimulation therapy paradigms. We demonstrated accurate stereotactic 

delivery, cellular uptake, and neuromodulation of Papez circuit using the eOPN3 construct in a 

large mammal. These results will enable future translational research with the ultimate goal of 

human epilepsy applications. 
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Abstract: A remaining challenge for genetically encoded voltage indicators (GEVIs) is the 

reliable detection of excitatory post-synaptic potentials (EPSPs). Here, we developed ASAP5 as 

a GEVI with enhanced activation kinetics and responsivity near resting membrane potentials for 

improved detection of both spiking and subthreshold activity. ASAP5 reported action potentials 

(APs) in vivo with higher signal-to-noise ratios than previous GEVIs, and successfully detected 

graded and subthreshold responses to sensory stimuli in single 2-photon trials. In cultured rat or 

human neurons, somatic ASAP5 reported synaptic events propagating centripetally, and could 

detect ~1-mV EPSPs. By imaging spontaneous EPSPs throughout dendrites, we find that EPSP 

amplitudes decay exponentially during propagation, and that amplitude at the initiation site 

generally increases with distance from the soma. These results extend the applications of voltage 

imaging to the quantal response domain including in human neurons, opening up the possibility 

of high-throughput high-content characterization of neuronal dysfunction in disease 

Disclosures: A.Y. Hao: None. S. Lee: None. R.H. Roth: None. S. Natale: None. J.B. Ding: 
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induced blood-brain barrier opening: a diffusion-prepared pCASL study 
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Abstract: Objective: Transcranial focused ultrasound (FUS) is a non-invasive technique used to 

reversibly disrupt the blood-brain barrier (BBB), facilitating drug delivery or directly modulating 

brain activity. This study aims to investigate the impact of FUS-mediated BBB opening (FUS-

BBBo) on water transport dynamics, utilizing diffusion-prepared pseudo-continuous arterial spin 

labelling (DP-pCASL) to measure cerebral blood flow (CBF) and water exchange metrics in 



dorsal striatum of non-human primates (NHPs). 

Methods: The FUS experiments were conducted on three healthy NHPs, using 2-minute FUS 

exposures (500 kHz, peak negative pressure (PNP) of 550 kPa with 65% skull attenuation, pulse 

repetition frequency (PRF) of 2 Hz, pulse length (PL) of 10 ms, and 2% duty cycle) combined 

with intravenous microbubbles (4-5 μm diameter, 2.5*108microbubbles/kg) to open the BBB in 

the right caudate. A DP-pCASL MRI (three post-labelling delays ranging from 600 to 1700 ms, 

diffusion coefficients ranging from 0 to 25 s/mm2, 2.2 × 2.2 × 5 mm3 resolution, axial 

acquisition, 12 mins total time) was performed in a 3T MRI scanner to assess perfusion and BBB 

function changes without (6 sessions, 3 NHPs) and with FUS exposure combined with 

microbubbles (5 sessions, 3 NHPs) in the right caudate. Gadolinium-enhanced MRI scans were 

performed to confirm the success of FUS-BBBo of NHPs. Cerebral blood flow (CBF), arterial 

transit time (ATT), and water exchange rates (kw) in the chosen region of interest (ROI), as 

confirmed by contrast-enhanced MRI, were derived using a two-compartment single-pass 

approximation (SPA). Permutation tests with 400 random combinations were performed using 

perfusion MRI datasets without and with BBB opening. 

Results: The group average CBF, ATT, and kw of the whole brain were 27.7/33.9 ml/100g/min, 

1096/1137 ms, and 50.1/58.3 min-1 for non-BBBo/FUS-BBBo conditions, respectively. With 

ROI located in the caudate, no significant difference in CBF and ATT was found between non-

BBBo and FUS-BBBo conditions (p>0.05, permutation test). However, a significant reduction in 

the BBB kw in the caudate following FUS-BBBo was observed compared to non-BBBo 

conditions (p<0.01, permutation test), with a group average kw of 37.8 min-1 with FUS-BBBo 

versus 54.7 min-1 for non-BBBo conditions. 

Conclusion: This study demonstrates that FUS exposure with microbubbles can reduce the water 

exchange rate in the striatum, as measured by DP-pCASL. This finding supports the potential for 

using non-contrast perfusion MRI to detect and confirm FUS-induced BBB opening, facilitating 

efficient and safe clinical translation of FUS technology. 

Disclosures: D. Liu: None. F.A. Munoz: None. X. Shao: None. S. Sanatkhani: None. E. 
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Abstract: Chronic pain is often resistant to existing treatments.The posterior part of the anterior 

cingulate cortex (pACC) has been traditionally involved in the unpleasantness of pain.This deep 

brain regions has been difficult to modulate with existing approaches.We have applied low-

intensity transcranial focused ultrasound to suppress the activity in this target directly, 

selectively, and non-invasively, predicting a decrease in pain symptoms. 

We have developed an approach that delivers focused ultrasound into confined deep brain targets 

while compensating for the severe and unpredictable attenuation of ultrasound by the human 

head and hair.The method delivers into specified brain targets controlled ultrasound 

intensity.Twenty patients with chronic pain received two 40-minute active or sham pACC 

stimulation protocols over a two-week randomized sham-controlled cross-over trial 

(NCT05674903). 

60% of subjects experienced clinically meaningful reduction of pain on day 1 and on day 7 

following the active stimulation, while sham stimulation provided such benefits only to 15% and 

20% of subjects, respectively.On average, active stimulation reduced pain by 60.0% immediately 

following the intervention and by 43.0% and 33.0% on days 1 and 7 following the 

intervention.The corresponding sham levels were 14.4%, 12.3%, and 6.6%.The stimulation was 

well tolerated, and no adverse events were detected. Side effects were generally mild and 

resolved within 24 hours. 

Together, the direct, ultrasonic stimulation of the pACC offers rapid, clinically meaningful, and 

durable improvements in the severity of chronic pain. 

Disclosures:  J. Kubanek: E. Ownership Interest (stock, stock options, royalty, receipt of 
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Title: S-slim: a novel multi-color volumetric fluorescence imaging system for neuroscience 

Authors: Z. LU, F. SUN, *Q. ZHANG, J. WU, Q. DAI;  

Dept. of Automation, Tsinghua Univ., Beijing, China 

Abstract: Capturing three-dimensional images with multiple fluorescent colors simultaneously 

at high speeds is a significant hurdle. We address this challenge by developing S-SLiM, an 

advanced computational intravital microscopy, which revolutionizes high-speed, volumetric 

multi-color fluorescent imaging by seamlessly integrating meticulously optimized hardware with 

deep learning algorithms. This innovative technique effectively disentangles complex fluorescent 

spectral volumes containing multiple channels from several color-modulated multi-view images, 

enabling diffraction-limited resolution, millisecond acquisition speeds, exceptional noise 

resilience, and enhanced fidelity across multiple dimensions. Furthermore, with high-throughput 

imaging capability, S-SLiM empowers the acquisition of massive datasets, paving the way for 

comprehensive biological analyses and potentially groundbreaking discoveries. This powerful 

method holds immense promise for unraveling the intricate neural underpinnings of decision-

making behaviors in NeuroPAL worms at improved speed of 12 volumes per second, shedding 

light on the mechanisms underlying highly dynamic cognitive processes. Notably, S-SLIM 

extends beyond C. elegans, offering a valuable tool for investigating diverse neural systems in 

zebrafish, Drosophila and mice, ranging from subcellular dynamics to organismal interactions. 
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Abstract: Transcranial focused ultrasound stimulation (tFUS) is a novel, non-invasive 

neuromodulation technique that uses ultrasound waves to stimulate brain structures. Compared to 

other non-invasive stimulation methods, tFUS offers higher spatial resolution and the ability to 

stimulate deeper brain regions.The amygdala, a part of the limbic system located deep in the 

brain, is a central hub for emotion processing. Although existing studies have reported 

modulatory effects of tFUS on cortical areas and the striatum, it remains largely unknown 



whether and how tFUS can modulate activity in the amygdala and alter behavior.In this study, 

we conducted a tFUS/fMRI experiment targeting the amygdala in healthy human participants 

performing a facial expression recognition task. Participants were required to classify presented 

facial expressions into three categories: fear, neutral, and happy. On the first day of the 

experiment, participants performed the task in an MRI scanner. Based on GLM analysis using 

SPM12, we determined the location of peak activity in the right amygdala central nucleus (or 

basolateral amygdala if the central nucleus activity was not identifiable). On the second day, 

participants (n=24) received 40 seconds of low-intensity (30 W/cm²) tFUS stimulation targeting 

the identified location, followed by a second run of the task in the MRI scanner. The control 

group (n=28) performed the same task, with the exception that the tFUS target location was 

white matter between the amygdala/hippocampus and the cortex. We observed a significant 

decline in the accuracy of fearful face recognition immediately following stimulation, 

exclusively in the tFUS group (p<0.05). To confirm that this behavioral decline differed between 

the two groups, we conducted a generalized least squares (GLS) model analysis of the behavioral 

data, using “group” (tFUS:1 and control:0) and other explanatory variables. After stimulation, 

we observed significant negative effects on accuracy for the interaction term fear*group (p < 

0.05). In the fMRI analysis, we observed an increase in amygdala activity immediately after 

tFUS stimulation in the tFUS group in the central amygdala and superficial amygdala. We also 

found a positive correlation (p < 0.05) between the decrease in accuracy for fearful faces and the 

increase in amygdala activity.These results demonstrate that tFUS can disrupt amygdala function 

in discriminating emotional facial expressions while increasing its activity. Given that amygdala 

dysfunction is associated with many psychiatric disorders, our research may contribute to the 

development of tFUS-based therapies for psychiatric conditions. 
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Abstract: 

 
Micro-magnetic stimulation could serve as an implantable transformative tool for circuit 

manipulation of neurons. However, the design, the stimulation parameters, and the capability of 

micro-coils to induce localized cortical activation in vivo have yet to be determined. In this 

work, we tested the potential of a micro-magnetic stimulator to induce cortical activation in 

rodents. Long-Evans rats were injected with viral vector 98929-AAV9 from Addgene to 

optically sense glutamate in the surface of the somatosensory cortex (S1Tr, 3.0 ML -2.5 AP, -0.4 

DV). After 3 weeks, the animals were anesthetized (2% isoflurane) and a craniotomy was 

performed at the target region. A skull screw with a wire served as a reference for the local field 

potential (LFP) electrophysiological recordings. A rectangular micro-coil (LQP15MN3N3B02D, 

Murata) was mounted with an optical fiber and an LFP electrode and placed onto the target brain 

surface (Fig. 1A). Magnetic stimulation was performed at 1 Hz with a 5s on/15s off stimulation 

paradigm using an audio power amplifier (Pyle), a generator (Tektronix) and a current sensor. 

We used a bipolar square pulse of 10 µs and an amplified 10A peak-to-peak current. A BIOPAC 

system recorded the stimulation times, LFP and glutamate changes with fiber-photometry. 

Control recordings were included after the rat was euthanized under the same settings. 

Preliminary results show that micro-magnetic stimulation induced local neuronal activation and 

subsequent increase in extracellular glutamate (as shown by increased optical signal, Fig. 1B). 

However, we observed interferences of the magnetic stimulation on the electrophysiological 

recording system (LFP recording changes still present after the animal was euthanized). On the 

contrary, optical recordings were clean from these interferences as the optical signals showed no 

alterations after euthanasia. In the future, we plan to explore different coil designs and field 

orientations to investigate the potential of micro-magnetic stimulation to focally activate cortical 

neurons at multiple spatial and temporal scales. 
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Abstract: Working memory impairment is a common affliction in disorders such as Alzheimer’s 

disease, attention-deficit hyperactivity disorder (ADHD), and major depression. Brain 

stimulation is a promising tool for modulating brain networks and improving cognitive 

performance. We applied non-invasive brain stimulation—using transcranial magnetic 

stimulation (TMS)—in a real-time brain state-dependent manner to dorsomedial regions of the 

fronto-parietal network, incorporating a spike-timing-dependent plasticity (STDP) induction 

protocol. Using theta oscillation phase as a brain state marker, we compared the effects of brain 

state-coupled vs. -uncoupled dual-site TMS on: 1) EEG dynamics time-locked to the TMS 

pulses; 2) working memory performance, and 3) oscillation power during the memory task. We 

found that: 1) the brain state-coupled protocol caused greater amplitudes of evoked activity 

within 90 ms post-TMS pulse; 2) the brain state-coupled condition enhanced working memory 

accuracy; and 3) correct vs. incorrect working memory trials had broadband differences in power 

across encoding, retention, and recall periods at baseline and these were differentially modulated 

after brain state-coupled vs. -uncoupled stimulation. Our work provides a crucial first step in 

personalized pathway-targeted brain stimulation in cognitive networks that may minimize 

potential adverse effects and maximize its cognitive enhancement potential in healthy individuals 

or in people with network disorders affecting memory such as Alzheimer’s disease, major 

depression, or ADHD. 
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Abstract: Microelectrode recordings of single neurons have long been a cornerstone in animal 

studies. However, the application of this technique in humans is still evolving due to technical 

and practical challenges. For example, a significant challenge is the variability in electrode 

placement and patient movement, which can affect the stability of recorded neurons. The 

primary challenge in such recordings is maintaining accurate single-unit identification across 

multiple sessions, given the potential for electrode movement and evolving neural activity 

patterns. Here we addressed these challenges via long-term unit tracking in human subjects, 

focusing on the development and implementation of an “online” spike sorting system that 

operates on continuous 24-hour recordings over days. Initial implementation of this system in 

our hospital indicates successful tracking of neurons over time. By addressing these challenges, 

our method improves the reliability of single-unit tracking and enhances the accuracy of neural 

data analysis over extended periods in humans. This advancement holds promise for both basic 

research and clinical applications, where long-term monitoring is crucial for understanding 

complex neural dynamics and disorders. 
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Abstract: Understanding the neural mechanisms underlying the transitions between different 

states of consciousness is a fundamental challenge in neuroscience. Thus, we investigate the 

underlying drivers of changes during the resting-state dynamics of the human brain, as captured 

by functional magnetic resonance imaging (fMRI) across varying levels of consciousness 

(awake, light sedation, deep sedation, and recovery). We deploy a model-based approach relying 

on linear time-invariant (LTI) dynamical systems under unknown inputs (UI). Our findings 

reveal distinct changes in the spectral profile of brain dynamics - particularly regarding the 

stability and frequency of the system's oscillatory modes during transitions between 

consciousness states. These models further enable us to identify external drivers influencing 

large-scale brain activity during naturalistic auditory stimulation. Our findings suggest that these 

identified inputs delineate how stimulus-induced co-activity propagation differs across 

consciousness states. Notably, our approach showcases the effectiveness of LTI models under UI 

in capturing large-scale brain dynamic changes and drivers in complex paradigms, such as 

naturalistic stimulation, which are not conducive to conventional general linear model analysis. 

Importantly, our findings shed light on how brain-wide dynamics and drivers evolve as the brain 

transitions towards conscious states, holding promise for developing more accurate biomarkers 

of consciousness recovery in disorders of consciousness. 

Disclosures: J. Bodenheimer: None. P. Bogdan: None. S. Pequito: None. A. Ashourvan: 

None. 

Late-Breaking Poster 

LBA009: Theme I Late-Breaking Posters 

Location: MCP Hall A 

Time: Tuesday, October 8, 2024, 1:00 PM - 5:00 PM 

Program #/Poster #: LBA009.077/LBA76 

Topic: I.08. Methods to Modulate Neural Activity 

Title: Recording Neural activity using Scanless 2-Photon Voltage Imaging: A Commercial 

Implementation 

Authors: *O. ASSAYAG1, R. SIMS2, Y. ATLAS1, I. BENDIFALLAH3, S. DOMINGUEZ2, K. 

KILBORN4, V. EMILIANI5;  
1Intelligent Imaging Innovations SAS, Paris, France; 2Inst. de la Vision, Paris, France; 3Inst. de la 

Vision, Sorbonne Université, INSERM, CNRS, Paris, France; 43i, Denver, CO; 5Photonics Dept., 

Vision Insitut, Paris, France 

Abstract: In this work we present the first commercial demonstration scanless Multiphoton 

voltage Imaging using a 2-photon imaging microscope (VIVO Multiphoton RS+, Intelligent 

Imaging Innovations combined with a Holographic module with Temporal Focusing (Nouveau 

Phasor, Intelligent Imaging Innovations) and a high speed sCMOS camera (Kinetix K22, 

Photometrics). All the results discussed were obtained from neurons in hippocampal organotypic 



slices expressing the recently developed, negative-going, 2P-optimized, soma-targeted voltage 

indicator JEDI-2P-Kv 1. In a first step, we used patch-clamp electrophysiology recording to 

assess the correspondence between APs in the electrophysiological and the camera- based 

fluorescent traces. In a second step, we use a low repetition rate, high pulse energy femtosecond 

laser emitting at 1030nm (Satsuma, Amplitude) to generate computer generated holographic 

circular patterns to allow for simultaneous activation of all the GEVI presents in the cell soma. 

Using the multiplexing capability of computer-generated holography, we could also record the 

activity of multiple targets simultaneously. Several activation protocols were tested and 

optimized to obtain high SNR induced voltage response at an acquisition rate of 1kHz with 

~10mW of average stimulation laser power per cell using ~15µm diameter circular holographic 

patterns2. We optimized the stimulation protocol to minimize any photoinduced physiological 

perturbations during 30s, high duty cycle recordings. Our protocol provided high spike detection 

reliability of 95%. References: 1. Liu, Z. et al. Sustained deep-tissue voltage recording using a 

fast indicator evolved for two-photon microscopy. Cell 185, 3408-3425.e29 (2022) 2. Sims, 

R.R., Bendifallah, I., Grimm, C. et al. Scanless two-photon voltage imaging. Nat Commun 15, 

5095 (2024).). 
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