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Abstract: Adult neurogenesis that occurs in the forebrain subventricular zone (SVZ) and the
subgranular zone (SGZ) of the dentate gyrus is influenced by parameters such as age, sex
hormones and other cellular and molecular factors. Our previously published research, on male
F344 rats, has demonstrated that neurogenesis decline is particularly pronounced in the period
between 13 and 15 months of age. We have also established that this particular pattern of age-
related decline in neurogenesis is mediated by the reduced expression of the redox-sensitive
transcription factor nuclear factor (erythroid-derived 2)-like 2 or NRF2. In this study, we aim to
understand the impact of advancing age and the sex hormones, 17p-estradiol (E2) and
progesterone (P4), on the NRF2 expression and regenerative function of neural stem progenitor
cell (NSPCs) in female rats. In this context, we have determined that the temporal progression of
age-related decline in NSPC function is different in female rats and occurs earlier, principally by
7-9 months of age, compared to males. To further investigate this NSPC aging phenomenon, we
are analyzing female F344 rats at 2, 6, 9 and 14 months of age. Both intact (Sham) and
ovariectomized (OVX) rats were included at each of the 4 aging stages to assess the importance
of E2/P4. The following behavioral tasks were performed on the experimental groups to study
SVZ and SGZ NSPC function - fine olfactory discrimination, pattern separation and platform
reversal in the Morris water maze. Results show significant protection of neurogenesis in the
sham animals compared to OV X, especially at 6 and 9 months of age. These results are also
supported by findings in the estrous staging where sham rats in estrus or proestrus stages of the
cycle (increased circulating E2 and P4) did better compared to other stages. Currently, we are
examining the changes in NRF2 expression and activity in NSPCs, in the four age-groups,
through double or triple immunostaining of different NSPC subtype markers (specifically
GFAP/Nestin, Sox2 and Dcx) and proliferative markers (BrdU, MCM2), with NRF2 and its
downstream targets such as NAD(P)H quinone dehydrogenase 1 (NQQO1). In conclusion, these



studies will give us a detailed picture of how E2/P4 and age influence NSPC function and NRF2
expression.
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Abstract: Neural stem and progenitor cells (NSPCs) in the adult mammalian brain produce new
nerve cells throughout life. It is known this neurogenic process is regulated by age- and sex-
dependent mechanisms, however, these mechanisms are not fully understood. Our previous work
in male rats identified a critical period (CP) of NSPC regenerative decline, between 13 and 15
months of age, and identified the reduced expression of the nuclear factor (erythroid-derived 2)-
like 2 (NRF2) transcription factor, as a key mediator of this phenomenon. Based on these
findings, we are currently assessing several age-groups of female rats to better understand the
roles of age, sex, and NRF2 in regulating NSPC function. We have found the CP of NSPC
decline to occur earlier in life in females compared to males— approximating the timeline of
reproductive senescence. Specifically, a sharp drop in NSPC activity becomes evident during the
rat perimenopausal period (7-9 months of age) when decreases in 17p-estradiol (E2) and
progesterone (P4) levels are known to occur. To investigate the influence of E2 and P4 on NSPC
function, female F344 rats, aged 2, 6, 9, and 14 months old, were either ovariectomized (OVX)
or underwent sham surgery, after which they were assessed through behavioral tests and
downstream tissue analyses. Early data indicate significant OV X-induced declines in behavioral
task performance relevant to the function of the subventricular zone (SVZ) and hippocampal
subgranular zone (SGZ) (assessed via fine olfactory discrimination, pattern separation, and
reversal in the Morris Water Maze), at 6 and 9 months of age. Here, we use
immunohistochemistry and western blotting to examine changes in estrogen receptor (ER) o/f3



and progesterone receptor (PR) A/B expression in these NSPC harboring regions. Previous
studies have investigated ER and PR expression in the brain, but have not carefully considered
expression specific to the SVZ and hippocampal SGZ. First data indicate a trend towards lower
ERp expression at 6 months of age. Additionally, we are determining the expression of NRF2
and its downstream target genes. Preliminary results indicate downregulation of NRF2
expression after OV X in both the SVZ and SGZ at 2 and 6 months of age. In summary, our
studies provide insight into the role of E2/P4 and NRF2 in the regulation of NSPC aging.
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Abstract: Gut microbiota plays an important role in regulating brain function and adult
neurogenesis. Although probiotics have recently been reported as effective against certain
psychiatric disorders, the underlying mechanisms remain unclear. In particular, the combination
of three probiotic strains, Bacillus subtilis TO-A, Enterococcus faecium T-110, and Clostridium
butyricum TO-A, hereafter referred to as ProB3, has been reported to potentially alleviate
psychiatric symptoms in patients with schizophrenia. Here, we show that ProB3 promotes adult
neurogenesis in mice and restores its dysregulation in germ-free (GF) mice. ProB3 colonization
in GF mice enhanced the proliferation of adult neural stem cells compared to specific-pathogen-
free (SPF) and GF mice. Furthermore, ProB3 colonization was sufficient to ameliorate the arrest
of newborn neuron maturation and the diminution of quiescent neural stem cells in GF mice.
ProB3 colonization in mice increased the levels of several metabolites in the blood, such as
theanine, 3-hydroxybutyrate, and imidazole peptides, including anserine, which promoted
proliferation, neurogenesis, and maturation of newborn neurons in cultured human neural stem
cells. Overall, our findings demonstrate that ProB3 colonization promotes adult neurogenesis in



mice and suggest that the promotion of adult neurogenesis may contribute to the alleviation of
psychiatric symptoms.
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Abstract: Maternal diabetes has been related to a deficiency of cognitive processes in tasks that
require motor, memory, and visuospatial integration skills during childhood. These cognitive-
process difficulties may be related to cytoarchitectonic configuration differences in neocortical
layers of pyramidal neurons. The murine models of maternal hyperglycemia showed that the
products of diabetic (DB) mothers present an increase in neuronal differentiation and aberrant
neuronal migration in the cerebral cortex, likewise changes in regular laminar pattern, and
alterations in dendritic arbor polarity establishment in pyramidal neurons of deep layers V-VI,
these cytoarchitectonic changes result in less neuronal excitability in young postnatal 21 days
(P21), DB products. Due to corticogenesis beginning at the early stages of neural development in
rats, around embryo day 12 (E12), as the expansion and differentiation of neural stem cells
(NSC), this study aimed to determine if maternal hyperglycemia modifies the transcriptomic
profile of cortical neuroepithelium at E12 of embryos without neural tube defects; therefore, total
RNA of dorsal prosencephalon from E12 control (Ctrl) and DB groups was extracted to realize
RNAseq. Differential expression analysis shows that the neuroepithelium of DB embryos has



111 transcripts upregulated and 136 downregulated, regarding the Ctrl group. Pathway functional
enrichment analysis shows that between differentially expressed transcripts, there are genes that
have a relevant role in the cell cycle, specifically in mitotic spindle formation, such as Numal
and Aurkb. These findings suggest modifications in the NSC division pattern to more
asymmetric NSC division at early corticogenesis, which would explain the previously reported
premature neuronal differentiation in DB embryos.
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Abstract: Neurospheres (NS), derived from embryonic or adult stem cells, are commonly
utilized as 3D in vitro models for investigating the molecular processes, dynamics, and structure
of the brain throughout neural development. In this context, biomaterials engineering and
nanomaterials technologies can be helpful to address challenges arising by the need to reproduce
in vitro, the features of the brain microenvironment (Roth JG, et al., Nat. Rev. Neurosci. 2021).
To address this challenge, we proposed using multilayered nanostructured materials called
hydrotalcites (HTIc) (Posati T, et al., Scientific Reports. 2016) to interface with NS derived from
the subventricular zone (SVZ) of adult mice (8-months-old). Through cell viability assays,
confocal microscopy, immunostaining, western immunoblotting and qRTPCR experiments, we
identified subpopulations of neural cells (astrocytes, neurons and oligodendrocytes) that adhered
to the nanostructures. We found that the chemical and topographic cues of HTIc influenced
adhesion at 7 days in vitro (DIV) on HTlc that resulted in fewer differentiated cells and more
rounded cells compared to NS grown on Poly-D-lysine/Fibronectin (CTRL) (n=3). In addition, at



14D1V, the number of adhering and differentiated cells on HTIc increased, with differentiation
spreading between neural and non-neural cells (n=3). Molecular analyses showed that both
immature neurons (DCX) and astrocytes (GFAP) significantly increase at both 7 DIV and 14
DIV on HTIc compared to CTRL (n=3). On the other hand, there is a different trend for
oligodendrocytes. At 7 DIV, there is a lower concentration of Olig2 positive cells on HTlc
compared to CTRL, while at 14 DIV there is an increase in CNPase positive cells on the
substrate of interest compared to CTRL (n=3). Furthermore, preliminary functional analysis
performed on water transport and calcium signalling suggested the involvement and differential
expression of Transient Receptor Potential Vanilloid 4 (TRPV4) and Aquaporin-4 (AQP4) over
time, confirming previous results on embryonic NS (Cibelli A, et al., Glia. 2024) (n=2). In
conclusion, HTIc substrates have the potential to be a useful tool for selectively promoting the
differentiation of NS into both neuronal and non-neuronal cell types and more importantly to
understand a possible new mechanism underlying both cell differentiation in NS and cell-
substrate interaction.
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Abstract: Corticogenesis is largely dependent on the precise regulation of interneuron
neurogenesis, which is mediated by ventral radial glia (vVRG) in the medial ganglionic eminence
(MGE). Previous research has demonstrated substantial expression of Anol transcripts in
Fabp7+ and Sox2+ vRGs from E11.5 to E14.5. Anol-deficient mice exhibited a decreased ratio



of EdU-positive and RC2-positive cells at E14.5, suggesting altered neurogenesis. Further,
reduced populations of GABAergic neurons were observed in the cortex of Anol knockout (KO)
mice at E18.5. The present study seeks to elucidate the impact of Anol deficiency on MGE-
derived interneuron subtypes. Using immunostaining and fluorescent in situ hybridization
(FISH), we observed a decreased percentage of Sst+ neurons in the MGE of Anol” embryos at
E14.5 and E16.5. Moreover, an increase in the Ascll+ intermediate progenitor cell population
was detected. These findings indicate that Anol depletion in VRG leads to a fate shift towards
basal progenitors, rather than apical progenitors, during GABAergic neurogenesis; resulting in a
reduction of SST+ neurons.
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Abstract: Cerebral organoids (COs) are widely used to model aspects of human brain
development, function and disease. However, little is known about the longitudinal neuronal
network dynamics present in COs. Here, we aimed to characterise these dynamics during the
development of COs, by recording neuronal activity at the single-cell level using two-photon
Ca?" imaging. We recorded at different depths within the spherical three-dimensional cellular
structure of iPSC-derived COs, labelled with the Ca®* indicator Cal520-AM, between 80-300
days in vitro (DIV). We identified three distinct modes of spontaneous activity: unsynchronous
activity, synchronous activity and local propagating waves. Unsynchronous activity, i.e. sparser,
uncorrelated activity, was the baseline activity present throughout and the most prominent type
of activity from ~100 DIV onwards. Synchronous activity, i.e. events of activity that are
correlated across the majority of cells within the field of view at the same time, was the



predominant mode of activity during early developmental stages (DIV 80-100). Surprisingly, our
recordings also revealed local propagating waves that appeared from ~100 DIV onwards. These
waves consisted of a Ca2* transient event which initiated within a single neuron, before
propagating to adjacent neurons, and was followed by an onset of multiple Ca?* transients in
connected neurons within the propagating radius of the initial wave. To understand the
underlying mechanisms of the waves, we conducted a series of pharmacological experiments.
The waves persisted following application of the voltage-gated sodium channel inhibitor,
tetrodotoxin (TTX), but completely ceased following application of Thapsigargin, an inhibitor of
the sarco/endoplasmic reticulum Ca?* ATPase, which blocks the release of internal Ca2* stores.
Furthermore, the waves persisted in the presence of glutamatergic synaptic transmission
inhibitors (CNQX and APV), albeit we observed reduced propagating distances. These
experiments suggest that the waves are not primarily initiated in individual neurons by action
potentials but, rather, as a result of spontaneous Ca?* release from internal stores, and propagate
to surrounding neurons via synaptic connections. In summary, by employing two photon Ca?*
imaging, we reveal that COs develop complex and functionally interconnected networks of
neurons which display multiple types of spontaneous activity, including local propagating waves
initiated through Ca?* release from internal stores. To the best of our knowledge, these waves
have not been described previously and may be significant in the early development of human
neuronal networks.
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Abstract: The flexibility and accessibility of induced pluripotent stem cell (iPSC) technology
has allowed complex human biology to be reproduced in vitro at high throughput scales. Indeed,
rapid advances in stem cell technology have led to widespread adoption for the development of
in vitro models of neuron electrophysiology to be used in screening applications in drug
discovery and safety. Furthermore, advanced cell preparations, such as spheroids or organoids,
are under intense investigation with aims toward establishing mature physiologically relevant



phenotypes in vitro. The objective of this work is to develop and optimize a functional assay of
neural organoids in vitro. To that end, a customized multiwell microplate (SpheroGuide) was
designed specifically for neural organoid assays. The SpheroGuide MEA plate utilizes a funnel
design to target the neural organoids to a planar grid of microelectrodes embedded in the
substrate of each well of the culture plate. Impedance measurements were used to quantify the
attachment of the organoids to the substrate and microelectrodes, while functional activity was
quantified via electrophysiological measurements. Acute (no attachment) and chronic (surface
coating-mediated attachment) recording protocols were evaluated and compared. Specifically,
the use of surface coatings (no coating, PEI, Matrigel) and centrifugation were evaluated for
chronic recording protocols with regular measurements of attachment and network function over
four weeks. PEI-coated wells exhibited the best performance, with neural organoid attachment in
100% of wells and the development of synchronous network activity over 2 weeks in culture.
Matrigel and no coating conditions displayed fewer active electrodes overall, but consistent
results across wells due to the funnel design targeting organoids to the array. The optimized
attachment protocol using PEI was then used to plate and monitor the electrophysiology of 48
dorsal forebrain organoids, with one individual organoid plated in each well of a SpheroGuide
MEA plate. Impedance measurements showed robust attachment of all 48 organoids over a 21-
day time course. Activity of the organoids peaked at Day 14 post-seeding, while synchrony
increased over the full 21 days in culture. These results support the continued development of
quantitative assays of neural function with increased throughput for in vitro 3D neural organoid
models.
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Abstract: The difficulties in translating preclinical findings to human studies have pointed out
the inadequacy of current research models and underscored the need for alternative approaches
to studying brain physiology and pathology. Recently, human induced pluripotent stem cell
(hiPSC) 3-dimensional (3D) models, such as organoids and neurospheres, have emerged as
powerful tools for modeling human nervous tissue in vitro. However, these systems rely on
hiPSC self-organization and are therefore characterized by low reproducibility and
homogeneity.3D bioprinting is an innovative bioengineering technique that combines
biomaterials and live cells to shape 3D structures in a layer-by-layer fashion. The bioink
provides mechanical support for the growing cells and allows a better exchange of nutrients,
oxygen, and drugs, which makes it ideal for drug screening applications. However, the
manufacturing of exceedingly soft structures, such as the brain, represents a significant
bioengineering challenge often resulting in printing failures, lack of structure or short culturing
time, and poor functional characterization.Here, we generated a 3D-Bioprinted brain model
suitable for long-lasting culturing (8 months) of iPSCs-derived cortical neurons and astrocytes
starting from neuronal precursor cells (NPCs). NPCs were successfully bioprinted in a defined
multilayer wood-pile structure to mimic the human cerebral cortex architecture. This was
accomplished using high spatial resolution, low-pressure extrusion, and high speed while
maintaining cell viability and proliferation. In maintenance medium, NPCs express SOX2,
PAX®6, and Nestin and show no action potential firing and spontaneous synaptic currents.
Induction of cell maturation resulted in neurite elongation within the first days of differentiation
and the appearance of glutamatergic synaptic currents and action potential firing. Further
analysis with calcium imaging on AAV9-synapsin-GCAMPG6f transfected cells demonstrated
that neurons formed intricate and functional networks with inter-layer connections. 3D neuronal
cultures were efficiently maintained for more than 8 months with astrocytes spontaneously
differentiating after two months of culturing. Moreover, hiPSC-derived microglia could be
administered to the bioprinted constructs, after which these cells infiltrated and integrated with
other cell types. Overall, our data indicate the potential of hiPSCs-derived 3D bioprinted cultures
for brain modeling and future possible drug screening applications.
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Abstract: In the field of neuroscience and neurodegenerative diseases, understanding
intracellular processes is pivotal. Specifically, two critical events—mitochondrial functions and
calcium signaling in neurons play fundamental roles. Leveraging high-content imaging (HCI)
with advanced image analysis, we employed fast kinetic imaging to visualize, quantify, and
assess these dynamic events in a human in vitro based model using iPSC-derived neurons with
exceptional temporal resolution using a high-throughput confocal microscopy system. Our
approach involved two key studies. In our first study, we investigated mitochondrial dynamics
using an uncoupler of mitochondrial oxidative phosphorylation, carbonyl cyanide p-
(trifluoromethoxy) phenylhydrazone (FCCP), and glutamate as the reference controls. We
conducted confocal imaging with a 40x objective lens at 2 frames per second (fps). From
analysis we found evidence of mitochondria fractions in both neuronal bodies and neurites
following image analysis segmentation, leading to questions about mitochondria dysfunction
processes. In our second study, we investigated calcium signaling. Using an on-board liquid
handling device integrated in the HCI imager, we injected Glutamate (agonist) or Gabazine
(antagonist of GABAa receptors) to measure real-time calcium responses using confocal
imaging with a 20x lens at 5 fps. At the single-cell level, we segmented and compared calcium
flux responses of individual neuronal cell bodies and neurites. Notably, calcium response
remained more active in neuronal cell bodies than in extended neurites. Our precise assessment
of calcium flux in individual neurons and neurites provides insights into potential cell behavior,
underlying mechanisms, and fundamental neuronal communication processes. This approach
will allow the potential to identify disruptions associated with neurodegenerative conditions,
neurotoxic insults, or neuronal maturation. Additionally, our comprehensive HCI approach
generates tens to thousands of high-content imaging morphological phenotypic features. These
features enable further exploration of untapped mechanisms or modes of action resulting from
perturbations. Ultimately, this high-dimensional multivariate data enhances our understanding of
the intricate interplay between calcium dynamics and mitochondrial function in neurons. The
real-time integration of fast kinetic imaging with HCI offers an automated and robust method for
investigating intracellular dynamics within the context of neurons at the single cell level.
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Abstract: During development, cell fate is determined through sequential expression of
instructive transcription factors (TFs) in combination with epigenetic influences. Subsequent to
development, it is possible to directly reprogram the lineage of somatic cells without inducing
pluripotency. Direct reprogramming may have therapeutic use in the CNS, as neurons are long-
lived, post-mitotic cells that are not replaced when lost due to injury or disease. However, one
limitation to current direct reprogramming approaches is controlling the temporal expression of
instructive TFs. When multiple TFs are needed to guide lineage respecification, they are
delivered through coinfection and are expressed simultaneously. This can result in low efficiency
of cellular reprogramming to the final cell fate subtype. Here, we describe an improved strategy
using NG2 glial progenitor cells (oligodendrocyte progenitor cells- OPCs) for neuronal
reprogramming that allows for a temporal separation of an initial, pioneering TF and a
subsequent instructive TF to guide neuronal subtype specification. Retroviral co-delivery and
simultaneous expression of separate vectors for the pioneering TF Ascll and the instructive TF
DIx2 resulted in the detection of the early neuronal marker beta-I11-tubulin by seven days.
However, the generation of induced neurons from the OPC population was much less efficient
than parallel studies using single expression of either Ngn2 or NeuroD1. We hypothesize that the
lower efficiency may result from the expression of DIX2 too early in the reprogramming process.
To test this, we have generated a switch vector construct where proliferating OPCs are
retrovirally coinfected with 1) a regulator construct containing a tamoxifen inducible Cre-
recombinase system (CreERT), and 2) an effector construct containing two gene sets, designated
Gene Set 1 and Gene Set 2. In this inducible switch system, Gene Set 1 is initially expressed
while Gene Set 2 is silent. Upon tamoxifen administration, Gene Set 1 is excised and Gene Set 2
is expressed. Delivery of a control effector where Gene Set 1 expresses destabilized GFP and
Gene Set 2 expresses dsRed resulted in the initial detection of green cells that disappeared within
24 hours of tamoxifen addition coincident with the emergence of red cells validating the switch
approach. We expect that delivery of an experimental effector construct with Gene Set 1
expressing Ascl1-GFP and Gene Set 2 expressing DIx2-dsRed will result in improved neuronal
induction and subtype specification into GABAergic neurons. This approach represents an
advance for efficient and specific lineage reprogramming of glial progenitor cells into neurons.
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Title: Gene-isoform diversity in the developing human neocortex

Authors: *L. DE LA TORRE-UBIETA!, A. PATOWARY?, P. ZHANG!, C. T. JOPS?, C. K.
VUONG!, X. GE3, K. HOU?, N. N. GONG*®, X. WANGS, C. LIU’, J. LI}, M. J. GANDAL?%?;
1UCLA, Los Angeles, CA; 2Univ. of Pennsylvania, Philadelphia, PA; *Oregon State Univ.,
Corvallis, OR; “Duke Univ., Durham, NC, ; °Psychiatry, Perelman Sch. of Med., Philadelphia,
PA; %Univ. of Tennessee Hlith. Sci. Ctr., Memphis, TN; “Upstate Med. Univ., Syracuse, NY;
8psychiatry, Ucla-Semel Inst., Los Angeles, CA; °Psychiatry, Perelman Sch. of Medicine, Univ.
of Pennsylvania, Philadelphia, PA

Abstract: RNA splicing is highly prevalent in the brain and has strong links to neuropsychiatric
disorders, yet the role of cell-type-specific splicing and transcript-isoform diversity during
human brain development have not been systematically investigated. Here, we leveraged single-
molecule long- read sequencing to deeply profile the full-length transcriptome of the germinal
zone (GZ) and cortical plate (CP) regions of the developing human neocortex at tissue and
single-cell resolution. We identified 214,516 unique isoforms, of which 72.6% were not
annotated in Gencode-v33, and uncovered a substantial contribution of transcript-isoform
diversity, regulated by RNA binding proteins, in defining cellular identity in the developing
neocortex. We leveraged this comprehensive isoform-centric gene annotation to re-prioritize
thousands of rare de novo risk variants and elucidate genetic risk mechanisms for
neuropsychiatric disorders.
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Title: Axon pathfinding in induced retinal ganglion cells generated during the first postnatal
week
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Abstract: Retinal ganglion cells (RGCs) are the projection neurons that connect the retina with
visual processing areas in the brain. he adult mammalian retina has no ability to regenerate
RGCs, and, therefore, the loss of these neurons via injury or disease causes irreversible visual
impairment. In previous work, we identified a set of developmentally expressed transcription
factors sufficient to induce the generation of functional RGCs in the mouse retina outside the
window of endogenous RGC development. Axons of these induced RGCs extend into the optic
nerve, then progressively reach central visual targets including the thalamus and superior
colliculus. In this work, we aim to understand how these axons navigate in the early postnatal
nervous system, when cues that guided their endogenous counterparts are no longer available.
We examine axon guidance molecules expressed by both endogenous RGCs and induced RGCs
to determine which factors contribute to temporally ectopic pathfinding. Overall, we aim to
investigate the generation and development of RGCs from existing cells intrinsic to the retina,
which could enable restoration of vision in human patients.
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Abstract: Retinal ganglion cells (RGCs) are output neurons that relay visual information from
the retina to the brain. The adult mammalian retina cannot regenerate, so RGC injury or death
results in irreversible visual impairment. In previous work, we found that in vivo electroporation
of a set of candidate transcription factors induces the generation of RGC-like neurons outside the
window of endogenous RGC development. These transcription factors were drawn from a list of
genes expressed in the retina and with functions in retinal neurogenesis and regeneration. Some
can instruct non-neural cells to adopt neural fates and generate induced neurons. In this study, we
identify the expression and function of individual transcription factors within this group in order
to characterize the contribution they make to the development of induced RGCs. Overall, we aim
to understand the expression and function of the individual transcription factors that affect the
induction of these RGCs, which could provide insight into the restoration of vision in blind
patients using progenitors resident within the adult retina.
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Abstract: Neurofibromatosis type 1 (NF1) is a somatic genetic disease affecting many parts of
the body. In the optic nerve of pediatric patients, gliomas grow, causing intractable childhood
blindness. In hopes of developing better clinical diagnosis and treatment approaches for NF1,
several mouse models have been generated, but it remains unclear how well existing models
recapitulate human clinical pathology. We describe a new mouse model created via breeding of
two published models of the disease. In this model, NF1 mutant mice develop gliomas on their
optic nerves prior to two months of age. In this work we use adeno-associated virus and
fluorophore-conjugated cholera toxin B tracing to image the projection patterns of retinal
ganglion cells (RGCs). In the future, calcium imaging will be conducted to verify functional
blindness phenotypes. Clinical tracking of NF1 symptoms has started to better describe the
disease, but the need for an accurate mouse model is paramount to future research.
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Abstract: Axonal projections from neural grafts in the brain are often used to establish the
degree of connectivity between the graft and host tissue. However, the possibility that grafts can
more substantially integrate with host tissue through polysynaptic connections has not yet been
explored. Here, we characterize the ability of HI29ATK-TT, a polysynaptic, anterograde, and
Cre-dependent HSV tracer, to establish the connectivity patterns of transplanted human brain
organoids with rat motor pathways. Human brain organoids in this study were generated using a
Cre-GFP human induced pluripotent stem cell line. The presence of Cre protein was required for



replication of the HI29ATK-TT tracer, which limited the origin of tracing to the organoid graft.
Sixteen rats underwent organoid transplantation immediately after an aspiration cavity was made
in the right-sided rat motor cortex. Two months post-transplantation, organoids were injected
with 600 nl of HI29ATK-TT (9x10%ml). Post-injection, animals were sacrificed at 7 days or
when symptoms of systemic toxicity developed. Brain and spinal cord tissue were analyzed
histologically to localize tdTomato signal using a combination of publicly available software
packages and atlases. We found GFP signal, representing organoid grafts and their projections, in
bilateral primary motor cortex as well as ipsilateral corpus callosum and the mediofrontal
cortex/septal region. In comparison, tdTomato signal, representing downstream polysynaptic
partners of the organoid grafts, localized to a much broader territory, including the bilateral
primary motor cortex, caudate, putamen, globus pallidus, subthalamic nucleus, ventral tegmental
area, substantia nigra, zona incerta, nucleus accumbens, thalamic nuclei (ventro/central medial,
medio/laterodorsal, ventro/central lateral, ventral posterior, reticular, parafascicular), and pontine
nuclei. Moreover, tdTomato" cells were found in the ventral horn of the cervical spinal cord.
Utilization of the HI29ATK-TT polysynaptic tracer demonstrated successful integration of
transplanted organoid grafts with host motor systems, with increased polysynaptic connectivity
into native motor pathways compared to direct growth of graft projections. Notably, polysynaptic
organoid connectivity to spinal cord ventral horn motor neurons of the host animal was identified
through H129ATK-TT tracer signal in the absence of GFP organoid signal. This study thus
highlights the ability of organoids to exploit intact host motor pathways after transplantation into
injured motor cortex and potentially allow for meaningful cortical repair in various brain injury
etiologies.
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Title: Molecular mechanisms of Hedgehog signaling-dependent neural and muscular
regeneration in Xenopus laevis larvae
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Abstract: Regeneration within the central nervous system remains one of modern medicine’s
greatest challenges. Fortunately, Hedgehog (Hh) signaling holds great promise for improving
regeneration in a wide variety of tissues, and has been manipulated to improve axon outgrowth
and sensory and motor recovery in models of nervous system injury. Dysregulated Hh signaling,
however, is a hallmark of many types of cancer, necessitating a deeper understanding of the
mechanisms underlying regenerative Hh signaling. We previously demonstrated that non-
canonical Hh signaling is necessary after injury for regeneration of muscle and spinal cord in the
Xenopus laevis tail amputation model, but the underlying mechanisms and target cell types have
not yet been elucidated. Here, we demonstrate that Hh signaling promotes regeneration of motor
neuron axons, while enhancing the pruning of sensory axons in the regenerating tail. In addition,
we show that Hh signaling biases Pax7+ muscle satellite cells towards proliferation over
differentiation into Myf6+ immature myocytes. To identify regenerative non-canonical Hh
signaling partners, we performed single cell RNA sequencing analysis of larval regenerate and
tail stump tissues at 24 hours post-amputation, and found that while treatment with the Hh
signaling inhibitor vismodegib has minimal effects on mature cell types, stem/progenitor cells in
both muscle and neural lineages are significantly changed by Hh inhibition during regeneration.
Inhibition of Hh signaling results in downregulation of a wide range of neurotransmitter
receptors and calcium signaling regulatory genes in both muscle satellite cells (MSCs) and
neural progenitor cells (NPCs). However, the canonical downstream Hh signaling targets Glil,
HHIP and Ptch1/2 are only consistently downregulated in MSCs, while their expression in NPCs
varies highly by cluster, suggesting a non-canonical Hh signaling response in some types of
NPC. To assess whether Hh signaling controls regenerative calcium activity, we monitored
calcium transients via expression of GCaMP6s during regeneration, and found that inhibiting Hh
signaling reduces the persistent post-amputation increase in calcium transient frequency in the
regenerating tail at 24 hour post injury. Overall, these results identify potential mechanisms of
Hh-dependent regeneration, offering new therapeutic avenues for enhancing spinal cord and
muscle regeneration.
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Abstract: Functional recovery from spinal cord injury is limited because glial scar formed at the
injured site prevent axonal regeneration in the central nervous system. By contrast, zebrafish
have remarkable ability to regenerate many tissues including the spinal cord. In zebrafish,
immune response is observed after complete transection of the spinal cord, processes of
ependymoradial glia and axons of neurons form glial and axonal bridge after that, then finally the
injured spinal cord remodels into almost healthy morphology. Although comparison between
mammals and zebrafish is potentially promising to reveal regeneration specific mechanisms, far
evolutional distance hinders direct comparison of them. Recent studies found that medaka, which
shares many biological features with zebrafish, possess lower regenerative ability in several
tissues such as the heart or the retina, and comparison of them is becoming an attractive model to
reveal regeneration specific mechanisms. However, capability to regenerate the spinal cord of
them has not been compared yet. Here, we compared regenerative ability of the spinal cord of
adult zebrafish and medaka. Recovery of free swimming distance after spinal cord injury was
significantly lower in medaka compared to zebrafish. Thickness of glial and axonal bridge was
significantly thinner in medaka compared to zebrafish. Regeneration of axons labeled by tracer
was not clear in medaka whereas it was observed in zebrafish. We also performed RNA-seq
using transected spinal cord tissue of them 2 weeks after injury, and found that genes related to
axonal regeneration were upregulated in zebrafish. The above results suggest that regenerative
ability of the spinal cord is lower in medaka compared to zebrafish, and it accompanies different
gene expression profiling. This study suggests that comparison of zebrafish and medaka will
become an attractive model to reveal regeneration specific mechanisms after spinal cord injury.
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Abstract: The pathogenesis of perinatal brain injury (PBI) is multifocal, and one of the major
causes in PBI is a combination of in utero chorioamnionitis and perinatal asphyxia. Although
recent advances in perinatal medicine have improved the survival rates of preterm infants,
neurodevelopmental disorders including cerebral palsy, intellectual impairment and behavioral
disorders remain significant complications. We tested whether the intravenous infusion of
mesenchymal stem cells (MSC) had therapeutic efficacy against PBI in a rat model. Pregnant
Sprague Dawley rats at embryonic day (E) 18 received a low dose of lipopolysaccharide (100
pa/kg) intraperitoneally and the pups were born on E21 via spontaneous vaginal delivery. On
postnatal day (PND) 7, the left common carotid artery of each pup was double-ligated and they
were exposed to 8% oxygen for 2 h. Total fifty-six rats were randomized on PND10, and MSCs
(1.0x10° in fresh DMEM) or vehicle (fresh DMEM without MSC) were intravenously infused.
We conducted behavioral analyses with the Rotarod test (RT), Cylinder rearing test (CRT), and
Morris water maze test (MWM), measured brain volume with 7T-MRI, and performed
histological assessments on PND49. In RT and CRT, we observed significant motor and
sensorimotor improvement in MSC-treated rats. In MWM, escape latency and path length were
shorter, and the percent time in the quadrant where the platform was located was longer in the
MSC group than in the vehicle group. In addition, the vehicle group swam faster (average speed)
than the MSC group in MWM. These results in MWM support hypotheses that MSC improves
cognitive function and might also have the potential to inhibit hyperactivity disorder in PBI. In
vivo MRI revealed that MSC infusion increased residual (non-ischemic) brain volume compared
to the vehicle group. Histological analyses showed that cortical thickness, the number of NeuN*
and GADG67" cells, and synaptophysin density in contralesional (right) hemisphere in the MSC
group were greater than the vehicle group. In conclusion, infused MSCs improve neurological
functions with alleviation of behavioral disorder and might stimulate growth or inhibit cell death
in the residual brain tissue. Intravenous administration of MSCs might be suitable for the
treatment of PBI.

Disclosures: K. Terada: None. M. Sasaki: None. H. Nagahama: None. Y. Kataoka: None. S.
Oka: None. R. Ukai: None. T. Yokoyama: None. Y. lizuka: None. T. Sakai: None. S.
Fukumura: None. T. Tsugawa: None. J.D. Kocsis: None. O. Honmou: None.

Poster



PSTR258: CNS Regeneration

Location: MCP Hall A

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM
Program #/Poster #: PSTR258.08/A20

Topic: A.04. Transplantation and Regeneration

Title: Chemogenetic Activation of Human Neurons Accelerates Axonal Growth and Reconstruct
the Corticospinal Tract in Ischemic Mice

Authors: *D. ZHENG?!, Z. WANG?, S.-C. ZHANG?;
!Duke-Nus Grad. Med. Sch. Singapore, Singapore, Singapore; 2Duke-National Univ. of
Singapore, Singapore, Singapore; *Waisman Ctr., Univ. of Wisconsin, Madison, WI

Abstract: Stroke is the second leading cause of death and third leading cause of disability
worldwide. It is caused by cerebral hypoxia, leading to irreversible neuronal death. There are
currently no effective therapeutic strategies to replace the lost neurons and reconstruct the
disrupted neural circuit. Cell therapy to replace the lost cells and reconnect disrupted neural
circuits especially the corticospinal tract (CST) offers a potential therapy. We have established a
strategy to enable the survival of neural progenitors that were transplanted into the ischemic
cavity, which resulted in reconstitution of the damaged brain, vascularization of the graft, and
axonal growth into the host brain. A major challenge is the long distance for the axons of the
transplanted human cortical neurons to travel to their targets in the brain stem and spinal cord.
Here we develop a chemogenetic strategy to promote the axonal growth by transplanting
DREADD (Designer receptor exclusively activated by designer drugs)-expressing cortical neural
progenitor cells (NPCs) into the lesion core of the stroke mice. Without DREADD activation, it
took six months for the axons to grow to the brain stem, and one year to reach the spinal cord.
The activation of DREADD enabled the axons to grow to the brain stem in three months, and to
the spinal cord in six months. Correspondingly, the stroke mice with DREADD activation
exhibited earlier motor behavioral recovery. These results demonstrate the accelerated axonal
growth and reconnection of the CST by grafted cortical neurons. Ongoing studies are aiming at
identifying the downstream pathways that mediate the faster axonal growth.
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Abstract: Traumatic brain injury often results in a permanent loss of neuronal tissue that causes
longer-term defects in cognitive and motor abilities. A study done by the Center for Disease
Control looking at 5-year outcomes of patients that received inpatient treatment found that 74%
of patients had not seen any improvements which is likely due to this permanent loss of neuronal
tissues, specifically the loss of neurons. The goal of this project is to engineer an in-vitro cortical
graft that can be transplanted into the brain and establish a de novo neural network to overcome
the neuronal loss associated with TBI. Cortical grafts will be engineered from induced
pluripotent stem cells using a guided 3D cerebral organoid protocol. These grafts replicate
cortical development with glutamatergic and GABAergic neurons, neural progenitor cells, and
glial cells. The grafts were grown for at least 2 months and then infected with an adeno-
associated virus (AAV) that would express green fluorescent protein (GFP) under the human
synapsin (hSYN) promotor. One week following the infection the grafts were transplanted into
NOD-SCID mice. Before surgery, male mice were randomly placed into three groups Sham,
TBI, and TBI + transplant. The TBI + transplant received a TBI in the left motor cortex from a
controlled cortical impactor. Bleeding was controlled and the immediate necrotic tissue was
excised to make room for the graft and then the graft was transplanted. The TBI group procedure
the same procedure without the graft, while the sham group only received a craniometry.
Following surgery, all mice underwent modified neuro severity score for 7 days then once
weekly for the remainder of the study. To test specific forelimb motor ability, a water drop test
was performed at the timepoints previously described. 28 days after surgery the mice were
perfused, and the brains were collected for histological analysis. We observed significant right
forelimb motor ability recovery fourteen days following surgery when comparing TBI +
transplant and TBI groups. We observed no statistical difference in left forelimb motor ability
among all groups. Using serial histological analysis, we identified efferent projection from the
graft local and distant brain regions. Migratory cells from our graft were found. This research
lays the groundwork for understanding synaptic integration from cortical grafts, offering a
transformative approach to treating traumatic brain injury by restoring neural connectivity and
function.
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Abstract: Introduction: We recently showed that intravenous infusion of mesenchymal stem
cells (MSCs) for chronic cerebral ischemia provides functional improvements via induced neural
plasticity. Intravenous infusion of MSCs enhances interhemispheric connectivity through the
corpus callosum (CC), indicating a potential enhancement of neural plasticity, even in the
chronic phase of cerebral stroke. Rehabilitation may augment the enhanced neural plasticity
induced by the infused MSCs and guide neural plasticity in the appropriate direction. Thus, we
tested the hypothesis that a combination of intravenous infusion of MSCs and daily rehabilitation
may exert enhanced therapeutic efficacy compared with MSC or rehabilitation therapy alone in
the chronic phase of cerebral stroke. We investigated the synergistic effects on the behavioral
function of a combination rehabilitation strategy (daily treadmill exercise) and intravenous
infusion of MSCs eight weeks after permanent occlusion of the unilateral middle cerebral artery
to induce chronic cerebral ischemia in rats. Material and Methods: Permanent middle cerebral
artery occlusion (MCAO) was induced in Sprague-Dawley rats. Eight weeks after MCAO
induction, the rats were used as a chronic cerebral ischemia model. Four experimental groups
were studied: Vehicle group (medium only, no cells), Rehab group (vehicle + rehabilitation),
MSC group (MSC only), and Combined group (MSC + rehabilitation). Rat MSCs were
intravenously infused eight weeks after MCAOQ induction, and the rats received daily
rehabilitation through treadmill exercise for 20 min. Behavioral testing, lesion volume
assessment using magnetic resonance imaging (MRI), and histological analysis were performed
during the observation period until 16 weeks after MCAO induction. Results: All treated
animals showed functional improvement compared with the Vehicle group; however, the
therapeutic efficacy was greatest in the Combined group. The combination therapy is associated
with enhanced neural plasticity, as shown by histological analysis and MRI diffusion tensor
imaging. Conclusion: The study results indicate that combined therapy consisting of MSC
therapy and rehabilitation therapy has a positive effect on behavioral performance and structural
changes in the CC during the chronic phase of cerebral ischemia. These findings provide



behavioral evidence for enhanced recovery by combined therapy with rehabilitation and
intravenous infusion of MSCs and may form the basis for the development of clinical protocols
in the future.

Disclosures: T. Yamashita: None. M. Sasaki: None. Y. Sasaki: None. H. Nagahama:
None. S. Oka: None. Y. Kataoka: None. R. Ukai: None. T. Yokoyama: None. M. Kobayashi:
None. M. Kakizawa: None. J.D. Kocsis: None. O. Honmou: None.

Poster

PSTR258: CNS Regeneration

Location: MCP Hall A

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM
Program #/Poster #: PSTR258.11/A23

Topic: A.04. Transplantation and Regeneration

Support: NINDS R0O1INS058784 (GKS)
German Research Foundation HA 9566/1-1 (PH)

Title: Deciphering stem cell transplant-mediated recovery in stroke-injured brains- A
longitudinal MRI and multiomics study

Authors: *P. HABIB?, X. LIANG?, R. T. NORISTANI}, N. JOHNSTON?, J. KIM?, S.
EWBANK:3, R. AIRAN®, T. BLISS!, G. K. STEINBERG?;

1Dept. of Neurosurg. and Stanford Stroke Ctr., Stanford Univ. Sch. of Med., Stanford, CA;
2NPIL, Stanford Univ., Stanford, CA; ®Dept. of Radiology, Stanford Univ., Stanford, CA

Abstract: Intraparenchymal transplantation (tx) of human neural stem cells (RNSCs) shows
therapeutic potential for patients with chronic ischemic stroke. However, the underlying
mechanisms of how hNSCs drive recovery remain elusive. A crucial clue to deciphering the
mechanisms of recovery might be the recent observation of a transient T2-FLAIR (Fluid-
Attenuated Inversion Recovery) MRI signal in the premotor cortex after intraparenchymal
hNSCs transplantation in chronic stroke patients. The magnitude of the T2-FLAIR positively
correlated with the extent of clinical recovery. Translating from bedside back to bench, we
replicated the transplantation-induced FLAIR signal following a chronic stroke in adult male
Sprague Dawley rats subjected to 30 min of stroke (using the transient middle cerebral artery
occlusion model) followed 1 month later by transplantation of embryonic-derived neural stem
cells (NR1) or buffer into the ipsilesional striatum. For a multimodal investigation of the FLAIR
signal and regenerative responses of stem cell transplantation into the stroke-injured brain on
regional, cellular, and molecular levels we combined longitudinal MRI sequences (T2w, FLAIR,
DWI, SWI, DTI) with neurobehavioral assessments (whisker paw, cylinder test, EBST, corner
test, grip strength, T-maze) and spatiotemporal multiomics performed at various time points in
an observation period of 3-month post-tx. We observed that rats do not exhibit significant



recovery within the first month after stroke but demonstrate improvement following
transplantation surgery. Specifically, NR1 treatment increased the number of rats that recovered
compared to the vehicle group, with FLAIR signal peaking at 1-day post-surgery and correlating
with enhanced recovery likelihood. Additionally, NR1-induced FLAIR was more hyperintense
and detectable till later (7d- post-surgery) than vehicle-induced FLAIR. DTI analysis revealed
decreased fractional anisotropy (FA) and mean diffusivity (MD) metrics in both ipsi- and
contralesional striatum and motor cortex after NR1 treatment, indicating structural alterations
associated with recovery. Furthermore, a pilot spatial transcriptomics analysis identified
enhanced immune responses in the transplant-induced FLAIR region. Our study provides
evidence that altered immune responses in the stem cell transplant-induced FLAIR region may
promote recovery after chronic stroke and suggests the potential of T2-FLAIR and DTI metrics
as a marker for therapeutic efficacy.
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Abstract: The human pluripotent stem cell-based human-mouse chimeric mouse brain models
serve as a useful tool for studying the development and function human neural cell developed in
vivo. Understanding glia-neuron interactions is crucial for unraveling brain function
complexities and developing treatments for neurological disorders. To investigate the
interactions between human neuron and glia within an intact brain environment, we employed a
co-transplantation strategy. This involved transplanting human induced pluripotent stem cell
(iPSC)-derived neural progenitor cells (NPCs) together with primitive macrophage progenitors
(PMPs) into the neonatal mouse brain, creating human-mouse chimeric brains containing human
microglia, macroglia (astroglia and oligodendroglia), and neurons. At two months post-
transplantation, we observed interactions between human glia and neurons, such as human
microglia pruning human neuronal synapses. Different from prior studies suggesting that human
microglia require human colony-stimulating factor 1 (hCSF1) for survival in cerebral organoids,
our findings demonstrate that human microglia can survive in organoids without hCSF1



supplementation when combined with ventralized NPCs and differentiation conditions that
promote macroglial cell growth. This observation was also validated in vivo, as microglia
persisted without needing hCSF1 expression in the host brain when co-transplanted with
ventralized NPCs. Single-cell RNA sequencing (scCRNA-seq) of the co-transplanted chimeric
brain recapitulated human glial progenitor cell (GPC) population and revealed a dynamic stage
in astroglial development resembling that in the human brain. Cell-cell communication analysis
highlighted significant neuron-glia and glia-glia interactions, especially the interaction between
adhesion molecules neurexins (NRXNSs) and neuroligins (NLGNSs) within and between neurons
and astrocytes. This new co-transplantation model offers opportunities for investigating intricate
pathophysiological processes associated with human neurological diseases, particularly those
where glia-neuron interactions and non-cell-autonomous effects play crucial roles.
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Title: Polysialic acid-mediated adhesion inhibition promotes the collective migration of neurons
and recovery of brain function
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Abstract: It has been reported that new neurons produced from endogenous stem cells in the
brain contribute to the regeneration of lost neurons, but these findings have not yet been applied
to the treatment of brain diseases. Here, we show that chains of migrating new neurons maintain
unexpectedly large non-adherent areas between neighboring cells, allowing for efficient
migration. In the injured brain, polysialic acid—which negatively regulates adhesion—is
decreased by neuraminidase in mice and primates, resulting in increased adhesion and reduced
migration efficiency. Moreover, administration of zanamivir, a neuraminidase inhibitor used to
treat influenza, promoted neuronal migration toward injured areas, regeneration of lost neurons
and functional recovery. Together, these results reveal a novel mechanism of efficient neuronal
migration in the adult brain under physiological conditions, identify the cause of disruption of
this mechanism during brain injury, and provide a potential definitive treatment for brain
diseases through drug repositioning.
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Abstract: Developing neurons form new network connections by extending processes (neurites)
that give rise to dendrites and axons, and, eventually, functional synapses. Neurite outgrowth is a
fundamental aspect of both neuronal development and regeneration after injury. The correct
establishment, maturation, and maintenance of the neurite arbor, and of all the synaptic
connections embedded within it, is essential for normal neuronal function and plasticity. Indeed,



many disorders of the Central Nervous System (CNS), including neurodevelopmental and
neurodegenerative diseases, are in part attributed to alterations in neurite development or
maintenance, neurite morphology, and/or synaptic density. In addition, some molecules are
known to either positively (neurotrophins) or negatively (neurotoxins) interfere with this process,
whilst others (neuroprotectants) can shield neurons from damaging insults. Any molecule that
permeates the blood-brain barrier has the potential to directly affect neuronal health, whether that
is the molecule’s intended therapeutic purpose, or potential side effect. Measuring a molecule’s
impact on neurite outgrowth in vitro is an effective way to reveal its neuroprotective,
neurodegenerative, or neurotoxic properties before it is first introduced in a living organism.
Therefore, robust assays that enable accurate and reproducible quantification of neurite
outgrowth, neurite complexity and synaptic density can be applied not only to the study of the
pathophysiology of several CNS disorders, but also to neurotoxicity screening, and to the
evaluation of candidate therapeutics that aim to counteract the effect of damaging mutations or
toxic exposures. Leveraging our expertise in CNS modelling, we have developed in vitro assays
that enable kinetic assessment of neurite outgrowth and reveal how this is impacted by exposure
to neurotoxic or neuroprotective molecules. Primary mouse cortical neurons are isolated from
embryonic day 18 animals and treated with a neurotrophin (Brain Derived Neurotrophic Factor)
or with neuroprotectants (donepezil or dimethyl fumarate) before being exposed to excitotoxicity
induced by glutamate treatment. Changes in neurite length are recorded in real time in
IncuCyte® over several days, and the effect of the different exposures is quantified. At the end
of the live recording, dendrites, synapses and organelles are immunolabelled and imaged on a
Celllnsight CX7 LED Pro high-content imaging platform. Comparative analysis of kinetic and
high-content imaging data is presented, and its ability to unlock in-depth insight into the efficacy
and mechanism of action of candidate drugs is discussed.
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Title: Correlation between neuronal activity and dendritic dynamics in neonatal barrel cortex
layer 4

Authors: T. EGASHIRA, *H. MIZUNO;
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Abstract: Spontaneous neuronal activity has an important role in the formation of neuronal
circuits during development. However, the relationship between spontaneous activity pattern and
circuit formation is still elusive. To elucidate this, we observed neuronal activity and dendritic
development of the layer 4 neurons in the somatosensory barrel cortex as a model. It has reported
that the neurons show spontaneous activity patterns derived from thalamocortical axons in the
developing period. In this period, spiny stellate neurons which are located on the edge of barrel
acquire highly biased basal dendritic patterns oriented toward center. To visualize the activity
and morphology of single layer 4 neurons, we transfected plasmid vectors using in utero
electroporation-mediated gene transfer on embryonic day 14. The genetically-encoded calcium
indicator (GCaMP7s) was expressed using Flpe-FRT recombination system and the membrane
binding red fluorescent protein (GAP-tagRFP) was expressed using Cre-loxP recombination
system. By combining these systems, GCaMP7s and GAP-tagRFP were expressed in different
sparse populations of layer 4 excitatory neurons. In order to observe the developing brain in
vivo, we attached a cranial window to the skull at postnatal day 5, and performed in vivo two-
photon time-lapse imaging. As a result, we succeeded in simultaneously observing the activity
synchronized with surrounding neurons and dendritic morphology dynamics. We found that the
frequency of the spontaneous activity correlated with the dynamics of dendritic tips. We also
analyzed correlation between the dendritic dynamics and synchronicity with the neurons
belonging to the same barrel. In the conference, we would like to discuss the role of synchronous
spontaneous activity in the layer 4 circuit formation.
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Title: Excitatory and inhibitory cortical dynamics during developmental desynchronization are
reproduced in a novel model of cortical network activity.



Authors: *M. WU?, T. JAIN4 M. DIPOPPA?, C. PORTERA-CAILLIAU?;
2Ctr. for Theoretical Neurosci., *Neurol., tUCLA, Los Angeles, CA; *UCSF, San Francisco, CA

Abstract: Understanding how cortical circuits mature is critical as proper wiring of these circuits
enables more complex abilities such as sensory processing to develop. Initially, spontaneous
neuronal activity in the developing neocortex is characterized by intermittent, brief bursts of
synchronous network events that interrupt much longer periods of silence. Network activity then
undergoes a crucial transition (during the second postnatal week in mice) from intermittent
network-wide synchronous events to asynchronous, sparse neuronal firing that is energetically
and computationally more efficient. However, 1) the evolution of excitatory and inhibitory
population dynamics during desynchronization and 2) the mechanisms driving
desynchronization, have not been fully elucidated. To address this, we used in vivo longitudinal
2-photon calcium imaging in mice from postnatal days (P) 9 to 14 to characterize the evolution
of network dynamics. We expressed GCaMP8s in Nkx2.1Cre;Ail4 mice to simultaneously
record from excitatory (Exc) neurons and inhibitory (Inh) neurons derived from the medial
ganglionic eminence in layer 2/3 of the primary somatosensory cortex (S1). As previously
reported, we found that the frequency of synchronous network events increases significantly,
while their duration shortens between P9 and P14, indicating that network activity is becoming
continuous and sparse. Unexpectedly, we found that the trajectories of Exc and Inh activity
patterns diverge during development, such that correlations between Exc-Exc neuron pairs
decrease monotonically and plateau by P13 while the correlation between Inh-Inh neuron pairs
only decreases slightly. In order to gain mechanistic insight, we generated a new computational
model that incorporates different classes of Inh interneurons and imposed values of their density
and synaptic strength across development based on the published literature. Our data-driven
model reproduced the pairwise correlations of Exc and Inh neurons observed experimentally. We
then applied in silico perturbations to the model. As a result, the model predicted that
manipulation of somatostatin and parvalbumin neuron activity influenced the desynchronization
trajectory in opposite ways. We will present results of experiments that test such predictions by
chronically manipulating Inh neuron subtypes in vivo and testing the effects on the trajectory of
desynchronization using longitudinal 2-photon calcium imaging.
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Title: Impact of synaptic neoteny on cortical circuit development
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Neurosci., Columbia Univ., New York, NY

Abstract: A salient feature of human brain development is the prolonged, or neotenic, timing of
cortical neuron maturation, and most strikingly synaptic maturation, taking years in humans
compared to months in non-human primates and weeks in rodents. This extension of the timing
of synaptic maturation has been hypothesized to extend critical periods of learning in humans,
while its disruption in neurodevelopmental disorders is believed to interfere with multi-sensory
integration. However, until recently, the molecular mechanisms underlying this striking degree
of synaptic neoteny were largely unknown, hindering our ability to experimentally test the causal
relationship between the species-specific timing of synaptic maturation and the tempo of circuit
maturation. One molecular candidate is Slit-Robo Rho-GTPase activating protein 2 (SRGAP2).
The ancestral copy of this gene (SRGAP2A), present in all vertebrates, has undergone two large
segmental gene duplications (SRGAP2B and SRGAP2C) in the human genome only. These
human-specific genes inhibit all known functions of SRGAP2A, resulting in a significant delay
of excitatory and inhibitory synaptic maturation in cortical pyramidal neurons (CPNs). Genes
associated with autism spectrum disorder (ASD) in humans, such as Synaptic GTPase Activating
Protein 1 (SynGAP1), have also been shown to modulate synaptic maturation timing and
interestingly, SynGAP1 exerts a function opposite to SRGAP2A, slowing the rate of excitatory
synaptic maturation. Recently, in collaboration with Dr. Pierre Vanderhaeghen’s group, we
discovered that SynGAP1 mediates its function by inhibiting SRGAP2A both in human and
mouse CPNSs. These results provide us with a unique opportunity to test the impact of accelerated
(SynGAP1*") or prolonged (SRGAP2*") synaptic maturation on the timing of circuit maturation.
To quantitatively evaluate the timing of cortical circuit maturation, we are taking advantage of
the fact that during postnatal cortical development, neuronal activity transitions from highly
correlated activity to ‘adult-like’ decorrelated activity. Using longitudinal in vivo two-photon
Ca?* imaging in the barrel cortex of mice from postnatal day (P) 7 through P21, we are
evaluating if accelerated (SynGAP1*") or delayed (SRGAP2*") synaptic maturation alters the
timing of circuit maturation by quantifying the decorrelation rate of activity in CPNs. This
approach will provide critical insights into (1) the causal links between the timing of synaptic
maturation and circuit development and (2) the impact of human-specific synaptic neoteny on
the phenotypic expression of neurodevelopmental disorders in humans.
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Title: Computational and experimental analysis of neural circuit dynamics for stage-specific
behaviors in C. elegans.
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Abstract: The nematode C. elegans serves as an ideal model organism for investigating two key
areas: 1) neuronal plasticity at the network level, and 2) the connection between the nervous
system and behavior, owing to the availability of the connectome of the entire nervous system
throughout all developmental stages. Among these stages, the dauer represents an alternative
state that worms enter when encountering environmental stress, exhibiting distinct behaviors not
observed in other reproductive stages. To unravel the mechanisms underlying stage-specific
behaviors, we recently reconstructed the nervous system of the dauer stage and discovered
extensive rewiring of downstream signals from sensory neurons in a stage-specific manner.
Building upon this discovery, our focus shifted towards elucidating the link between circuit
changes, behavioral alterations, and signal modifications in response to sensory stimuli in the
dauer stage. In this study, we present novel data on electrical synapses, complementing existing
knowledge of the dauer nervous system, and confirm dimorphism in a sub-circuit composed of a
sensory neuron and downstream interneurons. Furthermore, we demonstrate stage-specific
change in behavior in response to relevant sensory cue, particularly in terms of the reversal
response. To gain insight into which dauer-specific connectivity might be pivotal in driving
dimorphic behavior in the dauer stage, we conducted simulations on the sub-circuit. By
evaluating the estimated neuronal response after swapping dimorphic connectivity between the
dauer and adult stages, we identified a dauer-specific electrical synapse as a primary candidate
responsible for dimorphic behavior. Introducing this single dauer-specific electrical synapse into
the adult stage was sufficient to induce behavior change resembling that observed in the dauer
stage. Since there were no notable differences in the physiology of the sensory neuron, we
compared the calcium activity of downstream interneurons following optogenetic stimulation of
the sensory neuron. In summary, our findings highlight the significance of a crucial dauer-
specific electrical synapse, as evidenced by behavioral changes upon its ectopic expression in
adults, along with calcium imaging of interneurons in both dauer and adult stages.
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Title: Probing the functional design of human cortical circuits with CellREADR
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Abstract: Characterizing the functional properties and circuit organization of human neurons is
fundamental to understanding brain function and treating neurological disorders. However, due
to a lack of experimental tools for accessing, manipulating, and monitoring defined cell
populations in the human brain, it has been impossible to unravel the functional cellular design
of human neural circuits. To address this critical gap, we have deployed and advanced a
programmable RNA sensing tool for cell type-specific targeting, CellREADR (Qian et al., 2022),
in organotypic cortical tissues collected from neurosurgical patients. We designed CellREADR
constructs to drive the expression of various effectors in human interneurons (SLC32A1, SST,
CALB2, and UNC5B) and glutamatergic projection neurons (FOXP2), and then delivered
CellREADRSs to human brain slices using adenoviral vectors. From 3-15 days after virus
application, CellREADR live fluorophore expression enabled targeted patch clamp studies of
human neurons (250 cells, 27 patients), including multimodal PatchSeq characterization of
cellular morphological and transcriptional features. To probe the functional synaptic connectivity
of interneurons in human cortex, we also used CellREADR to drive the optogenetic effector
ChIEF (Lin et al., 2009) in CALB2+ cells. Light activation of CALB2+ interneurons elicited
inhibitory post-synaptic potentials in slice pyramidal neurons and interneurons labeled by
expression of a DIx2.0 enhancer virus (Addgene plasmid #163505), indicating both inhibitory
and disinhibitory circuit functions for this population. Finally, by using CellREADR to target
expression of the calcium indicator, GCaMP7f, in CALB2+ and FOXP2+ populations, we
performed live imaging of human cortical microcircuits and observed functional network
connectivity that varied between the CALB2+ and FOXP2+ populations. Altogether, by



leveraging CellREADR scalability and programmability in ex vivo human brain, these
experiments have advanced valuable tools for human neuroscience while furthermore providing
early insights into the functional cellular design of human circuits.
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Title: Temporal roles of NMDA receptors for dendritic refinement in the mouse barrel cortex
unveiled by rapid protein knockdown
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Abstract: Dendritic refinement of layer 4 spiny stellate neurons (barrel neurons) in the mouse
barrel cortex is a useful model for understanding mechanisms of activity-dependent circuit
maturation in the postnatal brain. Mature barrel neurons located at the barrel edge have basal



dendrites asymmetrically expanded primarily within a single barrel, which underlies a precise
one-to-one functional relationship between whiskers and barrels. Single-cell knockout of NR1,
the essential NMDA receptor (NMDAR) subunit, impairs dendritic asymmetry of barrel neurons
(Mizuno et al., Neuron 2014), suggesting the importance of NMDAR-mediated neural activity
for dendrite refinement. However, due to the lack of proper technology, temporal roles of
NMDARs in dendritic refinement remain largely unclear. We showed that the newly developed
auxin-inducible degron 2 (AID2) technology (Yesbolatova et al., Nat. Commun. 2020) can
knockdown target proteins quickly in the neonatal mouse brain (Nihashi et al., SFN2023). By
combining the AID2 and Supernova (Mizuno et al., 2014, Luo et al., Sci. Rep. 2016) systems, we
knocked down the NR1 protein in single barrel neurons between postnatal day 3 (P3) and P6,
which is the core period of dendritic refinement (Nakazawa et al., Nat. Commun. 2018). We
found that NMDARs from P3 to P6 are indeed required for formation of barrel neuron dendrite
asymmetry. We then asked whether NMDARSs are required even after barrel neurons form clear
dendrite orientation bias. AID2-mediated NR1 knockdown starting at P6 quickly abolished
dendrite asymmetry of barrel neurons. These results suggest that NMDARs are required not only
for formation but also for maintenance of dendrite asymmetry of barrel neurons. We also found
that the Golgi lateral polarity once formed in barrel neurons (Nakagawa and lwasato, Cell Rep.
2023) was also lost by NR1 knockdown starting at P6. Thus, a novel inducible protein knock-
down approach revealed temporal roles of NMDARs for dendritic refinement during postnatal
development.
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Abstract: During the first postnatal week in rodents, developing retinal neurons display stage 2
retinal waves (also termed cholinergic waves), which are initiated by the spontaneous release of



starburst amacrine cells (SACs) to neighboring SACs and retinal ganglion cells (RGCs),
essential for the refinement of retinogeniculate synapses. Our preliminary results suggested that
the expression level of Synaptotagmin I11 (Syt3), a calcium-binding protein coupling exocytosis,
is up-regulated in the optic nerves at P6 (the developmental critical period of eye-specific
segregation), indicating its potential role in regulating retinogeniculate projection. However, how
Syt3 may affect visual circuit development remains elusive. In this study, we aim to delineate the
mechanism underlying Syt3 regulation of stage 2 waves. First, we examined the localization of
Syt3 in developing rat retinas (P2 and P6) by immunofluorescence. Syt3 was expressed in the
inner plexiform layer and RGCs at P2 and P6, with abrupt expression in P6 optic nerves. Next,
we employed the cell-type specific promoter (the Brn3b promoter for RGCs) to specifically
overexpress Syt3 or its mutant with weakened calcium-binding ability (Syt3-C2AB*) in RGCs.
By using live calcium imaging, we further analyzed the stage 2 wave properties following
molecular perturbation. We found that overexpressing Syt3 in RGCs, but not overexpressing
Syt3-C2AB™* in RGCs, increased wave frequency compared to control, suggesting that Syt3 in
RGCs may regulate stage 2 retinal waves by affecting calcium-dependent exocytosis. Further,
using proximity-ligation assays, we found that overexpressing Syt3 in RGCs increased the
interaction with SNAP-25 (a t-SNARE protein in exocytosis), but overexpressing Syt3-Y468N in
RGCs did not. Finally, we found that overexpressing SNAP-25 in RGCs dampened the
frequency of stage 2 retinal waves and impaired retinogeniculate projection. Our results suggest
that Syt3 up-regulation of stage 2 waves may be mediated via interaction with SNAP-25 in
RGCs, therefore regulating RGC exocytosis during visual circuit refinement.
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Abstract: The adaptive plasticity of spinal cord (SC) motor circuits is regulated in part by the
molecular environment surrounding the constituent neurons. Dynamic changes in synaptic
plasticity during development and after injury are linked to the presence of a dense network of
extracellular matrix molecules known as perineuronal nets (PNNSs) that surround certain
populations of neurons. Here we have studied the developmental pattern of PNN expression and
synaptic stabilization in selected motoneuron (MN) subpopulations in the mouse spinal cord.
Using Western blotting, immunohistochemistry, g°PCR and RNA-seq we show that PNN
expression increases gradually over the first three postnatal weeks and that Aggrecan is a major
PNN component. Earlier studies have shown that spinal MNs express PNNs but have not
assessed differential expression in MN subtypes or relationship of PNNs to innervation pattern.
To this end we have used retrograde viral labeling following intramuscular injection of a Cre-
bearing retro-AAV?2 to target homonymous MNs. We find that by the end of the 3" postnatal
week about 80% of hindlimb flexor Tibialis anterior MNs express PNNs, of which about 30%
show strong expression, whereas about 95% of hindlimb extensor Gastrocnemius MNSs express
PNNs, of which about 50% show strong expression. Vestibulospinal neurons control posture and
balance during movement through differential inputs on extensor and flexor MNs. Our results
indicate a differential expression of PNNs in extensor and flexor MNs by the 3" postnatal week,
which parallels the postnatal maturation of vestibulospinal inputs. In ongoing work we are
testing the role of PNNs in the development of selective vestibulospinal inputs to extensor versus
flexor MNs.
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Abstract: Ubiquitination influences many aspects of neuronal function, such as the prevalence
of protein turnover during neural circuit development. Previous studies have indicated that
activity-dependent homeostasis of a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
receptors (AMPARS) is crucial for synaptic plasticity. ZNRF1, a RING-type E3 ubiquitin ligase,



is localized to the presynaptic site and contributes to the maintenance of synaptic protein
homeostasis. However, how ZNRF1 regulates neural circuit development remains elusive.
During the first postnatal week in rodents, immature rodent retinas display spontaneous calcium
waves termed retinal waves, essential for establishing functional visual circuits. Retinal waves
originate from starburst amacrine cells (SACs), spreading to retinal ganglion cells (RGCs) and
central brain targets. Our preliminary results have discovered that exocytotic molecules regulate
the patterns of rat stage 2 waves within SACs or RGCs, such as SNARE (soluble N-
ethylmaleimide-sensitive factor attachment protein receptor) proteins or ionotropic glutamatergic
receptors (iGIuR). In this study, we aimed to investigate how ZNRF1 may regulate stage 2
retinal waves. First, we found that ZNRF1 was expressed in the postnatal retinas of wild-type
C57BL/6 mice, suggesting that ZNRF1 is involved in retinal development. Using live calcium
imaging to detect retinal waves in isolated whole-mount retinas of postnatal mice, we observed a
reduction in wave frequency but an increase in wave interval in Znrf1-deficient (Znrf1”)
compared to wild-type retinas, suggesting that ZNRF1 up-regulates wave rhythm during
development. Next, similar levels were found in SNARE proteins (Synaptobrevin-2, Syntaxin-1,
and Synaptosome-associated protein of size 25 kDa/SNAP-25), Synaptotagmin-1, and
Synaptotagmin-3 suggesting that depletion of ZNRF1 may not significantly alter the homeostasis
of these exocytotic proteins in developing retinas. Furthermore, by bath-applying the iGIuR
blocker cocktails, we found that blocking the iGlu transmission dampened the rhythms and
propagation of stage 2 retinal waves in the developing mouse retina. Further
immunofluorescence showed that ZNRF1 deficiency decreased the overall levels of GIuA2
expression and influenced the recycling of AMPARSs in mouse RGCs. Thus, our results shed
light on the role of ZNRF1 in regulating retinal waves via the regulation of dynamics of synaptic
transmission.
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Abstract: Synaptic refinement is a conserved process from c. elegans to humans by which the
nervous system restructures its connectivity typically leading to a reduction in circuit
complexity. During early development neurons over-proliferate and form excessive, weak
connections which must be later refined through the selective strengthening and maintenance of
some synapses and the elimination of others. Substantial efforts have been made to understand
the mechanisms involved in synaptic refinement, revealing essential roles for glial phagocytosis,
with more recent work demonstrating glial-dependent, non-phagocytic mechanisms as well.
Failure to remove excessive synapses is often associated with developmental disorders including
autism, while reactivating developmental refinement mechanisms later in life can result in
neurodegenerative states. ldentifying the molecular mechanisms underlying synaptic remodeling
therefore holds great potential for understanding nervous system function and revealing potential
therapeutic targets for treating numerous diseases. Detecting neuronal cues that lead to glial
engulfment, however, has been challenging with relatively few “eat me” signals known for the
nervous system. This is due in part to a lack of methodologies with the resolution to examine
molecular changes occurring at the cell surface of neurons where neuron-glial signaling is
actively occurring to recruit glial engulfment, leading the field to test candidate cues in a
piecemeal fashion. To circumvent this, we are developing Bioorthogonal Identification of
Targeted Engulfment (BITE), an unbiased proteomics-based strategy to reveal novel cell surface
cues presented by neurons to instruct glial phagocytosis of neuronal material. Utilizing recent
advances in bioorthogonal chemistry to examine a cell specific proteome in vivo, BITE
incorporates the noncanonical amino acid azidonorleucine into the neuroproteome affectively
labeling nearly all proteins from this cell population. This in turn facilitates the identification of
neuronal proteins found within glia following cell sorting. In short, by labeling the
neuroproteome during glial phagocytic events, we can then isolate glial cells and pull down
internalized, labeled, neuron-derived proteins for proteomic analysis. Using BITE as a screening
tool, we can detect neuronal cues specialized to elicit glial phagocytosis of neural material in an
unbiased and context specific way. The development of this method has the potential to reveal
entirely new mechanisms of glial phagocytosis and can be applied to a variety of disease models.
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Abstract: The hippocampal (HPC)-medial prefrontal cortex (mPFC) circuit is vital for the
processing and execution of higher order cognitive functions. Anatomical studies suggest a
topographical distribution in which more ventral regions of the HPC project to more ventral
regions of the mPFC. Although this circuit has been extensively studied for its synaptic and
behavioral signatures in adulthood, very little is known about the maturation of the HPC-mPFC
pathway and whether septotemporal differences in connectivity exist throughout development.
Here, we used viral tracing, optogenetic-assisted patch clamping and behavior in mice to
examine changes in hippocampus-mPFC projections along the septotemporal axis from postnatal
day (P)10 to P60. We first examined mPFC projections stemming from the dorsal, intermediate
and ventral CA1 (dCAL, iCAl and vCA1, respectively) in adult mice, then mapped age-
dependent changes in projections specifically to the prelimbic (PL) and infralimbic (IL) cortices.
We found topographical differences in projection patterns with adult-like vCAL terminal density
already present at the earliest age tested of P15 for both mPFC subregions, and an increase in
iICAL terminal density only in the PL at P30. Investigation of optically-evoked CA1 responses
onto mPFC subdivisions showed that vVCA1-PL synapses display a relatively delayed sex-
specific increase in presynaptic efficacy starting at P30, in contrast to vVCAL-IL synapses which
show stable paired pulse responses from P15. iCA1-PL presynaptic efficacy increases from P21,
with iCAL-IL synapses showing a slightly delayed increase at P30. At the postsynaptic level,
both vCA1-PL and -IL synapses display equivalent AMPA:NMDA ratios from P15, but iCA1-
PL and -IL synapses show increased AMPA:NMDA ratios starting at P30. These data identify
distinct topographical signatures in the anatomical and synaptic maturation of the CA1-PFC
pathway. Finally, the timing of vVCA1-mPFC presynaptic maturation marked a sex- and pathway-
specific sensitive period in behavior, as chronic inhibition of the vCA1-mPFC pathways during
juvenility led to a deficit in extradimensional set shifting exclusively in females, whereas a
similar manipulation in adulthood did not affect cognitive flexibility. Our data establish a
timeline for the postnatal maturation of HPC efferents in a subdomain- and target-defined
manner, disambiguating the contributions of iCA1 and vCA1 to mPFC subdivisions. Critically,



these findings identify a sex- and subprojection-specific developmental sensitive period with
important implications for cognitive function.
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Abstract: The dorsal peduncular cortex (DP), located within the ventral limit of the medial
prefrontal cortex (MPFC), plays a key role in anxiety-like behavior, fear and emotional learning,
as well as in stress responsivity and sympathetic responses. Deficits in mPFC synaptic
maturation and neuronal development early in life have been linked to several
neurodevelopmental and mental disorders, including changes in anxiety and emotional function.
Yet, how early life changes in DP synaptic maturation and connectivity may affect anxiety,
emotional learning and stress responsivity in adulthood is unknown. Here we examined the
development of synaptic and intrinsic properties of DP pyramidal neurons in both superficial
(layer 2/3) and deeper layers (layer 5) of C57BL/6J mice throughout the first postnatal month
using whole cell patch clamp recordings. We found that the second postnatal week is marked by
a shift into a mature cellular profile, encompassing the hyperpolarization of the resting
membrane potential and action potential threshold, a decrease in input resistance and membrane
time constant, an increase in rheobase and a decrease in after-hyperpolarization amplitude across
layers. Excitatory spontaneous responses of DP layer 2/3 and 5 pyramidal neurons plateau during
the second and third weeks of age, respectively, whereas spontaneous inhibitory responses show



a gradual increase, plateauing by the fourth postnatal week. Overall, our data show similar
maturation of intrinsic and synaptic properties of pyramidal neurons in both DP layers. Ongoing
experiments aim to characterize the upstream and downstream connectivity of DP pyramidal
neurons. This work will provide a blueprint for the developmental trajectory of the DP,
highlighting potential sensitive periods of synaptic maturation when external factors such as
stress may potentiate anxiety-like and fear behavior.
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Abstract: Traumatic events experienced early in life can shift an individual’s behavioral
repertoire in adolescence, causing increases in risk seeking and anxiety-like behaviors.
Understanding the ways in which early life adversity (ELA) increases adolescent vulnerability to
increased risk taking and anxiety-like behaviors is essential for preventing maladaptive mental
health outcomes. ELA alters cellular function and neuronal activity in regions controlling these
behaviors, including the basolateral amygdala (BLA), ventral hippocampus (vHipp) and
prefrontal cortex (PFC). The connections between these areas are responsible for assessing
threat, responding to novel stimuli, and assessing valence. Prior work from our lab has shown
that ELA leads to hyper-innervation of glutamatergic BLA projections to the PFC in
adolescence. The BLA is particularly poised to control risk and anxiety related behaviors, and is
also vulnerable to ELA-related changes including increases in neuronal excitability, making the
BLA an incredibly valuable target for investigating ELA-induced pathologies. Thus, examining
the trajectory of ELA-induced activity changes in the BLA and its projection sites may uncover a
targetable neural mechanism underpinning adolescent maladaptive behavior. Here we utilized a
20-day model of maternal separation (MS) ELA, in which pups are separated from their mothers
for 4 hours/day from postnatal day (PND) 2-20. In Experiment 1, MS-induced changes to cFos
levels were measured to identify changes in activity in the BLA, vHipp, and PFC at various time
points of MS or control rearing. This study elucidates the time course of both typical neuronal
activity maturation, as well as activity changes induced by MS within these regions. In



Experiment 2, BLA cells activated by MS rearing were tagged with an activity dependent viral
vector on the final days of MS exposure. These cells were then chemogenetically inhibited in the
adolescent timeperiod during a prepulse inhibition (PPI) task, which has been shown to rely on
coordinated activity between the BLA, vHipp, and PFC. We hypothesize that MS over activates
BLA cells, resulting in increased connectivity with the PFC and altered vHipp-PFC connectivity,
and that inhibiting these tagged cells will restore typical behavior in PPI testing. The results of
these studies contribute to the understanding of how ELA alters pathological behaviors in
adolescence and inform strategies to develop treatments for disordered behaviors involving
increased risk seeking and anxiety.
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Abstract: The formation of neural circuits during early development can occur independent of
neural activity, but the maturation and refinement of nascent connections is an activity-
dependent mechanism. In sensory systems, patterned spontaneous activity (SA) originates in the
peripheral sense organ and propagates through the central nervous system. Interestingly, SA in
the auditory system occurs prior to the onset of external stimuli (in mice, ear canal opens after
postnatal day (P)10), highlighting the importance during neural circuit formation. Globular
bushy cells located in the ventral cochlear nucleus (VCN) project contralaterally and innervate
principal neurons (PNs) in the medial nucleus of the trapezoid body (MNTB) forming the calyx
of Held (CH) nerve terminal. The CH:MNTB synaptic connection is utilized as a model system
for studying the role of SA during neural circuit formation, in part because growth of the CH
occurs rapidly (P2-P6) resulting in mono-innervation, and key biophysical properties have been



characterized. The effects of removing cochlear SA on formation of the CH have proven
inconclusive, perhaps due to homeostatic compensation by central neurons. To address this
confounding factor, we directly manipulated synaptic transmission at the CH:MNTB connection
through viral vector mediated, rapid-onset expression of tetanus neurotoxin (TeNT). Following
unilateral viral injections into the VCN at PO, mCherry fluorescence (co-expressed with TeNT)
was detectable within 48 hours in CHs innervating the contralateral MNTB. Whole-cell patch-
clamp recordings were performed at P4, P6, and P9 to investigate the effects of TeNT mediated
synaptic silencing. Efficacy of TeNT expression was assessed through recordings of spontaneous
excitatory postsynaptic currents (EPSCs) with reduced frequency and slower decay Kinetics
compared to non-transduced ipsilateral MNTB (iMNTB) PNs (control). Paired recordings
simultaneously patching a transduced CH and associated PN were performed with presynaptic
depolarizing current injections failing to elicit a postsynaptic spike or EPSC (P6; n = 3).
Blocking SA at the CH:MNTB resulted in delayed maturation of PNs with increased input
resistance, slower membrane time constant and delayed transition from tonic to phasic firing
continuing into the second postnatal week. Immunostaining shows impaired growth of the CH
expressing TeNT with reduced volume compared to iMNTB PNs (P6; 580 + 278 pm® vs 702 +
256 um3; p=10.32; n=10 and P9; 447 + 345 pym® (n = 11) vs 1619 + 505 um?®(n = 7); p < 0.05).
This study highlights an important role for SA triggering growth of the CH and the synchronous
maturation of PNs biophysical properties.
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Abstract: This study explores the relationship between activity-dependent plasticity and
Hebbian plasticity, both crucial to learning and memory yet distinct in their scope and scale.
Activity-dependent plasticity broadly describes changes in brain structure or function triggered
by neural activity, while Hebbian plasticity is a more specific form of synaptic plasticity
characterized by significant synaptic strengthening resulting from simultaneous cell activation.
We hypothesize that activity-dependent plasticity is facilitated through mechanisms of Hebbian
plasticity, as demonstrated by our computational models that utilize spike timing-dependent
Hebbian plasticity (STDP) within a spiking neural network (SNN). Our research involved
constructing a small group of SNN populations comprising an input population (source)
generating Poisson spike trains and a receiving population (target) that receives these stimuli.
During the simulations, we dynamically varied the frequency of spatiotemporal bursts from the
source that varied in timing when reaching the target. As the number of synaptic connections
from source to target was dynamically adjusted based on relative weight intensity, the network
learned efficient pathways and rewired by pruning. We monitored long-term modifications in
target neurons influenced by the relative timing of stimulus arrival and neuron spiking, thus
providing a context for understanding changes due to STDP. We also observed changes in
excitatory and inhibitory synaptic currents, classified as early or late, depending on the timing of
synaptic input relative to postsynaptic activity. In such dynamic environments, networks showed
a tendency to differentiate between familiar stimuli and novel patterns, responding accordingly.
They displayed a more efficient response when familiar stimuli were presented. Based on the
long-term statistical history of stimuli, the STDP rule determined whether the synchronous or
asynchronous interactions resulted in potentiation or depression. This STDP rule alters the
sensitivity of the target population, thus causing activity-dependent plasticity in the population.
Additionally, we conducted experiments to manipulate the timing of postsynaptic spikes in
response to incoming stimuli. By pairing continuous subthreshold stimuli with postsynaptic
current injections, we noted potentiation or depression based on their relative timing intervals.
These simulations underscore that STDP can effectively underpin activity-dependent circuit
refinement, effectively bridging the gap between broad neural population adaptability and
specific synaptic adjustments.
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Title: Striatal indirect pathway regulates the postnatal maturation of parvalbumin but not
somatostatin inhibition in the prefrontal cortex.
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Abstract: Prefrontal cortex (PFC) and the basal ganglia are interconnected through a series of
cortico-striato-thalamo-cortical (CSTC) loops that are critical for higher-order cognitive and
motor functions, and whose dysfunction is implicated in multiple neurodevelopmental disorders.
While cortical activity is known to regulate striatal development, comparatively little is known
about the role of the striatum—the main input nucleus of the basal ganglia—in upstream cortical
maturation. We previously found that partial ablation of spiny projection neurons of the indirect
pathway (iISPN) disrupts the maturation of prefrontal GABAergic synapses. However, the
interneuron cell types sensitive to loss of iISPN output underlying the loss of prefrontal inhibition
were unknown. Since early cortical circuits are under the outsized influence of early-born
somatostatin- (SST) and later parvalbumin- (PV) expressing interneurons, we investigated
whether SST or PV connectivity onto principal pyramidal (PYR) cells is affected by iSPN
ablation. We used transgenic SST-FIp mice and viral strategies to selectively express a light-
sensitive excitatory opsin in either cortical SST or PV interneurons and intracellularly recorded
optically evoked inhibitory postsynaptic currents (0IPSCs) onto PYR cells in P14-15 prefrontal
sections. We did not observe any changes in SST interneuron connectivity onto PYR synapses
following iSPN ablation. However, we found a striking reduction of olPSC amplitude at PV-to-
PYR synapses. Paired-pulse ratio measurement further revealed a facilitation in release
probability, suggesting presynaptic alterations at PV-PYR synapses in response to iSPN ablation.
We further characterized PV interneurons and while PV excitability and firing rate remain
typical, we observe that inhibitory connectivity onto PV interneurons may be disrupted by iSPN
ablation. Taken together, we elucidate the instructive role of CSTC loops in prefrontal cortical
synapse maturation and demonstrate that early striatal imbalance caused by partial iISPN ablation
disrupts PV-PYR but not SST-PYR synapses. These findings are consistent with our previously
reported decrease in overall inhibitory synaptic input onto PYRs and indicate that PV
interneurons play a role in shaping prefrontal synaptic plasticity in response to the output of
CSTC loops. Intriguingly, PV interneuron firing remains preserved, suggesting that CSTC output
might not instruct intrinsic PV maturation by the second postnatal week.
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Abstract: Voltage-gated sodium channels (VGSCs) are critical for brain development and
genetic variants in VGSCs are associated with a spectrum of neurodevelopmental phenotypes
spanning fetal to adolescence periods. Here, we characterize the biophysical properties of
pathogenic variants in VGSC subtypes SCN3A and SCN2A associated with malformations in
cortical development (MCDs) in humans. Using patch clamp and pharmacology in in vitro
models, we isolate sodium conductances and analyze biophysical features of VGSC
activation/inactivation in several developing cell types isolated from the midgestational human
cortex. We further identify splice isoforms of VGSCs and their potential functional contributions
in developing neurons. These results demonstrate the biophysical pathophysiology of VGSC
variants resulting in early brain malformations, and offer a key insight into how baseline sodium
currents facilitate prenatal development. Additionally, our results suggest potential therapeutic
targets within these channels that could ameliorate or prevent the progression of related
developmental disorders.

Disclosures: S. Golinski: None. R.S. Smith: None.

Poster

PSTR259: Neural Circuit Development

Location: MCP Hall A

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

Program #/Poster #: PSTR259.18/A44

Topic: A.06. Synaptogenesis and Activity-Dependent Development

Support: Simons Foundation SCPAB
Stanley Center at the Broad Institute

Title: Protracted maturation of frontal cortex drives changes in decision making in mouse and
marmoset

Authors: *K. J. MASTRO?!, W.-C. LEE?, W. WANGS3, Y. LIN*, M. B. JOHNSON?®, B. A.
STEVENSS, B. L. SABATINI":

'Harvard Med. School/Broad, Boston, MA; ?Neurobio., *Harvard Med. Sch., Boston, MA;
“Stanley Ctr., Broad Inst., Cambridge, MA; ®Stanley Ctr. for Psychiatric Res., Broad Inst. of MIT
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Abstract: Age-related changes in behavior must be due, in part, to the changing neural
architecture that occurs across the lifespan. During adolescence, there is a significant
enhancement in cognitive capabilities that parallels the maturation of frontal cortical circuits, but
how the development of frontal cortex drives cognitive development is still an area of active
exploration. The protracted development of the frontal cortex during adolescence represents a
vulnerable period for genetic and environmental insults that may drive brain structure and
function into the disease states. Understanding the developmental trajectory of disease-relevant
circuits across this vulnerable period of development can provide tractable means for therapeutic
interventions. To tackle these questions, we have established a multi-systems approach that
unpacks the genetic, synaptic, circuit and behavioral changes that occur over the course of
adolescence across both mice and a non-human primate, the Common Marmoset. Firstly, we
have identified synaptic, cellular, and behavioral changes that occur across the neurotypical
adolescent development of the mouse which extends the period for cognitive maturation from
weeks to months. Most notably, there is a prolonged and significant enhancement of the
inhibitory maturation that alters cognitive performance in a reward-based decision-making in the
two-armed bandit task (2-ABT). Consequently, these circuit-level changes drive age-related
differences in cognition far beyond the traditional window of development. Secondly, marmosets
display similar age-related changes in behavioral strategy during the 2-ABT and display
anatomical changes in thalamic input that mirror changes in the mouse. Lastly, we performed
single-nucleus RNA sequencing across similar periods of development and have mapped the
shared cell-state changes that occur over this developmental period. In the future, these
experiments will nominate shared and divergent pathways that may drive these age-related
changes in both brain structure and function. These experiments establish the foundation for a
multi-systems level approach to understanding how genetic and environmental risk factors may
alter these developmental trajectories with the goal of identifying tractable targets for therapeutic
intervention.
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Abstract: The adolescent brain undergoes significant developmental changes in structure and
function. Neuroimaging, histology, and transcriptomics define a developmental trajectory that
extends through the second into the third decades of human life. Symptoms of severe mental
illness, including psychosis and mood disorders, most commonly emerge during this same
period, arising from the interplay of genetic predisposition, environmental risk factors, and the
protracted development of the adolescent brain. The prefrontal cortex is among the brain regions
displaying particularly extended adolescent maturation, is critical for cognitive functions
disrupted in psychiatric disorders, and is a site of proposed pathological hallmarks of
schizophrenia, namely decreased synaptic density and gray matter volume. To enable the
generation of mechanistic hypotheses regarding the impact of genetic and environmental
psychiatric risk factors on adolescent prefrontal and cognitive development, we have generated a
single-cell transcriptome atlas of the marmoset dorsolateral prefrontal cortex across postnatal
development, as well as a comparison dataset from mouse frontal cortex that aids in defining the
relevant age range in this most common model species. We have integrated our data with
analogous human data for a comparative analysis of molecular and cellular changes in the
prefrontal cortex during the adolescent critical period of psychiatric vulnerability. We have
annotated these data with the latest schizophrenia and bipolar disorder genetic associations,
testing for heritability enrichment to identify cell types and states - including key stages of
astrocyte and oligodendrocyte maturation - most likely to mediate psychiatric genetic risk. This
resource and our analyses provide new insights into glial support of synapse maturation and
circuit refinement during postnatal development and help bridge rodent functional studies to non-
human primate models and human therapeutic target nomination.
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nucleocytoplasmic shuttle in developing retinal ganglion cells
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Abstract: Dysbindin is encoded by a major susceptible gene of Schizophrenia (SCZ). SCZ
patients exhibited neurodevelopmental defects such as impaired primary sensory processing,
including visual processing. Previous studies indicate that correct refinement of rodent visual
circuits requires stage 2 retinal waves, initiated by the release from starburst amacrine cells
(SACs) to neighboring SACs and retinal ganglion cells (RGCs). However, whether and how
Dysbindin regulates visual system development in rodents remains unknown. In this study, we
aimed to investigate the mechanism underlying Dysbindin regulation of retinal development. We
found that the expression level of Dysbindin was down-regulated in developing rat retinas upon
the completion of stage 2 waves (~P10). Dysbindin was highly expressed in the developing inner
plexiform layer and RGCs, with significantly higher expression in P8 RGCs than in P2 or P6
RGCs. By combining the cell-type specific promoter (the Brn3b promoter for RGCs) and live
calcium imaging, we found that overexpressing Dysbindin in RGCs, but not SACs, decreased
wave frequency and spatial propagation compared to control. Since Dysbhindin has been shown to
regulate transcription by affecting the nucleocytoplasmic shuttle, we further determined whether
Dysbindin regulation of stage 2 retinal waves may be mediated by the nucleocytoplasmic shuttle
in RGCs. To do this, we introduced a Dysbindin mutant harboring the defective nuclear export
signal (Dysbindin-mNES; Dysbindin-L243,246,252,256A) in RGCs. Wave frequency and spatial
propagation were significantly increased by overexpressing this mutant (Dysbindin-mNES)
compared to control or wild-type Dysbindin in RGCs, suggesting that a reduction in the nuclear
export of RGC’s Dysbindin may increase the spatiotemporal properties of stage 2 retinal waves.
To further detect the developmental changes of the Dysbindin nucleocytoplasmic shuttle in
RGCs, we analyzed Dyshindin immunoreactivity in the nucleus of developing RGCs at P2, P6,
or P8. We found that Dysbindin immunoreactivity in the RGC’s nucleus was increased at P8
compared to P2 or P6. Thus, Dysbindin may fine-tune the rhythm and propagation of stage 2
waves via nucleocytoplasmic shuttle in RGCs, involved in regulating visual circuit refinement.
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Abstract: Neurodevelopmental disorders have been firmly and repeatedly linked to early life
inflammation, sex, and gender, with males 2-4 times more likely to be diagnosed with a
neuropsychiatric disorder such as autism spectrum disorder (ASD). Despite the robust nature of
these observations, the underlying mechanisms are largely unknown and the potential
contribution of peripheral immune cells little considered. Natural killer (NK) cells are peripheral
immune cells that can embody the immune dysregulation so frequently implicated. Peripheral
NK cells isolated from individuals with ASD demonstrate a heightened basal activation state and
spontaneous degranulation compared to NK cells from neurotypical counterparts. Canonically
described as anti-viral and anti-tumor cells, past work from our lab has established their enriched
presence in the developing rat brain compared to peripheral blood, a previously undescribed
niche. When assessing the structural localization of NK cells in the brain during early life, we
find they are most numerous in the developing cerebellum. Leveraging these findings, this
project seeks to characterize this peripheral immune cell’s niche in the developing brain to better
assess their contributions to typical neurodevelopment, and reciprocally, understand how this
normal function might become deleterious in the context of early life inflammation. We begin
our interrogation by asking if we can manipulate NK cell frequency in the developing brain.
Measured by flow cytometry, we found that we can deplete NK cells within the developing brain
using an anti-NK1.1 antibody administered directly to the brain in vivo. Complementarily, we
found that when stimulating this population using an activating anti-IL15 receptor a subunit
antibody, male NK cells increased 2-fold compared to females. We hypothesize that the intrinsic
sex difference observed in this population following activation has functional consequences for
neuroanatomy that begin in early development and contribute to the sex-bias in
neurodevelopmental disorder diagnosis. To assess this question, we have ongoing experiments
quantifying neurogenesis in the developing hippocampus and cerebellum following NK cell
manipulation. Future studies will describe the chemoattractants responsible for recruitment and
determine if they are resident and proliferate upon activation, or if they are recruited from the
periphery. These studies will lay the foundation for understanding how NK cell sex differences
may contribute or hinder typical neurodevelopment in the cerebellum while also elucidating the
crosstalk ongoing between the innate immune and central nervous systems.
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Abstract: Crosstalk between peripheral immune cells and the brain occurs in healthy conditions
and during the progression of neurodevelopmental diseases. Identifying the role peripheral
immune cells play during critical periods in brain development will lend insight into
neuroimmune interactions at baseline and how this communication could go awry in
neuropsychiatric diseases. Mast cells (MCs) are innate immune cells capable of releasing
histamine, cytokines, and growth factors during host defense, allergy, and tissue remodeling.
During neurodevelopment, a small MC population drives synaptic patterning and sexual
differentiation of the preoptic area (POA) (Lenz et al., 2018 J. Neurosci), but little is known
about other populations of brain MCs during development. We found a robust MC population
adjacent to the hippocampus, peaking in cell number around postnatal (PN) day 7 and rapidly
declining by PN14, a pattern reminiscent of a critical period. The temporally limited presence of
these peri-hippocampal MCs leads to questions about their functional importance. Previous data
shows that these MCs are not actively recruited from either blood or bone marrow sources and
are proliferating to maintain this population (Blanchard et al., under review). Recent discoveries
have shown that MCs possess dual hematopoietic ontogeny, as MCs from different peripheral
tissues can be derived from either “definitive” hematopoiesis or earlier extraembryonic yolk sac
hematopoiesis. Different ontological origin confers diverse functions to MCs in various tissues.
We hypothesize that the developmentally restricted, peri-hippocampal MCs we observe are
primarily yolk-sac derived, showcasing a unique hematopoietic signature. We will use the
tamoxifen-inducible Cdh5-CreERT2-eYFP mouse line to temporally activate Cre in hemogenic
endothelium, the earliest cell type to produce hematopoietic stem cells. Tamoxifen injection at
either embryonic day 7.5 (E7.5) or E10.5 will label cells exclusively originating from either yolk
sac or definitive hematopoiesis respectively. We predict that peri-hippocampal MCs will be
primarily yolk-sac derived during their limited residence near the hippocampus in postnatal
development, similarly to the primary myeloid cells of the brain, microglia, which are solely
yolk-sac derived. Comparisons include MCs from the POA as well as various peripheral tissues
like skin, tongue, and peritoneum to verify yolk sac vs. definitive hematopoietic fate.



Understanding the hematopoietic origins of brain-resident, peri-hippocampal MCs will help
unravel the functional significance of these peripheral immune cells in a neurodevelopmental
niche.
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Abstract: Our lab has been focusing on mast cells (MCs), innate immune cells mostly known for
their involvement in allergic responses. We are concentrating on a large population transiently
clustered in the peri-hippocampal region lining the choroid fissure during the first two weeks of
life in rodents, peaking in numbers by post-natal day 7 (PN7), and absent by PN20. We have
found that the MCs undergo “piecemeal” degranulation during this period, potentially releasing
growth factors that are necessary for neurodevelopment. In adult human post-mortem tissue,
MC:s line cortical meninges and thalamic blood vessels, but the developmental peri-hippocampal
population has, to our knowledge, not been characterized in newborn human brain. To fill this
gap, we hypothesize that this transient MC population exists in the choroid fissure adjacent to the
hippocampus in newborn human brain and undergoes “piecemeal” degranulation, similarly to the
rodent population. To test this hypothesis, we’ve obtained post-mortem human hippocampal
tissue from individuals ranging from 8 to 300 days of age from the Neuro BioBank at the
University of Maryland School of Medicine. Samples have been paraffin embedded, cut at 20um
on a cryostat, and stained with MC specific stains carboxypeptidase 3 (CPA3) and Avidin, in
addition to Human Nuclear Antibody (HNA) to confirm the CPA3/Avidin signal is nucleus
positive. In addition to counting the number of MCs per donor, we will be measuring MC
degranulation by applying our 1-5 degranulation scale where fully granular MCs are a 1 and
completely degranulated MCs/ghost cells are a 5. We have observed substantial co-staining of
CPA3, Avidin, and HNA in the choroid fissure surrounding the hippocampus of human donor
tissue and expect to see a similar variety of MC degranulation states, but fewer MCs compared to
the rodent model. Our goal is to determine if the peri-hippocampal mast cell population



transiently present in the rodent brain is similarly evident in the neonatal human brain. If so, this
would suggest a conserved function across mammalian development and will be informative into
the role of these innate immune cells in both health and disease.
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Abstract: Immune cells and associated secreted factors play a poorly understood role in central
nervous system (CNS) development. For example, both immunoglobulin M (IgM) and 1gG can
directly enhance glial maturation in the brain (PMIDs: 37296298 & 29507409). However, a
mechanistic understanding of 1g diversification during early development remains incomplete.
Mast cells are competent to induce B-cell class-switching in both human and murine model
systems, but this concept has yet to be explored in the brain. Interestingly, a historically under-
studied population of mast cells exists within the CNS in the peri-hippocampal region during the
first two weeks of postnatal life in rodents. Appearance of this distinct mast cell population
coincides with a decrease in IgM+ B-cells in the brain. This inverse relationship suggests either
death/efflux of B-cells from the CNS or, alternatively, induction of B-cell class-switching.
Preliminary data support the latter hypothesis, with the finding that levels of IgG in the
cerebrospinal fluid (CSF) fluctuate across the early postnatal period in rats, exhibiting distinct
developmental peaks. Therefore, we seek to investigate whether peri-hippocampal mast cells
(phMCs) exert effects on local B-cell Ig-receptor diversity. To examine this, we will use flow
cytometry to characterize the surface Ig expression (IgD/IgM/1gG/IgE/IgA) of rat brain B-cells
during the early postnatal period. Analysis of the presence/absence of various Ig isotypes will
determine the extent of B-cell class-switching in the brain. Additionally, we will evaluate
whether phMC activation may affect B-cell 1g expression profiles using intracerebroventricular
injection of the mast cell degranulating compound 48/80 and subsequent regional flow
cytometric analysis. Finally, we will examine the levels of secreted immunoglobulin in



cerebrospinal fluid (CSF) as well as from regional tissue lysates across experimental conditions
using ELISA-based methods. These data will provide insight into the extent of B-cell Ig receptor
diversity in the neonatal brain, as well as a potential role for phMCs in regulating this process,
the results of which may reveal novel mechanisms involving the role of immunoglobulin in CNS
development.
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Abstract: Rett Syndrome (RTT) is a progressive and pervasive X-linked neurodevelopmental
disorder that predominantly affects girls by the early childhood. The detailed disease
mechanisms remain unclear and fundamental treatments are yet to be established. The vast
majority of RTT cases are triggered by sporadic mutations in the methyl CpG-binding protein 2
(MeCP2) gene. Among many different symptoms, MeCP2 mutations affect multiple stages of the
brain development. For the analysis of the disease mechanisms and drug development, in vitro
models based on iPSC-derived cells carrying diseased MeCP2 are being investigated. We have
developed an in vitro RTT model using ShRNA knockdown of MeCP2. iPSC-derived neurons
and human primary astrocytes were co-cultured and transduced with lentiviral vectors encoding
MeCP2 shRNA. We also developed a method to quantitatively analyze the neurite structure
using unstained bright-field images. The results showed that the neurons exhibited neurite
atrophy defined as the reduction in the complexity of neural arborization, which is a hallmark of
RTT. Furthermore, brain-derived neurotrophic factor (BDNF), an enhancer of neurite
arborization in RTT, increased the neurite density in the MeCP2 knockdown co-cultures.
Therefore, MeCp2 knockdown induces neurite atrophy that is rescued by a drug for RTT,
suggesting that the RTT model exhibits a disease-related neurite phenotype. Detailed analyses
further suggested the model also exhibited other cellular phenotypes of the RTT. Therefore, the
model system provides a unique opportunity for the understanding of the disease mechanisms
and drug discovery.
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Title: The role of altered neuromodulation in motor dysfunction in Rett Syndrome
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Abstract: Rett Syndrome is a severe neurodevelopmental disorder caused by loss-of-function
mutations in the Methyl-CpG-binding protein-2 (MeCP2) gene. One of the most devastating
symptoms of Rett Syndrome is the disruption of motor function. Patients lose purposeful use of
their hands and develop repetitive movements, rigidity, and dystonia. The primary motor cortex,
crucial for voluntary movement and motor learning, is modulated by the norepinephrine system,
through projections from the Locus Coeruleus (LC). Phasic LC activity increases before
movement execution and following reinforcement to promote motor learning via adaptive circuit
gain. MeCP2 loss reduces global norepinephrine release, yet the impact on phasic LC activity
and its relation to motor learning and function remains unexplored. To assess the impact of
MeCP2 deficiency in the LC on motor function, we employed a go/no-go motor task. In this
task, mice must swiftly decide to either execute or withhold a lever press based on the delivered
cue tone, to obtain a reward or avoid a punishment. The precise spatiotemporal activity of LC
projections to distinct targets including the motor cortex is known to facilitate movement
execution and encode a reinforcement signal to facilitate accuracy of behavioral performance in
this task. Mice with LC-specific loss of MeCP2 (LC-MeCP2) learned to execute the lever press



in response to the go tone but failed to integrate the negative reinforcement signal and
distinguish between the go and no-go tone. In addition, wildtype mice developed a stereotypical
trajectory of their motor movements (i.e. lever presses) across the training period. While the
trial-to-trial correlation of lever presses in WT mice increased with learning, that of LC-MeCP2
mice did not. This indicates a role for LC-MeCP2 in both the accuracy of behavioral
performance as well as the execution of goal-driven, reproducible motor movements. We
performed in vivo, 2-photon calcium imaging of motor cortical neurons during learning of the
motor task. Learning of goal-driven motor behaviors is known to correlate with synaptic
plasticity and the emergence of reproducible, spatiotemporal neuronal activity in the motor
cortex. Hence, we predict that loss of MeCP2 in the LC will lead to aberrant modulation of
plasticity and disrupt correlated neuronal activity in the motor cortex. Together with
measurements of phasic norepinephrine release, we expect these findings to elucidate a role for
the norepinephrine system in the development of motor control and extend our understanding of
the neuromodulatory systems that underlie motor dysfunction in Rett Syndrome.
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Abstract: Mutations in the X-linked gene encoding methyl-CpG binding protein 2 (Mecp2) can
lead to the progressive neurodevelopmental disorder known as Rett syndrome, characterized by
regression in motor, social, and cognitive skills. The cerebellum, a brain region with high energy
demands, particularly in the molecular layer where fast-spiking Parvalbumin (PV)-neurons are
located, may be vulnerable to energy impairments. Mitochondria, responsible for regulating
cellular energy production, exhibit abnormal morphology in cerebellar biopsies from Rett



syndrome patients, though the specific cellular mechanisms underlying these changes remain
unclear. To investigate it, we analyzed the molecular identity of Mecp2-containing cells in the
cerebellum of wild-type mice using the Pvalb-Cre;RiboTag mouse line. Cell type-specific
transcriptomic analysis revealed predominant Mecp2 expression in PV-neurons.
Immunoprecipitation of cerebellar extracts confirmed Mecp2 mRNA enrichment in Purkinje
cells and molecular layer interneurons, evidenced by increased expression of GABAergic and
Purkinje cells-related transcripts (Pcp2, Gadl, Slc32al, Pvalb) and by a reduction in
glutamatergic and glial markers. Histological analysis in control and Mecp2-null mice showed
decreased Purkinje cells somata area and reduced PV expression in Rett syndrome cerebellums,
indicative of Purkinje cell atrophy due to Mecp2 deficiency. To further assess whether cerebellar
PV-neurons are particularly vulnerable in Rett Syndrome mice, a transcriptomic analysis of this
neuronal population was performed in control and Rett Syndrome mice. The analysis of
differentially expressed genes (DGE) and the over-representation analysis (ORA) conducted with
the RNA-sequencing data, revealed changes in genes encoding for mitochondrial complex
proteins and genes related to mitochondrial membrane organization, suggesting impaired
mitochondrial functionality in the cerebellar PV-neurons of Rett syndrome mice. Ongoing
proteomic and functional studies performed in mitochondrial immunoprecipitates from Pvalb-
Cre;MITO-Tag;Mecp2 mice will validate these findings and provide novel insights into the
mitochondrial dysfunctionality in Rett Syndrome cerebellum. Additionally, significant changes
in transcripts encoding GABAergic signaling components were observed in the cerebellum of
Rett Syndrome mice, suggesting impaired GABAergic transmission in PV-neurons. Forthcoming
experiments would be focused on targeting these proteins to ameliorate the motor and social
symptoms present in Rett syndrome.
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Abstract: Rett syndrome (RTS) is a rare neurodevelopmental disorder occurring in one of 10000
girls. RTS patients primarily show alterations in psychomotor performance, cognitive abilities,
and comorbidities, such as epilepsy. The majority of RTS cases are caused by sporadic loss-of-
function mutations in the Methyl-CpG-binding Protein 2 (MeCP2) gene on the X chromosome,
which is critical for normal neuronal development and function. As a consequence of the
aberrant expression, there is an imbalance in the excitation/inhibition (E/I) ratio in RTS patients.
Potentially contributing to this imbalance is a delay in the hyperpolarization shift of the chloride
gradient in GABAergic interneurons. However, the contribution of GABA shifts to the E/I
imbalance in RTS patients is still unclear. In this study, we characterize the developmental
trajectory of neuronal networks from RTS patient-derived iPSCs (isogenic pair) and an
engineered MeCP2 knockout line in vitro and thoroughly investigate their electrophysiological
phenotypes. We employ high-throughput high-density microelectrode array (HD-MEA)
measurements, patch clamp recordings, and immunohistochemical analyses to assess neuronal
functionality and differentiation. Preliminary results suggest that the loss of the MeCP2 protein
leads to deficiencies in neuronal maturation and differentiation, accompanied by abnormalities of
GABAergic cells. Developmental tracking of neuronal networks indicates subtle differences in
the electrophysiological phenotype. Furthermore, network activity changes seem to be highly
correlated with the presence of astrocytes, highlighting their significance in this
neurodevelopmental disorder. Our results confirm impaired functionality of MeCP2-deficient
neurons, indicative of a deficit in their E/I ratio.
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Abstract: Microscopy, and imaging in particular is a widely used tool to identify disease
phenotypes across various cellular disease models. The most common type of imaging,
immunofluorescence, requires the fixation of the cells and the addition of antibodies to identify
relevant targets. Fixed staining, though useful, has a longer turnaround time, requires the



validation of antibody specificity, and is a terminal assay. In contrast, phase contrast live
imaging can be used continuously without causing any harm to cultured cells, enabling the
assessment of specific phenotypes over time. For this study, we chose to use these tools to gain
further insight into genetic epilepsies and neurodevelopmental disorder disease models in iPSC
derived cortical neurons. Using digital phase contrast imaging (DPC), we imaged cells over
multiple time points to quantify the progression of cell lines with different genetic backgrounds
in an arrayed format. Using continuously label-free DPC imaging, we identified a significant
fitness effect for MECP2-KO lines when compared to WT or other disease lines, as MECP2-KO
showed increased proliferation when compared to other lines. We validated these findings using
a Cell Titer Glo biochemical assay to validate ATP abundance. We further hypothesized that this
increase in proliferation is due to inhibited neuronal differentiation of these cells. We validated
this by measuring neural-progenitor marker expression in these lines using imaging. In summary,
we show here an example for phenotypic discovery which is solely based on label free DPC live
imaging. We further intend to continue developing our abilities to extract more complex
phenotypes using this imaging method.
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Abstract: Rett syndrome, also known as RTT, is a severe case of autism spectrum disorder that
is caused by mutations in the X-linked MECP2 gene. The outcome of this genetic abnormality
carries many neurological impairments with no current cure. Various clinical manifestations
occur with this syndrome such as seizures, motor disability, weakness of the musculoskeletal
system, communication deficit, and respiratory abnormalities. Among these symptoms, motor
dysfunction is the most profound, as manifested by stereotypic hand movement, loss of acquired
motor skills, and gait abnormalities. The mouse model of RTT, with the constitutive deletion of
Mecp2, exhibits similar motor dysfunction. It is well-known that the cerebellum plays a crucial
role in motor coordination and learning. Here, to study the role of MeCP2 in the cerebellar-
related motor function, we deleted the Mecp2 gene specifically from the major cerebellar
neuronal type, Purkinje cells (PCs). We characterized aspects of motor impairment in this model
following examination of several motor learning paradigms including an accelerating rotarod
test, trace and delay classical eyeblink conditioning, and a skilled pellet reaching task.
Furthermore, to dissect the underlying cellular mechanisms, we performed Ca?* imaging, ex vivo
slice electrophysiology, and in vivo single unit recordings to assess PC intrinsic properties and
synaptic transmission and plasticity at afferent input to PCs from parallel fibers and climbing
fibers. To complement this study, we also evaluated expression of presynaptic and postsynaptic
proteins and examined PC dendritic arborization and spine morphology. Our data show that
Mecp?2 deletion in PCs results in impaired synaptic function and morphology, providing a
mechanistic explanation for the deficits of motor learning. Altogether, this study clearly reveals
the significance of impaired cerebellar function in RTT, which contributes to motor aspects of
this brain dysfunction.
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Abstract: Rett syndrome (RTT) is a neurodevelopmental disorder that is associated with loss-of-
function mutations in the Methyl CPG Binding Protein 2 (MeCP2) gene. MeCP2 is a
transcription factor that regulates thousands of genes, creating a challenge to distinguish between
those that are transcriptional noise and those that are pathogenic and might be targeted
therapeutically. RTT is initially diagnosed based on symptoms and then confirmed by mutations
in the MeCP2 gene (typical RTT); however, ~5% of RTT patients are found to be MeCP2-
mutation-negative (atypical RTT). To reduce transcriptional noise, we identified autopsy samples
from five atypical patients and conducted differential RNA sequencing relative to samples from
six typical RTT (R255X) and nine matched neurotypical controls. These experiments revealed
that pathways associated with Heat-Shock (HS) signaling are dramatically elevated in both
populations at baseline, and we have now confirmed this finding in 40 temporal cortex RTT
autopsy samples and Mecp2*" mice. To investigate whether increased HS signaling is
compensatory or pathogenic, we conducted in vivo hyperthermia experiments complemented
with cellular stress array analyses. Preliminary data points to altered kinetics and magnitude of
induction of cellular stress genes at early time points. This suggests promiscuous HS signaling is
pathogenic and amplifies the cellular stress response in the absence of MeCP2. Pharmacological
data aligns with the hyperthermia experiments, as induction of the HS-response evokes
epileptiform activity in mouse models of RTT. We will present our up-to-date findings on the
role of altered HS signaling in RTT.
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Abstract: Rett syndrome (RTT) is a neurodevelopmental disorder that results from loss of
function mutations in the methyl-reader protein known as Methyl CpG Binding Protein 2
(MeCP2). Previously, we established that RTT human autopsy samples have decreased levels of
the My receptor and found that acute treatment with an My positive allosteric modulator (PAM,
VU0453595) improves social, cognitive, and respiratory phenotypes in a Mecp2* mouse model.
RNA sequencing and Western blot data from Mecp2*- mice treated with VU0453595 suggest
that efficacy on respiratory phenotypes may be linked to the assembly and presentation of
NMDARSs in the brainstem and levels of Gsk3f inhibition. Whole-brain, light-sheet imaging
shows that M1 PAM efficacy is linked to normalization of hyperactivity in regions that mediate
respiration. A positive correlation was also seen between the degree of apnea reduction induced
by VUO0453595 and increased inhibitory drive onto hyperactive respiratory nuclei in the medulla.
These results further support My as a target for RTT therapeutics. However, MeCP2 mutations
are heterogeneous in RTT patients, and each results in unique changes in gene expression
patterns, including My receptor levels. This raises the question of whether target disruption is
required for the efficacy of VU0453595. We have now established that mouse models of RTT
also have distinct M1 expression patterns, and that reduced M levels is likely a prerequisite for
compound efficacy. These results advocate for personalized medicine approaches for M1 PAMs
as well as other potential RTT targets. Funding: This work is supported by ROINS112171 and
IRSF 3503
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Abstract: Parvalbumin-positive (PV+) fast-spiking basket cell maturation controls critical
periods of brain development and is typically altered across many neurodevelopmental disorders.
PV circuits are hyper-connected in Mecp2 knockout (KO) males and heterozygous (HET) female
mouse models of Rett Syndrome (RTT). Here, we first confirmed an intensified PV+ ‘gate’
throughout the brain of Mecp2 mutants and in the post mortem cortex from Rett patients. We
then identified potential factors underlying such PV+ hyper-maturation, focusing on the Otx2
homeoprotein, a non-cell autonomous regulator of PV+ cell maturation. Notably, the choroid
plexus (ChP) is a major source of Otx2 in the postnatal brain. We found a striking increase in
Otx2 production in the ChP of Mecp2 mutants and in the cerebrospinal fluid from Rett patients.
We tested whether selective down regulation of Otx2 in the ChP would prevent or delay the
onset of RTT phenotypes. Both genetic and viral reduction of Otx2 protein from birth doubled
the lifespan, improved physical appearance, motor performance and rescued cortical organization
in Mecp2 KO mice. For greater clinical relevance, we then evaluated whether manipulation of
Otx2 could also be effective during the active regression phase of the disorder. Mecp2 male and
female mutant mice and wild-type control animals were injected at P30-35 or P56-70,
respectively. We found that male lifespan increased, accompanied by a significant amelioration
of physical appearance, motor performance and overall RTT phenotype. Females additionally
improved on key RTT phenotypes, such as hindlimb clasping, gait and spontaneous movement.
Our results establish the ChP as an accessible and effective therapeutic target for Rett Syndrome
downstream of Mecp?2 deficiency.
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Abstract: Rett syndrome (RTT) is a neurodevelopmental disorder that is caused by loss-of-
function mutations in the Methyl CpG Binding Protein 2 (MeCP2) gene. Seminal studies have



showcased the potential reversal of RTT in mouse models through MeCP2 level restoration;
however, the optimal mechanism to achieve this clinically is unclear. While initially promising,
gene therapy for RTT faces challenges due to MeCP2's dose sensitivity, whereby even a slight
increase can lead to adverse effects. This narrow therapeutic window presents a significant
challenge, as MeCP2 must be delivered efficiently throughout the entire human brain while
ensuring each cell receives a precise and minimal amount of the protein.

The 3' untranslated region (3'UTR) plays a critical role in gene regulation, with microRNAs
(miRNAs) binding to mMRNA to fine-tune expression. Given that each miRNA's contribution is
modest, blocking miRNA binding emerges as a potential therapeutic strategy for diseases like
RTT, where the therapeutic window is narrow. Research has shown that miRNAs play a
repressive role in MeCP2 expression at multiple sites, and overexpression of these miRNAs has
been demonstrated to reverse symptoms associated with excess MeCP2.

To exploit their endogenous regulatory functions, we have developed an approach to de-repress
MeCP2 expression using a series of site-blocking antisense oligonucleotides (sbASOs) designed
to outcompete miRNAs for binding to the MeCP2 3°’UTR. We anticipate that this approach will
have efficacy in patients with missense or late-truncating mutations, where decreased function
can be overcome by increased abundance. Our results demonstrate that SbASOs can
incrementally elevate MeCP2 levels in a dose-dependent manner, plateauing at subtoxic
thresholds in SH-SY5Y cells, RTT patient fibroblast, and neuronal stem cell lines. Additionally,
quantifying downstream effector proteins VGF and BDNF, which are typically reduced in RTT
syndrome, suggests that the increase in mutant MeCP2 protein leads to functional improvement.
Preliminary in vivo experiments have shown efficacy in the brains of wild-type mice, both with
regard to increased MeCP2 protein and anxiety-like phenotypes. Future studies will evaluate this
approach in RTT mouse models, aiming to increase mutant MeCP2 expression and improve
symptoms. These findings underscore the potential of sbASO-based therapies in treating
MeCP2-related disorders and highlight the significance of precision medicine in addressing
complex neurodevelopmental conditions.
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Abstract: Rett syndrome (RTT) is a neuropsychiatric disorder predominantly caused by
mutations in the X-linked gene methyl CpG-binding protein 2 (MECP2). In patients, it causes
symptoms including anxiety, tremors, uncoordinated movements, respiratory dysrhythmias and
breathing difficulties, and seizures. Males with mutations of their single copy of the gene suffer
neonatal encephalopathy and die in infancy, and most surviving patients with RTT are females
that are heterozygous for MECP2 mutations. In these females, random X-chromosome
inactivation leads to mosaic wild type MECP2 expression and consequently a syndromic
phenotype. Most previous studies in mouse models of RTT were conducted in Mecp2-null male
mice, because they exhibit earlier and more severe phenotypes in many assays, avoiding the
confounding influence of X chromosome inactivation. Given that RTT primarily affects females,
heterozygous Mecp2-KO female mice represent a more translationally-relevant model of RTT
than Mecp2-null male mice. Here we characterize the natural history of females heterozygous for
the Mecp2-KO mutation. After several months, heterozygous female mice showed behavioral
symptoms including abnormal Bird score, increased frequency of apnea, abnormal gait, and
decreased electroconvulsive threshold. In conclusion, heterozygous female Mecp2-KO mice, in
addition to their hemizygous male counterparts, are a robust platform for the in vivo evaluation
of potential therapeutics for various forms of Rett Syndrome.
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Abstract: Rett syndrome (RETT) is a rare neurodevelopmental disorder with a prevalence of 1
in 10000-15000 individuals and affects mainly females. It is linked to sporadic mutations in the
Methyl-CpG-binding Protein 2 (MeCP2) gene, which is essential for normal neuronal
development and maintenance of neuronal function. RETT is characterized by an early period of
apparently normal development, which is then followed by a sudden loss of acquired
psychomotor skills. As of today, there is no cure for RETT and available pharmacological
treatments primarily aim to manage symptoms. Therapeutic approaches, currently under
development, aim to target the MeCP2 expression levels or their downstream pathways. To
better understand how gene expression alterations in MeCP2, as well as MeCP2 protein levels,
relate to neuronal dysfunction, and eventually the observed range of neurological symptoms in
RETT patients, we set out to develop an integrated multimodal phenotypic screening approach.
Here, we present preliminary data, obtained from 2D and 3D human stem cell-derived
control/MeCP2-mutant neural cultures, by using a combination of functional and molecular
assays. Applying high-throughput high-density microelectrode array (HD-MEA) measurements
and immunohistochemical analyses, preliminary data indicate that MeCP2-deficient 2D neural
cultures show a higher division rate, and later on altered neuronal firing rates. Co-culturing
human neurons with rodent astrocytes resulted in more pronounced neuronal activity and
allowed for long-term developmental tracking of cultures. Neuronal networks developed more
robustly in 3D-spheroid cultures with higher expression of Map2 (microtubule-associated protein
2) in WT-MeCP2 cultures and the spontaneous appearance of astrocytes along differentiation.
Further work is aimed at genetically modulating MeCP2 expression on MeCP2-mutant cultures
and assessing its effect on neuronal culture development and electrophysiology.
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Title: Analyses of behavioral and neuronal responses during decision-making reveal deficits in
Rett syndrome mice
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Abstract: Rett syndrome (RTT) is a neurodevelopmental disorder characterized by a wide range
of symptoms, with severe apraxia being a notable feature. Apraxia is the inability to perform
motor planning and is often associated with basal ganglia dysfunction. However, our knowledge
of the circuit alterations in the basal ganglia and how they relate to the behavioral symptoms in
RTT is limited. Here we used a novel approach to analyze circuit malfunction underlying
behavior in a mouse model of RTT that carries a methyl-CpG-binding protein 2 (Mecp2)-null
allele (RTT mice).

In an automated home-cage system (Hao et al, eLife, 2021), self-motivated mice engaged in
tactile decision-making tasks for several months without human supervision. In the decision-
making task, mice discriminated object location using whiskers and reported object location
using directional licking. Parallel testing allowed us to assay two dozen mice at the same time.
Instead of cross-sectional analysis, this approach longitudinally tracked the onset and progression
of behavior deficits in the RTT mice over time relative to littermate wild-type (WT) mice. We
discovered that RTT mice were able to learn the decision-making task similarly to WT mice at
12 to 16 weeks of age. Once the mice achieved proficiency in the decision-making task, we
conducted additional assessments of their flexible motor planning by reversing the sensorimotor
contingency. The sensorimotor contingency reversals allowed us to examine the mice's ability to
adapt to new task rules. RTT mice exhibited slower reversal learning compared to WT mice at
16 to 20 weeks of age, which deteriorated with age.

To examine the underlying changes in neural dynamics, we combined this behavioral paradigm
with multi-Neuropixels probe recordings across a frontal cortico-basal-ganglia loop required for
the tactile decision-making, including anterior lateral motor cortex (ALM), lateral striatum, and
ventromedial thalamus. Preliminary analyses revealed reduced preparatory activity across these
brain regions in RTT mice.

Our study outlines a platform to assay motor planning deficits in the Rett mouse model and their
underlying neural dynamics that could allow future interrogations of the involved brain regions.
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Abstract: The activity of neurons in the mouse medial prefrontal cortex (mPFC) is linked to
interactions with others of the same species, and is thought to be responsible for encoding social
memories that help establish social hierarchies. Neurodevelopmental disorders often present with
atypical social behaviors, and in a mouse model of Rett syndrome, impaired social memory is
caused by heightened activity of the monosynaptic projections from the ventral hippocampus to
the mPFC. The classical ‘tube’ test over 6 consecutive days revealed that Mecp2 knockout (KO)
mice formed social ranks, but displayed more submissive behaviors and a low social engagement
compared to wildtype (WT) mice. We confirmed this low engagement of Mecp2 KO mice during
social conflict using a novel ‘warm spot’ test, where the same 3 age-matched mice of each
genotype compete to stand on a single warm spot in a cage with a cooled floor. The ‘dominant’
WT mouse occupied the warm spot far longer than the other 2 mice (‘intermediate’ and
‘submissive”), while the 3 Mecp2 KO mice equally shared the warm spot regardless of their
social rank and showing more submissive behaviors than WT mice. To record neural activity in
the mPFC during the ‘warm spot’ test, we performed a single surgery to implant a GRIN lens
previously coated with a mixture of AAVs expressing CaMKII-driven GCaMP8 and silk fibroin
in the mPFC of Mecp2 and WT mice. After 3 weeks, in-vivo Ca2+ imaging from pyramidal
neurons in the prelimbic mPFC confirmed the presence of socially sensitive neurons, i.e.,
neurons that increase or decrease activity during social interactions. mPFC pyramidal neurons in
Mecp2 KO mice showed fewer and smaller Ca2+ transients during baseline, as well as during
social interactions in the ‘warm spot’ test. In addition, the activity of socially sensitive neurons in
Mecp2 KO mice seems to be less synchronous than in WT mice during specific epochs of social
interactions in the ‘warm spot’ test. A different cohort of Mecp2 KO and WT mice were imaged
while head-fixed during brief exposures to cagemate urine or almond-impregnated cotton tip
swabs, and confirmed the specificity of socially sensitive neurons that responded mainly to the
cagemate urine. Together, these results suggest that the low social engagement during social
conflicts displayed by male Rett mice is related to an altered synchrony of socially sensitive
pyramidal neurons in the mPFC during social interactions.
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Abstract: The mammalian brain consists of an enormous diversity of neuronal and non-neuronal
cells, the identities of which can be determined using their distinct transcriptomic profiles.
Spatial transcriptomic studies have contributed immensely in uncovering the heterogeneity and
spatial distribution of cell populations in distinct regions of the brain, but the use of this
technology in investigating molecular and cellular changes that may occur in
neurodevelopmental disease remains limited. Using MERFISH (Multiplexed Error-Robust
Fluorescent in situ Hybridization), we have investigated changes in transcriptomic identity and
cellular composition in mouse models of neurodevelopmental diseases, including models of Rett
Syndrome and Foxgl Syndrome. The expression levels of 490 genes were assessed in cells from
distinct cortical areas and hippocampal regions. While the spatial locations of distinct cell
populations were largely preserved in the investigated disease models, we found differences in
the relative prevalence of cell ‘subclasses’ and ‘types’ in different brain regions. In heterozygous
MeCP2 knockout (MeCP2 KO/+) female mice, a model for Rett Syndrome in which wild-type
(WT) and MeCP2 KO cells form a mosaic, a significant positive correlation was observed
between the level of non-CpG methylation and the upregulation of MeCP2-repressed genes at
cellular and subregional levels. We investigated the role of MeCP2 in regulating type-specific
gene expression programs in excitatory neurons residing in sublayers of layer (L) 2/3 of primary
visual cortex (V1). In superficial L2/3, we find that MeCP2 maintains the suppression of genes
normally preferentially expressed in the deep sublayer of L2/3. In MeCP2 KO excitatory neurons
in superficial L2/3, we observed a reduction in the expression of genes that are normally
preferentially expressed in this sublayer, suggesting a role of MeCP2 in the appropriate
expression level of these genes. Together, the data suggests a critical role of MeCP2 in
maintaining the fine-scale transcriptomic identity of highly related cell types in V1. Using
heterozygous Foxgl mutant mice, a model for Foxgl Syndrome, MERFISH allowed for the
detection of changes in the relative composition of neuronal and non-neuronal cell types in
several cortical areas, particularly for a number of glutamatergic neuron types in L2/3, L4, L5,
and L6. Together, the findings demonstrate the utility of spatial transcriptomic technology in
investigating cellular and molecular disruptions in neurodevelopmental diseases.
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Abstract: Rett syndrome, a severe neurodevelopmental disorder caused by mutations in the
MeCP2-gene, is characterized by cognitive and social deficits. Previous research has identified
hypoactivity in the mPFC pyramidal neurons of MeCP2-deficient mice in response to both social
and nonsocial stimuli. In order to further explore the neural circuitry behind social deficits in
Rett syndrome, we employed the miniaturized in-vivo fluorescence microscope to observe the
activity of discrete mPFC neural ensembles in female wild-type and MeCP2-deficient mice
during the 3-Chamber test of sociability. Our findings have identified six mPFC neural
ensembles that were selectively tuned to different stimuli. Importantly, RTT mice recruited fewer
neurons to ensembles responding to social interaction and consistently produced lower stimulus-
ON ensemble transient rates. Despite lower transient rates, RTT mice displayed an increase in
the percentage of social-ON neurons in later sessions, indicating a potential compensatory
mechanism for the decreased firing rate. These results highlight the limited plasticity that
remains in the RTT mPFC and provides further insight into the neural circuit dynamics of social
encoding.
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Abstract: Rett Syndrome (RTT) is a neurodevelopmental disorder linked to a mutation of the X-
linkedgene, methyl-CpG-binding protein-2 (MeCP2). Although many off label medications are
used tomanage the symptoms of RTT, there is currently a lack of therapies that halt
diseaseprogression. Recent preclinical and clinical data demonstrated the therapeutic potential
ofketamine, an N-methyl-D-aspartate receptor (NMDAR) antagonist, in Rett syndrome.
Eventhough ketamine shows significant efficacy in RTT, it is associated with major adverse
effects likerespiratory depression, psychomimetic effects and abuse potential. Glial dysfunction
has beenimplicated in the pathogenesis and worsening of symptoms in Rett syndrome, but
specificallytargeting glial cells with low dose of ketamine in the brain is challenging. For this
purpose, wehave used PAMAM hydroxyl dendrimer (HD, ~4 nm, non-toxic) that specifically
targetsdysregulated glia in Mecp2-deficient mice but not in the WT mice upon systemic
administrationthereby reducing the off-target effects of free ketamine. Here, we first determined
if targetedmonotherapy with dendrimer conjugated ketamine (HD-ketamine) improves the
survival andneurobehavioral phenotype in Mecp2-null (KO) mice. We observed increased
survival with HD-ketamine versus free ketamine-treated or saline-treated Mecp2 KO littermates.
Systemicallyinjected HD-ketamine also improved the motor function in Mecp2 KO mice in open
field test.We next treated the WT and 4 weeks old pre-symptomatic Mecp2-/+ Het mice



biweekly for 8-weeks with saline or 2.5 mg/Kg IP of free ketamine or HD-ketamine and their
neurobehavioralphenotype was examined pre- and post-treatment. The pre-symptomatic het mice
treated withHD-ketamine showed delayed symptoms of RTT, improvement in neurobehavioral
scores, andexploratory behavior. Our neurobehavioral studies showed improvement in the
compositedisease phenotype. Further studies are ongoing to test the behavioral and
histopathologicaleffects of HD-ketamine versus free ketamine in Mecp2 Het model. Our
mechanistic studies willalso elucidate how the microglial targeting with HD-ketamine impacts
the Rett phenotypethrough an increased BDNF and anti-inflammatory (non-NMDAR) pathways
in vivo. Overall, ourdata provide preclinical proof of concept for the ability of dendrimer
conjugated ketamine toameliorate neurological dysfunction and reverse at least some circuit-
level defects caused byloss of MeCP2 in Rett syndrome.
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Title: Pharmacological Normalization of Enhanced GABAergic Signaling in Neonatal Ts65Dn
Mice, a Genetic Model of Down Syndrome
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Abstract: Introduction: Down syndrome (DS) is characterized by developmental delays and
alterations in neural circuit formation, particularly affecting the GABAergic system. In Ts65Dn
mice, a genetic model of DS, these alterations manifest as enhanced efficiency of GABAergic
signaling in the hippocampus. This study characterizes GABAB/Girk2 signaling in the dentate
gyrus (DG) of neonatal Ts65Dn mice, assessing protein expression levels, signaling efficiency,
and electrophysiological properties. Importantly, the impact of the GABAB receptor antagonist
CGP35348 on the inhibitory-to-excitatory (I/E) ratio in the dentate gyrus was then evaluated
through pharmacological intervention from postnatal day 2 to 16.

Results: Enhanced GABAB/Girk2 signaling was observed in Ts65Dn mice, correlating with
increased Girk2 protein levels and altered electrophysiological properties, including increased
efficiency of postsynaptic GABAB receptor signaling and reduced intrinsic excitability.
Treatment with CGP35348 effectively normalized the increased I/E ratio in Ts65Dn mice,
without affecting normosomic littermates, suggesting a restoration of neural circuit dynamics.
Conclusion: The study highlights the critical role of GABAB/Girk2 signaling in the abnormal
neural development associated with DS and demonstrates the potential of early pharmacological
intervention to correct these abnormalities. Modulating GABAB/Girk2 signaling during key
developmental windows may offer a therapeutic strategy to mitigate cognitive deficits in Down
syndrome.
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Abstract: Down syndrome (DS), caused by a triplication of chromosome 21 (T21), results in
intellectual and developmental disability, immune system dysregulation, and an increase in some
immune mediated co-occurring conditions. One of these conditions is Down Syndrome
Regression Disorder (DSRD), which is a rare but devastating condition in adolescents and young
adults with symptoms that can include mutism, catatonia, and the loss of previously acquired
daily living skills. This study compares three current therapy options: the benzodiazepine,
lorazepam, and the immune modulating treatments of tofacitinib and intravenous
immunoglobulin (IVIg). In this phase 2 open-label clinical trial, individuals with a confirmed
diagnosis of DSRD ages 8-30 were randomized into one of three arms: 1. lorazepam (2 mg three
times daily), 2. Intravenous immunoglobulin (IV1g) (2g/kg initial, then 1g/kg monthly); or 3.
tofacitinib (5 mg twice daily). After screening, participants have five study visits over a 12-week
treatment period and optional follow-up visit at 16 weeks. Participants underwent assessments to
measure neurological health, activities of daily living, catatonia, movement and motor function,
and speech at the Baseline and 12-week visits. Sixteen participants were enrolled in the first
phase of the study across two sites (lorazepam n=5, IVIg n=5, tofacitinib n=6). A qualitative
interim analysis indicates that all treatments were well-tolerated, with most adverse events
reported as mild, regardless of the treatment arm. There was a total of 59 adverse events (AES)
possibly and definitely related to the study drug, and all were mild except one related to IVIG
and four related to tofacitinib. While not all participants showed a global improvement on their
assigned therapy, participants showed improved scores across multiple measurements of
neurological health including catatonia (Bush-Francis Catatonia Rating Scale) with a median
improvement of 6 points for the lorazepam arm, 12 points for the 1Vlg arm and 6.5 points in the
tofacitinib arm. There were improvements in movement and motor function (Timed 25-foot
Walk) with a median improvement of 1.24 seconds for the IVIg arm, and 3.61 seconds in the
tofacitinib arm. All three treatments were associated with improvement in general cognition
(Neuropsychiatric Inventory and Down Syndrome Mental Status Exam). The interim findings
suggest that each of the three treatment arms could be safe interventions for DSRD. The study
will continue to enrollment towards a total of 66 participants to investigate differences between
therapy arms.

Disclosures: R. Idate: None. A. Rachubinski: None. R. Kammeyer: None. B. Vogel:
None. R.M. Shropshire: None. L. Nguyen: None. L. Patel: None. J.D. Santoro: None.

Poster
PSTR260: Neurodevelopmental Disorders |
Location: MCP Hall A



Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM
Program #/Poster #: PSTR260.20/A70
Topic: A.07. Developmental Disorders

Support: NIH Grant ROINS102382
NIH Grant RO1INS122108
NIH Grant ROLAGO073779
NIH Grant RO1IAG064579

Title: A Trisomy 21-linked Hematopoietic Gene Variant Confers Human Microglia Resilience
to Alzheimer’s Disease

Authors: *M. JIN?, Z. MA!, R. DANG?, S. FINKBEINER?, E. HEAD?, P. JIANG?;
'Rutgers Univ., Piscataway, NJ; 2Ctr. for Systems and Therapeut., Gladstone Inst., San
Francisco, CA; 3Pathology & Lab. Med., Univ. of California, Irvine, Irvine, CA

Abstract: While challenging, identifying individuals displaying resilience to Alzheimer’s
disease (AD) and understanding the underlying mechanism holds great promise for the
development of new therapeutic interventions to effectively treat AD. Down syndrome (DS), or
trisomy 21, is the most common genetic cause of AD. Interestingly, some people with DS,
despite developing AD neuropathology, show resilience to cognitive decline. Furthermore, DS
individuals are at an increased risk of myeloid leukemia due to somatic mutations in
hematopoietic cells. Recent studies indicate that somatic mutations in hematopoietic cells may
lead to resilience to neurodegeneration. Microglia, derived from hematopoietic lineages, play a
central role in AD etiology. We therefore hypothesize that microglia carrying the somatic
mutations associated with DS myeloid leukemia may impart resilience to AD. Using CRISPR-
Cas9 gene editing, we introduce a trisomy 21-linked hotspot CSF2RB A455D mutation into
human pluripotent stem cell (hPSC) lines derived from both DS and healthy individuals.
Employing hPSC-based in vitro microglia culture and in vivo human microglia chimeric mouse
brain models, we show that in response to pathological tau, the CSF2RB A455D mutation
suppresses microglial type-1 interferon signaling, independent of trisomy 21 genetic background.
This mutation reduces neuroinflammation and enhances phagocytic and autophagic functions,
thereby ameliorating senescent and dystrophic phenotypes in human microglia. Moreover, the
CSF2RB A455D mutation promotes the development of a unique microglia subcluster with
tissue repair properties. Importantly, human microglia carrying CSF2RB A455D provide
protection to neuronal function, such as neurogenesis and synaptic plasticity in chimeric mouse
brains where human microglia largely repopulate the hippocampus. When co-transplanted into
the same mouse brains, human microglia with CSF2RB A455D mutation phagocytize and
replace human microglia carrying the wildtype CSF2RB gene following pathological tau
treatment. Our findings suggest that hPSC-derived CSF2RB A455D microglia could be
employed to develop effective microglial replacement therapy for AD and other age-related
neurodegenerative diseases, even without the need to deplete endogenous diseased microglia
prior to cell transplantation.
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Abstract: Rett syndrome (RTT) is characterized by severe neurodevelopmental impairments due
to loss-of-function mutations in the MeCP2 gene and requires precise gene dosage throughout
the whole brain for effective therapeutic strategies. A recently developed miRNA-based
synthetic incoherent feed-forward loop (IFFL) system maintains ectopic MeCP2 expression
within a therapeutic window, which is essential for avoiding overexpression toxicity (Flynn, et
al., 2024; Du et al., 2024). This circuit can be incorporated within advanced viral vectors for
targeted, noninvasive systemic delivery to the brain. In a female RTT mouse model, it achieved
gene dosage compensation and reduced behavioral symptoms associated with neurological
dysfunction. However, it remains unclear how different levels of MeCP2 expression reshape
neural activity in key brain areas and lead to motor and cognitive phenotypes such as those seen
in RTT. To address this question, we analyzed how IFFL-MeCP2 circuits modify excitatory
neurons in two relevant areas in RTT female mice: motor cortex and hippocampus. We first used
2-photon imaging of GCaMP labeled neurons at single-cell resolution in layer 2/3 of the motor
cortex during spontaneous locomotion in head-fixed RTT mice. These longitudinal recordings
revealed bursting-like activity and sustained elevation in calcium signaling during locomotion,
indicating an imbalance towards excitatory neurotransmission in motor coordination. Systemic
delivery of a tightly regulated MeCP2 cassette reduced this bias and aligned this excitatory
activity closer to physiological conditions at 13 weeks of age. We are also investigating the
effects of MeCP2 overexpression on neuronal function in RTT mice treated with either a loosely



regulated or unregulated MeCP2 cassette. In parallel, we examined the hippocampus, focusing
on the dentate gyrus to assess the therapeutic impact on memory-related neuronal activity.
During a trace fear conditioning task using fiber photometry, we observed prolonged excitatory
activity following footshock and disrupted freezing behavior in aged RTT mice, suggesting an
imbalance characterized by over-excitation that disrupts normal memory encoding. We are
currently investigating whether tightly or unregulated MeCP2 delivery can reshape this elevated
excitatory activity to either improve or reduce the encoding and retrieval of fear memory.
Together, these findings underscore the role of precision gene therapy using novel systemically
delivered IFFL circuits and AAV capsids that cross the blood-brain barrier, offering a refined
and dosage compensated approach to addressing neurophysiological dysfunctions in RTT.
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Abstract: Prenatal alcohol consumption leads to alterations in neurodevelopment that manifest
as fetal alcohol spectrum disorder (FASD). Within the FASD phenotype, we can observe facial
abnormalities and changes in mental function that persist into adulthood. Alternative splicing
increases the complexity of the neuronal proteome and consequently regulates the establishment
and maintenance of neuronal development and synaptic plasticity. Bioinformatics studies
conducted in our laboratory reveal that alcohol exposure alters the expression of splicing variants
of synaptic and post-transcriptional regulatory functions, both in humans and animal models.
These molecular events influenced by alcohol are observable in the short term rather than in the
long term. We evaluated mRNA expression of splicing factors in the hippocampus and prefrontal
cortex, 6 and 24 hours after alcohol exposure on of 7 days old rats. We found a time- and tissue-
dependent expression specifically of the splicing factors (SF) SRRM4 and SRRM3. Currently,
we are analyzing how these changes affect exon retention pattern in splicing variants, targets of
these SFs, and their subsequent impact on cognitive alterations in FASD.
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expression in vivo
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Abstract: Astrocytes have been shown to play a critical role in the developmental effects of
ethanol. We have previously characterized the effects of ethanol on the astrocyte-produced
extracellular matrix, which alters hippocampal pyramidal neuron neurite outgrowth and dendritic
arborization. Using the Translating Ribosome Affinity Purification (TRAP) procedure followed
by RNA-Seq, we are able to study the changes caused by neonatal ethanol exposure on
astrocytes in vivo. Here we show the differences in hippocampal astrocyte gene translation
during exposure and after withdrawal of ethanol. Litters of Aldh111-EGFP-Rpl10a mice were



exposed to ethanol vapor or control conditions for 4 hours a day from postnatal day 2 (PD2) to
PD7. Pups were either euthanized immediately following the ethanol or control exposure on PD7
or on PD8, after a 20-hour withdrawal period. Following the TRAP procedure, astrocyte
translating RNA was analyzed by RNAseq at both time-points; total hippocampal RNA from the
input fractions was also sequenced. At PD7, when alcohol was still present in the pups’ blood,
we identified 1576 genes regulated in hippocampal astrocytes and 932 genes regulated in the
bulk hippocampus RNA. At PD8, we identified 1912 ethanol regulated genes in the astrocyte
translating RNA and 373 ethanol regulated genes in the whole hippocampus. Comparing ethanol
regulated genes between the astrocyte and input fractions showed 399 genes regulated in both
fractions at PD7 and 174 genes at PD8. When comparing exposure and withdrawal time points,
there is only modest overlap between ethanol regulated genes in astrocytes. Of the 1576 genes
regulated in exposure group and 1912 genes regulated in withdrawal group, only 182 genes
showed persistent regulation between the two time points. In addition, 65 genes switch the
direction of regulation between the two time-points. Gene Ontology enrichment analysis
identified peroxisome related categories in genes that were enriched in astrocytes and regulated
by ethanol at PD8. Analysis of astrocyte enriched genes that were down-regulated by ethanol at
PD7 showed enrichment in genes involved in chondroitin sulfate biosynthesis. Confirmation of
these findings in two genes, Chpf2 and Chsy1, were conducted by gqRT-PCR and RNA-FISH.
These findings highlight the response of astrocytes to ethanol during a critical period of brain
development. In addition, the different responses seen in astrocytes following ethanol exposure
and withdrawal highlights the dynamic responses of astrocytes to ethanol.
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Abstract: PACS1 Syndrome is a NDD hallmarked by craniofacial dysmorphisms and
intellectual disability. Patients with PACS1 Syndrome have a single de novo missense mutation
at ¢.607C>T of the Phosphofurin Acidic Cluster Sorting 1 (Pacs1) gene, which causes an
Arginine to Tryptophan substitution in the peptide (p.R203W). PACS1 is a multifunctional



sorting protein, with key roles in regulating trafficking of target proteins to and from the trans-
Golgi Network (tGN). The pathogenic variant is in the Furin Binding Region of PACS1, which
is the region responsible for many known interactions with target proteins via acidic cluster motif
recognition. We have previously shown that PACS1 (+/R203W) forebrain organoids develop
mature glutamatergic neurons with impaired expression of synaptic signaling genes when
compared to isogenic controls. Additionally, PACS1 (+/R203W) neurons have prolonged
network bursts, which has implications for circuit formation. While these results highlight the
impact that p.R203W may play in the broader context of neural development, it remains
unknown how this pathogenic variant alters the function of PACS1 in the neuron. To decipher
this question, | am using BiolD technology to address how the p.R203W interactome differs
from that of wildtype PACSL. | hypothesize that p.R203W operates as a neomorphic gain-of-
function allele and acquires new interactions with proteins implicated in synaptic transmission.
Results from these experiments will be informative and clarify potential molecular mechanisms
of PACS1 Syndrome pathogenesis.
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Abstract: Periventricular nodular heterotopia (P\VVNH or PNH) is the most common type of
brain-malformation due to the dysfunction of neuronal migration during early development.
Dueto the limited understanding of PVNH pathology and the lack of well-known biomarkersfor
PVNH, this disease cannot be diagnosed until patients show up with PVNH-relatedsymptoms
such as seizures. Furthermore, patients with PVNH usually suffer fromseizures, learning
disabilities, and cardiovascular diseases, which generate life-longissues and make PVNH a life-
threatening disease. Currently, the pathology of PVNH isnot well understood, and anti-seizure
medications used to treat PVNH patients are stillfacing drug resistance. Genetic mutations of the
neural precursor cell expresseddevelopmentally downregulated 4-like (Nedd4-2 or Nedd4L)
gene have been identified inmany PVNH patients. As an E3 ubiquitin ligase, Nedd4-2 plays a



critical role in regulatingion channel activities, protein synthesis under endoplasmic reticulum
(ER) stress, andseizure susceptibility in the brain. However, the function of Nedd4-2 during
neuronalmigration remains unknown. Therefore, we aim to uncover the role of Nedd4-2
inregulating neuronal migration, by which the Nedd4-2 variants could lead to PVNH. Ourdata
showed that conditional depletion of Nedd4-2 (Nedd4-2 cKO) in neurons caused thereduced
migration. Moreover, PVNH-associated Nedd4-2 mutations led to a reducedactin polymerization
rate in HEK 293T cells. The results suggest that Nedd4-2 mightmediate neuronal migration by
regulating actin polymerization. Although we previouslyshowed that Nedd4-2 can regulate the
activity of actin depolymerization protein cofilin,manipulating cofilin activity did not enhance
neuronal migration caused by Nedd4-2depletion. It suggests that Nedd4-2 regulated actin
polymerization as well as neuronalmigration through a cofilin-independent mechanism. In
summary, our data indicates therole of Nedd4-2 in regulating neuronal migration, whose failure
is the key reason for PVNH.The underlying mechanism still requires further investigation.
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Abstract: Neurodevelopmental disorders are caused by abnormalities during brain development
that lead to functional deficits in memory formation, emotion, and behavioral regulation.
Therefore, studying mechanisms for neurodevelopment is essential for recovery from
neurodevelopmental diseases. 14-3-3 proteins regulate several intracellular processes by binding
to numerous target proteins, and although seven isoforms have been reported in mammals,
individual isoforms are still insufficiently studied. Recent genetic studies have reported that 14-
3-3y has been implicated in several neurodevelopmental disorders. However, the detailed
function 14-3-3y in neural development and differentiation remains unknown. In this study, we
investigated the effects 14-3-3y on neuronal morphogenesis and cerebral cortex development
using 14-3-3y knockout mice. In this study, 14-3-3y knockout homozygous mice die before birth,
and heterozygous mice have smaller brain sizes than wild-type mice. Moreover, 14-3-3y was



abundantly expressed in the early postnatal cortex and influenced cortical layer formation.
Particularly, the most significant effects of 14-3-3y deficiency were observed on specific cortical
layers consisting of pyramidal neurons, and changes in the levels of specific transcription factors
involved in the development of the neuronal projection were identified. Additionally, 14-3-3y
was the most expressed isoform in cortical neurons, with higher expression in cortical neurons
than in glia. These results suggest the importance of 14-3-3y in cortical neurodevelopment.
Furthermore, in vitro studies of primary cortical neurons have shown that 14-3-3y deficiency
causes dendritic and excitatory synaptic defects. In vivo, sparse labeling of cortical neurons from
14-3-3y heterozygous knockout mice reconfirmed these results. Finally, biochemical analyses
confirmed changes in glutamate receptor expression in the cortex of heterozygous knockout
mice. This study demonstrates the importance of 14-3-3y in identifying the pathogenesis and
therapeutic approaches of neurodevelopmental disorders by identifying the role of 14-3-3y in
neuronal morphogenesis and development of cortical layers.
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Abstract: Guanine (G)-rich nucleic acid sequences in the human genome and transcriptome can
fold into non-canonical secondary structures known as G-quadruplexes (G4s or G4-DNA and
G4-RNA). G4-DNA plays important roles in replication, transcription, DNA recombination, and
telomere maintenance, while G4-RNA regulates various RNA functions including translation
and splicing. However, overly stable G4-DNA induces genomic instability, whereas abnormally
stabilized G4-RNA disrupts RNA-dependent processes. Many G4-binding transcription factors,
G4-binding proteins (G4BPs), and G4 helicases bind to the G4 structures and modulate their
landscapes in cells. Among the helicases, we focused on the DEAD-box protein 5 (DDX5), an
ATP-dependent G4 helicase that resolves G4-DNA and G4-RNA and regulates notably



transcription by unfolding promoter G4s.

We indeed discovered that G4 homeostasis is altered in primary astrocytes cultured from the
brain of young and aged patients who underwent epilepsy surgeries, with more G4s and lower
expression of DDX5 in aged cells compared to young ones. To elucidate the role of DDX5 in
regulating transcription, we conducted a genome-wide expression analysis (RNA-seq) and
identified a total of 460 genes differentially regulated by DDX5 out of 14,821 genes with
measured expression, 214 upregulated and 246 downregulated genes, belonging to networks
involved in cell cycle, p53 signaling, senescence, and longevity. One of our top hit genes was
ASXL3, the corresponding ASXL3 protein being a chromatin modifier and epigenetic regulator.
Mutations in ASXL3 lead to Bainbridge-Ropers Syndrome, a neurodevelopmental disorder
characterized by intellectual disability, behavioral abnormalities, seizures, and microcephaly. We
discovered that ASXL3 expression levels decrease with age and showed that ectopically
elevating DDX5 expression in astrocytes upregulates the levels of the ASXL3 protein. We also
unveiled putative G4-DNA motifs in ASXL3’s promoter and gene sequence, indicating that
DDX5 may positively modulate ASXL3 transcription by unfolding G4s in the ASXL3 promoter
and gene.

In conclusion, we discovered that ASXL3 gene expression is age-dependent and could be
modulated by novel epigenetic changes governed by G4-DNA structures in primary human
astrocytes. Our data revealed a novel mechanism of DDX5-dependent ASXL3 transcription,
shedding light on the molecular mechanisms in age-related neurological disorders.
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Abstract: 22q11 DiGeorge Syndrome (22q11DS), which is caused by heterozygous deletion of a
minimum of 32 contiguous genes on human chromosome 22, is associated with multiple
clinically defined neurodevelopmental disorders (NDDs). We previously reported that
diminished bP proliferation in the LgDel mouse model of 22q11DS leads to altered frequency of
layer 2/3 projection neurons (PNs), prefiguring aberrant cortical circuit connectivity and
behavioral deficits similar to 22q11DS patients. Nevertheless, the precise nature of divergent
cortical progenitor progression that results in diminished neurogenesis due to 22g11 gene
deletion, remains uncertain. Using a combination of in vivo and in vitro cell biological assays,
we have found selective disruption of cortical neural progenitor progression in the developing
LgDel cortex. We have found that premature neurogenesis and parallel transcriptional changes in
subventricular zone-located basal progenitors (bPs) diminish layer 2/3 PN frequency in LgDel.
This disruption begins as layer 2/3 PN genesis begins and continues throughout the period of
layer 2/3 PN neurogenesis (E12.5/E14.5/E16.5) based upon frequency of birthdated layer 2/3 PN
cohorts in LgDel vs. wild type (WT) postnatal day 5 mouse pups. We are currently determining
whether divergent bP proliferative capacity is cell-class autonomous, or reflects altered apical
progenitor generation of bPs due to 22q11 gene deletion. Transcriptomic analysis reveals a
transcriptional shift in LgDel bPs, characterized by overexpression of neurogenesis-promoting
genes and a coordinated up-regulation of at least one epigenetically regulated multigene locus.
Moreover, we identify alterations in the dynamic expression range of 22q11 and candidate genes
within LgDel bPs, suggesting a complex interplay between genetic and epigenetic factors in
neurogenesis regulation. Single cell transcriptome analysis is underway to determine whether
these changes occur across the entire bP population or are targeted to a subclass of bPs.
Together, our analysis shows cellular, transcriptional and epigenetic changes in the LgDel
cortical neurogenesis, resulting in neurodevelopmental deficits associated with 22q11DS.
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Abstract: Rare genetic variants in ANK3, which encodes ankyrin-G, are associated with
neuropsychiatric disorders, however, their pathogenesis is poorly understood. We find that mice
with both prenatal deletion in cortical excitatory neurons and oligodendrocytes (Ank3”:Emx1-
Cre), and adolescent deletion in forebrain excitatory neurons (Ank3”:CaMKIIo-Cre), display
hyperactivity, hypoanxiety, and hypodepression like behaviors. Knockdown of Ank3 in primary
cultured cortical neurons decreased GCaMP6f-mediated average fluorescence peak amplitude.
Moreover, calcium imaging of cortical slices from Ank3”:CaMKIIa-Cre mice also shows
decreased neuronal calcium peak amplitude. Quantitative proteomic analysis of cortical synaptic
membranes reveals upregulation of Taok2, Serine/threonine-protein kinase TAO2, and
downregulation of Mbp, Myelin basic protein, significantly. Long-term treatment of lithium, a
well-known mood stabilizer for bipolar disorder, restores the expression level of Mbp in Ank3™
:CaMKIIa-Cre mice. Our results indicate that deleting Ank3 in adults leads to changes in the
synaptic proteome, which disrupts neuronal network activity and results in neuropsychiatric
behavioral impairments.
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Abstract: CDKLD5 deficiency disorder (CDD) is an X-linked neurodevelopmental disorder
which is characterized by early-onset epilepsy, global developmental delay, intellectual
disability, autistic features, visual impairment, and motor impairment. The prevalence of CDD is
estimated to be 2.36 per 100 000 live births. Currently, there is no cure for CDD patients. To
develop effective therapeutic strategies for CDD, it is crucial to gain a better understanding of
the molecular and cellular functions of CDKLS5 in brain development. However, the exact roles
of CDKLS5 in causing CDD pathophysiology are still unclear. Therefore, there is a need to
develop a disease-relevant CDD human models to understand the functional roles of CDKLS5 in
CDD. It is also important to identify its bona fide substrates and dissect its function in clinically
relevant cell types and models. The utilization of three-dimensional brain organoids generated
from patients-derived induced pluripotent stem cells (iPSCs) offers a powerful model for
unraveling mechanisms underlying CDD and provides a unique opportunity to advance our
understanding of CDD pathology and potentially facilitate the development of therapeutic
strategies. By combining single-cell RNA sequencing and immunostaining techniques, this study
identified a previously uncharacterized deficits among neural progenitor cells, the major stem
cells in developing human cortex, in CDD organoids. Given CDKLS5 is a serine/threonine kinase,
we explored several potential downstream substrates of CDKL5. The outcome of this study
proposed a novel mechanism underlying CDD pathology and will provide important insights into
exploration of novel treatment strategies for CDD.
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Abstract: Cholinergic synapses are ubiquitous in the developing mammalian brain and actively
neuromodulate brain functions including attention, learning, and memory. The cholinergic
system is consistently perturbed in neurodevelopmental disorders (NDDs). Here, we address
cholinergic alterations following forebrain excitatory neuron-specific deletion of TRIO, a high-
risk gene for autism, schizophrenia, and related developmental disorders. The integrity of the
cholinergic system depends critically on proper synthesis, release, and hydrolysis of



acetylcholine. Our comparative proteomic analyses revealed that several key regulators of
cholinergic transmission (e.g. acetylcholinesterase, choline acetyltransferase, acetylcholine
receptors) are significantly altered in TRIO-deficient mice. We are investigating whether these
cholinergic deficits contribute to altered cholinergic tone in the prefrontal cortex by measuring
ACh-evoked currents. In the cortex, TRIO-deficient mice demonstrate excitatory-inhibitory
imbalance, which we plan to rescue with cholinergic-specific pharmacological targets. We also
are evaluating if cholinergic alterations differentially impact attention, learning, and memory in
TRIO-deficient mice compared to wild type littermates. This project will determine that altered
cholinergic tone contributes to circuit dysfunction and behavioral deficits in the TRIO-deficient
mouse model of NDDs.
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Abstract: Introduction: Congenital heart disease (CHD) is the most common birth defect
affecting about 1% of all live births in the US. Neurodevelopmental deficits (NDDs) are often
found in conjunction with CHD, even after successful surgical palliation. The origin of neuronal
development remains unidentified. The prior consensus for NDDs appearing in CHD patients
points to compromised hemodynamics caused by defects in the heart. The defective heart being
responsible for creating a deficiency in substrate delivery and causing a hypoxic injury on the
developing brain. Our study aims to show that the NDDs are a result from a change of genes in
addition to compromised hemodynamics, rather than hemodynamics alone. Human patients
carrying PCDHA9 gene mutations exhibited varied degrees of CHD, including hypoplastic aorta,
coarctation of the aorta (CoArc), and bicuspid aortic valve (BAV), which are commonly
associated with the hypoplastic left heart syndrome (HLHS). Pcdha9™™ mice showed incomplete
penetrance of the heart phenotype: ~11% had BAV whereas the rest appeared to have normal
hearts. To test the hypothesis that the intrinsic causative mutation for CHD causes the NDD, we



characterized the brain network architecture and neurocognitive behaviors on Pcdha9™™ mice
that had normal hearts. Methods: Pcdha9™™ mice were subjected to series of neurocognitive
testing, including an Open Field Assay, Three-Chamber Sociability Assay (three trials consisting
of habituation and sociability), and the Sociability Trial. We have developed a robust high-
definition brain network (HDBN) analysis as the surrogate endpoint, using high-definition fiber
tracking (HDFT) with diffusion tensor imaging (DTI) MRI followed by network topological
analysis with graph theory to delineate brain network in Pcdha9™™ mice. Results/Discussion:
We show that Pcdha™™ mice exhibit NDDs. Our Behavior testing demonstrates that Pcdha™™
mice behave differently than wild type mice. Using the behavior patterns demonstrated from the
behavior testing, we can see areas such as the Hippocampus, Cortical Amygdala, Isocortex, and a
few other areas of interest have some underlying

differences. DTI networking further demonstrates that point by showing a significant difference
between Pcdha™™ mice and wild type mice. These areas’ differences in results showcase that
NDD cannot solely be attributed to a change in hemodynamics and should include genomic
changes. Conclusion: Our study found that the causative genes for CHD caused
neurodevelopmental deficits in mice.
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Abstract: LLGL2 (MIM: 618483) encodes a polarity protein complex component 2 (Lethal giant
larvae 2) that establishes basolateral polarity, asymmetric cell division, and cell migration.
Hereby, we report six individuals from 4 unrelated families harboring splicing and three
missense variants in the LLGL2 segregating with neurodevelopmental delay (NDD) together
with moderate to severe intellectual disability (ID) and microcephaly. This study aims to
characterize the functional consequences of NDD-associated variants in LLGL2, identified using
a whole exome sequencing approach. In silico analysis on splicing variant ¢.2901+G>A was
predicted to decrease splicing donor site recognition confidence from 0.92 to 0.48. Exon trapping
assay showed partial retention of the intron 22 sequence in the final transcript, predicted to lead
to a frameshift due to aberrant splicing. To get a deeper insight into cellular mechanisms
impacted by the variants, we generated a knock-in cell line for a variant ¢.1456G>A;
p.GIn486Lys using HDR-mediated CRISPR-Cas9 genome. We observed dysregulated mRNA
levels of LLGL2 and its predicted interactors. Subcellular localization of LLGL2 at plasma
membrane protrusions in mutants was compromised. During cell division, increased frequency
of multinucleated cells and abnormal cytokinesis in mutants were observed along with mitotic
spindle disorganization. Chromosome segregation defects in knock-in cells accompanied normal
mitotic spindles; thus, we observed the potential functional influence concerning DNA damage.
Gamma-H2AX staining in mutant cells showed a significantly increased number of gamma-
H2AX foci compared to control cells. All observed findings in the knock-in variant were
recapitulated by all missense variants through the overexpression system. Furthermore, we
studied llgl2 role in early development using morpholino-mediated knockdown in zebrafish and
observed significant developmental deficits in the 1lgl2 morphants. Upon behavioral assessment,
morphants showed significantly reduced movement patterns via spontaneous motility assay
compared to control siblings. Moreover, human wild-type mRNA but none of the mutant
mRNA’s co-injections with llgl2 MO rescued the observed deficits, suggesting the evolutionary
role of protein in early development. In our ongoing studies, we characterize the neurological
impact imposed by the knockdown of llgl2 and recapitulate the effect of all four NDD-associated
variants in yeast complementation studies. In summary, our in vitro and in vivo findings suggest
LLGL2 as a potential regulator of early development in humans and zebrafish.
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Abstract: Prenatal cannabinoid exposure (PCE) is implicated in disrupting fetal brain
development and increasing susceptibility to neuropsychiatric disorders, including schizophrenia
(SCZ). However, the underlying mechanisms behind this link remain poorly understood. Our
research aims to elucidate these mechanisms using cerebral organoids derived from human
induced pluripotent stem cells (iPSCs). Disturbances to the neurolipidome, representing
alterations in the fatty acid and phospholipid composition of neural cells, are a hallmark of SCZ.
Recent research on prenatal A9-tetrahydrocannabinol (THC) exposure has revealed persistent
neurolipidomic abnormalities in rodents, alongside cognitive and emotional deficits resembling
prodromal SCZ stages. As SCZ involves complex human-specific factors, we utilized patient-
derived cerebral organoids to characterize lipidomic anomalies within SCZ and explore how
prenatal cannabinoid exposure alters the neurolipidomic landscape. Organoids from healthy
controls (CTRL, n=4) and SCZ patients (n=4) were exposed to THC (100 ng/ml), cannabidiol
(CBD; 500 ng/ml), or THC-CBD combination (100 ng THC/500 ng CBD) for 15 days, until
organoids reached 1 month of development, a period resembling early fetal cortical growth.
Techniques included lipidomic analyses using mass spectrometry imaging, gene expression
assays via immunofluorescence, western blotting, quantitative PCR (qPCR), and RNA-
sequencing. Preliminary characterization revealed expected neuronal markers in the vehicle-
treated CTRL and SCZ organoids at day 30 and day 180 developmental stages. THC-CBD and
THC exposure showed distinct lipidomic (mass spectrometry imaging) and transcriptomic
(RNA-seq) profiles compared to CBD and vehicle in control cell lines; this was far more
pronounced in SCZ lines. SCZ organoids exposed to THC exhibited severe alterations in all
assessed metrics. These changes resembled rodent model findings of prenatal THC exposure and
lipidomic and molecular anomalies. gPCR showed differential expressions of neuronal markers,
particularly in SCZ THC organoids. Comprehensive RNA sequencing data comparing treatment
groups will be presented, focusing on lipidomic pathways. Western blotting and
immunofluorescence assays are ongoing. This study utilizing human-derived cerebral organoids
has begun to unravel cellular-level effects of gestational exposure to THC on human brain
development and its association with uniquely human neuropsychiatric disorders.
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Abstract: Methylmercury (MeHg) is a neurotoxin of great concern to public health that is
ubiquitously present in marine food chains. At the molecular level, MeHg irreversibly binds to
catalytic selenium (Se) moieties present in antioxidant selenoproteins, leading to redox
dysregulation and mitochondrial dysfunction. Growing evidence indicates that oxidative stress
impedes maturation of GABAergic circuitry, resulting in a permanent imbalance between
excitatory and inhibitory neurotransmission. Moreover, among GABAergic cell types, fast-
spiking, parvalbumin-expressing interneurons (PV1s) are most acutely impacted by redox
imbalance. During development, PVIs are preferentially encapsulated by specialized
extracellular matrix structures, termed perineuronal nets (PNNSs), which stabilize perisomatic
synaptic input and act as protective barriers against redox insults. Consequently, alterations in
PVIs and PNNs are well chronicled in neuropsychiatric disease, and evidence from animal
models indicates that redox imbalance during adolescence impedes their maturation. Herein, we
examined the interactive effects of MeHg and Se on PVI maturation in primary cortical cultures.
Parallel studies were conducted to monitor longitudinal progression of in vitro
electrophysiological activity using microelectrode arrays (MEA). Cultures were raised in media
containing optimal levels of Se (100 nM) until DIV14, followed by challenge with a subtoxic
dosage of MeHg (200 nM) from DIV14 - DIV28, which represents a critical period where PNNs
mature and neural networks stabilize. Relative to controls, MeHg treatment reduced antioxidant
activity and impaired PNN formation at 28 days in vitro. MeHg also affected the
electrophysiological profile of developing cultures, as MeHg-treated cultures exhibited
impairments in long-term potentiation in conjunction with reduced spike counts for both network
bursts and in response to stimulation. Further studies showed that co-administration of additional
Se (400 nM) from DIV14 - DIV28 counteracted many of the deleterious effects caused by 200



nM MeHg exposure. In sum, these findings demonstrate the interactive influence of Se and
MeHg on redox homeostasis and GABAergic maturation.

Disclosures: M. Watanabe: None. A. Sasuclark: None. K. Roshto: None. M.W. Pitts: None.
Poster

PSTR261: Molecular Mechanisms of Neurodevelopmental Disorders

Location: MCP Hall A

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

Program #/Poster #: PSTR261.15/B7

Topic: A.07. Developmental Disorders

Support: NIH NS105680
Internal Discretionary Funds

Title: Tmem184b human variants cause neurodevelopmental disruptions and seizures via
alteration of metabolic signaling
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Abstract: Transmembrane protein 184B (TMEM184B) is an endosomal seven-pass
transmembrane protein with evolutionarily conserved roles in synaptic structure and axon
degeneration. However, whether these roles extend to neuronal growth processes during
development is unclear. Human variation in the TMEM184B gene has not previously been
reported, and therefore the contribution of TMEM184B to human neurological development
and/or function is unknown. Here we report a group of pediatric patients who have de novo
heterozygous variants in TMEM184B. All patients harbor missense or nonsense changes and
have neurodevelopmental disruptions including intellectual disability, corpus callosum
hypoplasia, seizures, and/or microcephaly. To understand the contribution of TMEM184B to
neural development in vivo, we modeled its reduction in zebrafish using morpholinos to target
endogenous TMEM184B. We found this causes dose-dependent microcephaly phenotypes,
aligning with patient syndromes. Using over-expression of patient variants to model dominant
effects seen in the clinic, we constructed a variant allelic series and identified the K184E and
G162R variants as likely dominant negative contributors. To assess if these patient variants
compromise cell viability, we quantified their effects on apoptosis and their expression levels.
K184E increased apoptosis and was expressed at lower levels, while G162R exhibited no
differences for both. Although apoptosis and expression levels are different between our



dominant negative variants, we found they cause the most significant increase in nuclear
localization of transcription factor EB (TFEB), a master regulator of lysosomal biogenesis,
suggesting nutrient signaling pathways are disrupted. Based on our data, we propose a model
where TMEM184B structural disruptions decreases cell viability and alters lysosomal
biogenesis, leading to neurodevelopmental disorders such as microcephaly.
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Abstract: INTRODUCTION: Neonatal hypoxic-ischemia (HI) results may result in deficits in
cognition, language, sensory, and motor function. Few neuroprotective options exist to combat
these adverse outcomes. While treatments for adults with stroke include anticoagulants, motor
and cognitive rehabilitation, neonatal stroke care is limited to supportive care, such as
hyperthermia and hyperbaric oxygen therapy. A potential treatment option, Transcutaneous
Vagus nerve stimulation (taVNS), has significant anti-inflammatory effects in adult ischemic
brain injury and may decrease HI-induced brain injury and improve outcomes. In addition,
preclinical and clinical research over the last decade has identified a role for the protein Brain-
Derived Neurotrophic Factor (BDNF) in brain plasticity within the intact brain and following
central nervous system damage. Recent studies have also explored the relationship between
taVNS and BDNF levels in other disordered states noting significantly increased average BDNF
levels in the taVNS group. Hence, we explored the benefit of taVNS on functional recovery,
BDNF, and plasticity after HI.

METHODS: In post-natal day 7 (PND7) Sprague-Dawley rats, HI was induced using the
Vannucci Model. For our model of hypoxic ischemic, a ligation of the right carotid artery was
induced which is followed by a two-hour exposure to an 8% oxygen/ 92% nitrogen in an
enclosed chamber. Male and female rat pups were subjected to a 2 h hypothermia in a



temperature-controlled chamber as a standard of care. Rat pups were then subject to 30-minute
taVNS treatments for 7 days. TaVNS was administered at an intensity of 1.0mA below the
perceptual threshold. Each 30-minute treatment session included 6 trials of a 40sec train,
0.5msec duration, 20Hz frequency, with 4.5 minute breaks between trials. To evaluate post-
stroke recovery, rats were assessed at PND 7 through 10 on the righting reflex, cliff avoidance,
2-arm wire suspension, left arm wire suspension, negative geotaxis. Immunohistochemistry for
synaptophysin and MAP2, which are reliable indicators of synaptic and dendritic plasticity, were
also quantified. We also performed enzyme-linked immunosorbent assay (ELISA) analysis on
serum samples taken from rat pups for mature BDNF.

RESULTS: The objective of these studies is to address these gaps in knowledge and evaluate the
role and therapeutic potential taVNS in neonatal HI recovery Preliminary data suggests a
predictive relationship between taVNS treatment and recovery after HI. Our results imply that
greater functional recovery correlates with higher levels of synaptophysin and MAP2 which
suggests greater neuroplasticity with taVNS treatment.
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Title: Comparative Primary Cilia Directionality Analysis in Cortical Regions of Newts, Turtles,
Mice, and Monkeys: Indications of Reverse Neuronal Movement for Postnatal Positioning
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Abstract: Primary cilia serve as cell antennae in most vertebrate cells including neurons. It is
well-known that primary cilia regulate embryonic neurodevelopment, but little is known about
their roles in postnatal neurodevelopment. We have previously shown that neuronal primary cilia
in loosely layered cortical regions, such as the mouse neocortex, point in the same direction.



However, primary cilia of principal neurons in the condensed laminated regions, such as the
mouse hippocampal CA1 and piriform cortex, manifest opposite directionality. In contrast,
astrocytes and interneurons in the hippocampus, and neurons in nucleated brain regions do not
display specific cilia directionality. We further discovered that the cell bodies of principal
neurons in the mouse hippocampal CA1 superficial sublayer, the subiculum, cingulate cortex,
and neocortex undergo a previously unnoticed, slow but substantial “reverse movement” for
postnatal positioning and lamina refinement. The 6-layered neocortex in the mammalian brain is
homologous to the dorsal cortex in reptiles, while the 3-layered allocortex includes the olfactory
cortex and hippocampus in mammals, which are equivalent to the lateral and medial cortex in
reptiles, respectively. To evaluate the generality of reverse movement for postnatal positioning,
we determine primary cilia orientations in different cortical regions in newts (amphibians),
turtles (reptiles), mice (mammals), and monkeys (mammals and primates) and investigate the
roles of neuronal primary cilia in postnatal cell positioning. This comparative cilia directionality
analysis will help reveal how principal neurons in various cortices complete neuronal positioning
and advance our understanding of how the allocortices evolve into the neocortices.
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Abstract: CCDC120 (MIM:300947) encodes a coiled coil domain containing protein 120, which
aids in the assembly of centriolar subdistal appendages, cytoskeletal rearrangement, and neurite
outgrowth. Here, we report a frameshift and thirteen hemizygous missense variants in CCDC120
segregating with phenotypes of neurodevelopmental disorder (NDD) in seventeen affected
individuals from fourteen ethnically diverse families. All individuals exhibit NDD features,
including mild to severe intellectual disability, epilepsy, and microcephaly, along with other
congenital manifestations. This study aims to elucidate the functional consequences of NDD-
associated CCDC120 variants. We employ a multidisciplinary approach combining cellular and
animal models using CRISPR/Cas9 genome editing to understand the molecular mechanism
underlying CCDC120-related NDD phenotypes. In-silico analysis and 3D protein modeling
simulation predicted alterations in protein folding and interaction with other molecules for the
missense variants. In vitro, overexpression studies in mouse neuroblastoma Neuro2a cells
showed an accumulation of protein around the cell body in the variant’s overexpressing cells
instead of migrating within the vesicular structures in neurite shaft and to the growth cone
relative to the wild type protein. Moreover, we observed significantly reduced CCDC120
expression levels in overexpressed variants. Knocking down ccdc120 in neurod1-GFP
transgenic zebrafish resulted in severe developmental deficits, including craniofacial skeletal
deformities and microcephaly complementing the patient’s phenotype. Light and sound induced
visual and acoustic locomotion analyses of morphants showed reduced to no movements,
suggesting compromised motor abilities. Craniofacial cartilage staining of morphants revealed
mandibular hypoplasia. Whole-mount brain imaging depicted significantly reduced brain size,
neuronal population, and disrupted parallel fibers in the cerebellum of morphants, the motor
coordinating center of the brain, giving compelling evidence of direct involvement of ccdc120 in
neurodevelopment. Intriguingly, all observed morphant phenotypes were rescued by co-injection
of human CCDC120"T mRNA but not by transcripts encoding NDD variants, emphasizing their
loss of function impact. In preliminary studies, we are investigating the role of Ccdc120 in
mouse neurodevelopment by employing in-utero electroporation and a CRISPR genome editing
approach. Taken together, our investigations in cellular and animal models implicate CCDC120
as a significant player in neurodevelopment and that its variants contribute to NDD phenotypes.
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Abstract: Translation of mMRNA to protein is a highly complex and regulated process that is
essential for cells to function normally. eEF1A2, a neuronal and muscle specific translation
factor, plays an important role in the elongation step of translation. Along with other factors,
eEF1A2 controls translation in response to neuronal activity. Mutations in EEF1A2, the gene
encoding eEF1A2, are associated with neurodevelopmental disabilities, including severe
intractable epilepsy and autism, but the molecular mechanisms that result in neuron dysfunction
caused by these mutations are not well understood. We have been determining how mutations in
EEF1AZ2 associated with disease phenotypes affects translation. Under normal conditions,
neurons increase protein synthesis in response to neuronal stimulation, but in mouse neurons,
mutations in EEF1A2 cause decrease de novo protein synthesis. To determine whether induced
pluripotent stem cell-derived human cortical neurons with mutations of the EEF1A2 gene
properly upregulate translation in response to neuronal activity, we have stimulated these mutant
neurons with BDNF and forskolin. Using SUNSET to measure translation, IHC to visualize, and
western blotting to measure activity markers, we will compare activity-dependent translation in
wild type and EEF1A2 mutant neurons. Preliminary results show that in response to forskolin,
mutant neurons exhibit significant decreases in translation, whereas wild-type neurons exhibit
increases in translation. In contrast, in response to BDNF, both mutant and wild-type neurons
exhibit significantly increased translation. Understanding how translation is impacted by disease
causing-EEF1A2 mutations can provide insight into the progression of this disorder and
possibilities for treatment.
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Abstract: Despite identification of high-confidence autism spectrum disorder (ASD) risk genes,
translation to viable treatment targets remains elusive. Using affinity purification-mass
spectrometry, we constructed a foundational protein-protein interaction (PPI) network involving
100 ASD risk genes in HEK293 cells, revealing over 1,700 PPIs, 87% of which have not been
previously described. Importantly, we found that the interactors were enriched for expression in
the human brain, including neural progenitor cells, and for ASD but not Schizophrenia genetic
risk. The network showed coalescence on protein complexes and specific processes, including
neurogenesis, transcription and chromatin modification. Artificial intelligence (Al) using
AlphaFold2 predicted putative PPI interfaces and overlay with ASD patient-derived mutations
revealed altered PPIs that allowed for prioritization for interrogation in Xenopus tropicalis,
human induced pluripotent stem cells and brain organoids. One such ASD mutation in the
transcription factor Foxpl, which disrupted interaction with Foxp4, led to reconfiguration of
DNA binding sites and developmental pathologies such as increased deep cortical layer neurons,
a phenotype linked to ASD. This work provides insights into the molecular mechanisms of ASD,
serving as a platform for therapeutics development for autism, other neuropsychiatric disorders
as well as any genetically defined disease
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Abstract: The association between metabolic dysregulation and poor neurological outcomes in
hypoxic-ischemic encephalopathy (HIE) has been established. However, there are few studies
investigating metabolomic signatures in HIE or translational neonatal hypoxia-ischemia (HI)
models and their therapeutic implications.P10 mice were categorized into groups (n=9/group)
based on induced insults: HI with unilateral carotid artery ligation and exposure to FiO2=8%x 45
min (modified Rice-Vannucci model), providing Hl-ipsilateral and hypoxia-contralateral, and
naive samples. Brain tissue was frozen 24 hours after HI. LC-MS was utilized to measure
hemisphere metabolites, analyzed via MetaboAnalyst and Ingenuity Pathway Analysis. Altered
pathway activity was classified as increased, decreased, or of unknown directionality.
Differential pathway activity was observed comparing HI to hypoxia or HI to naive hemispheres,
implicating specific metabolic alterations due to the combination of hypoxia and ischemia.
Dysregulation of arginine and carnitine metabolism, along with decreased taurine and N-acetyl
aspartic acid levels, in HI suggests increased risk for epileptiform activity, susceptibility to
excitotoxicity, loss of neuroprotective mechanisms, and impaired neurodevelopment.
Furthermore, decreased NAD+ signaling, increased cADP-ribose levels, and inhibited tRNA
charging observed in HI may correlate with axonal degeneration. Notably, dysregulation of
NAD+ metabolism establishes a link between affected pathways, including sirtuin signaling
crucial for axonal growth and dendritic arborization.Overall, these metabolic changes are
associated with mitochondrial dysfunction, energy depletion, oxidative stress, impaired
autoregulation and neuronal apoptosis. HIE induces metabolic injury leading to axonal
degeneration and neuronal death. Our findings highlight potential therapeutic targets to mitigate
HIE-induced metabolic dysregulation and prevent long-term neurodevelopmental deficits.
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Title: Germline mutation in ANKRD11 identified in a cohort of individuals with refractory
epilepsy and focal cortical dysplasia

Authors: *A. E. BERGLIND?!, M. GADE!, A. FREEMAN?, M. R. WINAWER?, M. HEGDE?,
C.R.CADWELL? E. L. HEINZEN?;

Univ. of North Carolina, Chapel Hill, Chapel Hill, NC; 2Columbia Univ., New York, NY;
3Univ. of California, San Francisco, San Francisco, CA

Abstract: Advances in sequencing technology and availability of resected tissue have allowed
for the study of the contribution of genetic variation in epilepsy disorders with various
underlying genetic etiologies and clinical manifestations, including focal cortical dysplasia
(FCD). Different subtypes of FCD may show disorganized or absent cortical lamination,
prominent radial architecture, blurring of the grey-white matter boundary, increased heterotopic
neurons in the subcortical white matter, dysmorphic neurons, and balloon cells. In this study, we
sequenced individuals with intractable focal epilepsy who have undergone brain resection,
including individuals with FCD, to identify pathogenic somatic and germline variants that may
contribute to disease risk on a subset of genetically unexplained cases. DNA isolated from
resected tissue was analyzed in a cohort of 278 patients with radiographically lesional and
nonlesional focal epilepsy, including hemimegalencephaly (n = 32), FCD type | and related
phenotypes (n = 126), FCD type 1l (n = 98), or FCD type Ill (n = 22). High depth exome
sequencing from a patient with FCD type | revealed a pathogenic germline mutation in
ANKDR11 ¢.2197C>T (p.R733X). The mutation R733X has been previously reported in
individuals with inborn genetic diseases and KBG syndrome. KBG syndrome is a rare autosomal
dominant genetic disorder for which loss-of-function is a known mechanism of disease,
characterized by short stature, distinctive craniofacial features, skeletal malformations,
developmental delay, seizures, and intellectual disabilities. Neuropathological review of resected
brain tissue from the R733X case revealed disorganization of neurons in the deep cortical layers.
Two additional ANKRD11 variants [c.4604A>G (p.K1535R) and ¢.4147G>T (p.G1383C)] of
unknown significance were identified in two additional cases with radiographically nonlesional
focal epilepsy (neuropathologic assessments pending). The ANKRD11 locus encodes an ankyrin
repeat-containing protein that inhibits ligand-dependent transactivation by recruiting histone
deacetylases to the coactivator/nuclear receptor complex. ANKRD11 has been shown previously
to regulate neuronal migration and positioning during cortical development in mice but this has
not been shown in human tissue as these patients rarely undergo brain resections. These results
support that ANKRD11 could potentially be a novel FCD gene. Additional functional studies are
required to evaluate the role of ANKRD11 on neuronal activity and development.
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Abstract: Maternal immune activation (MIA) has been associated with enhanced risk of
offspring developing neurodevelopmental disorders, such as autism spectrum disorder (ASD),
schizophrenia (SZ), and mood disorders. The precise molecular mechanisms connecting maternal
inflammation and altered human brain development in the offspring remain elusive, hindering
the development of therapeutic interventions. Several pro-inflammatory cytokines have been
identified as being significantly upregulated during immune activation, including interleukin-6
(IL-6). IL-6 is of particular interest in the context of MIA, as it has consistently been reported to
be elevated during the ensuing immune response, can cross the blood-brain barrier in the
developing fetus, and has been found to be elevated in the brains of individuals with autism.
However, the specific impact of increased IL-6 levels on human neural development has yet to
be uncovered. To study the cell-type specific effects of elevated IL-6 exposure, we have
established a novel human induced pluripotent stem cell (iPSC)-based organoid model
comprising excitatory and inhibitory neurons, macroglia, and microglia. We hypothesize that IL-
6 stimulation disrupts the fate of neural progenitors toward different types of macroglial cells
(i.e., astrocytes and oligodendrocytes) and neurons, particularly specific interneuron subclasses.
Furthermore, I1L-6 alters microglial functions, disturbing synaptic development and refinement
through their neurotrophic and pruning functions. We have validated the neural and glial cell
type composition of our organoid model, as well as their responsiveness to the cytokine IL-6
using a combination of immunohistochemistry and flow cytometry. Additionally, using this
model we have revealed a significant increase in the calretinin interneuron subpopulation
following elevated IL-6 exposure. Our work demonstrates the cytokine regulation of
neurodevelopment, and our model can support the study of additional cytokines associated with
physiological and pathological brain development.
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Abstract: Autism spectrum disorder (ASD) characterized by impairment in social
communication and interaction, and repetitive or restricted patterns of behaviors or interests has
typically been classified into syndromic and non-syndromic/idiopathic autism based on clinical
criteria and disease etiology. The idiopathic ASD (iASD) is marked by the presence of these
primary autistic features, however, the syndromic ASD involves presence of additional
complications or broader neurological syndrome(s). Due to super-complexities of phenotypic
heterogeneity and genetic architecture, 85% cases are of iIASD with unknown disease etiology
while only 10-15% are of syndromic ASD with known genetic etiology. Despite etiological
heterogeneity in iASD, studies in molecular profiling revealed consistent patterns of
transcriptomic dysregulation and enrichment of ASD risk genes in postmortem cortex of iASD.
The genetic risk factors for syndromic ASD, by definition, can be traced and assessed at genomic
levels, which could serve as strong candidates for study in iIASD. To facilitate the exploration of
transcriptomic signatures of ASD risk genes in the postmortem cerebral cortex of iIASD and
neurotypical controls, here we build up a publicly accessible database named ‘TARGAN’
(Transcriptomic Atlas of ASD Risk Genes in Non-syndromic Autism). Additionally, we
analyzed the transcriptomics of ASD risk genes in postmortem brain tissues of ASD and
neurotypical individuals as well as induced neuronal models of iIASD-N (iIASD with normal
brain size) and iIASD-DM (iASD with disproportionate megalencephaly). We show
transcriptomic dysregulations of the ASD risk genes across the cortex with greatest differences
found in primary visual and auditory cortex of iIASD and 15gDup syndrome, and incremental
transcriptomic perturbations are observed following disease severity in ASD. Co-expression
network analysis reveals downregulation of neuronal and synaptic genes and alterations in cell-
type-specific gene expression affecting inhibitory and excitatory neurons in the both ASD groups
including ASD-N and ASD-DM. Upregulated DE ASD risk genes enriches for astrocytes and
microglial cells of prefrontal cortex in the IASD. Enrichment analysis by expression of
transcription factors (TFs) ranks SOXS5 as a top enriched perturbed TF across the cortex of iIASD
and 15gDup syndrome as well as induced neuronal models of ASD-N and ASD-DM. Thus, our
findings collectively highlight how transcriptomic perturbations of ASD risk genes converge into
specific molecular pathologies across the cerebral cortex in iIASD with an invaluable resource
‘TARGAN’ to advance disease biology of iASD.



Disclosures: M. Mamun: None. J. Ramesh: None. S. Chen: None. A. Rajan: None. S.
Chetty: None.

Poster

PSTR261: Molecular Mechanisms of Neurodevelopmental Disorders

Location: MCP Hall A

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

Program #/Poster #: PSTR261.25/B17

Topic: A.07. Developmental Disorders

Support: T32HD108079

Title: Molecular regulation of intellectual disability genes in the developing cerebral cortex
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Abstract: Intellectual disability (ID) is a DSM-5 defined mental disorder affecting 2-3% of the
global population. It is characterized by defects in intellectual functioning and behavior which
arise during critical developmental periods. 1D has been linked to some environmental factors
but the predominant underlying causes are genetic in origin. It is estimated that up to 10% of
human genes may play a role in ID but a common feature has yet to be elucidated. Due to the
role of the cerebral cortex in higher order information processing, it is likely the genetic origins
of ID arise during cortical development. Interestingly, a large portion of 1D genes are regulated
by Satb2, which serves as a master regulator of cortical cell fate specification. Additionally,
Satb2 haploinsufficiency results in a neurodevelopmental disorder called SATB2-Associated
Syndrome which is characterized by developmental delay, severe intellectual deficiency, limited
or absent speech, behavioral problems, and craniofacial abnormalities. Therefore, it is likely
Satb2 plays a large role in ID gene regulation. Understanding the molecular mechanisms of
Satb2 is critical for elucidating a common genetic origin of ID. We use Sath2 deficient mice as a
model for ID to investigate the molecular mechanisms underlying chromatin structure, and gene
expression, and how changes result in defective cortical architecture, excitatory neuronal
projections, and electrophysiology. These findings suggest a larger role for Satb2 than initially
thought and provide the foundation for further study in genetic factors of ID.
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Title: Behavioral Phenotyping and Transcriptomic Insights into Astrocytic RBM8A
Haploinsufficiency in Neurodevelopmental Disorders
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Abstract: Neurodevelopmental disorders pose significant challenges to central nervous system
(CNS) function and motor skills, encompassing a spectrum of conditions with diverse etiologies.
Among the molecular players implicated in these disorders, RNA Binding Motif Protein 8a
(RBMB8A) has emerged as a crucial regulator of gene expression. RBMB8A orchestrates various
post-transcriptional processes, including mRNA splicing, translation, and degradation, exerting
profound effects on neurodevelopmental pathways. Astrocytes, a predominant glial cell type in
the CNS, play critical roles in supporting neuronal function and regulating brain homeostasis.
Despite their importance, the specific contributions of astrocytic RBMB8A to neurodevelopment
and behavior remain poorly understood. To address this gap, we generated a conditional
heterozygous knockout (cKO) mouse model targeting Rbm8a, specifically in astrocytes.
Molecular analyses confirmed decreased RBM8A expression in astrocytes of cKO mice,
utilizing multiple techniques, including RT-PCR, Sanger sequencing, qRT-PCR,
immunohistochemistry, and Western blot. Behavioral assessments encompassing a range of
locomotor and anxiety-related paradigms were conducted to characterize the phenotypic
consequences of astrocytic RBMB8A haploinsufficiency. The locomotor activity of the mice was
assessed using open-field tests, revealing hyperactive behaviors in both male and female cKO
mice compared to controls. Furthermore, sex-specific changes in anxiety-related behaviors were
observed, with cKO mice displaying alterations in anxiety levels in the elevated plus maze test
relative to controls. Interestingly, other behavioral tests did not reveal significant differences in
obsessive, repetitive, or depressive behaviors between experimental and control groups.
Furthermore, to elucidate the molecular mechanisms underlying RBM8A's function in
astrocytes, we employed RNA Immunoprecipitation Sequencing (RIP-Seq) on adult WT C57/B6
mouse brains, revealing1370 RBM8A-bound genes, identified through stringent criteria (fold
change > 5, Q value < 0.05). Integration of behavioral phenotyping with molecular and cellular
analyses offers insights into the role of RBMB8A in astrocytes during neurodevelopment.
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Title: Caught Red Handed: A methodological advancement of two-photon imaging to quantify
macrophage behavior in mouse embryos with IVH
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Abstract: A leading cause of morbidity in premature infants, post-hemorrhagic hydrocephalus
(PHH) is a condition in which accumulation of cerebrospinal fluid (CSF) has been triggered by
rupturing of capillaries in the germinal matrix that releases blood into the lateral ventricle.
Permanent neurological deficits are caused not only by compression of brain tissue but also by
red blood cell (RBC) products that may linger in the developing ventricles for days to weeks.
Our histological examinations of embryonic mice 24 hours following intraventricular blood
injections suggest that macrophages are likely to influence the severity of PHH by scavenging
RBCs. This project’s goal is to introduce a novel imaging methodology to visualize the behavior
of Kolmer cells, macrophages that line the ventricles and the surface of the choroid plexus (ChP)
in our established model of PHH in mice. Our preliminary data have confirmed that we can
reliably dissect the cerebral cortex with minimal blood loss to visualize the choroid plexus and
the associated macrophages at E15.5, and that embryos remain viable for at least one hour. We
will use real time two-photon recordings to quantify changes to the morphology, mobility, and
motility of choroid plexus macrophages in saline and RBC injected embryos. By analyzing the
difference in macrophage activity in the absence and presence of RBCs we will be able to
elucidate the contribution of macrophages to the pathophysiology of PHH in a mouse model
analogous to the human condition. We expect to find evidence for scavenging RBCs, suggesting
a novel treatment target.
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Abstract: Maternal stress and related psychiatric disorders during pregnancy are associated with
an elevated risk of psychopathology in the offspring. Utilizing a mouse model of maternal
restraint stress, we have previously shown that prenatal stress causes deficits in social behavior
and anxiety-like behavior in the offspring, which are partly mediated through immune
disruptions in the fetus. However, the specific disruptions in the fetal brain induced by prenatal
stress, as well as the underlying transmission mechanisms from the mother, remain unclear.
Given that the placenta plays a critical role in shielding the fetus from perturbations in the
maternal environment, its dysfunction likely has a significant role in facilitating stress-induced
developmental changes. To investigate these effects, eleven-week-old pregnant C57BL/6 mice
underwent daily restraint stress for two hours from gestational day (GD) 10.5 to GD16.5 or were
left undisturbed (n = 3/group). One male and one female fetal brain per dam were collected
immediately after the final stress exposure on GD16.5 for single cell RNA-sequencing
(scRNAseq). Additionally, we collected fetal brains and placentas (n = 3 dams/group; 1 female
and 1 male included from each dam) on GD17.5 for scRNAseq analysis to evaluate sustained
transcriptional changes after stress exposure. Our findings indicate that prenatal stress
significantly reduces the proportion of maternal macrophages relative to fetal macrophage
populations in the placenta (p < 0.05). Gene set enrichment analysis of each cell cluster shows a
significant decrease in interferon signaling across several immune cell types (padj < 0.05).
Further, this analysis in both placental and fetal brain cells exhibited reduced oxidative
phosphorylation in most neural and placental cell populations (padj < 0.05), suggesting perturbed
energy utilization by the fetus. The transcriptomic profile of fetal brains shows an immediate
stress response on GD16.5, which transitions to lasting changes by GD17.5 across multiple
neural cell types. This study suggests that prenatal stress causes a transient response to stress
with disruptions in interferon signaling and oxidative phosphorylation continuing after stress
exposure, which may indicate these pathways as potential targets for mitigating adverse effects
on fetal brain development and subsequent behavioral outcomes.
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Abstract: Aberration in neuronal differentiation has emerged as a major convergence point for
neurodevelopmental disorders (NDDs). Neuronal differentiation is regulated in part by lysine
methylation on histone and non-histone proteins; in fact, our quantitative mass spectrometry
(TMT LC-MS/MS) analysis reveals lysine methylation events on non-histone proteins across
distinct stages of neuronal differentiation. Moreover, lysine methyltransferases (KMTSs) and
demethylases (KDMs) are critical for proper brain development, though the mechanisms are not
defined. Dysregulation of KMTs/KDMs has critical developmental and cellular consequences,
and ~30% of these enzymes are associated with NDDs. The KMT ASHI1L is associated with
NDDs in human patients and mouse models, and haploinsufficiency of ASH1L results in
developmental and differentiation defects. Studies have shown that ASH1L regulates neuronal
differentiation, arborization, and synaptic pruning; however, mechanistic understanding of how
ASHI1L regulates these processes is not known. While a role for ASH1L KMT activity has been
proposed, it has not been directly tested, and there are conflicting reports in the literature on the
physiologically relevant substrates of ASH1L.

To address this gap in knowledge, we characterized differentiation of Lund human
mesencephalic (LUHMES) neural progenitor cells (isolated from the mesencephalon of an 8-
week old female; immortalized via v-myc overexpression) into dopaminergic-like neurons while
inhibiting ASH1L KMT activity with a small molecule compound, AS-99. Disruption of ASH1L
KMT activity resulted in a decrease in neurite branching, supporting a direct role for ASH1L
KMT activity in the regulation of neuronal differentiation. To gain mechanistic insight into
ASHL1L regulation of differentiation, we have performed an exhaustive biochemical
characterization of ASH1L methyltransferase activity using in vitro peptide arrays, revealing its
substrate selectivity. From this selectivity profile, we have identified putative non-histone
substrates of ASH1L, and future work will be geared towards delineating ASH1L substrates and
determining the consequences of histone and/or non-histone substrate methylation on neuronal
differentiation progression.
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Title: Na+/k+ atpase shapes neurophysiology in the developing neocortex
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Abstract: During prenatal brain development, maintenance of sodium and potassium currents in
neurons begins prenatally through expression of the Na+/K+ ATPase a-3 subunit (ATP1A3).
Modern gene discovery approaches have identified ATP1A3 mutations resulting in human
disease phenotypes spanning various stages of childhood development, including malformations
of cortical development (MCDs); rapid-onset dystonia-parkinsonism; alternating hemiplegia of
childhood (AHC); and childhood onset schizophrenia, among others. MCDs are the earliest
presenting ATP1A3 neurological disease and reflect abnormalities generated during the mid-
gestational stages of cortical development, a period with several overlapping developmental
processes such as neural proliferation, migration, and differentiation. Interestingly, in children
with ATP1A3 variants associated with postnatal disorders without MCDs (i.e. AHC), a-3
dysfunction also exists prenatally. To explore a-3’s role in brain development, our study
employed patch clamp and calcium imaging methods to investigate the influence of modulating
Na+/K+ ATPase on the resting membrane potential (Vm) and neuronal activity patterns during
normal cortical development. Our in vitro findings reveal that ATP1A3 function underlies both
simple and complex neurophysiological patterns in the prenatal brain and provides a potential
physiological basis for the broad spectrum of neurodevelopmental diseases associated with
varying degrees of pump dysfunction and Vm regulation.
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Abstract: lon channels rapidly transport small inorganic ions along their electrochemical
gradients. For most ion channels, charged residues within the ion translocation pathway
determine the rate and selectivity of ion transport. By contrast, we find that a conserved
intramembrane salt bridge and an adjacent lipid interacting residue set the unitary current
amplitude of the homomeric a7 nicotinic receptor. Combining single channel electrophysiology
and mutagenesis we find that disrupting either structure individually has little effect on the
current amplitude, but that disrupting both structures markedly reduces the current amplitude. By
combining wild type and double-mutant subunits, we find that each double-mutant subunit
contributes equally to the decrease in current amplitude. Moreover, to assess effects on pore
diameter, studies of monovalent cations of varying size reveal marked changes in the rank order
of ionic permeability in receptors with double-mutant subunits. The results reveal a system of
interdependent salt bridges and contacts with the lipid membrane that establishes a pore diameter
appropriate for physiologically permeant cations.
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Abstract: The a4p2 nicotinic acetylcholine receptors play important role in higher cognitive
functions such as learning and memory and are implicated in many neuropsychiatric diseases and



nicotine addiction. The pathophysiological importance of these brain receptors has encouraged
efforts to develop pharmacophores that selectively potentiate a42 nAChRs (positive allosteric
modulators, PAMs). A chemically synthesized carbamate (CO9M; (R)-1-(3,5-diisopropyl-1H-
pyrazol-1-yl)-3-methylbutan-2-yl 4-ethoxyphenylcarbamate; Bioorg Med Chem Lett. 2008 Oct
15;18(20):5643-7) has been identified as a PAM that preferentially potentiates the a4f32
nAChRs, showing promising pharmacological effects on both (04)2(B2)3 and (04)3(B2)2 nAChR
isoforms. This kindled our efforts to identify its binding site in the a4p2 nAChRs using
mutational analyses coupled with in vitro electrophysiological recordings from Xenopus laevis
oocytes. So far, the effects of amino acid substitutions at 19 positions within the a4 subunit were
tested. Point mutation 04C254S, 04S258M, a4C259F, or 041291V almost completely inhibited
C9M potentiation. These results predict COM binding site within the transmembrane domain in
close proximity to the o4 subunit M1 helix. The effect of additional amino acid substitutions on
C9M potentiation are currently being used to precisely determine the mode of C9M binding and
its interactions with nearby amino acid residues. This information will aid in the development of
ligands with higher affinity and selectivity for the a4p2 nAChRs.
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Abstract: The (04)3(B2)2 nicotinic acetylcholine receptor (nAChR) is the major heteromeric
NACHR isoform expressed in the cortex that is believed to play a role in memory, cognition, and
neuronal survival during aging. As such, selective potentiators of the (0a4)3(2)2 nAChR have
potential therapeutic benefits in conditions associated with decline in the output of NAChR in the
brain. In previous work, we have studied the pharmacology of the allosteric agonist CMPI (3-(2-



chlorophenyl)-5-(5-methyl-1-(piperidin-4-yl)-1H-pyrazol-4-yl) isoxazole) at the (04)3(B2)2
nAChR and identified its binding site at the a4:04 subunit extracellular interface. As part of our
ongoing efforts to define structural features that confer CMPI binding selectivity at the 04:04
interface, we synthesized and characterized the in vitro pharmacology of a series of CMPI
analogs using whole-cell current recording from Xenopus laevis oocytes expressing (a4)3(2)2
nAChR. Of the analogs synthesized so far, all have maintained selectivity for (04)3(p2)2 over
(04)2(B2)4 nAChR. They did not potentiate (a4)2(B2)3 nAChR when co-applied with either 1
MM or 10 pM ACh, while analogs such as A12a, Al2c, and Al2e potentiated current induced by
10 uM ACh at the (a4)3(p2)2 nAChR with a fold potentiation greater than 4 at 1 uM.
Additionally, we found that amino acid substitutions in the a4 subunit extracellular domain that
decrease CMPI potentiation (e.g., G67M, E90I, Q150F) also abolish/reduce Al2a and Al2e
potentiation of (a4)3(B2)2 nAChR. These results establish that the binding pocket of A12a and
Al2e is located at the 04:04 extracellular interface of (0¢4)3(B2)2 nAChR. Furthermore, we found
that substitutions at the pyrazole ring of CMPI (e.g., to a thiazole in Al12a or imidazole in Al2c
and A12e) are tolerated within the a4:04 binding pocket and maintain selectivity for (a4)3(p2)2
over (04)2(B2)3 nAChR. Finally, we assessed the toxicology of the three derivatives in vivo
(Danio rerio) and in vitro demonstrating that they are well tolerated. These results indicate that
the CMPI binding pocket can accommodate ligand structural changes, allowing for the
development of ligands that bind with higher affinity and selectivity at this positive allosteric
modulator site. Ongoing experiments aim to characterize the pharmacology, application, and
determine the concentration dependent effects of additional CMPI analogs.
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Abstract: The decline in cigarette smoking from 20.9% to 11.5% between 2005 and 2021
reflects a positive public health trend. However, there is an alarming surge in e-cigarette and
nicotine pouch use among youth, with a 1,733% increase among high school students from 2011
to 2019. Nicotine, a highly addictive substance, is associated with increased risks of



cardiovascular, respiratory, and gastrointestinal disorders. Research into nicotine cessation is
crucial for addressing the potential future health crises related to morbidity and mortality.
Nicotine dependence can affect nearly anyone, but certain individuals struggle more with
cessation, possibly due to upregulation of nicotinic acetylcholine receptors (NAChRS) in the
brain stem and pre-frontal cortex (PFC). Exploring the genetic factors, particularly the CHRNA4
and CHRNB2 genes, could provide insights into nicotine use that is resistant to cessation.
Utilizing resources like the Allen Brain Cell Atlas, we co-localized these genes to the brain stem
and PFC. Further, a review of the literature and analysis of single-nucleotide polymorphisms
(SNPs), behavioral survey, and electronic health record (EHR) data from the All of Us research
study suggests that specific SNPs, such as rs2236196, may influence treatment-resistant nicotine
dependence, while the SNPs rs1044396 and rs1044397 appear to be particularly responsive to
Varenicline (Chantix) therapy. Additionally, the rs2072661 SNP appears consistently across all
cohorts, which suggests it may play a role in nicotine dependence in general. While our findings
are preliminary, they underscore the need for more comprehensive research on the genetic and
epigenetic factors contributing to challenges in nicotine cessation.
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Abstract: Smoking, maintained by nicotine-seeking behaviors, is the leading cause of
preventable death worldwide. In the brain, nicotine acts on nicotinic acetylcholine receptors
(nAChR). The a3p4-nAChR subtype mediates aspects of nicotine withdrawal by modulating
activity of GABAergic neurons of the interpeduncular nucleus. The prototoxin lynx1 is also
highly expressed in these neurons, and lynx1 allosterically diminishes a3p4-nAChR response
(differentially depending on receptor subunit ratio). In order to determine the interactions
through which lynx1 exerts its effects, molecular dynamics simulations were used to identify



residues of 034 where lynx1 may interact. Two-electrode voltage clamp electrophysiology
(TEVC) experiments were used to assess the effects of mutating the putative lynx1 allosteric
binding site (at the a3/a3 subunit interface) on macroscopic receptor function. These mutations
were expected to decrease receptor sensitivity to lynx1 effects and several did, confirming that
lynx1 effects are mediated by this site. However, in some cases we observed increased sensitivity
instead, and mutations resulted in diminished ACh-induced function in the absence of lynx1,;
combined, these observations may indicate competition between lynx1 and ACh at the a3/a3
site. To understand how these mutations alter function of individual receptors, we used cell-
attached single-channel patch clamp electrophysiology to compare the properties of selected
mutants to wild-type (WT) receptors. Lynx1 effects on the WT receptor include decreased
single-channel conductance, shorter open bursts, and increased closed dwell times. Accordingly,
mutants with diminished macroscopic function are expected to demonstrate less frequent and/or
shorter bursting activity, decreased single-channel conductance, or longer closed times for their
baseline function (in the absence of lynx1), contributing to their observed decrease in
macroscopic function. With both our mutations and lynx1 diminishing receptor activity, possibly
through related alterations in single-channel properties, addition of lynx1 to the mutated
receptors is expected to further decrease measures of single-channel activity. The results of these
experiments will help to elucidate the mechanisms by which the mutations and lynx1 interact to
alter receptor function and lynx1 sensitivity at the a.3/a3 subunit interface.
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Abstract: Dopamine release from terminal axons of dopaminergic neurons in the striatum is
crucial for movement, motivation, and proper function of the basal ganglia network. Dopamine
transmission is characteristically signaled through alternating tonic and burst modes, as well as



transient reductions below baseline tonic levels that follows a transient increase (burst-pause).
These fluctuations in dopamine release are regulated by both somatodendritic and axonal
mechanisms. While much is known about the mechanisms in the somatodendritic region
regulating release, much less is understood about mechanisms intrinsic to the axon. The nicotinic
acetylcholine receptor (hnAChR) can excite dopaminergic axons, sometimes to the point at which
they fire an action potential in the axon to elicit dopamine release. Interestingly, nicotinic
signaling has also been implicated in a frequency-dependent inhibition of dopamine release at
action potential burst frequencies over ~25 Hz. Nicotinic receptors have therefore been
hypothesized to act as a molecular “low-pass filter”. Here we used calcium imaging and direct
recordings of axonal voltage to examine that hypothesis. We find that, contrary to its role as a
low-pass filter, acetylcholine activation of axonal nicotinic receptors can induce a high frequency
burst of action potentials (over 100 Hz). This high frequency burst also puts dopaminergic axons
into a brief refractory period that limits axonal excitability. In addition to firing action potentials,
nAChRs also mediate a subthreshold depolarization in the axon. To test the effect of this
subthreshold depolarization on excitability in isolation we locally pressure ejected ACh while
recording axonal voltage. Simultaneously we injected current into the axon to produce an
input/output curve in the presence and absence of nAChR activation. We find that the
subthreshold depolarization has a minimal effect on excitability, slightly increasing the chance of
firing an action potential. We therefore report a novel burst-pause mechanism of dopamine
release that is intrinsic to the axonal compartment, and we confirm that subthreshold axonal
nicotinic EPSPs are excitatory.
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Abstract: Hippocampal interneurons are a sparse, but very diverse population of cells. These
GABAergic interneurons may be few in number, but they play an important role in regulating the



synchronous firing of the much more numerous hippocampal pyramidal neurons. Using single-
cell quantitative PCR to analyze 93 individual rat CA1 hippocampal interneurons, we quantified
neuronal nicotinic acetylcholine receptor (NnAChR) mRNA subunit expression and detailed
possible nAChR subtype combinations for the a2, a3, a4, aS, a7, B2, B3, and B4 subunits. We
show that the majority of interneurons in the CAL of the rat hippocampus contain detectable
levels of nNAChR subunit mRNA. Our results highlight the complexity of the CA1 nAChR
population. Interestingly, the a3 nAChR subunit is one of the highest expressed subunit mRNAs
in this population, while the a4 is one of the least likely subunit mRNAs to be detected in CAl
interneurons. The B2 nAChR subunit is the highest expressed beta subunit mRNA in these cells.
Statistical analysis indicates that there are likely over 100 different NAChR subunit mMRNA
combinations expressed in rat CAL interneurons. These results provide a valid avenue for
identifying nAChR subtypes that may be effective hippocampus-specific pharmacological
targets.
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Abstract: This study investigated the functional effects of the Ascorbic acid analog, 3-O-Ethyl
L-Ascorbic Acid (EA) on nicotinic acetylcholine receptors (hnAChRs). L-Ascorbic acid has been
identified as a positive allosteric modulator (PAM) on a9/a10 nAChRs (Boffi JC et al., 2013).
This is of interest due to the potential for PAMSs of this receptor in the treatment of hidden and
age related hearing loss. In order to better understand the molecular interactions of ascorbate, we
have initiated SAR studies of ascorbic acid potentiation. During this study, we evaluated one
commercially available analog, 3-O-Ethyl L-Ascorbic Acid as a potential a9/a10 nAChR PAM.
Using two electrode voltage clamp and nAChRs expressed in Xenopus laevis oocytes we



evaluated the effects of EA on a9/al0, o7, and a4/(;2 nAChRs. EA was found to selectively
potentiate a9/a10 nicotinic receptors stimulated by acetylcholine in a concentration-dependent
manner (EC50 = 0.18 pM, Almax (acetylcholine) at IuM EA =236%). This potency is over
1600X greater than L-Ascorbic acid (EC50 =>300 uM). EA thus emerges as a novel candidate
for development of a9/a10 PAMS. Further research into EA's mechanisms, pharmacokinetics,
and clinical efficacy is necessary to fully uncover its potential. We are also currently evaluating
EA for its antioxidant properties and its interaction with ascorbate transporters.
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Abstract: Synaptic diversity which arose during evolution of the central nervous system (CNS)
has led to different synapse types utilizing both shared and distinct proteins at their respective
postsynaptic compartments. Here, we have employed proximity labeling in the Drosophila CNS
to probe the local protein network at cholinergic postsynaptic sites containing the nicotinic
acetylcholine receptor (nAchR) subunits Dal and Da6. Our results support the existence of a
context-independent “core” proteome as well as a large suite of proteins which are preferentially
or exclusively enriched in either the larval or adult stage. We also demonstrate that the proteome
remains mostly intact in nAchR mutants, via subunit compensation, whereas mutants of the
RhoGEF Sif lack this compensation and possess a highly disrupted nAchR interactome.
Together, these findings support a unique molecular identity for the central cholinergic synapse
and will inform future analyses regarding synaptic evolution and organization.
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Abstract: The a5 subunit of nicotinic acetylcholine receptors (nAChRs) plays a key role in
cholinergic signaling relevant to executive function, mood regulation, and addictive behaviour.
Previous studies underscore its impact in maintaining a rapid and desensitization-resistant
cholinergic response in the cortex. The expression of the a5 gene, Chrna5, is strongest in the
interpeduncular nucleus, but its local contributions to endogenous cholinergic signalling are not
well understood. The interpeduncular nucleus contains GABAergic neurons that innervate
targets in the serotonergic raphe and the cholinergic lateral dorsal tegmental nucleus. A key
excitatory input to the interpeduncular nucleus is from the medial habenula via combined
cholinergic and glutamatergic co-transmission. The interplay between these co-transmitters and
the role of a5 nicotinic receptors are not well understood. While exogenous acetylcholine and
nicotinic agonists directly depolarize interpeduncular neurons in a Chrna5 dependent manner, the
electrophysiological impact of endogenously activated nicotinic receptors is less straightforward.
Here, we utilize electrical and optophysiological methods to probe interpeduncular cholinergic
modulation and to assess the impact of specific cholinergic manipulations (e.g. nicotinic
allosteric potentiation and acetylcholinesterase inhibition). These manipulations in brain slices
from compound transgenic wild-type and Chrna5 knockout mice are an important next step to
clarify the impact of endogenous nicotinic signalling in the interpeduncular nucleus and its
dependence on Chrnab.
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Abstract: Neurological conditions, like nicotine use disorder (NUD), are associated with
disruptions in brain cholinergic tone, partly due to dysregulation of a4p2 nicotinic acetylcholine
receptors (nAChRs). The predominant a4f32 nAChR subtype occurs in two isoforms with high
and low sensitivity to agonists (HS and LS, respectively). Nicotine upregulates 0432 nAChRs
and enhances plasma membrane expression of the HS-isoform, contributing to overexcitation of
brain reward pathways. Developing an efficacious NUD therapy may depend on reducing over
activation of these a4p2nAChRs-expressing reward pathways. Visinin-like protein-1 (VILIP-1)
is an endogenous calcium sensor that modulates 042 nAChR expression by interacting with the
adsubunit. We hypothesize VILIP-1 modulates a4B2 nAChR function and isoform expression.
Xenopus laevis oocytes were injected with concatenated (linked) a4 and 2 subunits to
independently express either 042 nAChR isoform. Functional interaction of VILIP-1 was
assessed using two-electrode voltage clamp electrophysiology. Acetylcholine (ACh) potency was
measured by generating concentration-response curves, and receptor function was measured
using the maximum receptor response. Our results show VILIP-1 does not affect HS or LS
isoform ACh potency. However, VILIP-1 significantly attenuates LS isoform function, while
having minimal effects on the HS isoform. VILIP-1 did not alter a7 nAChR ACh-driven function
or potency, suggesting VILIP-1 is selective for the LS 042 nAChR isoform. As VILIP-1
enhances plasma membrane expression of a4p2 nAChRs, it may also modulate expressed o432
nAChR isoforms. Using individual a4 and B2 subunits to generate mixed populations of
isoformexpression, and the o4(+)/B2(-) interface selective agonist Sazetidine-A, we evaluated the
impact of VILIP-1 on 0432 nAChR proportional isoform expression. Six days post c-RNA
injection, oocytes exhibited approximately 20% HS-isoform expression. Interestingly, VILIP-1
was able to restore LS-isoform proportional expression. These results suggest VILIP-1 functional
modulation may occur at the a4/a4 interface which is unique to the LS-isoform. Mutating the
VILIP-1 myristoylation site (VILIP-1(G2A)) had minimal effect on either isoform, suggesting
myristoylation may not be needed to drive functional modulation. In a live cell culture model
using neuronal-like mammalian N2a cells, groups containing VILIP-1 enhanced o4 subunit
expression at the plasma membrane. Our findings advance the understanding of intrinsic control
mechanisms regulating nAChR function and expression and may contribute to the advancement
of nicotine use cessation therapies.
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Abstract: This project investigates the hypothesis that part of the neurotrophic effect of Herpes
virusl (HSV1) may be linked to an interaction of herpes virus 1 glycoprotein D (HSV1 gD) with
nicotinic acetylcholine receptors (hnAChRs). nAChRs are ligand-gated ion channel receptors with
important roles in both the central and peripheral nervous systems. Rabies virus and SARS-CoV-
2 have been shown to interact with nAChRs, potentially through similarities in structure to the
LY®6 family of proteins, a similarity shared with alpha bungarotoxin (a;-Bgtx). HSV1 is another
endemic neurotropic virus that has been linked to neurological diseases including encephalitis,
and Alzheimer’s disease. An In-silico structural homology search using the known o7 receptor
antagonist, a;-Bgtx identified structural homology between HSV1 gD and a;-Bgtx, a homology
shared with LY6 proteins. We used a combination of binding and functional assays to investigate
the ability of HSV1gD to interact with nicotinic receptors and to determine if the homologous
loop region is involved in this interaction. Surface Plasmon Resonance (SPR )studies showed a
clear interaction between the HSV1 gD ectodomain and the acetylcholine binding protein from
Lymnaea stagnalis (L- AChBP) in a 1:1 binding model (Kd = 2.12 x 10 M). A smaller fragment
of the HSV1 gD ectodomain containing the homologous loop region (92AA) also showed an
interaction with the L-AChBP with a similar affinity (Kd = 1.07 x 10-7 M). A synthetic peptide
containing the a-Bgtx homologous loop region of HSV1 gD (24AA) also showed an interaction,
albeit with lower affinity (Kd = 4.32 x 10-4 M). Two electrode voltage clamp studies of NAChRs
expressed in Xenopus laevis oocytes were used to determine the functional effects of binding.
The whole ectodomain of HSV1 gD inhibited agonist induced currents at sub micromolar
concentrations (Ki = 0.243 uM), the 92AA fragment containing the homologous loop inhibited
responses at slightly lower potency (Ki = 2.05 uM), and the short 24AA peptide containing this
loop inhibited with even lower potency (Ki = 86.2 uM). These data support the hypothesis that



the neurotoxin-like loop region of HSV1 gD is capable of interacting with a7 nAChRs.
Molecular docking studies of the HSV1 gD ectodomain suggest a putative binding site for HSV1
gD near the critical C and F loops of the nAChR at a location similar to a;-Bgtx. These findings
may help to understand the mechanism of action of HSV1 on the nAChRs and explore how
HSV1 plays a role in Alzheimer’s disease. Potentially similar actions of HSV1 and SARS-Cov2
may help explain the possible synergistic effects of these two viruses in the CNS.
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Abstract: Aging is the largest risk factor for the development and progression of
neurodegenerative diseases, with cellular senescence being known as a hallmark of aging.
Astrocytes have also been identified as contributors to neuroinflammation and neurodegenerative
diseases through cellular senescence. However, acquiring human senescent astrocytes is
challenging, leading to restrictions in investigating their role in neurodegenerative diseases. The
invention of iPSCs has simplified the process of obtaining human brain cells, yet obstacles arise
concerning aging as iPSCs undergo reprogramming, which rejuvenates the cells. In our study, we
have successfully established iPSC-derived senescent astrocytes and evaluated the impact on
neuroinflammation and neurodegenerative diseases. The iPSC-derived senescent astrocytes
showed elevated expression of senescent markers, including p16, YH2AX, and SA-B-Gal.
Furthermore, we established a tri-culture system of neurons/astrocytes/microglia, utilizing the
senescent astrocytes, and evaluated the morphology of microglia. Notably, microglia on the
senescent astrocytes showed reduced processes, suggesting a shift towards an inflammatory
state. We subsequently evaluated the involvement of the senescence astrocytes in
neurodegenerative diseases. It has been reported that neurotoxic Al astrocytes are increased in
neurodegenerative diseases. Hence, we compared the sensitivity of the senescent astrocytes and
normal astrocytes to stimuli known to induce neurotoxic astrocytes, observing distinct
differences between the two groups. Additionally, we are currently evaluating the impact of the
senescent astrocytes on neuronal function by calcium imaging. In this study, we have



successfully generated the human iPSC-derived astrocytes expressing senescent markers.
Furthermore, we observed that the senescent astrocytes made the environment tend towards an
inflammatory state and they were more prone to transition into a neurotoxic state. Our senescent
astrocytes will be useful for studying the mechanism of age-related neurodegenerative diseases
and neuroinflammation.
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Abstract: To fully understand how information is processed in complex cell circuits, we need
techniques able to specifically target and control the activity of the elements involved, including
astrocytes. Currently available tools like optogenetics and chemogenetics affect the entire
astrocytic population, making it difficult to target specific subsets. This lack of specificity
hinders our understanding of the role of astrocytes in behavior.

We present a tool to translate the activity-mediated calcium signals of astrocytes into gene
expression in a light-dependent manner, i.e. AstroLight. Using AstroLight in parallel with
electrophysiology, pharmacology, fiber photometry and behavioral techniques, we demonstrate
mice astrocytic involvement in motivated behaviors of the Nucleus Accumbens (NAc). First, we
designed AstroLight vectors, validating their expression after viral infection. Then, using fiber
photometry we monitored in vivo the astrocyte calcium dynamics in the NAc, demonstrating
their involvement during a goal-directed behavioral task. Afterward, we used AstroLight to
express channelrhodopsin (ChR2) in the active astrocytes related to reward consumption or
exploratory behaviors. Three-dimensional quantification of the ChR2/AstroLight ratio across the
NAc revealed astrocytic ensembles related to these different behavioral features. Finally, we
modulated those ensembles through optogenetic stimulation, showing that activating the



astrocyte ensemble related to a specific reward recalls the direction of behavior towards that
precise option.

Our results show AstroLight as a powerful tool to study astrocyte-neuron interaction’s function
with precise spatial and temporal control and reveal that astrocytic ensembles can impact
neuronal activity and shape behavioral responses positioning them as relevant component of the
circuit.
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Title: NPAS3 regulates astrocyte bioenergetics: implication for cognitive dysfunction
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Abstract: Abnormal astrocyte bioenergetics has been implicated in cognitive impairment.
Despite its name, the basic helix-loop-helix transcription factor neuronal PAS3 (NPAS3) is
highly expressed in astrocytes, but its functions in astrocytes are still not well understood,
including transcriptional regulation of metabolic pathways. Here, we assessed the contribution of
NPASS3 to the astrocyte energy metabolism, neuronal functions, and behavior. Our unbiased
transcriptional analysis identified NPAS3-dependent regulation of expression of Slc25a18 that
encodes glutamate carrier 2 (GC2) to transport glutamate over the mitochondrial inner membrane
for oxidation in the Krebs cycle. Constitutive knockout of Npas3 gene decreased RNA and
protein levels of GC2 and was associated with reduced oxidative phosphorylation and decreased
levels of lactate production and release in primary astrocytes. Over-expression of Slc25a18 in the
Npas3-deficient primary astrocytes restored the decreased lactate level. Astrocyte-specific
knockout of the Npas3 gene in the brain showed the same decrease in GC2 expression and



oxidative phosphorylation in astrocytes directly isolated from the brain as well as reduced lactate
levels in brain tissues and cerebrospinal fluid. Astrocyte-restricted knockout of Npas3 decreased
neuronal excitability and reduced dendritic spine density of cortical pyramidal neurons as
assessed in ex vivo. Both conditional transgenic and viral knockout of Npas3 in frontal cortical
astrocytes of adult mice produced impaired trace fear conditioning without altering their
locomotor activity in open field or anxiety in elevated plus maze test. Single intraperitoneal
injection of L- but not D-lactate (1mg/kg) rescued deficient trace fear conditioning. Our findings
provide mechanistic insights in the regulation of astrocyte bioenergetics by NPAS3 to contribute
to neuronal function and cognition.
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Abstract: Astrocytes, which are the most abundant glial cells in the central nervous system, have
rapidly emerged as critical regulators of neuronal function during health and disease. The ability
of astrocytes to govern neuronal function via their secretome, neurotransmitter re-uptake,
calcium signals, and the release of ATP as well as cytokines is now well established.
Importantly, these processes are highly dependent on brain region-specific morphological
relationships between astrocytes and neurons. In this regard, our lab has previously shown that in
the mouse substantia nigra pars compacta (SNc), S100B labeled astrocytic processes completely
envelope the somata of tyrosine hydroxylase (TH) expressing dopaminergic (DA) neurons. In
this study, we sought to assess if this unique morphological relationship between astrocytic
processes and DA somata in the SNc changes in a circadian and sex-dependent fashion. Three to
four-month-old male and female C57BL/6 mice, exposed to a 12:12 h light-dark cycle, were
transcardially perfused at 9 AM (subjective day and “inactive period”) and 9 PM (subjective
night and “active period”), and midbrain sections were obtained and stained with TH and S100B.



We discovered that when compared to the 9 AM timepoint, at 9 PM, wrapping of S100B-
containing astrocytic processes around SNc DA somata was significantly decreased by ~50 %
only in male and not in female mice. This corresponded with a similar time-dependent decrease
in S100B astrocytic process density across entire fields of view only in male mice. Surprisingly,
at 9 PM, female, but not male mice demonstrated a significant ~30 % decrease in the intensity of
S100B containing astrocytic processes across entire fields of view, as well as on SNc DA neuron
somata. To elucidate the molecular mechanisms underlying these circadian-dependent structural
changes in astrocytes, we focused on the 5-hydroxytryptamine (5-HT)-6 Receptors (5-HT6RS)
based on data from the Astrocyte RNASeq Explorer database that show high expression of 5-
HT6Rs in striatal astrocytes. We found a ~ 50% higher number of 5-HT6Rs in astrocytes from
male mice at 9 PM compared to 9 AM. In mouse primary midbrain neuron-astrocyte co-cultures
expressing 5-HT6Rs, serotonin administration changed actin dynamics in vitro, which could be
inhibited by pre-treatment with the selective 5-HT6R antagonist SB399885. Taken together, our
results have important implications for understanding the role of circadian rhythms and sex-
differences during the pathogenesis of Parkinson’s disease.
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Abstract: Motor learning is the process of acquiring and adapting to novel motor skills through
repetitive practice. While previous studies on the mechanisms of motor learning mostly centered
on neuronal plasticity, empirical evidence has shown that astrocytes are also potentially
important in the regulation of motor learning due to their active roles in modulating synaptic
transmission and neuronal communication. In this project, we investigated the role of astrocytes



in terms of their structural and functional plasticity during motor learning. Our results first
demonstrate increased astrocytic volume in the peri-synaptic astrocytic processes (PAPs) and
newly-formed tripartite synapses upon motor learning, together with a reorganized profile of
glutamate transporters and mitochondrial morphologies in PAPs. We also monitored the calcium
dynamics in M1 astrocytes using two-photon imaging and dissected the spatiotemporal
distribution of Ca?* signals in M1 astrocytes throughout the task training. Our results showed
that abundant astrocytic Ca?* activities were involved in the motor learning process and that a
clear temporal pattern more concentrated around the movement window was gradually shaped
with the progress of learning. These reorganized Ca?* activities are more likely to occur within
microdomains rather than somata, and are more likely to possess a propagating nature rather than
being static. Together, we have provided strong evidence that astrocytes play an active role in the
process of motor learning by revealing the substantial plasticity of astrocytes in terms of
morphologies and Ca?* activities.
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Abstract: The intricate interplay between metabolism and circadian physiology involves the
molecular clock, a ubiquitous circuit present in every cell of an organism. This clock comprises
rhythmic and self-sustained transcriptional-translational feedback loops, governing genes
involved in rhythmic processes such as feeding behavior or sleep-wake cycles. Two pacemakers
control circadian behavior and outputs: the suprachiasmatic nucleus (SCN) and the food-
entrainable oscillator (FEO), the location of which remains unknown, synchronize with light and
feeding signals, respectively. Astrocytes, serving as sensors of peripheral metabolic signals, act
as competent oscillators crucial for generating and coordinating physiological and behavioral



circadian outputs. In this study, we investigate the role of astrocytic AMPK and the connection
between metabolic homeostasis and the circadian clock.

We observed that rhythmic AMPK phosphorylation is endogenously controlled by the circadian
clock in primary hypothalamic astrocytes and in the hypothalamus of mice in the absence of
entrainment signals (light and food). This suggests that phosphoAMPK demonstrates an
intrinsic, energy-independent rhythmicity. To evaluate the impact of rhythmic AMPK activation
in astrocytes, we generated mouse models with deletion of the AMPKg2 or AMPKal subunits
specifically in GLAST-positive astrocytes, resulting in constant activation or inactivation of
AMPK during the circadian cycle, respectively. Notably, constitutive activation of AMPK in
astrocytes impairs food anticipatory activity (FAA), while deletion of AMPK enhances FAA,
indicating that modulation of AMPK signaling can regulate entrainment by feeding signals.
Moreover, constitutive activation of AMPK in astrocytes in male mice increases the free-running
period and decreases intercellular coupling within the SCN, whereas deletion of AMPK has the
opposite effects. Intriguingly, both models result in a positive energy balance. Furthermore,
employing virogenetic approaches and mouse models with deletion of the g2 or al subunits in
SF1 neurons of the ventromedial hypothalamus, we found that ventromedial astrocytes, but not
neurons, are integral to the FEO.

In summary, these findings underscore the crucial role of AMPK oscillation in astrocytes,
highlighting its necessity in synchronizing circadian rhythms to both light and feeding cues.
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Abstract: The Dorsal Raphe Nucleus (DRN) not only is the largest of the serotonergic nuclei
containing approximately a third of all serotonergic neurons (DRNs.wT), but it comprises also a
wide variety of neuronal subpopulations, including dopaminergic cells (DRNpa) and astrocytes
(DRNasTr0), Which may represent a source of local DRN modulation. The DRN participates in a
wide range of behavioral responses related to the processing of aversive stimuli, leading to



anxiety state. While the role of DRNs-4Tand DRNpa in valence processing is emerging, the
contribution of DRNasTro, as well as the underpinning cellular mechanisms, remain elusive. Our
unpublished findings suggest that aversive stimuli prompt increased astrocytic Ca?* activity and
noradrenergic signaling in the DRN, with optogenetic stimulation of Locus Coeruleus (LC)
projections inducing freezing-like behavior in mice. In this study, we aimed to investigate how
DRNastro and regulation of their activity by LC-NE projections influence stimulus valence
processing within the DRN circuitry. To this purpose, we combined intersectional viral
strategies, ex-vivo two-photon Ca?* imaging and in vivo fiber-photometry to investigate
Pavlovian learning by presenting stimuli with diverse valence. These findings may offer insights
into linking aberrant modulation within the DRN to the pathophysiology of comorbid affective
symptoms in neurological disorders such as depression, anxiety, and neurodegenerative diseases,
all of which entail astrocytic involvement.
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Abstract: The locus coeruleus (LC) is a small brainstem nucleus that serves as the primary
source of the neuromodulator norepinephrine (NE) in the brain. While LC neurons release NE



throughout the brain to regulate arousal and attention, recent work from our lab has also shown
two distinct functions of LC-NE in reinforcement learning. In an instrumentally conditioned
go/no-go task with graded auditory stimulus detection, phasic LC-NE activity is crucial for task
execution under high uncertainty conditions and for optimizing task performance after surprising
outcomes. LC-NE silencing during this task reduces the amount of information about the
stimulus and the choice in individual neurons in the prefrontal cortex (PFC) and motor cortex
(MC). Large LC-NE release following a false alarm trial affects neuronal population dynamics to
improve discrimination between go and no-go stimuli on the next trial. While the effect of a
previous trial's outcome on the following trial requires LC-NE signals to persist for several
seconds, phasic LC-NE activity only lasts for tens of milliseconds. LC-NE has been shown to act
on astrocytes, which can integrate and alter neuron signals over diverse timescales, suggesting a
means by which information from phasic LC-NE signals can be sustained through the
subsequent trial. Here, we explored the effects of LC-NE on astrocytes in the PFC and MC of
mice performing our reinforcement learning task. Using 2-photon calcium imaging to record
astrocyte and neuronal calcium dynamics in the MC, we find that astrocytes show long-lasting
increases in calcium activity following a false alarm. Chemogenetic manipulation of astrocyte
calcium using astrocyte-specific GQDREADD-CNO blocks the improvement in performance
following a false alarm, suggesting that astrocyte signaling influences this behavioral outcome.
To determine how astrocyte manipulations affect neuronal responses during the task, we used
high-density neuropixels recordings to analyze PFC and MC neuronal activity while
chemogenetically manipulating astrocyte calcium. Disrupting astrocyte calcium activity
decreases neuronal encoding during the task. Finally, by knocking down alpha-1la-adrenergic
receptors in PFC and MC astrocytes while imaging astrocyte and neuronal responses during the
task, we are exploring the role of NE specifically on astrocytes during reinforcement learning.
Taken together, our findings indicate a critical role for cortical astrocyte signaling in
reinforcement learning.
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Title: Cerebellar astrocytes encode and regulate reward-associated behavior
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Abstract: The cerebellum, traditionally linked to movement, has recently surprised scientists
with its involvement in cognitive processes. Astrocytes, previously considered supportive cells,
are now recognized for their contributions to higher-order brain functions. We investigated their
role in reward processing using fiber photometry in mice genetically modified to express the
Ca?* sensor GCaMP6f specifically in astrocytes. For the behavior task, mice entered the trigger
and then reward zones to receive water rewards. Our preliminary data revealed a fascinating link
between astrocytic Ca?* dynamics and reward processing. Within each recording region of the
cerebellar cortex, astrocytes displayed a combination of two distinct Ca®* signaling patterns:

1. Slow Ramping Signal: This signal exhibited a complex relationship with reward processing
and varied depending on the specific cerebellar region. In some regions, it showed a gradual rise
in Ca2* as mice approached the reward zone, followed by a decrease and a subsequent rise during
licking. However, other regions exhibited the opposite trend. Interestingly, the timing of these
alterations might be influenced by the learning process;

2. Fast Signal: This category encompasses two subtypes:

. Spatiotemporal Signal: It likely reflected spatial or visual cues, with rapid Ca®* transients upon
entering the reward zone or leaving the trigger zone, suggesting a response to zone transitions;
1. Auditory Cue Signal: It showed rapid Ca?* transients specifically when mice entered the
trigger zone with a cued tone, potentially linking them to auditory cues or the task initiation.
Importantly, a single recording region exhibited only one type of fast signal occurring together
with one slow ramping signal. Recordings from the norepinephrine (NE) sensor (GRAB_NE1m)
mirrored the patterns observed in astrocytic Ca2* signals, suggesting a potential causal link
between NE release and these dynamics. Additionally, conditional knockout of D1 dopamine
receptors specifically in cerebellar cortex astrocytes resulted in a significant decrease in the
amplitude of the slow ramping signal, hinting at a role for D1 receptors in this process.

Finally, we employed chemogenetic tools to manipulate astrocytic activity in specific
regions.This manipulation led to observable changes in reward behaviors, including fewer
activated trials and reduced licking time.

Overall, our study provides compelling evidence that cerebellar cortex astrocytes actively
contribute to reward processing by displaying distinct combinations of Ca?* signaling patterns,
highlighting the regional diversity of their roles in the reward circuitry.
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Abstract: The mediodorsal thalamus (MD) is a key relay between limbic circuits and the medial
prefrontal cortex (mMPFC). Output from the MD to mPFC is important for reward learning as well
as decision making, and disruptions in these connections have been linked to disease states such
as schizophrenia and depression. Previous studies on the function of the MD have focused on
dynamic fluctuations in neuronal activity within input and output pathways. However, a growing
literature emphasizes a key role for astrocytes in the control of complex behaviors through the
regulation of synaptic communication and release of gliotransmitters. Astrocytes exhibit task-
related fluctuations in intracellular calcium dynamics that may allow them to contribute to this
circuitry on the synaptic and behavioral levels. To gain insight on the functional role of MD
astrocytes, we designed a set of experiments to investigate astrocytic calcium dynamics during
reward learning, paired with causal manipulations of their excitability, and their integration into
local MD networks. In preliminary experiments, MD astrocytic calcium dynamics were directly
measured in mice (n=7) using an astrocyte specific GCAMP and fiber photometry as mice were
engaged in a Pavlovian cue-reward learning task. Analysis of task data revealed a transient
increase in astrocytic calcium evoked by a reward-predicting light cue early in training. As mice
learned the association between cue and reward, this astrocyte calcium response shifted to the
time of reward delivery. Interestingly, this response was dependent on reward delivery and
diminished during a single extinction session. We hypothesize that these learning-related
responses in astrocytes are a key component of mediodorsal thalamic modulation of reward
learning. Ongoing experiments will investigate the chemogenetic manipulations of astrocytes to
determine their necessity during reward learning tasks as well as morphological analysis of
astrocytes to see how they change over the course of the reward learning task.
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Abstract: Beyond their homeostatic activities, astrocytes interact with their neighboring neurons
and take part in information processing. Interestingly, it was recently found that hippocampal
astrocytes exhibited persistent ramping activity when mice approached a reward in a familiar
virtual reality environment. This effect was gone after a reward location shift or in a novel
environment, and reestablished after training. These results indicate that astrocytes can encode a
reward in an expected location, but it is unknown whether they can also do that in a non-spatial
environment, for example an auditory one. To address this question, we trained mice to run on a
treadmill in a linear track while hearing a gradually elevating pitch that was location
independent, and to obtain water rewards coupled with the highest tone. Here we show that
trained mice run slower on average as they approach the reward, and immediately after they
receive it. The mice get better at performing the task as the training proceeds. We also refined
the training method and the technical requirements needed on the experimental set during a
session, to enable future real-time Ca?* transients imaging in astrocyte somata and main
processes. We hypothesize that astrocytes can encode the reward even when it, and the cues
leading to it, are completely location independent. This further exploration will drive a
considerable progress in our current understanding of the role of the hippocampal astrocytes in
reward encoding.
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Title: A multi-omic single-cell atlas of astrocyte diversity in the healthy and inflamed brain
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Abstract: Astrocytes are increasingly recognized as a diverse cell type composed of many
distinct molecular subtypes. Several recent studies have defined these astrocyte subtypes by gene
expression and found that many subtypes are localized in discrete areas of the brain; however,
existing studies have reached only limited consensus as to what astrocyte populations exist
across the mammalian brain. This may be because prior single-cell RNA sequencing studies
typically exhibit poor astrocyte capture efficiency compared to the abundance of these cells in
the brain and subsequently produce low numbers of astrocytes per sample. Together with the
generally lower RNA content of astrocytes compared to other neural cell types, these factors
greatly limit the power of single-cell sequencing experiments and amplify the artifactual effects
of technical variation between datasets. Additionally, given the difficulty of purifying large
numbers of astrocytes for sequencing, prior studies have been limited to single modality
methods. Multi-modal single-cell profiling methods have the potential to improve the
identification of astrocyte subtypes by providing orthogonal validation of discrete subpopulations
and additional biological context for the gene expression observed in a single cell. Using paired
single-nucleus RNA and assay for transposase-accessible chromatin (ATAC) sequencing, we
profiled the transcriptomes and epigenomes of over 100,000 astrocytes across the adult mouse
brain, both in healthy animals and in animals experiencing an acute inflammatory insult
(intraperitoneal lipopolysaccharide injection), creating a multi-omic single-cell atlas of astrocyte
diversity in the healthy and inflamed brain. This approach revealed both previously described
and novel astrocyte subtypes, which we then mapped to distinct brain regions using MERFISH
spatial transcriptomics. We further present a deep generative model to integrate our multi-omic
astrocyte atlas with prior single-cell datasets, demonstrating our atlas can be used to improve
identification of astrocyte subtypes in underpowered datasets. This integration method can also
be used to impute missing gene expression or chromatin accessibility information from single-
modality datasets, allowing other studies to leverage our atlas to predict additional genomic
information about the cells in their own data. This work provides a new resource describing
astrocyte diversity in both the healthy and inflamed brain and develops a model for dataset
integration which will empower future studies of the roles of heterogeneous astrocyte
populations in nervous system function and dysfunction.
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Abstract: Introduction: Astrocytes integrate, process, and store information of the underlying
neural circuitry into calcium activity (Mu et al., 2019) acting as a memory of the synaptic
activity (Loépez-Hidalgo and Schummers., 2014; Deemyad et al., 2018). This allows astrocytes to
regulate neuronal activity on different time scales participating in cognitive functions such as
working memory (WM). Aim: To evaluate the role of astrocytes in the prefrontal cortex in the
duration of working memory. Methods: Male C57BL6/J water-restricted mice (3 months old)
were injected into the mPFC with AAV5-GFAP-GCaMP6f and pAAV-GFAP-hM3D(Gq)-
mCherry. Mice were trained to discriminate between two vibrotactile frequencies (20/80Hz) and
to choose between the left or right nose poke, respectively, to get a reward (4uL of water). Once
mice reached a performance of ~80% of correct trials, working memory was evaluated by
modifying the delay time in the door opening (1, 3, 6, 9, 12, 15, 18, 25, 40, 60, and 90s). We
used chemogenetic (DREADDS) to increase calcium levels in astrocytes of the prefrontal cortex.
All the subjects were evaluated under three conditions: Control, saline, and in the presence of the
DREADD:s ligand, CNO. Results: In control conditions, working memory decreased as the delay
time in the door opening increased, with random responses starting at 15s. Calcium activity in
astrocytes induced by CNO administration significantly increased mice performance in the
working memory task at delays of 6, 9, 12, 15, 18, and 25s (repeated measures ANOVA,
*p<0.05). Conclusion: Increased calcium activity in astrocytes increases the duration of working
memory in a vibrotactile discrimination paradigm. Keywords: Astrocytes, working memory,
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Abstract: Mu opioid receptor (MOR) coded by the Oprm1 gene is the most abundantly
expressed opioid signaling GPCR in the brain. Neuronal MORs have been implicated in the
mechanisms of reward and affective states. Much less is known about the functions of MOR
expressed on glial cells. We found that decreased expression of astrocytic MOR was associated
with elevated oxidative phosphorylation and pro-inflammatory changes in astrocytes and
microglia. These findings led us to hypothesize that pro-inflammatory changes in MOR-deficient
astrocytes of the dorsal hippocampus could potentially affect activity of hippocampal pyramidal
neurons and mouse behavior. Using AAV approach, we knockdown (KD) Oprm1 in astrocytes
of the dorsal hippocampus (dHip) and evaluated activity of dHip pyramidal neurons during
social interaction in mice. KD decreased expression of MOR in astrocyte up to 60-70%. Using
fiber photometry, we found that decreased expression of MOR in dHip astrocytes was associated
with increased activity (Ca transients) of dHip pyramidal neurons in mice. During social
approach, control mice exhibit decreased activity of neurons during investigation of the live
mouse and increased activity during disengagement from this investigation (i.e., withdrawal).
This pattern of neuronal activity was disrupted in mice with decreased expression of dHip
astrocytic MOR. Compared to control mice, MOR KD also reduced social approach in mice
treated with sub-threshold doses of the NMDA antagonist, MK-801. Our study indicates that
decreased expression of astrocytic MOR in the dorsal hippocampus alters the activity of



pyramidal neurons during social approach and reduces social behavior in mice, possibly via
affecting of secretion of glutamate by astrocytes. Our data suggests that astrocytic MOR might
point to a new direction for treatment of abnormal social behaviors and affective states.
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tanycyte physiology
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Abstract: Mouse models are a reliable model system for demonstrating behavioral and cellular
phenotypes influencing maternal rearing of progeny. These behaviors and cellular phenotypes
are governed through neuroendocrine functions. These endocrine functions relate to cognitive
and emotional responses of the organism when they are subjected to environmental stressors.
Poor maternal care can produce offspring that are more susceptible to various health conditions
such as anxiety, depression, high blood pressure, and an increased rate of diabetes onset. FGFR1
is a receptor that is highly expressed in neural stem cells within the central nervous system
(CNS) and in astroglia. FGFR1 is important for stem cell division, stem cell maintenance,
neurogenesis, and tripartite synapses between glia and neuronal cell types. Within the 3
ventricle (3V), tanycytes are distributed lining the ventral and medial walls. Tanycytes are a
specialized astrocyte that possesses radial glial properties. Tanycytes can alter their phenotypes
based on environmental stimuli to maintain homeostasis of the hypothalamus. We previously
demonstrated that mice with an inactivation of Fgfrl in neural stem cells and their daughter cells
results in an alteration of tanycyte morphology and proliferative capabilities. Our previous
experiences with maintaining this mouse colony demonstrated an increase rate of pup mortality
when mothers lacked Fgfrl compared to control littermate mothers without conditional



inactivation. In our current experiments, we examine the effects of Fgfrl inactivation on dams
and their 1% litters. There was no observable behavioral difference when measuring nesting,
exploring, feeding, or self-grooming. We found there was not a difference in the amount of time
it took mothers to retrieve pups under stressful stimuli. We did find there was a distinction
between groups with regards to the amount of progeny that possessed milk spots. This led us to
evaluate lactation associated hormonal pathways involving prolactin and oxytocin. Prolactin has
been found to interact with mammillary tissues to stimulate milk production and secretion.
Meanwhile, oxytocin has been shown to induce maternal bonding associated behaviors towards
progeny while also reducing memory associated phenotypes. Here we formally assess why
mothers are not adequately feeding their progeny, and how this may molecularly be resulting in
the increased pup mortality rates we have previously observed.
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Abstract: A-Kinase Anchoring Protein 11 (Akap11) has been identified as a shared risk gene for
Schizophrenia (SCZ) and bipolar disorder (BP), yet its specific role within the brain remains
poorly understood. To gain mechanistic insights into Akap11 function, we conducted a
comprehensive analysis involving single-cell RNA sequencing of mouse astrocytes, bulk RNA
sequencing, and proteomics of cultured astrocytes, as well as metabolomics of mouse brain
tissue and cultured astrocytes derived from Akapl1l wild-type (WT), heterozygous (HET), and
knockout (KO) mice. Our investigation unveiled several significant findings: (1) notable
transcriptomic and proteomic alterations across various molecular pathways in Akapll mutant
mice and cultured astrocytes, (2) elevated protein levels of protein kinase A (PKA) subunits, (3)
increased 3°,5° cyclic AMP levels, (4) upregulation of lipid metabolic pathways, particularly
fatty acid and cholesterol biosynthesis, and (5) accumulation of lipid species such as



lysophosphatidylcholine, phosphatidylcholine, and cholesterol esters. In addition, we provided
cellular and biochemical evidence elucidating Akap11's involvement in regulating autophagy of
PKA subunits, cCAMP elevation, PKA activity, and lipid droplet accumulation. Furthermore, we
demonstrated that Akap11 dysfunction in astrocytes impacts neuronal biology. These findings
provide molecular insights into the complex cellular functions of Akap11 in the brain and its
potential relevance to the pathophysiology of SCZ and BP.
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Abstract: Revealing the biological basis of behavioral control is key given the remarkable
capacity for humans to display self-destructive behavior. Behavioral control is often depicted as
the net integration of bottom-up and top-down processes. A compelling yet insufficiently
explored idea is that higher-order cognition has an anatomical and a molecular basis. The
premise for the latter is that evolutionarily new mechanisms were needed for the computational
requirements of cognition but not needed for basic behavior regulation. This hypothesis can be
tested by manipulating system x¢™ (Sxc), which is an evolutionarily new astrocytic glutamate
release mechanism that regulates neuronal activity and contributes to a rodent model of
maladaptive behavior - non-reinforced cocaine seeking. Here, we used a genetically modified rat
model created to eliminate Sxc activity (MSxc rats) to determine which types of behavioral
control are reliant on Sxc-mediated astrocyte to neuron signaling. To do this, MSxc and WT rat
behavior were compared in paradigms that differentially require basic and complex behavioral
control mechanisms. Adult male MSxc rats performed similarly to WT rats in simple tasks
including visual/spatial discrimination, classical conditioning, operant responding, fear-



conditioning, hedonic-based feeding, cocaine self-administration, and anxiety-based impulse
generation. In contrast, MSxc rats displayed significant differences from WT in gambling task,
temporal/probabilistic discounting, and five-choice serial reaction task. Collectively, the
behavioral abnormalities displayed by MSxc rats resemble those previously observed by others
following impaired prefrontal cortical function. However, obtaining these results with a global
manipulation of an astrocytic mechanism expressed throughout the brain is significant for several
reasons. First, it builds upon evidence supporting the possibility that there is a molecular basis to
higher-order brain function, which could lead to new approaches to understand and treat
cognitive dysfunction. Second, it is relevant to the emerging understanding of astrocytes. Third,
these findings may be pertinent to ideas being investigated by computational neuroscientists and
others, including the suggestion that the unique intracellular signaling characteristics of
astrocytes perform transformer-like information processing. Transformers “attend” to encoded
information and assign weight to important items, while incorporating distinct temporal and
spatial characteristics, similar to astrocytic maintenance of synaptic transmission.
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Abstract: Previous studies define two contributors to neurovascular coupling: release of
vasoactive substances from (1) neuronal terminals and (2) astrocytic Ca2+-signaling activating
eicosanoid (cPLAZ2, Filosa et al. 2006) and K+-siphoning (BK channel, Metea et al. 2007)
mechanisms. A recent study (Suarez et al. 2022, SfN), quantitaively evaluated contributor (2)
using laser Doppler flowmetry (LDF) to measure regional cerebral blood flow (rCBF) changes
evoked by channel rhodopsin activation selectively expressed in astrocytes after pharmacological
manipulation. This study uses the same pharmacological agents to block contributor (2) while
bringing some insights to contributor (1) by employing a hindlimb (HL) stimulation. We used
WT mice (strain: C57BL/6J age: 20-35 weeks) undergoing electrical pulses (10 ms, 3 Hz, 2.2



mA, AM-System) for 25s to evoke a rCBF response like that observed by Suarez et al. rCBF was
measured with LDF through an open craniotomy centered at the HL somatosensory cortex (S1)
(N=5). We evaluated the effect of cPLA2 and BK channel inhibition individually and in union.
Figure 1. Panel A: astrocytic CHR2-activation. Panel B: HL stimulation. (Top Panels) typical
rCBF response after stimulus onset (Middle Panels) 15 min after (4uL) MAFP application
evoked rCBFs show suppression of vasodilation under both paradigms (Bottom Panels) (4uL)
Paxilline in conjunction with MAFP causes further sustained reduction in vasodilation. Panel C:
Subtraction of WT response in electrical data from ChR2-Mlcl response. (Top Panel) Time
dynamic, intensity and scaling factor differences may explain the negative response shown when
comparing stimulation paradigms under normal conditions. (Middle-Bottom Panels) Blocking
the cPLA2 and BK channel removed most of rCBF suggesting it is mainly governed by
astrocytic pathways. Future experiments entail blocking nitric oxide (NO) synthase with 7-
nitroindazole to isolate neuronal-based NO contribution.
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Abstract: Astrocytic Contributions to Adaptive Stress Responses in the Medial Prefrontal
Cortex Niharika Loomba?, Michelle Wong?, Danyal Zaidi?, Yeonju Sin?, Saptarnab
Naskar?, Sachin Patel>*Vanderbilt Brain Institute, Vanderbilt University? Dept. of
Psychiatry and Behavioral Sciences, Northwestern University Dysfunction in the medial
prefrontal cortex (mPFC) is implicated in maladaptive fear responses to threats, a common
symptom of various psychiatric disorders (Penninx et al., 2021). Most studies examining the role
of the mPFC in responding to aversive stimuli have focused on neuronal mechanisms; however,
non-neuronal cells compose up to half of the brain’s cell population. Astrocytes, the most
abundant non-neuronal cell type in the brain, interact with neurons in the tripartite synapse to
regulate synaptic transmission. However, there is still a major knowledge gap in linking how
these cells interact with neurons to drive maladaptive behaviors often displayed in psychiatric
disorders. Using a combination of fiber photometry, optogenetics, and miniscope imaging in
adult C57BL/6J mice, we investigated the role cortical astrocytes in responding to stressful
stimuli to regulate defensive behaviors and coping mechanisms. We found astrocyte Ca2+ is
correlated with a significant increase at the onset of struggle bouts in both immobilization stress
and tail-suspension stress, suggesting a role in active coping mechanisms to stress. Furthermore,
just prior to and during initiation of a struggle bout, neuron Ca2+ activity modestly rises and is
immediately followed by a robust increase in astrocyte Ca2+. To further probe the relationship
between neuron-astrocyte interactions, we optogenetically stimulated neurons while recording
Ca2+ activity from astrocytes. Neuronal stimulation from frequencies ranging from 5-30Hz
caused an increase in astrocyte Ca2+ activity. Together, our results indicate that astrocyte
activity is correlated with active stress coping and neurons may interact with astrocytes to
modulate behavioral responses to stressful stimuli. These findings will help elucidate the non-
neuronal mechanisms underlying maladaptive behavioral responses present in psychiatric
disorders.
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Abstract: Astrocytes maintain neuronal homeostasis and regulate synaptic glutamate (Glu) and
GABA, the major excitatory and inhibitory neurotransmitters in the central nervous system. Glu
and GABA support learning and memory through synaptic plasticity. The astrocyte-specific
enzyme, glutamine synthetase (GS), converts Glu and GABA to glutamine, which is necessary
for maintaining neuronal GIu/GABA pools. We explored the role of GS in the hippocampus
(HC) and prelimbic cortex (PrL), regions known to be involved in spatial working memory. We
hypothesized that GS inhibition by methionine sulfoximine (MSO) will impair spatial working
memory. Male and female Long-Evans rats were surgically implanted with HC or PrL bilateral
guide cannulae. Following recovery, spatial working memory was assessed using spontaneous
alternation: a twenty-minute, four-arm maze task measuring innate spatial navigation using
extramaze cues. Fifteen minutes prior to each testing session, rats were intracranially
microinjected with saline or MSO (0.4 mM, 2 mM, or 10 mM MSO) using a Latin square
administration schedule. At least 48hr separated each session and novel extramaze cues were
used each session. Percent alternation, the proportion of times when a rat entered all four arms
within sets of five arm entries, was used to assess spatial working memory. Female rats’ estrous
cycle stage was assessed with vaginal smears. Preliminary results suggest that GS inhibition has
a dose-dependent effect on percent alternation in the HC where there is a trend of spatial working
memory improvement at low (0.4 mM) MSO concentration and deficits at high (10 mM) MSO
concentration. The same effect is not seen in the PrL, where GS inhibition does not affect percent
alternation. GS inhibition does not affect the number of arm entries, suggesting that motivation
and movement are unaffected by MSO. Current results do not show any sex differences or
effects of estrous cycle stage on percent alternation for either the HC or PrL group. This
experiment supports a role for astrocytic GS in hippocampal working memory. The greater
sensitivity of the HC to GS inhibition in spatial working memory may reflect a particular role for
astrocytic support of spatial cognition in the HC when there is no delay involved in the task.
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Abstract: Astrocytes influence metabolism, neurotransmitter activity, and ionic balance—
fundamental components of synaptic plasticity necessary for memory. In our study, we sought to
characterize the relationship between astrocytes and spatial working memory. We used a
chemogenetic technique (Designer Receptors Exclusively Activated by Designer Drugs, or
DREADD:) to activate astrocytes in the prelimbic cortex or hippocampus of Long Evans rats
during a delayed spontaneous alternation (dSA) task. Bilateral injections of pAAV-GFAP-
hM3D(Gq)-mCherry (DREADD-A), (PHP.eB)-GfaABC1D-DREADD hM3D-mCherry-4x6T-
CW3SL (DREADD-miRNA-T) or a control virus (PHP.eB-GfaABC1D-smV5-4x6T7 or
pAAV.GFAP.eGFP.WPRE.hGH) were given. Following two weeks to allow for expression, rats
received intraperitoneal injections of either the corresponding hM3D(Gq) receptor agonist,
compound 21 (C21), or the vehicle (saline) 30 minutes before dSA testing in a counterbalanced
order with novel visual cues in each session. There was a significant interaction of drug
administration, virus type, and sex on spatial working memory. Females with C21 activation who
received the DREADD-A virus showed a significant impairment in SWM; this effect was not
seen in the females who received the DREADD-miIRNA-T virus or either of the control viruses.
Males did not show improvements with C21 administration in the presence of controls or
DREADD-A virus, but in those who received the DREADD-miRNA-T virus, we observed a
trend of SWM improvement with C21 activation. Astrocytes expressing the DREADD-A virus
showed greater GFAP branching than astrocytes that did not express the virus. This effect was
greater in females suggesting the reactive states of the astrocytes might lead to some of the
impairments in SWM in females. We are currently exploring whether the microRNA targeting
cassette mitigates this effect. We also expect that the DREADD-miRNA-T will limit nonspecific
expression of hM3D(Gq) as seen in previous studies in mice.
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Abstract: Preeclampsia (PreE), a hypertensive disorder during pregnancy, is a significant
contributor to global fetal health risks. Among its long-term repercussions are increased chances
of cognitive and behavioral issues in children born to affected mothers. Our research aims to
delve into how PreE affects glial cell populations in offspring shortly after birth, and to assess its
impact on offspring memory. To induce PreE in mice, we infused arginine vasopressin or saline
to 10-week-old C57BL/6J virgin females via subcutaneous osmotic mini-pump throughout
pregnancy. After natural parturition, we analyzed offspring at various timepoints post-birth for
glia cell composition, brain-derived neurotropic factor levels, and concentrations of brain
chemokines/cytokines. Brain tissue samples from the offspring were enzymatically digested to
obtain single cell suspensions, which were then subjected to flow. Brain lysates were analyzed
using a multiplex platform to explore changes in chemokines and cytokines associated with
microglia/macrophages. Lastly, adult offspring were subject to the Plus-maze test. When
feasible, we analyzed male and female offspring separately. Offspring from pregnancies affected
by PreE exhibited reduced microglia and astrocyte populations one week after birth, regardless
of sex. Interestingly, by the seventh week, we observed sex-specific alterations in microglia and
astrocyte frequencies. In females, both microglia and astrocytes were significantly elevated in
PreE-affected offspring. Conversely, in males, only astrocytes showed a significant increase at
week seven. We found no significant differences in microglia/macrophage-associated brain
chemokines or cytokines in males or females at week 12 post-birth. Moreover, only female
offspring of PreE had elevated levels of brain-derived neurotropic factor at this timepoint. Lastly,
offspring born from PreE-affected pregnancies displayed impaired spatial working memory in
the spontaneous alternation Plus-maze task. Our results underscore the adverse effects of PreE on
spatial working memory in offspring of affected pregnancies, as well as sex-specific fluctuations



in glial cell populations during early postnatal development. Ongoing investigations in our
laboratory are aimed at broadening our comprehension of these developmental changes in glial
cells and exploring potential alterations in function of microglia and astrocytes. Additionally, we
are broadening our scope of behavioral and cognitive evaluations in offspring to deepen our
understanding of how PreE impacts the health and development of offspring, both in the early
stages and later in life.
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Abstract: Mitochondria, even on the level of an individual cell, show an enormous degree of
morphological and functional heterogeneity. Furthermore, they dynamically adapt to the current
metabolic status of their hosting cell. This also includes their redox conditions, as mitochondria
are not only a prominent source of reactive oxygen species but also a target for oxidative stress.
Much is still to be investigated about such subcellular redox-signaling in health and disease.
Here we took advantage of a transgenic redox-indicator mouse model expressing roGFP
(reduction-oxidation sensitive green fluorescent protein) in the mitochondrial matrix of
excitatory projection neurons (Wagener et al. 2016, Antioxid Red Signal 25: 41-58; Hanson et
al. 2004, J Biol Chem 279: 13044-53). Aiming at the visualization of individual neuronal
mitochondria in acute brain tissue slices (400 pum thickness) and the quantification of their redox
conditions by excitation-ratiometric two-photon microscopy, we chose to analyze axonal fiber
tracts. After solving the issues of laser-radiation-mediated tissue bleaching and performing
adequate redox sensor calibrations, we tested the mitochondrial redox-imaging approach in
various brain regions (corpus callosum, capsula interna, putamen). Based on the promising
results obtained, we finally focused on the putamen. To characterize the relationship between
age, gender, morphology, and redox state of neuronal mitochondria, we compared mice on
postnatal days p50, p150, p350, and p675. In general, the degree of roGFP oxidation was highest



in those mitochondria showing a more spherical morphology. A transition of mitochondrial
morphology to a more spherical shape was provoked by exposure to 15 min of oxygen
withdrawal. Furthermore, the fraction of spherical mitochondria increased with ageing. At age
p350, this led to a significantly higher fraction of roundish mitochondria in female than in male
mice. In addition, female mice at p150 showed a lower degree of roGFP oxidation than their
male siblings. Both of these findings might be linked to the estrogen levels, which start to
decrease in female mice with reproductive senescence around p300. In view of the pivotal role of
mitochondria for cellular wellbeing and their involvement in various neurological conditions and
disorders, this interplay of gender-, aging-, and mitochondrial-morphology related redox
alterations may be crucial and deserve further detailed studies.
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Abstract: Mitochondria are highly dynamic organelles, which require proper regulation to
maintain neuronal health. ALS is a devastating neurodegenerative disease characterized by the
loss of upper and lower motor neurons. Of note, misregulation of both mitochondria and RNA
have been proposed to contribute to the molecular mechanisms underlying ALS, suggesting that
further understanding their crosstalk may shed light on ALS pathogenesis. Moreover, while
mitochondria contain their own mtRNA, the mechanisms regulating mtRNA and its ability to be
dynamically co-regulated with cytosolic RNA is still not well understood. Using live super-
resolution microscopy over time, we identify a mitochondrial RNA binding protein which
undergoes novel trafficking dynamics and phase separation dependent on mitochondrial
function. Importantly, these dynamics were directly dependent on its ability to bind RNA.
Interestingly, modulation of cytosolic RNA was further able to disrupt its proper trafficking
dynamics. Finally, we find that trafficking dynamics of this mitochondrial RNA binding protein
may be disrupted in models of ALS, potentially contributing to mitochondrial dysfunction in
disease. In summary, our findings highlight a novel highly dynamic pathway for co-regulating



mitochondrial RNA and cytosolic RNA, which may have important implications for
understanding mitochondrial homeostasis and ALS cellular mechanisms.
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Abstract: To date, ~30 patients around the world have been identified with mitochondrial enoyl
CoA reductase protein-associated neurodegeneration (MEPAN), a rare genetic disease
characterized by childhood-onset of progressive dystonia, chorea, and/or ataxia, optic atrophy,
and impaired speech due to dysarthria. MEPAN is caused by mutations in the mitochondrial
trans-2-enoyl-coenzyme A-reductase (MECR) gene. MECR is part of the mitochondrial fatty
acid synthesis (mtFAS) system. Mecr knockdown or deletion in cells resulted in severe loss of
mitochondrial electron transport chain (ETC) components, reduced ETC activities, disturbed
redox state and PPAR transcription system. There is no cure for MEPAN. Animal models are
invaluable in modeling human diseases and therapeutic development. However, there is a lack of
sensitive and robust in vivo tools to map mitochondrial function in intact brains in a spatially
specific manner, to guide mechanistic investigations and to evaluate therapeutic efficacy. We
successfully developed a novel functional MRI method, called 4D Oxy-wavelet MRI, which is
capable of in vivo detection of mitochondrial ETC defects in intact live brains with high spatial
resolutions. A MEPAN mouse model has been established carrying the patient variants of the 10-
basepair deletion and 285-point mutation alleles. In vivo 4D Oxy-wavelet MRI found that live
MEPAN mouse brains showed extensive in vivo mitochondrial

abnormality in many brain regions, such as cerebellum, somatosensory cortex, isocortex,
striatum, fimbria, thalamus, pallidum, hippocampus (dentate gyrus, CA2, CA3), and
hypothalamus. Our preliminary testing showed that the in vivo 4D Oxy-wavelet MRI is capable



of spatial mapping of mitochondrial dysfunction in MEPAN mice. This can provide in vivo non-
invasive surrogate biomarkers for robust and sensitive brain phenotyping in MEPAN mice,
guiding mechanistic investigation and facilitating and accelerating preclinical therapeutic
development.
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Abstract: Severe hypoglycemia (HPG) is a critical adverse effect of insulin therapy in diabetes,
potentially leading to brain damage. Our study delves into the crosstalk between mitochondrial
dynamics and neuroinflammation to understand hypoglycemic neuronal damage mechanisms
and identify potential therapeutic interventions. Male C57BL/6 mice were fasted for 24 hours
and HPG (below 20 mg/dL) was induced by intraperitoneal (i.p.) injection of insulin. HPG was
induced for 5 hours and terminated by 25 % glucose solution i.p. injection. Mice were then
sacrificed on day 1,4, and 7. Unbiased screening revealed the retrosplenial cortex (RSC) as
vulnerable to HPG among other cortex regions, evidenced by elevated oxidative stress with 4-
Hydroxynonenal immunohistochemistry on day 7. Progressive increases in oxidative stress and
apoptosis, analyzed by terminal deoxynucleotidyl transferase dUTP nick end labelling staining,
were observed in the RSC. While mitochondrial fragmentation, examined through transmission
electron microscopy, immunoblotting, and immunohistochemistry, and inflammatory activation
with IL-1p expression level were already significantly increased at day 1 whereas TNF-o and IL-
6 expression levels were unchanged. Treatment with mitochondrial fission inhibitor (mdivi-1) or



IL-1 receptor antagonist (IL-1ra) effectively mitigated hypoglycemic neuronal damage. Notably,
elevated mitochondrial fission was only significantly increased in neurons, not microglia and
astrocytes, as analyzed by co-localization of phosphorylated dynamin-related protein, a marker
of activated mitochondrial fission, with markers specific to neurons, microglia, and astrocytes. In
vitro experiments with cell-type-specific regulation revealed that preventing mitochondrial
fragmentation with mdivi-1 in SH-SY5Y, neuronal cells, and inhibiting IL-1 signaling with IL-
lrain either BV-2, microglial cells, or SH-SY5Y significantly prevented hypoglycemic damage.
Morris water maze assessments confirmed the protective effects of these interventions against
spatial memory impairment induced by HPG. Although the hippocampus is crucial for cognitive
function, we found no significant increase in oxidative damage after HPG. No depressive or
anxious phenotypes were observed in HPG-experienced mice compared to controls in the open
field, tail suspension, and elevated plus maze tests. These results suggest that direct regulation of
neuronal mitochondrial fission, combined with indirect modulation through the crosstalk
between neuroinflammation with 1L-1 signaling, could prevent hypoglycemic neuronal damage
and spatial memory impairment.
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Abstract: Introduction Metabolic alteration in neuroinflammation is an important contributor to
the pathogenesis of neurodegenerative diseases. The equilibrative nucleoside transporter 2 (Ent2)
plays a critical role in maintaining the homeostasis of nucleosides, the building block of many
intermediates involved in energy metabolism. Previously, Ent2 deletion has been demonstrated



to confer protection against lipopolysaccharide (LPS)-induced neuroinflammation and memory
deficit. How Ent2 may regulate energy metabolism under neuroinflammation deserves to be
further explored. Objectives This study was to investigate the impacts of Ent2 deletion on the
metabolomic profile and mitochondria function in the cortex of mice with LPS-induced
neuroinflammation. Methods Ent2”- (C57BL/6-sIc29a2°™) mice were generated using the
CRISPR-Cas9 technique. Both Ent2”- mice and the wild-type (WT) littermate controls (10-13
weeks of age) were treated with 2.5 mg/kg (1.5 x 10° endotoxin units/mg) LPS via
intraperitoneal administration for consecutive 7 days. Animals were sacrificed 24 hours after the
last injection of LPS. Only male mice were used in this study to avoid gender effect. The
metabolomic assay was conducted using UPLC-MS/MS analysis. Mitochondria function of brain
slices was examined by the seahorse assay under glycemic and aglycemic conditions. Results In
terms of oxygen consumption rate (OCR), LPS treatment significantly altered the mitochondria
function by reducing basal respiration and ATP production under a glycemic condition and
elevating basal respiration under an aglycemic condition in the cortex of the WT mice. Ent2
deletion reversed the change in basal respiration under both glycemic and aglycemic conditions
in the cortex. On the other hand, LPS treatment tended to reduce the extracellular acidification
rate (ECAR) in the cortex of the WT mice, whereas Ent2 deletion reversed the reduction in
ECAR. The metabolomic analysis showed that LPS treatment increased the levels of inosine and
the NAD+/NADH ratio in the cortex. Ent2 deletion normalized the changes in the levels of
inosine and NAD+/NADH ratio. Conclusion These findings showed that LPS treatment can alter
mitochondria function and energy metabolism in the cortex. Ent2 deletion may normalize the
changes caused by LPS treatment.
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Abstract: A wealth of studies supports the accumulation of mitochondrial DNA (mtDNA)
mutations as one of the drivers of aging and age-related diseases. One of the best-studied models
used to evaluate this relationship is the mtDNA mutator mouse, which expresses a proofreading
deficient version of mtDNA polymerase-y, (PolgA). This model accumulates mtDNA mutations
and deletions, resulting in a premature aging phenotype, including reduced lifespan, weight loss,
reduced fertility, canities (graying of fur), alopecia (hair loss), kyphosis (curvature of spine),
osteoporosis, reduced subcutaneous fat, enlarged heart, anemia, sarcopenia (muscle wasting),
and hearing loss. Previous work with this mouse model has investigated the impact of voluntary
exercise on the aging phenotype and mtDNA mutation load. We showed that voluntary exercise
improved the overall premature aging phenotype, decreased total mtDNA mutations, and
normalized the proteomic landscape in this mouse model. It remains unclear, however, whether
voluntary exercise directly decreased the mtDNA mutation load or rather stopped further
accumulation, thereby preventing the progression of the aging phenotype. Using a Cre-LoxP
recombination system to excise the mutated PolgA to stop de novo mtDNA mutations, we are
studying the impact of voluntary exercise on pre-existing mtDNA mutations across different
tissues. Ongoing studies utilizing methods, such as next generation sequencing, western blot,
gPCR, and immunohistochemistry aim to further elucidate the role that exercise plays in
counteracting the mitochondrial impairment associated with the aging process.
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Abstract: Cellular energy transformation by brain mitochondria is impaired by genetic
mitochondrial DNA defects, causing mitochondrial diseases (MitoD) associated with
neurological disorders. In the same way as brain lesions studies shed new light into the
functional significance of anatomical brain regions, studying individuals with genetic lesions
affecting mitochondria can shed light on their role in the pathophysiology of both normal and
abnormal brain function. However, the impact of impaired mitochondrial energy transformation
capacity on brain activity remains poorly understood. To address this gap, we scanned 29
participants with mitochondrial disease and 62 matched controls with functional magnetic
resonance imaging (fMRI) during a series of tasks designed to probe multisensory visual and
auditory perception, cold-induced pain, psychosocial stress (speech preparation), and working
memory (N-back). Mass univariate analysis confirmed that all tasks evoked strong and
significant activation of relevant brain areas, and the whole brain task activation map can be
significantly decoded using support vector machine classifier (Paired classification accuracy
>80%, and effect size cohen’s d > 0.9 for all tasks), validating the quality of the data and analytic
approach. Cross-validated Support Vector Machine-based classification revealed that brain
activity during working memory task (60%, p = 0.02 in permutation test) and pain (58%, p =
0.05 in permutation test) significantly differentiated mitochondrial disease patients from controls,
whereas multisensory and stress tasks were not different for healthy and disease. Finally,
activation in an a priori working memory network was significantly correlated with a clinical
measure of neurological symptoms (Columbia Neurological Score, r = 0.25, p = 0.02). These
findings indicate that mitochondrial disease selectively impairs cognitive functions that demand
high metabolic resources. This specificity suggests that functional brain processes related to
working memory and pain are vulnerable to mitochondrial dysfunction.
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Authors: *K. AGRAWAL?, 0. M. OGUNDELE?, M. GARTIA?,
!Louisiana State Univ., Baton Rouge, LA; 2Mechanical and Industrial Engin., Louisiana State
Univ., Baton Rouge, LA

Abstract: Reactive oxygen species (ROS) are free radicals produced in normal cellular
processes that drive mitochondrial energy respiration. In normal states, cells are equipped with
radical scavengers that attenuate their negative impact on membrane integrity and cell health. In
ferroptosis, iron (i.e., Fe?*) reacts with hydrogen peroxide (H2.02) and produces hydroxyl
radicals. ROS produced in this process propagates lipid peroxidation and causes cell death. This
is implicated in the cause and progression of neurodegenerative disorders like Alzheimer’s
disease. Although the toxicity of ROS is established, some of the mechanisms that govern cell
defense against ferroptosis-induced oxidative stress remain elusive. The current study aims to
investigate a novel mechanism in neuronal cells that counteract ferroptosis-induced oxidative
stress through the GSH-GPX4 pathway. In Neuro-2A cells pharmacological activation of lipid
ROS was achieved by RSL-3 treatment in vitro. In ascending concentration gradients, there was
a correlation between treatment concentration and cell survival assessed through a standardized
MTT assay. However, treatment with Liprostatin-1, a molecule that enhances GSH
(Glutathione)-GPX4 (Glutathione Peroxidase 4) levels, suppresses lipid ROS production and
enhances cell survival of Neuro-2A cells. To verify that GPX4 is required for liprostatin-1-
mediated cell survival, CRISPR-Cas9 knockout of GPX4 was performed in Neuro-2A cells, and
further assessed in a cell survival assay with RSL-3 treatment. Detection of lipid peroxidation
thresholds will be achieved by functional mitochondrial staining, glutathione, iron, cell ROX
green, liperfluo, MDA assays. Annexin assay will also be performed to distinguish between
ferroptotic and apoptotic cell death. In pharmacological experiments, the results showed that
liprostatin-1 is protective against lipid ROS production that is induced by GPx4 inhibition
through RSL-3. These results will be further verified through GPX4 knockout to ascertain that
liprostatin -1 enhances radical scavenging downstream of GSH. Liprostatin-1 and other
molecules that target GPX4 signaling are potential therapeutic targets for attenuating ferroptosis-
linked neurodegenerative disorders, and oxidative stress in neurons.
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Abstract: Ageing is the primary risk factor for most neurodegenerative diseases. APOE4 was
the first genetic variation associated with decreased longevity. This association is likely linked to
the neurotoxic effects of APOE4, namely its impact on mitochondrial plasticity, including
interference of mitophagy, dysfunction of mitochondrial dynamics, and metabolic variations.
These alterations affect mitochondrial quality control (MQC), which can lead to the
accumulation of dysfunctional mitochondria and long-term impairment of cell function.
However, the precise mechanism by which APOE4 affects mitochondrial dysfunction is unclear.
Fibroblasts are connective tissue cells that show mitochondrial deficiencies similar to those of
neuronal cells in patients with neurodegenerative processes; therefore, fibroblasts are proposed
as a cellular model for studying mitochondrial biology in aging under a genetic context. This
dissertation aims to determine the impact of APOE4 on the MQC of aged human fibroblasts. The
project hypothesis focuses on APOE4 altering the rate of biogenesis/mitophagy, leading to
mitochondrial dysfunction. Therefore, we performed primary cultures of aged human fibroblasts
expressing the APOE3 allele, presenting sporadic AD, and with the APOE4. Human fibroblasts
were obtained from Coriell Institute. Likewise, we focused on MCC to understand the impact of
APOE4 on pathological aging. Alterations in the expression of TFAM and PGC1a transcripts, in
addition to mtDNA damage, were observed by RT-gPCR. Mitochondrial membrane potential
was analyzed by microscopy with TMRE, observing hyperpolarization by APOE4, while
mitochondrial network formation was analyzed by producing a binary morphological skeleton
with ImageJ software, where mitochondrial network formation was decreased for APOE4.
Mitochondrial H202 levels were assessed through the HyPer7 sensor. Subsequently, the
autophagic pathway was analyzed by transfecting fibroblasts with the mCherry-GFP-LC3
reporter, resulting in an apparent blockage of autophagic flux. To confirm autophagic blockade,
western blots of essential mitophagy proteins were performed. We observed increased
autophagic activity and early endosome formation in the APOE4. Our data further confirm the
hypothesis of a prominent link between impaired mitophagy, impaired energy homeostasis, and
endosomal system failures as a critical early event during APOE4-induced accelerated
pathological aging. Combining central and peripheral measures of mitochondrial function can be
more promising for future mechanistic disease stratification than applying a single biomarker.
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Abstract: The E50K Optineurin (OPTN) mutation is associated with normal tension glaucoma
(NTG). Preliminary electron microscopy done by our group showed E50K mitochondria (Mt) to
be fragmented, round, dilated and darker than controls. Such features are reported to be related to
an immature type of metabolism, characterised by inner membrane proton leak, uncoupled
phosphorylation, and increased glycolysis. We have shown an important source of leak channel
activity to be composed of the c-subunit ring of ATP synthase. We hypothesised ES0K Mt have
a leak metabolism, in which assembled ATP synthase operates in reverse, consuming ATP to
restore the inner membrane potential with the free c-subunit ring acting as the pore.We found
that E50K cells have an accelerated cell growth rate and overall increased protein synthesis rate
(P<0.05). Upon addition of oligomycin, ES0K Mt depolarized whereas controls hyperpolarized,
consistent with the E50K mutants manifesting reversal of ATP synthase into hydrolysis mode.
E50K cells have increased OCR, glycolytic rate, NADH/NAD+ ratio, lactate levels and
glycolytic ATP production (all P<0.05). E50K Mt exhibit an increase in ATP synthase c-subunit
protein levels (P<0.05), while the beta subunit is relatively constant across cell lines. In
conclusion, ES0K mutant Mt depolarize upon oligomycin treatment suggesting the presence of
an inner mitochondrial membrane proton leak with ATP synthase reversal consuming, rather
than producing, ATP. To sustain the ATP demand, glycolysis is upregulated. The data support
that the leak channel is via the c-subunit of ATP synthase. Presence of a leak leads to uncoupling
of oxidation from phosphorylation and to an immature phenotype, as shown by increased cell
and protein synthesis rate.
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Abstract: Cholinergic neurons of the basal forebrain (BFCNs) play an integral role in cognitive
functions by providing the major cholinergic input into the cortex and regulate attention,
learning, and memory. Degeneration of BFCNs correlates with memory loss in aging, and BFCN
degeneration is exacerbated in Down syndrome (DS, T21), Alzheimer’s disease (AD), and
Dementia with Lewy Bodies, and Parkinson disease. However, little remains know about BFCN
development. We performed single nucleus RNA-sequencing (SnRNA-seq) of early human post-
natal (age 0-2) unaffected basal forebrain tissue. SnRNA-seq clustering analysis reveals
cholinergic neurons, GABAergic interneurons, oligodendrocytes, astrocytes, and microglia are
present in the basal forebrain. This is the first RNA-sequencing investigation of human basal
forebrain tissue.

Little is known about early mechanisms contributing to the susceptibility of BFCNs in
neurodegenerative diseases. We sought to determine if there are early characteristics of BFCNs
that may promote their susceptibility later in life in the context of DS, where BFCN degeneration
begins in the third decade of life and individuals have an early onset of AD. We performed single
nucleus RNA-sequencing (snRNA-seq) of early human post-natal (age 0-2) DS basal forebrain
tissue. SnRNA-seq clustering analysis confirms that the same cell populations present in the
unaffected control are present in DS, indicating no major changes in the cellular composition of
the DS basal forebrain. Comparison of unaffected and DS snRNA-seq reveals genes and
pathways related to cellular metabolism, protein homeostasis, and autophagy are altered in DS
BFCNs. These results suggest that BFCN pathology begins during prenatal development in DS
and may contribute to BFCN susceptibility later in life.

Because access to prenatal tissue is limited, we wanted to determine whether induced pluripotent
stem cell (iPSC)-derived BFCNSs are similar to in vivo BFCNs and if they can model BFCN
development. Single cell RNA-sequencing (SCRNA-seq) of T21 and isogenic control iPSC-
derived BFCNs indicates that the iPSC differentiation results in a similar number of BFCNs from
T21 and control cells. sScRNA-seq also reveals that genes and pathways related to cellular
metabolism, protein homeostasis, and autophagy are altered in T21 BFCNs. These results
confirm that BFCN pathology begins early in DS development. The shared DEGs and pathways



between BF tissue and iPSC-derived BFCNs validates the use this iPSC model to study BFCN
development in DS. Future work will utilize iPSC-derived BFCNs to probe the differences
discovered in the RNA-seq analysis of DS tissue and T21 iPSC-derived BFCNSs.
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Abstract: The mitochondrial contact site and cristae organizing system (MICOS) complex have
been implicated in regulating mitochondrial structure and pathology in models of aging
(amygdala and hypothalamus) and Alzheimer's disease (AD), which is characterized by cognitive
and motor impairments. However, the impact of MICOS and mitochondrial morphology on
neuronal function in the amygdala and hypothalamus remains unclear.We examined postmortem
brains from control and AD patients and confirmed abnormal protein accumulation. MICOS
gene expression showed upregulation of MICOS (Mic27 and Mic10) in AD brains, suggesting a
role in AD pathogenesis. Gene expression of MICOS and mitochondria-regulating genes (Opal
and Drpl) was also performed in D. melanogaster, murine, and human models. In laboratory-
evolved D. melanogaster brains, Opal, Drpl, and MICOS (Mic19) was upregulated in the
advanced aging cohort. In aged mice and humans, MICOS, Drpl and Opal were downregulated



in the amygdala and hypothalamus, which is linked to lowered mitophagy.We also explored the
impact of aging on mitochondrial morphology by performing three-dimensional (3D)
reconstruction of mitochondria and axons from the amygdala and hypothalamus in 3-month-old
versus 2-year-old mice (young versus old). We utilized serial block face-scanning electron
microscopy and the Amira Software and found that mitochondria are increased in size and
complexity in the amygdala and decreased in size and more spherical in the hypothalamus,
suggesting better functionality in the hypothalamus. Mitochondrial transport in axons is
important for maintaining neuronal function. Thus, we analyzed the 3D morphology of axonal
and non-axonal mitochondria. The axonal mitochondria are larger with higher branching index in
the hypothalamus of young mice and no changes in axonal mitochondria in the amygdala. This
suggests higher functional capacity of mitochondria in the hypothalamus and age-related
impairment of mitochondrial transport in the amygdala, common in neurodegenerative disease.
We then explored the impact of mitochondria structural changes by analyzing calcium signaling
in human embryonic kidney cells (HEK293), which express many neuronal genes. Knockout of
MICQOS genes chchd6 (Mic25) and mitofilin (Mic 60) in HEK293 cells resulted in decreased
calcium uptake rate and mitochondrial calcium capacity rate.
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Abstract: Aging is associated with cognitive decline; however, the precise neural mechanisms
driving this connection remain ambiguous. We found that neuronal calcium transients in the
cortical neurons of aged mice were significantly lower, indicating reduced neuronal excitability.
To explore the influence of metabolism on this age-associated decline in neuronal excitability
and cognitive impairment, we performed metabolomics analysis on the prefrontal cortex of aged
mice. We found that purine catabolism was significantly enhanced in aged mice. The increase in
purine catabolism led to a significant elevation of uric acid levels, effectively suppressing the
firing frequency of action potentials. To investigate the effects of elevated uric acid on neuronal
excitability and cognitive function in vivo, we increased the uric acid levels in the prefrontal
cortex of adult mice with a diet rich in uric acid. We found that this significantly reduced the
excitability of cortical neurons and resulted in apparent cognitive impairment. To further validate
these findings, we employed febuxostat to inhibit uric acid production in aged mice.
Intracerebroventricular injection of febuxostat effectively reduced uric acid concentrations,
elevated neuronal excitability, and improved cognitive function in aged mice. These findings
suggest that elevated uric acid levels are crucial in aging-related reductions in neuronal
excitability and cognitive function. Furthermore, we examined the mechanism underlying the
aging-induced abnormality in purine metabolism. Aging coincided with an increase in MCU
expression in the mitochondria of cortical neurons. MCU upregulation resulted in heightened
mitochondrial Ca?* signaling, aberrant mitochondrial morphology, disrupted metabolic networks,
increased purine catabolism, elevated uric acid production, reduced neuronal excitability, and
impaired cognitive function in mice. In contrast, the reduction of MCU expression reversed these
processes. These results suggest that MCU upregulation is a critical factor in aging-related
impairments.
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Abstract: The transcription factor (TF) ATF4 is the central downstream effector of the
Integrated Stress Response (ISR) and a master regulator of cellular homeostasis in response to
cellular stressors such as proteotoxic and oxidative stress. The ISR is a convergent signaling



pathway, funneling diverse upstream signals to a single shared effector, ATF4. ATF4 is
expressed in multiple neurodegenerative diseases including Alzheimer’s disease (AD) and
Parkinson’s disease (PD), where it can promote both pro-survival and pro-death transcriptional
programs. How ATF4 transcriptional flexibility is regulated in response to different types of
cellular stress, or in different neurodegenerative diseases, is not known. ATF4 is an obligate
dimeric TF, meaning it must form a complex with other TFs in order to be transcriptionally
active. We hypothesized that the transcriptional effect of ATF4 in different contexts may be
regulated in part by its interactome, or the other TFs and regulatory molecules it complexes with.
To test this hypothesis, we leveraged a technique called proximity-labeling (PL) proteomics,
which is a rapid, sensitive technique for the identification of protein interactomes in which a
protein of interest is tagged with an enzyme that chemically labels nearby proteins with biotin,
followed by affinity purification and mass spectrometry to identify the labelled proteins. We
developed an ATF4-PL construct utilizing the engineered ascorbate peroxidase, APEX2, and
expressed this construct in HEK 293T cells exposed to different cell stress conditions, such as
ER stress, proteasome inhibition, and mitochondrial stress. Through this approach, we have
identified and validated several stress-responsive ATF4 heterodimerization partners, including
the AP-1 TF, c-Jun, and others. Ongoing experiments are focused on elucidating how these
different heterodimerization partners modulate ATF4 transcriptional activity in different stress
conditions. In the future, we plan to apply similar methodologies to interrogate the ATF4
interactome in different neurodegenerative disease models. We expect that ATF4 combinatorial
regulation may help explain clinical differences between and within neurodegenerative diseases
and highlight novel targets for therapeutic intervention.
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Abstract: Mitochondrial dysfunction is a key feature of the aging process, and multimorbidity
associated with old age. While many studies have explored the role of the mitochondrial activity,
biomass and dynamics in the ageing process, a direct connection between mitochondrial
metabolic (coupling) efficiency and longevity or healthspan has not been explored. Our recent
work indicates that a decline in mitochondrial metabolic efficiency, measured as the ratio of
cellular ATP produced over oxygen uptake, with age, is central to impairments in key functions
such as energy homeostasis and anaplerosis. We have observed that modulation of inner
membrane ion leak currents is a key determinant of metabolic efficiency across life course in
multiple organ systems. Our studies in C. elegans suggest that regulation of this mechanism is
critical for maintaining physiological resilience and physical activity in old animals. This work
also suggests that this mechanism of metabolic efficiency is required for the benefits of
metabolic of exercise in a novel model of physical activity. We have also developed high
throughput assays for identifying nutraceuticals and pharmacologial compounds that can
specifically target this mechanism to enhance healthy ageing and extend lifespan.
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Abstract: Alzheimer’s disease (AD) is a progressive neurological disease associated with the
decline in episodic memory. Throughout the hippocampus, transient bursts of oscillatory activity
known as sharp wave ripples (SWR, 100-250 Hz) occur during NREM sleep and awake rest.
Critical for memory consolidation, many studies using mouse models of AD reveal abnormalities
in SWRs and other associated neural activity. Previously, we reported disruptions of dorsal CA1



spike dynamics associated with SWRs in the TJCRND8 model with AD-related amyloidosis and
spatial memory deficits. To supplement these findings, we examined how hippocampal SWR
dynamics and the cross-region interactions with cortical spindle and delta oscillations are
affected during NREM sleep. Using wire electrodes, we recorded local field potential activity
from the dorsal CA1 hippocampus and anterior cingulate cortex (ACC) of 3-5 month-old
wildtype (WT) and TQCRNDS8 mice. Recordings were performed during rest periods before and
after animals were subjected to an object location memory task. We extracted oscillatory patterns
from the recorded signals and found no change in the incidence rate and amplitude of cortical
spindle and delta events in the TJCRND8 mice compared to WT mice. Differences in incidence
rate of SWRs however were dependent on the applied detection thresholds. TQCRND8 mice had
a higher proportion of large amplitude SWRs in comparison to WT mice and the overall average
SWR amplitude was increased. Furthermore, both SWR and delta incidence rate increased after
experience comparably for the TQCRND8 and WT mice. We then examined the temporal
coordination of these network patterns and found no difference in the event and amplitude cross-
correlations of SWR-spindle, SWR-delta or delta-spindle between TJCRND8 and WT mice, or
before and after experience. However, fine-tuned nesting of SWRs in spindle troughs was
disrupted in TJCRND8 mice. SWRs from TgCRNDS8 mice co-occurred around spindle peaks
rather than spindle troughs as observed in WT mice. Overall, aberrant oscillatory patterns in the
TgCRND8 amyloidosis model were specific to hippocampal SWRs, suggesting a possible
impairment in local inhibition that connects our previously found disruptions of SWR-spike
phase modulation with abnormal SWR dynamics.
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Abstract: The hippocampus is susceptible to neurodegenerative disorders such as Alzheimer’s
disease (AD). The APPswe/PSEN1dE9 (APP/PS1) transgenic mouse model is widely used to
study the pathology of AD and previous research established AD-associated impairments in
hippocampal-dependent learning and memory. However, the neurophysiological mechanisms
underlying cognitive dysfunctions in AD is less well known, so we investigated place cell
activities of CA1 and CA3 hippocampal subregions in APP/PS1 mice. Behaviorally, APP/PS1
mice demonstrated impaired spatial recognition memory compared to wild-type(WT) mice in the
object location test. Physiologically, the spatial representation ability of APP/PS1 CAl and CA3
place cells deteriorated compared to the WT. The activity of the APP/PS1 CALl place cells were
more altered than the APP/PS1 CA3 place cells compared to the WT place cells. Burst firing
patterns were also altered in both the APP/PS1 CA1 and CA3 place cells. Additionally, theta,
low-gamma, and high-gamma rhythms were significantly attenuated in the CA1 and CA3 of
APP/PS1 mice compared to the WT. Our results suggest that altered APP/PS1 CAl and CA3
place cell activities, burst firing, and rhythms collectively contribute to impaired hippocampal-
dependent spatial learning and memory in AD.
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Abstract: BACE] is a promising drug target for treating Alzheimer’s disease (AD). However,
clinical trials of BACEL inhibitors failed to show efficacy and even led to cognitive worsening.



This suggests that BACEL may play a role in regulating cognition-relevant neural circuits.
Recently, we reported that parvalbumin-positive inhibitory interneurons (PV INs) in
hippocampal CA1 express BACEL at a high level and the CA1 fast-spiking PV INs with BACE1
deletion exhibited an enhanced response of postsynaptic N-methyl-D-aspartate (NMDA)
receptors to local stimulation on CA1 oriens, with average intrinsic electrical properties and
fidelity in synaptic integration with our mouse strain with conditional knockout of BACE1 in PV
neurons (PV-Cre;BACE1"™). Intriguingly, the BACE1 deletion reorganized the CA1 recurrent
inhibitory motif assembled by the heterogeneous pyramidal neurons (PNs) and the adjacent fast-
spiking PV INs from the superficial to the deep layer. Moreover, the conditional BACE1 deletion
impaired the AMPARs-mediated excitatory transmission of deep CA1 PNs, while the superficial
CA1 PNs exhibited a moderate increase in the AMPARs-mediated excitatory postsynaptic
currents. Further rescue experiments confirmed that these phenotypes require the enzymatic
activity of BACEL. In the present study, we further sought to investigate whether the fast-spiking
PV INs regulate the long-term potentiation (LTP) of these two subtypes of CA1 PNs in a non-
uniform way, and how BACEL is involved in this microcircuit working model. Our results
showed that BACE1 deletion in the PV INs decreased the high-frequency stimulation (HFS)-
induced plasticity of deep CA1 PNs while increasing that of the superficial ones. We also used
channelrhodopsin expressing AAV to manipulate the PV INs, specifically in acute hippocampal
slices and found that BACEL deletion made the PV INs lose a stable response to the HFS-LTP
during the induction and expression of CA3-CAL synaptic plasticity. Using an inhibitory
optogenetic AAV-eNpHR, we explored the mechanism underlying how PV INs with or without
BACEL1 expression tune the CA3-CAL1 plasticity. We observed that inhibiting PV INs temporally
contributed to the HFS-LTP of CA3-CAL projection. Our findings suggest that BACE1 helps
maintain the homeostasis of the CA1 microcircuit motif in synaptic plasticity related to
hippocampus-dependent learning and memory. We propose a neuron-specific working model of
BACEL1 in regulating CA1 microcircuits and enabling the hippocampal CA1 as a computational
unit with spatial and temporal precision.
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Abstract: Alzheimer’s disease (AD) is a refractory disease with complex pathogenesis. The
synaptic degeneration and decline in plasticity in the hippocampal circuit play a central role in
AD. Previous studies have elucidated the role of hippocampal long-projecting circuits in the AD
brain. Nevertheless, how the hippocampal microcircuits are involved in the AD process is
unclear. The known pieces of evidence revealed that the fast-spiking parvalbumin (PV) positive
basket interneurons (PVBCs) connect the adjacent deep CA1 pyramidal neurons (deep CA1PNS)
and superficial CA1 pyramidal neurons (superficial CA1PNSs) to form a recurrent inhibitory
microcircuit relevant to learning and memory. In this study, we examined how PVBCs regulate
CA1 plasticity in an AD mouse model, taking into account neuronal heterogeneity in the CA1
microcircuit.We found that the single-cell long-term potentiation (LTP) of superficial CA1PNs
was selectively impaired, while deep CA1PNs remained normal in 5XFAD mice at six months,
compared to their wild-type littermates. The CA1 PVBCs functioning as filters at higher
frequencies were damaged in the 5XFAD mouse brain. In addition, the amplitude of NMDAR-
EPSCs in PVBCs was enhanced in the mouse model brain. Intriguingly, the administration of
memantine in acute hippocampal slices rescued the diminished LTP in superficial CA1PNs of
5xFAD mice compared to wild-type mice. Therefore, we propose that the CA1 fast-spiking
PVBCs are significantly more susceptible to AD-like microenvironments. The dysfunction of
filter property and postsynaptic NMDAR response might cause the decline in synaptic
transmission and LTP of CA1PNs in AD-like progress. Modulating electrophysiological
properties and NMDAR functions in PVBCs may improve cognitive behaviors by retuning the
working mode of the PVBC-CA1PNs microcircuit in the AD brain. The study may pave a
promising path to a combination of drug therapies and non-invasive administration for AD.

Disclosures: Z. Chen: None. L. Li: None. Y. Zheng: None.
Poster

PSTR265: Memory Circuit Alterations in Alzheimer’s Disease
Location: MCP Hall A

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

Program #/Poster #: PSTR265.05/B75

Topic: C.02. Alzheimer's Disease and Other Dementias

Support: EPSRC/Wellcome grant EP/W024020/1
EPSRC grant EP/Y020316/1

Title: Amyloid pathology reduces dynamic range and disrupts neural coding in 5XFAD mice

Authors: *M. GO, K. E. CLARKE?, Y. LI}, S. V. PRADO?, B. TEIXEIRAL, S. R.
SCHULTZY;



!Bioengineering, Imperial Col. London, London, United Kingdom; 2Biomed. Engin., Univ. of
Melbourne, Melbourne, Australia

Abstract: Alzheimer’s Disease (AD) is characterized by impairment in memory and cognition,
and by aberrant neuronal activity notably in the vicinity of amyloid plaques. To understand how
amyloidosis in AD changes circuit properties affecting memory encoding and recall, we
examined the relationship between neuronal activity, distance to amyloid plaques, and spatial
memory readout from hippocampal CA1 place cells. We performed two-photon calcium imaging
in head-fixed mice navigating an air-lifted circular track. Cells were labelled with JGCaMP7s
while amyloid plaques were labelled with Methoxy-x04. We studied 5xFAD (AD model) mice
and their wildtype littermates divided into two age groups: young (2-3 months) and old (6.5-10
months), with 6 mice in every group. We found that during non-running periods, neuronal
activity in CA1 was higher in 5xFAD mice compared to wildtype (WT) littermates in both young
(WT: mean 4.10 a.u./min SEM 0.06, n=5309 cells; 5xFAD: 4.50+0.06 a.u./min, n=4836;
p<0.0005 by Kruskal-Wallis test) and old (WT: mean 3.19+0.07 a.u./min, n=2548 cells; 5XxFAD:
3.68+0.05 a.u./min, n=9666; p<0.0005) groups. Moreover, neurons close to amyloid plaques
(<20pm in old, <40pm in young) had elevated activity. Old 5xFAD mice ran faster than old WT
mice but showed significantly impaired dynamic range of neuronal activity in response to speed
(WT: 9.2540.19 a.u./min; 5XxFAD: 7.43£0.06 a.u./min, p<0.0005). Compared to old WT cells,
old 5xFAD cells had less spatial information and lower dynamic range of activity in response to
location. In young mice, both spatial information and dynamic range in response to location were
higher in 5XFAD cells compared to WT cells. However, young 5xFAD place cells had less
spatial information and lower dynamic range (in response to location) near plaques, suggesting
that disrupted neural coding starts there.

We then analyzed how these changes in circuit properties affect memory encoding and recall.
Compared to WT mice, old 5XFAD mice required more laps around a familiar track for cells to
exhibit place tuning, indicating impaired memory recall. Impaired memory encoding in a novel
environment was similarly observed in 5XxFAD mice in both age groups. Old 5xFAD place fields
for a familiar track were less stable within a trial compared to old WT place fields. The same was
observed in a novel environment where intra-trial stability for old 5xFAD place fields was even
lower. Our study provide insight into the progression of spatial information coding deficits in
5xFAD mice and how these affect learning of new spatial memories versus recalling of old.
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Alzheimer’s disease pathology
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Abstract: Despite recent diagnostic advances, Alzheimer’s disease (AD) is still predominantly
detected in patients after significant brain atrophy has already occurred, posing a great challenge
for disease-modifying treatments, and effective management of clinical symptoms. Deep Brain
Stimulation (DBS) has shown promising results in various neurological disorders with reports of
increased cognitive performance, but its effects on the local neuronal network are poorly
understood and only a handful of studies have explored its potential as a treatment for late-stage
AD. Our study aimed at understanding how DBS affects the local neuronal network, by using
linear multichannel electrodes, lowered into the hippocampus (HIP) of lightly anesthetized
TgF344-AD rats, in the late stage of the disease process (16 months of age). Using sub-
millisecond switching, we alternated a series of DBS parameters (high vs. low stimulation
frequency with different amplitudes) with extracellular neuronal response recording. Local field
potentials (LFP) analysis pre- vs. post-DBS demonstrated that the AD-induced attenuation in
power (e.g. -26.6% +13.1% for the delta band in the dorsal HIP in TgF344-AD rats), and
coupling of the hippocampal oscillations could be transiently potentiated by the higher DBS
frequency (e.g. +40.0% +12.4% increase in delta power for TgF344AD vs +29.5% +11.2% for
controls at 10 Hz and 0.2 mC/cm?/pulse), whereas low-frequency (1 Hz) stimulation had little
effect. The relative increase in power in the TgF344-AD rats affected the lower frequency bands
(delta, theta and alpha, 1-12 Hz) while the DBS-induced increase in the modulation index
occurred in all combinations of low-band phase and gamma amplitudes. The analysis of the
spiking activity in the 0.75-3 kHz band revealed that the TgF344-AD rats’ neurons increased
their firing both during and after DBS, but the increase in synchronization to the stimulation
frequency observed following DBS offset was less pronounced in TgF344AD rats’ vs. nTg rats’
neurons. These findings indicate that higher DBS frequency may be an effective way to
ameliorate hippocampal neuronal network dysfunction in late-stage AD pathology. Further
investigation is warranted to explore the potential long-term benefits of chronic DBS treatments
in the clinic.
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Abstract: To develop treatments to prevent or halt cognitive decline in Alzheimer’s Disease
(AD), it is essential to intervene early in the disease. Defining when and where early disease-
related changes happen in the brain thus is a central goal of our research. Neuronal
hyperexcitability has been implicated both in AD patients and in mouse models of AD pathology
and is a key driver of AD pathogenesis. Therefore, brain region-specific hyperexcitability serves
as a promising target for early treatment. The entorhinal cortex (ENT)-hippocampus circuit has
been a major focus in AD research since its dysfunction contributes to key AD symptoms such as
impaired spatial memory. However, it is not clear whether AD-related cellular and circuit
abnormalities begin there in the ENT or arise from upstream inputs that then influence ENT
function. To identify input populations that may cause ENT dysfunction, we used a rabies virus
retrograde tracing approach to map changes in ENT inputs in the 5XFAD mouse model of AD
pathology. We observed increased inputs from retrosplenial cortex (RSC) to ENT at a prodromal
time point (2 months of age) in 5xFAD mice compared to controls, prior to the onset of plaque
formation and memory impairment, indicating increased RSC activity. Consistently, we found in
vivo hyperactivity using fiber photometry and in vitro neuronal hyperexcitability using whole-
cell patch clamp recordings in RSC layer 5 (RSC) cells of 5XFAD mice at the prodromal time
point, while spontaneous synaptic activity was largely normal at this time. Furthermore,
performing in vivo calcium imaging with a head-mounted miniature microscope on a linear track
revealed increased frequency and amplitude of calcium events and decreased spatial information
in RSCY cells of 2-month-old 5XFAD mice compared to controls, confirming our observation of
cellular hyperexcitability, and revealing impaired spatial coding at this prodromal time point. In
conclusion, our results show early cellular hyperexcitability and disrupted spatial coding in
RSC"® cells in 5XFAD mice at a prodromal time point, which may drive deficits in cellular
functions and information coding locally and downstream later during AD progression.
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Abstract: As the global population ages, the prevalence of dementia and its impact on families,
society, and healthcare systems is rising. Alzheimer's Disease (AD) is the most common cause of
dementia. Yet, some elders who exhibit the pathological hallmarks of AD— amyloid deposition
and hyperphosphorylated tau—do not show symptoms of dementia. This intriguing phenomenon
of brain resilience suggests that factors beyond traditional pathological markers may play a role
in the etiology of cognitive impairment in AD. One such factor could be the stochasticity in
neuronal reactivity. Recent studies indicate that healthy brain function undergoes continuous
remodeling of neuronal functional properties even in environmentally and behaviorally stable
conditions. This basal plasticity likely leads to ongoing, activity-independent synaptic changes
that contribute to the stochastic responsiveness of neurons to stimulation. Evidence also shows
that reduction in volatility of neuronal responses to repeated stimulation is associated with
impaired information processing. We hypothesize that a lower trial-dependent variation in the
neurons activated by a repetitive stimulus leads to greater impairment upon AD progression.
Here we employed ultra high-density Neuropixels probes to estimate the neuronal stochasticity
in the somatosensory cortex and the hippocampus. Our findings indicate that impaired
TgF344AD rats displayed altered across-trial neuronal response rate, reduced number of
responsive neurons, and diminished high-frequency oscillatory activity in the hippocampus
compared to their non-transgenic littermates. This work may identify a novel target for
presymptomatic AD interventions, and early stratification of AD patients by their susceptibility
to dementia.
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Abstract: Alzheimer’s disease (AD) is a progressive neurodegenerative disease characterized by
aggregation of amyloid and tau pathology across distinct brain regions. The unique distribution
patterns of AD pathology and its spread suggest that some brain regions and their constituent cell
types are more susceptible/resilient to AD neurodegeneration and cell death. Neurodegeneration
of the subiculum (SUB) is a critical biomarker of AD clinical symptoms, but it is unknown if
SUB cell types are differentially affected by AD. The 5XxFAD mouse model of AD has been
shown to present a clear progressive timeline of AD pathology with elevated levels of amyloid
precursor protein at 2 months of age followed by amyloid plaque accumulation in SUB and
cortex, and significant neurodegenerative cell loss in the SUB by 8 months of age. Our previous
work creating the mouse Hippocampus Gene Expression Atlas (HGEA; Bienkowski et al, 2018)
identified the laminar organization of four unique SUB cell types each with unique gene
expression and connectivity. Additionally, the laminar organization of SUB cell types is also
present in human, suggesting conserved cell type homology across evolution (Bienkowski et al,
2021). Guided by the HGEA, we hypothesized that SUB neurons in 5XFAD mice differentially
undergo cell type specific changes to gene expression, connectivity, and morphology across
progressive disease timepoints before cell death. Using RNAscope single molecule fluorescent in
situ hybridization (smFISH), we identified that SUB_3 cell types in the ventral SUB of male and
female 5XFAD mice are highly susceptible to AD cell death by late stage of the disease and
earlier timepoints are characterized by changes to gene expression. Using anterograde viral
tracers, we have found that SUB axons display axonopathy and anterogradely-labeled axons in
the fornix white matter tract are significantly diminished compared to littermate control at 8
months of age. Finally, retrograde labeling of distinct SUB cell type projection neuron
populations using G-deleted rabies viral tracing revealed neurodegenerative characteristics of
soma and dendritic morphology that become progressively more common and severe across age



timepoints. Together, these data provide advanced characterization of AD neurodegeneration
within the SUB and its constituent neuronal cell type populations. Future studies will investigate
the underlying cellular and molecular processes mediating SUB cell type susceptibility to AD
neurodegeneration.

Disclosures: M. Pachicano: None. N. Khanjani: None. M. Becerra: None. Z. Smith: None. B.
Breningstall: None. M.S. Bienkowski: None.

Poster

PSTR265: Memory Circuit Alterations in Alzheimer’s Disease
Location: MCP Hall A

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

Program #/Poster #: PSTR265.10/B80

Topic: C.02. Alzheimer's Disease and Other Dementias

Support: Ministry of Science, Innovation and Universities, PID2022-141733NB-
100/AEI/10.13039/501100011033/ FEDER, UE
FPU20/02632, Ministry of Science, Innovation and Universities

Title: Impact of early social recognition disruption on episodic memory in 3xTg Alzheimer's
disease mice.

Authors: *A. TERUEL SANCHIS?, M. VILA-MARTIN?, C. SAVARELLI BALSAMO?, L.
JIMENEZ', M. SANCHO ALONSO?, J. MARTINEZ -RICOS?, V. TERUEL-MARTI, E.
LANUZAZ

!Biologia Cel-lular, Funcional i Antropologia Fisica, Facultat de Biologia, Univ. de Valéncia,
Burjassot, Spain; 2Biologia Cel-lular, Funcional i Antroplogia Fisica, Facultat de Biologia, Univ.
de Valéncia, Burjassot, Spain; 3Anatomia i Embriologia Humana, Facultat de Medicina, Univ. de
Valéncia, Valéncia, Spain

Abstract: Alzheimer's Disease (AD) is commonly associated with pronounced memory
challenges, particularly in spatial tasks. Yet, the integrated memory that involves both spatial and
social elements is not well-understood. This research explores initial social recognition
difficulties in the triple transgenic mouse model of AD (3xTgAD), examining how these issues
align with AD's pathological evolution. Female 3XTgAD mice, aged between 2-4 months and 6-8
months, were subjected to a social recognition assay. By the age of 6-8 months, these mice
showed notable difficulties in identifying unfamiliar mice. Immunofluorescence methods
targeting beta-amyloid and tau proteins, as well as comprehensive brain analysis, were conducted
at 3, 6, 9, and 12 months. The findings revealed premature intracellular beta-amyloid build-up
within the hippocampus and significant extracellular accumulations by 9-12 months, linking
these biological markers with the observed social recognition issues. Additionally, calcium
imaging was used to assess dCA1 place cell responses to urinary cues, crucial for rodent social



and territorial behavior. Results indicated strong cell activity in younger mice, while those aged
6-8 months showed a substantial reduction in dCAL place cell engagement, suggesting
difficulties in integrating social cues into hippocampal memory circuits. These results underscore
the emergence of social recognition deficits before significant beta-amyloid deposition in
3XTgAD mice. The evident decline in dCA1 place cell function related to social recognition
challenges points to potential early indicators of AD progression, enriching our understanding of
the disease's effects on comprehensive memory systems.Funding: Ministry of Science,
Innovation and Universities, P1ID2022-141733NB-100/AEI/10.13039/501100011033/ FEDER,
UE. A Teruel-Sanchis is a predoctoral fellow of the FPU20/02632 program of the same Ministry
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Abstract: Background: Synaptic loss is the earliest change in Alzheimer’s disease (AD) and
serves as its primary biomarker. The scaffolding protein PSD-95, crucial for synaptic integrity, is
significantly depleted in AD. PSD-95 association with post-synaptic membranes is regulated by
palmitoylation, a reversible process modulated by specific enzymes including ABHD17, which
depalmitoylates PSD-95. In vitro studies have demonstrated that inhibition of ABHD17 can
counteract AB-induced synaptic depression and dendritic spine changes.

Methods and Results: In this study, we used PF11, an intrabody that specifically binds to
palmitoylated PSD-95, and observed a significant reduction (40-50%) in palmitoylated PSD-95
in the hippocampus of 6 to 9-month-old female APP/PS1 mice, a model of Alzheimer's disease,
with no change in total PSD-95 levels. This reduction was not evident in male mice. Moreover,
treatment with Palmostatin B, which inhibits PSD-95 depalmitoylation, restored palmitoylated
PSD-95 levels in a dose-dependent manner in AD mice, indicating this drug can cross the blood-



brain barrier and act on synapses in the brain. Importantly, Palmostatin B injections in 9-month-
old female AD mice rescued memory deficits observed in the Morris Water Maze test but did not
improve the performance of male mice. Moreover, electrophysiological recordings of miniature
excitatory synaptic currents (MEPSCs) revealed the synaptic transmission deficits in AD female
mice can be restored by Palmostatin B injections. This rescue effect on synapses was also
confirmed by assessing dendritic spine density and morphology using fluorescent dye Dil
labeling.

Conclusion: Our data show that proteins implicated in Alzheimer's disease pathogenesis
significantly reduce PSD-95 palmitoylation, which might indicate a previously unknown step in
the pathophysiology of Alzheimer’s disease. Furthermore, the palmitoylation status of PSD-95
plays a critical role in the pathophysiology of Alzheimer's disease. Enhancing PSD-95
palmitoylation in the hippocampus can reverse memory deficits and synaptic dysfunction in
older, symptomatic AD model mice, identifying ABHD17 as a promising target for AD
therapeutics.
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Abstract: Spatial disorientation is one of the earliest symptoms of Alzheimer's disease (AD).
The hippocampal formation creates a cognitive map as place cells form firing fields linked to
specific locations within an environment, supporting spatial orientation. In rodent models of AD-
like pathology, place cells have been shown to exhibit broadened tuning and altered responses to
environmental changes. Additionally, events known as sharp wave ripples (SWRs), that
coordinate the firing of hippocampal neurons, are disrupted in mouse models of AD. Previously,



our lab found that treatment with antibodies against Ly6G increases cerebral blood flow by
reducing the number of capillaries with stalled blood flow. This led to improved performance on
spatial memory tasks. Here, we investigate the effect of anti-Ly6G treatment on neural
mechanisms associated with cognitive map stability across contexts. We investigated the
association between anti-Ly6G treatment and cognitive map stability in 7-9-month-old APP/PS1
mice and wild-type (WT) controls by recording neural activity in hippocampus area CA1 using
64-channel silicon probes. Neuronal activity was recorded while mice explored open field arenas
in one of two environmental contexts, A or B, and during pre- and post-task sleep. We detected
place cells, identified as neurons with significant spatial information in their firing rate maps;
neural assemblies, groups of neurons with correlated firing during context exploration as
revealed by independent component analysis; and SWRs using local field potential recordings
from pyramidal and stratum radiatum layers of CAL. Place cells from WT mice showed higher
within-context (AA or BB) than between-context (AB) ratemap correlations. In contrast, place
cells from APP/PS1 were unstable and remapped within and between environments, suggesting
that the instability of the hippocampal network may underlie context encoding deficits. APP/PS1
mice also had a reduced rate and duration of awake SWRs compared to controls, and neural
assemblies showed reduced reactivation in SWRs during sleep. Following treatment with anti-
Ly6G antibodies, context discrimination by place cells, duration of awake-SWRs, and assembly
reactivation during SWRs in post-task sleep increased in APP/PS1 mice. These results highlight
the association between SWR dynamics and modified place cell stability, a potential mechanism
contributing to the instability of the cognitive map in AD. Importantly, stabilizing the cognitive
map following anti-Ly6G treatment suggests treatments to increase CBF may mitigate spatial
disorientation and memory impairments in AD.
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Abstract: Alzheimer's disease (AD), the leading cause of dementia, disproportionately impacts
women compared to men. Early detection and intervention strategies are needed to reduce future
disease risk. Loneliness and isolation represent significant risks in dementia transition.
Maintaining strong social connections is associated with reduced mortality rates and a lower risk
of AD. An increasing prevalence of loneliness and AD after the COVID-19 pandemic proposes
an urgent need to better understand the connection between isolation and AD progression within
the context of sex differences. Following isolation or group housing of AD and control mice at 2-
3 months of age, we measured social interaction and fear memory.Interestingly, we observed
increased memory retention in isolated AD female mice compared to group-housed female and
male mice. Our results provide the first evidence of potential memory enhancement after acute
isolation. Previous studies were only performed in male rodent models and have not investigated
an earlier time point before AD pathology. Using immunohistochemistry targeting c-Fos, PV
interneurons, and inflammatory markers, we aim to understand the brain circuitry involved, how
aging and long-term isolation impact these results, and whether this memory enhancement
remains intact in other memory tasks.
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Abstract: Alzheimer’s Disease (AD) is a debilitating neurodegenerative disease characterized by
declines in cognition and memory and is estimated to affect more than 44 million people
worldwide. AD pathophysiology includes the accumulation of amyloid beta (Ap) plaques and



neurofibrillary tangles that are thought to contribute to neuronal loss. Vulnerability to early onset
is also associated with mutations of genes in the amyloid and tau pathways including APP,
PSEN1, PSEN2 and MAPT. Furthermore, the increased prevalence of AD in women is linked to
the depletion of circulating sex steroid hormones including estradiol that is significantly reduced
following menopause. Here we tested the hypothesis that estradiol depletion through
ovariectomy would accelerate the severity and progression of memory impairments in 3xTg-AD
mice compared to intact females and males. AD model mice (3xTg-AD) homozygous for three
mutant alleles: APPSwe, Psenl, and tauP301L:(B6;129-Tg(APPSwe,tauP301L)1Lfa
Psen1tm1Mpm/Mmjax) underwent testing across several memory tasks at 3 months of age. We
assessed memory retention performance in the Barnes Maze, which has 3 days of training
consisting of 4 trials per day and a probe trial conducted 48 hours later, Novel Object
Recognition Task, Y-maze Spontaneous Alternation Task, and Fear Conditioning (Context and
Tone). We found that at 3-month old ovariectomized females showed decreased spontaneous
alternation behavior in the Y Maze, indicating a deficit in spatial working memory and in cued
fear-condition memory. Interestingly, we also found that 3xTg-AD males showed evidence of
deficits in acquisition on the Barnes Maze as early as 3 months of age. Future work will test
animals at 5 months and 11 months of age to examine if estradiol depletion has a compounding
affect that accelerates the decline in memory compared to non-ovariectomized animals.
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Abstract: Alzheimer's disease (AD) is a progressive neurodegenerative disorder. Several
hypotheses have been proposed to explain the molecular pathogenesis of AD. Notably, the
cholinergic hypothesis suggests that cholinergic signaling, crucial for cognition, is diminished in
AD brains, underlying cognitive malfunction. Cholinergic neurons use Acetylcholine (ACh) as a
neurotransmitter and have two primary receptor classes: the muscarinic ACh receptors



(mAChRs), which have five subtypes (CHRM1-5), and nicotinic ACh receptors. Among the
mMAChRs, CHRML1 is predominantly expressed in the cortex and hippocampus, and its significant
reduction in a cohort of AD patients' brains highlights its role in AD. In a recent study using
Chrm1 knockout mice, we demonstrated that Chrm1 is localized in neuronal mitochondria and
that the loss of Chrm1 differentially affected mitochondrial ultrastructure, respiratory
supercomplex assembly, post-translational modifications of oxidative phosphorylation-
associated proteins, and respiratory function in a brain tissue-specific manner (cortex versus
hippocampus). Building on these findings, we hypothesize that all mAChRs are localized in the
mitochondria and can modulate mitochondrial function through ACh signaling. This hypothesis
was tested by studying the localization of transiently expressed fluorescence-tagged mAChRS in
cultured primary mouse dorsal root ganglion neurons. Furthermore, ACh-mAChR-mediated
modulation of mitochondrial function was analyzed using different prostate cancer (PC) cells.
The prostate gland is innervated by the autonomic nervous system, and four PC cell lines
(DU145, PC3, 22RV1, and LNCap) displaying varying expressions of mAChRs were
characterized for respective mAChR expression using reverse transcription polymerase chain
reaction. ACh-induced mitochondrial metabolism in mAChR-positive or negative PC cells was
assessed by measuring mitochondrial oxygen consumption (respiration) and extracellular
acidification rate (glycolysis). Our findings revealed that all mMAChRs are associated with
fluorescence protein-labeled mitochondria in neuronal cells, and we found a correlation between
MAChHR expression and ACh-mediated modulation of mitochondrial respiration in PC cells,
suggesting that mAChRs regulate mitochondrial function, thereby influencing cell growth and
survival. The implication of these findings is that it provides a model system to further study the
intricate molecular signaling pathway controlling ACh-mAChRs mediated regulation of
mitochondrial signaling that is highly relevant in understanding dysfunction of cholinergic
synapse in AD brains.
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Abstract: The transfer of Ca?* between the endoplasmic reticulum (ER) and mitochondria acts
as an integratory mechanism between neuronal activity and bioenergetic output. The efflux of
ER-Ca?" in response to neuronal signaling is regulated by the ER-localized ryanodine receptor
(RyR) and inositol triphosphate receptor (IPsR), which can directly supply Ca?* to the cytosol
and mitochondria. In Alzheimer’s disease (AD), a “leaky” phenotype of the RyR is observed and
results in unregulated and excessive ER-Ca?* release with detrimental effects on synaptic
function, protein handling, and memory encoding. Due to the proximity and reliance of the
mitochondria on tightly regulated ER-Ca?* signaling, we hypothesize that dysregulated RyR-
Ca?* signaling directly alters mitochondrial functions and contributes to maladaptive Ca?*
handling, increased oxidative stress, dysfunctional mitophagy, and increased susceptibility to
apoptosis. To test this, we measured mitochondrial functions in human-induced neurons (HiNs)
derived from AD and nonAD patients. Changes in mitochondrial functions were monitored
under live cell fluorescent microscopy in tandem with genetically encoded Ca?* indicators and
organelle-targeted fluorophores. We utilized these biosensors to compare mitochondrial Ca?*
uptake, membrane potential, superoxide production, and mitophagy between AD and nonAD
HiNs. In AD HiNs, mitochondrial Ca* levels, membrane potential, and superoxide production
were significantly higher than in nonAD HiNs, along with defective mitophagy. Furthermore,
evoked RyR-Ca?* release generated by caffeine perfusions resulted in significantly elevated
mitochondrial Ca?* uptake and mitochondrial membrane depolarization relative to nonAD HiNs.
The attenuation of RyR-Ca?* signaling with Ryanodex reduced observed mitochondrial defects,
decreased superoxide production, and restored mitophagy in AD HiNs. Additionally, increased
susceptibility to apoptosis was observed in AD HiNs with increased caspase 3 activity and an
increased pool of readily releasable cytochrome c.Our data demonstrate that dysregulated RyR-
Ca?* signaling can act as an upstream mechanism of mitochondrial dysfunction. The complete or
partial rescuing of mitochondrial functions through pharmacological interventions emphasizes
the importance of dysfunctional RyR-Ca?* signaling as a driving factor for mitochondrial
dysfunction and provides a potential therapeutic target for combating cellular dysfunction in
early AD.
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Abstract: Alzheimer’s disease (AD) is the most common type of dementia. About 6 million
Americans are currently living with AD, and the number of people beyond age 65 living with the
disease doubles every 5 years. AD can be divided into familial and sporadic cases. AD with
familial autosomal dominant inheritance is rare, accounting for <1% of cases, whereas sporadic
late-onset AD is the most common form. Despite the intense studies of the molecular,
biochemical and cellular mechanisms of the disease for decades, the true aetiology and
pathogenesis of AD remain unknown. Here, to gain insights into the molecular events
underpinning the true cause of AD, we examined and compared the molecular features of
neuronal cells derived from patients with familial AD vs sporadic AD, using human iPSC-
derived neural stem cells. We characterized the parameters in heme homeostasis, oxidative
metabolism, and oxidative stress in neuronal cells. Our data indicate that neuronal cells from
sporadic AD, not familial AD, exhibit dramatic changes in heme homeostasis and oxidative
energy metabolism. This suggests that the initiating molecular events underlying sporadic and
familial AD may be distinct, with altered heme homeostasis and oxidative metabolism being the
dominant factor in sporadic AD pathogenesis. Current experiments are underway to further
illuminate the broad molecular alterations in neuronal cells derived from sporadic AD.
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Abstract: Alzheimer’s Disease (AD) is a neurodegenerative disorder characterized by cognitive
decline and neuronal dysfunction, as well as increased risk of metabolic impairment and
disruption of gut microbiota composition. Moreover, we recently demonstrated systemic
metabolic dysfunction may be driven by these alterations in gut microbiome composition.
However, how specific metabolite production and utilization is altered with AD, and whether
this is tissue specific, remains unknown. Therefore, the primary objective of this study is to
assess metabolic perturbation within both the central nervous system and intestine through
untargeted metabolomic investigation using an aged transgenic rat model of AD (TgF344-AD).
These rats exhibit AD-like neuropathology, metabolic impairment, and cognitive decline that
progressively worsen with age, making it a suitable model for our studies. Small and large
intestinal content, along with hippocampal and frontal cortical samples, were taken from 19-
month-old TgF344-AD and WT rats. Samples were analyzed using liquid chromatography/mass
spectrometry (LC/MS). Data normalization and multivariate partial least squares discriminate
(PLS-DA) analyses, including Variable importance in projection (VIP) and Principal Component
(PCA) analyses, were performed using MetaboAnalyst 6.0. PCA analysis revealed a statistically
significant separation of metabolite profiles between TgF344-AD and WT groups in intestinal
and brain tissues, demonstrating regional specificity of metabolic-related alterations in AD.
Several individual metabolites contributed to the differential metabolite profiles between
TgF344-AD and WT groups, including several neurotransmitters and essential amino acids that
were up or down regulated uniquely across tissues. Notably, glutamate was upregulated within
the hippocampus, but downregulated within frontal cortex. These data align with regional
differences in excitatory signaling that occur with aging and AD. Moreover, there were
significant differences in metabolome across sex as well as interactions between sex and
genotype, such that metabolite profiles differed across genotype differently in male and female
subjects. These data demonstrate AD-related impairments in the metabolome of aged subjects
include a broad range of metabolites and are sex- and region-specific. Moreover, this work
further highlights targeting the gut for therapeutic interventions aimed at alleviating AD-related
dysfunction.
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Abstract: Alzheimer's disease (AD) is a prevalent health concern, with women constituting
about two-thirds of its cases. Beyond classic hallmarks, including amyloid-beta (Ap) plaques and
neurofibrillary tangles, brain glucose hypometabolism is underscored as an early biomarker.
Women exhibit distinct alterations in glucose metabolism in various brain regions compared to
men. Also, research suggests a decrease in the activity of key glycolytic enzymes before
mitochondrial dysfunction occurs in the hippocampus of female mice. Despite its potential
involvement in AD progression and evidence of it being a primary region of metabolic changes
in AD, the role of the hypothalamus in AD is often overlooked. Aging women but not men have
shown glucose hypometabolism in their hypothalamus. We aimed to investigate and compare
glucose metabolism, specifically glycolysis, between male and female hypothalamic neuronal
cell lines in AD-like conditions. To do this, we cultured mHypoA-BMAL1-WT male and female
adult mixed hypothalamic cell lines. First, cells were incubated with varying concentrations of
mouse A peptide to mimic AD conditions. Annexin V-FITC/PI cytotoxicity assay was run to
determine the least AP concentration which can produce significant cytotoxicity in cells. We then
used the Seahorse Glycolysis Stress Test to determine how each sex responds to challenging
energetic conditions by increasing their glycolysis rate, as measured by Extra Cellular
Acidification rate (ECAR) (n=4 in each group). This test also measures Oxygen Consumption
Rate (OCR) to assess aerobic respiration, simultaneously. We found that Ap with a dose of SuM
significantly lowered cell viability by inducing apoptosis. There was a trend toward glycolysis as
a preferred pathway to meet the energy demand in female vs. male and A vs. control cells.
Glycolytic capacity had a declining trend in Ap-treated cells vs. healthy cells and in males vs.
females. Interestingly, the ability of cells to increase glycolytic activity when faced with an
energetic crisis, known as glycolytic reserve, was significantly reduced by AP treatment in
females (ECAR =0.13 + 0.01 in AP vs. 0.48 + 0.05 mpH/min/cell in control), but not in males.
Moreover, the energy map indicated that AB-treated female hypothalamic neurons have the
lowest energetic profile. Our data provide evidence that AP treatment as well as the female sex
reduce the ability of hypothalamic neurons to use glycolysis in times of energetic adversity and
may increase preference toward glycolysis when in non-stress conditions. This can partly explain
the sex differences in AD progression in the hypothalamus.

Disclosures: M. Ramezan: None. A.C. Shin: None.
Poster

PSTR266: Alzheimer’s Disease: Energy Homeostasis
Location: MCP Hall A

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM
Program #/Poster #: PSTR266.06/B90



Topic: C.02. Alzheimer's Disease and Other Dementias
Support: ADRD Supplement ROINS095872-05S1
Title: Chemosensitivity Patterns of APP/PS1 Mice at Different Life Stages

Authors: *B. PATEL?, A. JONES?, B. KREITLOW?, G. F. BUCHANAN?;
1Univ. of lowa, lowa City, I1A; 2Neurosci., Univ. of lowa, lowa City, IA; 3Neurol., Univ. of lowa,
lowa City, 1A

Abstract: Alzheimer's disease (AD) is a neurological disorder characterized by accumulation of
brain pathology and worsening dementia. More than 6 million Americans are living with AD,
and the numbers are only rising. There is currently no cure for AD, and the only help available to
patients is few medications to relieve symptoms. As AD progresses, it is associated with a
number of comorbidities, including respiratory dysfunction. Several animal models exist that
recapitulate AD pathology, such as amyloidopathy, but whether these have respiratory
dysfunction is unknown. In this experiment, we hypothesized that the Amyloid Precursor
Protein/ Presenilin 1 (APP/PS1) mouse will display respiratory dysfunction that will be more
prominent as mice age, and will be associated with pathological changes in the brainstem. In this
ongoing study, young (2-4 mos) and older (> 6 mos) APP/PS1 mice were instrumented for
EEG/EMG recording to assess sleep-wake state, allowed to recover, and presented with 7% CO2
or room air stimuli during wake or sleep while measuring EEG and breathing. Brains were
collected after trials for immunohistochemistry to examine the accumulation of amyloid plaques
within the brainstem So far, older mice demonstrate impaired arousal and ventilatory responses
to CO2. Furthermore, a few mice have been found deceased in full hindlimb extension indicating
seizure-related death. Continuing work will include more trials in mice of both age groups, trials
in wildtype control animals, and assessment for brainstem pathology.
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Title: Calorie restriction attenuates Alzheimer’s disease pathology in 5xFAD mice
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Abstract: Calorie restriction (CR) is a natural dietary therapy that has been shown to improve
health and extend lifespan. CR affects synaptic proteins in hippocampal CA3 and spatial learning
ability. CR ameliorates age-related behavioral deficits in the AD mouse model. However, the
cellular mechanisms of CR in AD pathological environments are not clearly understood yet. In
this study, we used the 5x FAD mice which is the Alzheimer’s disease mouse model to find the
protective effect and molecular mechanism of CR in AD. Mice at the age of 14 months were fed
either ad libitum (AL) or CR diet (CR, 80% at 1t week,70% at 2" week, and 60% CR at 3" and
4™ week) for 4 weeks. After 4 weeks feed, we performed multiple behavioral tests, including
Morris water maze test, elevated plus maze test, and tail suspension test to measure the cognitive
function of 5XxFAD mice. CR group showed the increased mitochondrial enzyme activities and
oxidative phosphorylation levels. We also found that glucose restriction (5.5mM) increase cell
viability of the HT-22 hippocampal cells under the hypoxia conditions. It also increased the pro-
inflammatory gene expressions in BV2 microglia cells under the hypoxia conditions. These
results suggest that CR attenuate AD pathology by affecting mitochondria activities and neuro-
inflammatory responses in the brain
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Abstract: ApoE is a lipid carrier that in the brain is primarily secreted by astrocytes for lipid
export to neurons. Polymorphisms in the APOE gene have strong associations to late-onset
Alzheimer's disease (AD) risk, with the APOE E4 (APOE4) variant increasing AD risk up to 15-
fold in homozygotes relative to carriers of the neutral allele APOE E3 (APOE3). While APOE4
has been shown to induce intracellular lipid accumulation and elevated cytokine secretion in
astrocytes, the underlying mechanisms remain poorly understood. To better understand the
impact of APOE4 on astrocyte function, we performed RNA-seq of isogenic APOE 4/4 and
APOE 3/3 astrocytes derived from human induced pluripotent stem cells (hiPSC) from AD
APOE 4/4 patients (N=3), finding that the lysosome was among the top most significantly down-
regulated pathways in APOE 4/4 astrocytes. This result was validated using snRNA-seq data
from the Seattle Alzheimer’s Disease Brain Cell Atlas, which showed that astrocytes from the
dorsolateral prefrontal cortex and middle temporal gyrus of postmortem AD APOE4-carriers
(N=84 donors) exhibit significant down-regulation of lysosome and autophagy pathways. As the
lysosome is a key site for regulation of cellular growth and catabolism, we hypothesized
lysosomal dysfunction may underlie toxic lipid accumulation found in APOE 4/4 astrocytes.
Here, we utilized isogenic APOE 3/3 and 4/4 astrocytes derived from a male and female hiPSC
line in experiments utilizing fluorescent reporters, flow cytometry, immunocytochemistry, and
Western blot. We found APOE 4/4 astrocytes exhibited reduction of lysosomal acidification,
proteolytic activity, lipid catabolism, and expression of lysosome membrane proteins.
Macroautophagy, a process by which intracellular macromolecules are trafficked to the lysosome
for degradation during stress, was significantly reduced in APOE 4/4 astrocytes. Mechanistically,
we found APOE 4/4 astrocytes have increased signaling by mTORC1, a master growth regulator
implicated in aging and AD. Finally, inhibition of mTORC1 rescued lipid, inflammation, and
lysosome phenotypes in APOE 4/4 astrocytes. These results provide an underlying mechanism of
lipid accumulation in APOE 4/4 astrocytes and further implicates mTORCL1 signaling in the
pathophysiology of AD.
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Abstract: The specific mechanisms of cognitive decline and dementia associated with
Alzheimer’s disease (AD) remain unclear; however, changes in brain mitochondrial metabolism
are coincident with functional decline associated with AD. Direct links between pathology and
cellular energetics have not been established, nor have therapeutic strategies explored this
connection. Here, we interrogate the therapeutic potential of mitochondrial targeting via the
adiponectin receptor activator AdipoRon (AR). Adiponectin is an adipose-tissue-derived
hormone previously linked to metabolic syndrome and aging, and adiponectin receptors are
expressed in all cell types of the brain. Here, we show that AR clears neurofibrillary tangles
(NFTs), a hallmark of AD, and rescues diverse tauopathy-associated defects in primary neurons.
Specifically, AR reduced levels of phospho-tau and lowered NFT burden by a mechanism
requiring AMPK, an energy-sensing kinase linked to adiponectin signaling. The transcriptional
response to AR extended beyond the expected reprogramming of mitochondrial metabolism,
influencing postsynaptic receptors, cellular maintenance, and homeostatic pathways. At the
organelle level, activation of the autolysosomal pathway involved increased protein levels of
LC3 and p62 and was dependent on AMPK. Regarding metabolism, the negative consequences
of NFTs on mitochondrial activity and ATP production were corrected. Furthermore, AR
restored decreases in dendritic complexity caused by tauopathy, and this effect was dependent on
AMPK and the stress-responsive kinase JNK. Whole-cell patch-clamp experiments identified
NFT-associated defects in electrophysiological passive parameters (e.g., resting potential,
resistance) and active parameters (e.g., action potential firing), both of which were corrected by
AR. The translatability of the NFT clearance and electrophysiological phenotypes observed in



cell culture findings to an in vivo system was conducted. A four-month AR feeding paradigm
(50mg/kg diet daily fed) administered to hTau P301S mice was sufficient to prevent Tau-
associated deficits in CA1 pyramidal cell spike firing and spike parameters (i.e., spike amplitude
and width). Together, these data reveal a neuronal intracellular network linking mitochondrial
function to cellular maintenance processes and electrical aspects of neuronal function that can be
targeted via adiponectin receptor activation.
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Abstract: Human FDG PET studies demonstrate that altered glucose metabolism is an early
event in the pathogenesis of Alzheimer's disease (AD), occurring soon after the deposition of
amyloid plaques. It is unclear, based on these observational studies, whether this altered
metabolism is reversible, or which cell types are contributing to the changes. In this study, we
use two-photon fluorescence lifetime imaging (TP-FLIM) to measure changes in nicotinamide
adenine dinucleotide (NAD(P)H) and flavin adenine (FAD) in the brains of living APP/PS1-
Thy1-RGECO female mice (varying ages) under isoflurane anesthesia. NAD(P)H and FAD,
metabolites critical to glycolysis and mitochondrial metabolism, have intrinsic fluorescent
characteristics that permit measurement of bound vs. free forms using FLIM. Given that protein-
bound NAD(P)H is thought to be relatively stable over time, the ratio of free vs bound
(NAD(P)H free/nound) NAD(P)H can partly reflect the ratio of glycolytic vs oxidative metabolism.
Furthermore, a higher NAD(P)H-to-FAD (N/F) ratio is typically associated with more
glycolysis. Together these ratios provide a quantitative measure of a metabolic shift towards or
away from glycolysis. We analyzed N/F and NADH freemmound In €xcitatory neurons relative to
their distance from the amyloid plaque. We found that regardless of age, neurons near the plaque
have lower N/F and NADH freemmound ratios, whereas those further away have a higher N/F and



NADH free/hound; Suggesting that neurons closer to the plaque have less glycolysis and altered
metabolism than those further away from it. Further characterization and validation are needed,
but these data provide evidence that we can measure metabolites in living mice at single cell
resolution. Future studies will examine other cell types and determine whether changes in
metabolism are reversible with the reduction of plaque size/load using anti-Abeta antibodies.
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Figure 1. Representative field of view of A)Thyl-RGECO labeled neuronal Intensity image B)NAD(P)H
and Methoxy-x04 TP-FLIM image and €) FAD TP-FLIM image D) Representative linear regression analysis
showing N/F ratios of Thyl-labeled neurons relative to their distance from plaque of a 4-months old, 6-
months old, and 7-months old mouse, respectively. E) Representative linear regression analysis
showing NADH f../pound ratios of Thyl-labeled neurons relative to their distance from plaque of a 4-
months old, 6-months old, and T-months old mouse, respectively.
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Abstract: Estrogen acts as a master regulator of systems biology in the female brain,
coordinating metabolic, immune, and neuronal homeostasis. Loss of estrogen during the
menopausal transition is associated with declining brain glucose metabolism and increasing
neuroinflammation, which may contribute to neuronal vulnerability and lead to the doubled
lifetime risk of Alzheimer’s disease (AD) in women. However, the neuronal and glial cell type-
specific response to estrogen deficiency in hippocampus, a brain region critically affected in AD,
is incompletely understood.

To identify hippocampal cells and pathways affected by estrogen loss, 5-month-old female
Sprague Dawley rats were randomly assigned to sham ovariectomized (SHAM), ovariectomized
plus vehicle (OVX), or OVX with 17p-estradiol (OVX+E2). Animals were weighed before and
weekly after surgery. Animals were sacrificed at 5 weeks post-surgery.

Nuclei were isolated from dorsal hippocampus and two biological replicates per treatment group
were pooled and a 10X Genomics Chromium Single Cell 3’ kit was used to generate a single-
nuclei cDNA library for each condition. Libraries were sequenced on an lllumina NovaSeq6000,
and demultiplexed FASTQ files were analyzed using CellRanger 7.1.0 and Loupe Browser 8.0.
After filtering out nuclei with >5% mitochondrial reads, established cell type-specific marker
genes allowed annotation of distinct clusters of major brain cell types including excitatory
neurons, inhibitory neurons, astrocytes, oligodendrocytes, oligodendrocyte precursor cells
(OPCs), microglia, and endothelial cells.

Single-nuclei transcriptomics identified a reduction in cell percentage of a neuron cluster
expressing Slc17a6 (vGlut2) in OV X hippocampus, which was partially rescued in OVX+E2,
relative to control. Additional subpopulations affected include other inhibitory and excitatory
neuron clusters, as well as oligodendrocytes. Bulk analysis indicated KEGG pathways altered in
OV X condition included antigen processing, cholesterol metabolism, insulin resistance, and
glutamatergic synapse pathways.

These findings support previous reports of estrogen loss affecting neuroinflammation,
bioenergetics, and synaptic function and are being elucidated in ongoing studies to identify cell-
type specific pathway contributions. Outcomes will advance an understanding of brain cell-
specific responses to estrogen loss and help identify specific drivers of brain vulnerability in the
estrogen-deficient female brain.
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Abstract: Age, sex, and APOE4 genotype are key non-modifiable risk factors for Alzheimer’s
disease (AD), with APOEA4 significantly increasing risk, especially in women. The APOE-sex
(APOE-SX) interaction underscores the need for personalized AD treatments. We analyzed
plasma blood proteomic data from the UK Biobank to identify sex and APOE-specific protein
and pathway signatures. Plasma samples were analyzed for participants diagnosed with AD and
controls. After propensity-score matching on age and education level, 199 AD cases (133
females, F; 66 males, M) and 199 controls (104 F, 95 M) from APOE3/3, 3/4 and 4/4 individuals
were retained. Protein levels were normalized using z-scores. For each APOE-SX condition,
differentially expressed proteins (DEPs, p-value < 0.05) between AD and controls were
identified using linear regression with empirical Bayes estimators to calibrate the per-protein
variance using information from all the proteins. Gene Set Enrichment Analysis (GSEA) was
subsequently conducted using Gene Ontology Biological Processes (GO-BP) accounting for
DEP fold change. Redundant GO-BP terms (adjusted p-values<0.05) were removed by
computing GO-BP semantic similarity (cut-off of 0.6). Comparison analyses were then
conducted to identify common and unique DEPs and enriched GO-BPs across APOE-SX
conditions. Across all APOE-SX conditions, F4/4 exhibited the greatest number of DEPs
(n=741), while M-44 had the fewest (n=102), compared to matched controls. Proteomic analysis
revealed DEPs specific and common across all conditions. For example, CCL8, involved in
immunoregulatory processes, was overexpressed only in females. GSEA revealed the highest
numbers of AD-enriched pathways in APOE3/3 carriers (n=37-40 GO-BPs), whereas M3/4 and
M4/4 exhibited the fewest (n=13 and 17). Both unique and common GO-BPs were found related
to APOE-SX signatures, such as downregulated pathways related to protein kinase activity were
specific to F4/4, while intracellular transport and receptor signaling common to F3/4, F4/4, and
M4/4. Notably, no common DEPs or GO-BP terms were found across all APOE-SX conditions.
These findings suggest APOE-SX specific proteomic signatures and altered biological processes
in AD, supporting the development of personalized therapeutics considering APOE-SX
interaction.
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Abstract: The preclinical phase of Alzheimer’s Disease can begin decades prior to the onset of
clinical symptoms. During this stage, pathophysiological changes that drive hallmark beta
amyloid and tau accumulation occur. These changes include brain and peripheral inflammation
along with dysregulated glucose and lipid metabolism. Targeting these systems of biology
through FDA-approved therapeutics could be an effective strategy to address early AD risk
mechanisms thereby reducing the burden of AD. Our previous analyses indicated that lipid-
lowering, glucose metabolism regulators, and anti-inflammatory therapeutics resulted in
statistically lower AD risk. To investigate the impact of combination therapeutics on AD
pathology, we utilized a late onset AD risk mouse model expressing humanized (h) hAPP
hAPOE3/3 and hAPP hAPOEA4/4 genes. Male and female mice, beginning at 15 months of age,
were exposed to midlife interventions involving lipid-lowering, glucose-regulating, or anti-
inflammatory treatments, either as monotherapy or in combination, for 90 days. Treatments were
administered daily through the mice's chow. A control group was fed a calorie-matched diet
without drug treatment. Mice underwent cognitive assessments using novel object recognition
(NOR) before and after treatment and weekly nesting tests, as well as monthly body composition
measurements using EchoMRI. At day 90, plasma metabolic markers were evaluated using a
clinical blood analyzer. Additionally, immunophenotyping in peripheral blood and meningeal
cells was conducted using flow cytometry and brain microglial activation was assessed by
immunohistochemistry (IHC). Amyloid beta levels were measured in plasma using MSD and in
brain via IHC. Results from this study demonstrated that while each therapeutic alone effectively
targeted its respective biological system, combination therapy produced a synergistic effect,
leading to greater amyloid beta clearance, reduced neuro- and peripheral inflammation, and
enhanced metabolic homeostasis. Additionally, combination therapy rescued cognitive decline
after 3-month treatment. The response to treatment was influenced by sex and APOE genotype,



with combination therapy proving most effective in those at higher risk for AD: females carrying
the APOE4 allele. Observational studies support the use of FDA-approved risk factor
therapeutics to reduce the risk of AD, with a greater benefit when used in combination. This
study highlights the therapeutic potential of combination therapy targeting key drivers of AD
pathology and supports a precision medicine approach tailored to individual factors such as sex
and APOE genotype.
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Abstract: Age, female sex and the APOE4 allele are among the top risk factors for Alzheimer’s
disease (AD), with a stronger APOE link to AD in women. ApoE4 significantly increases the
odds ratio of AD in women compared to men and accelerates rates of cognitive decline more in
women. This APOE-sex interaction also pertains to APOE mouse models where apoE4 induces
more severe neurodegeneration and cognitive deficits in female mice. However, the mechanisms
by which these two risk factors converge to disrupt brain function remain elusive.Herein, we
used a translational rodent model we developed as per STRAW criteria to investigate the effect
of APOE genotype on biological transformations associated with female midlife endocrine aging.
6-, 9- and 15-month hAPOE3/3 and hAPOE4/4 female mice were stratified into 3 different
endocrine aging groups based on vaginal cytology profiles: regular cyclers (consistent 4-5 day
cycles), irregular cyclers (of 6-9 day cycles), and acyclic (no cycling >9 days). The endocrine
status, plasma hormone and biometric profiles, as well as brain bioenergetic function,
transcriptomics, myelination and neuroinflammation status were characterized.Our findings
indicated that systems biology of endocrine aging initially identified in the perimenopausal rat
model were replicated in the hAPOE3/3 mouse model. In contrast, hAPOEA4/4 females exhibited



accelerated endocrine aging with an increased magnitude of systemic and brain metabolic
dismantling while compensatory adaptive responses were compromised. Further, the accelerated
and amplified bioenergetic crisis in hAPOE4/4 females was accompanied by increased immune
activation and demyelination.Outcomes of these analyses provide a plausible mechanistic
pathway underlying the greater risk of AD in APOE4 females, thus providing a rational
mechanistic precision medicine approach to intervene during midlife to prevent or delay the
onset of the prodromal / preclinical stage of AD.
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Abstract: Late-onset Alzheimer’s disease (LOAD) has a decades-long prodromal phase. Age,
sex, and APOE4 genotype are the leading non-modifiable risk factors. Current Alzheimer's
disease (AD) animal models typically incorporate mutations that accelerate AD pathology,
focusing on end-stage disease rather than risk or the prodromal phase. We propose the use of a
novel risk factor model to better elucidate biological shifts during midlife that could indicate the
prodromal stage of AD.

Previous lab findings in a humanized-APOE (hAPOE) mouse model demonstrated sex-driven
inflammatory profiles and metabolic shifts in female hAPOE mice compared to aged-matched
males. Additional lab findings indicated that the human mid-life females' inflammatory
transcriptomic profile closely resembles the LOAD brain, while the mid-life males diverged.
Based on the observed sex-driven inflammatory profiles, we hypothesize that the addition of a
non-modifiable risk factor to our mouse model, such as humanized amyloid precursor protein



(hAPP), will induce stronger genotypic inflammatory profile differences through midlife.
Transgenic hAPOE €3/3 and €4/4 KI mice (Jackson Lab) were bred with homozygous B6(SJL)-
App tm1.1Aduci/J animals, also acquired from Jackson Lab, resulting in hAAPP+hAPOE (£3/3 &
€4/4) mice. Mice of both sexes were aged to 12, 15, and 18 months and sacrificed (human
equivalent ~ 43,50 and 56-year-old respectively). Flow cytometry on the left brain hemisphere
was used to assess microglial functionality and lymphocyte phenotyping (N=265).

Microglial activity (CD68) demonstrated a significant interaction between genotype:age
(p=0.00026) and sex:genotype (p= 0.027). Female hAPP+hAPOE-£3/3 had increased microglial
activation at all ages while males showed increased activation only at 18 months. hAPOE-g4/4
mice demonstrated low activation across age and sex. There was also a significant
sex:genotype:age interaction in microglia ability to phagocytose (pHrodo) (p=0.039) and antigen
presentation (MHCII) (p<0.0001). Microglia’s ability to phagocytose decreased with age, with
hAPOE-g4/4s having the lowest across all groups. At 15m there was a subtle increase in MHCII
in females while increased expression was observed in hAPOE-g3/3 mice at 18 months.

These data indicate a repressed immune response during midlife aging in hAPP+hAPOE-¢4/4s
mice. Additionally, hAPOE3/3s had an increased activation profile. These findings highlight a
need for a more thorough understanding and to consider midlife-related changes in inflammatory
systems and their contribution to LOAD risk. Future studies must include examining
translatability to the aging human brain.
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Abstract: Alzheimer’s Disease (AD) is characterized by a long preclinical stage where
pathological changes start to emerge. Among those changes, neuropsychiatric-related biomarkers
can emerge. Preclinical AD dysregulations within the central nervous system (CNS) that are
shared with neuropsychiatric diseases include disruption of neurotransmitter systems, neuronal
loss, synaptic dysfunction, and amyloid beta accumulation. FDA-approved drugs for



neuropsychiatric diseases that target these systems, directly or indirectly, could delay disease
progression and improve clinical outcomes of AD. Previous analysis in our lab showed that
specific CNS-active drug treatments were associated with a significant decrease in AD risk.
5XFAD mice were utilized to assess the impact of CNS-active drugs, alone and in combination,
on AD development. Six-week-old male mice received daily treatment with either a
norepinephrine reuptake inhibitor, a GABA receptor positive allosteric modulator, or both.
Animals were treated via oral gavage for two months. Novel object recognition (NOR) test and
body composition analysis were conducted before and after drug intervention. Additionally,
nesting assessments and body weight measurements were performed weekly. Following
treatment completion, animals were sacrificed, and brains were collected for
immunohistochemistry profiling in the hippocampal region. Plasma was used for biochemical
analysis. Results from NOR tests indicated that CNS-active drug interventions preserved
cognitive function and reduced anxious behavior compared to untreated controls, especially with
the combination therapy intervention. Treated mice exhibited changes in fat and lean mass
percentages relative to controls, while no significant differences emerged in glucose,
triglycerides, or total cholesterol levels in plasma. Immunohistochemistry analyses were utilized
to identify differences in the profile of AD markers associated with the administered
therapeutics. Findings of this study support the use of CNS-active medications to preserve
cognitive function in the context of AD, particularly when using a drug combination approach
that targets multiple systems. Targeting early CNS dysregulations associated with AD via FDA-
approved therapeutics could provide an efficient strategy to moderate disease progression.
Furthermore, the benefits of using CNS-active medications in early versus late stages of AD
reinforces the need for precision medicine strategies for AD. This work was supported by NIH /
National Institute on Aging funding POLAG026572 to RDB, and the Center for Innovation in
Brain Science to RDB.
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Abstract: Late-onset Alzheimer’s disease (LOAD) affects around 95% of the clinical dementia
population aged 65 and older and is influenced by genetics, age, sex. LOAD is associated with
cognitive, morphological, and bioenergetic changes. GWAS studies have identified
Apolipoprotein €4 (APOE4) as the strongest genetic risk factor, in addition to other prominent
risk genes such as amyloid precursor protein (APP). APOE4 confers upto 15-fold higher risk in
females compared to male APOE3/3s. Preclinical research often uses familial AD risk factor
mouse models, which impact <5% of the clinical population, limiting clinical translatability.
Herein, we investigated the impact of a single strong AD risk factor gene (APP) combined with
LOAD-specific risk factors on brain and peripheral bioenergetics. Aged (23-25 months)
humanized APP/APOE (APP carrier) and hAPOE (APP non-carrier) mice with E3/3, E3/4 and
E4/4 genotype underwent metabolic and body composition screening including fasting blood
glucose (FBG) and ketone (FKB) measurement, EchoMRI, and 8F-FDG-PET. Cerebral FDG-
PET standardized uptake values (SUVR) were normalized to pons. For analysis, mice we
classified as APOE4 carriers and non-carriers, based on the presence of E4 allele. All data were
analyzed with APP carrier x APOE carrier x sex analyses of variance followed by post-hoc
Bonferroni correction. APP carriers had a significantly lower SUVr compared to non-carriers (p
= 3.375e-08). This was primarily driven by the difference between the APP and non-APP APOE-
E4 carriers (p = 1.2e-05). Females also had lower brain glucose uptake than males, though not
significantly (p = 0.075). APP carriers additionally had lower FBG (p= 2.2e-16) than non-
carriers with a trend towards sex differences (p = 0.07). Finally, APP carriers had higher FKB
levels than non-carriers (p = 2.05e-5), with female APP carriers having higher FKB levels than
all non-carriers (p = 0.003). In a mouse cohort at a comparative human age of ~70 years, lower
brain SUVR in APP carriers, specifically in the E4s, coupled with lower FBG indicates ongoing
bioenergetic deficits and the inability to meet energetic demands via glycolysis. This
bioenergetic profile is also observed in clinical populations. Greater FKB in APP carriers
suggests a shift toward utilizing fatty acids to meet bioenergetic demands. These results highlight
the metabolic impact of interaction between hAPP and the APOE E4 allele in these aged mice,
providing important evidence for the interplay between AD genetic risk factors and bioenergetic
dysfunction.
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Abstract: Menopause is a multi-systemic perturbation across endocrine, metabolic, and
immune-inflammatory systems. Despite known effects on these systems, the impact on the brain
and Alzheimer’s disease (AD) risk remains incompletely understood, limiting preventative
therapeutic development. Here, we investigated the impact of the menopausal transition on brain
morphometry in a late-onset AD mouse model.

6-, 9- and 15-month humanized APOEe3/e3 (JAX #29018), e4/e4 (JAX #27894), and €3/e4 (bred
in-house) female mice were stratified into 3 endocrine aging groups based on vaginal cytology
profiles: regular (consistent 4-5 day cycles) or irregular cyclers (6-9 day cycles), and acyclic (no
cycling >9 days). Animals were euthanized on estrous day and transcardially perfused. Ex-vivo
MRI included high resolution volumetric scans. Regional and total brain volumes were
determined using an existing mouse-specific brain atlas. Total brain volume differences were
modeled with a linear model for chronological/endocrinological aging groups and hAPOE
genotype. Regional volumes were modeled with a hierarchical Bayesian mixed effects model for
chronological/endocrinological aging groups and hAPOE genotype as well as total brain volume.
Total brain volume increased with advancing endocrinological age (F = 4.159, p = 0.005).
Additionally, hAPOE4 carriers exhibited greater overall brain volume compared to hAPOE3/3 (F
= 4.093, p=0.048), while no differences were observed between hAPOE3/4 and hAPOE4/4.
These total brain volume differences were specifically observed between the 6M mice and the
15M-Irreg (p = 0.008) and 15M-Acyc (p = 0.038) mice, driven by a 4% increase in total brain
volume in hAPOE4 mice. Across all chronological/endocrinological aging groups, after
accounting for total brain volume and hAPOE genotype, increased volume was observed in the
6M-Reg mice in cortical regions whereas increased volume was observed in the 15M animals in
brainstem, midbrain, subcortical, and white matter regions, as well as the ventricles. The
magnitude of these unique, group specific differences above and beyond simply having larger
brains was generally small (< 1mm?3 on average) but carried moderate to strong evidence for the
observed effects (|P+| > 0.81).

These findings indicate a shift toward larger cortical and smaller subcortical regions and are
consistent with human studies demonstrating reduced regional brain volume, cortical thickness
and surface area in early menopause. Though these differences were small in magnitude, they
provide evidence of an endocrinologically-driven shift in brain morphometry which may
precipitate the onset of Alzheimer’s disease.
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Abstract: Recent experimental findings indicate a possible interplay between dopamine D2
receptors (D2R) and N-type calcium (Ca2+) channels, influencing the firing patterns of STN
cells situated in the basal ganglia. This computational investigation seeks to clarify the
fundamental mechanisms of this interplay and its impact on the dynamics of resting membrane
potential (RMP) and firing patterns in Parkinson's Disease (PD). The research utilizes a three-
pronged quantitative modeling strategy. Initially, it incorporates biophysical characteristics of
different ion channels within STN cells gleaned from prior studies. Next, it formulates equations
to depict the GPCR pathway's influence on cAMP levels, affecting the conductance of N-type
Ca2+ channels. Lastly, it employs simulations of diverse pharmacological compounds to uncover
fresh biological understandings.Employing the dopamine receptor agonist Bromocriptine
(Bromo) at a concentration of 10 uM, the investigation explores the modified kinetics of N-type
calcium (Ca2+) channels and consequent alterations in firing patterns. Findings indicate that
Bromo influences the activation curves of N-type Ca2+ channels, shifting their half-activation
potential towards more positive values. Dopamine agonists lead to a decrease in action potential
frequency, attributed to diminished window current resulting from D2R activation and reduced
conductance of N-type Ca2+ channels. Figure 1 depicts the impact of dopamine agonists on
simulated firing patterns, with a current injection of 100 pA lasting for 1 ms. It vividly illustrates
the decreased firing frequency (depicted by the blue solid line) observed under the influence of
dopamine agonists. Activation of D2R receptors reduces the window current necessary to
maintain the RMP, counteracted by a decrease in Ca2+ channel conductance.The research
proposes potential therapeutic approaches utilizing Ca2+ channel agonists for treating PD,
potentially serving as alternatives to dopamine in specific pathological contexts while also
boosting spatial memory performance.
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Abstract: Melanocortin 1 receptor (MC1R) is known to control coat color with Attractin in the
skin. Recently, it was reported that MCL1R is present in the substantia nigra (SN) and that its
deficiency causes Parkinson's disease-like dopaminergic neurodegeneration. However, the
detailed localization of MC1R in a brain and whether MC1R colocalized with Attractin remain
unknown. In this study, we histologically analyzed the localization and characteristics of MC1R
cells in rat SN. In situ hybridization revealed that MC1R mRNA was weakly expressed in the SN
pars compacta (SNc) cells and strongly expressed in the SN pars reticulata (SNr) cells. Double In
situ hybridization chain reaction combined with immunofluorescent staining was used to
characterize MC1R-expressing cells. These cells co-expressed Attractin mRNA and were
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tyrosine hydroxylase (TH)-positive dopaminergic neurons in the SNc and parvalbumin (PV)-
positive inhibitory neurons in the SNr. Immunostaining confirmed that MC1R-immunopositive
cells showed the same localization pattern as mRNA-expressing cells. Fluorescence multiple
immunostainings showed that MC1R-positive cells in the SNc¢ were TH-positive, and those in
the SNr were PV-positive. Furthermore, the majority of MC1R-positive cells in both regions
were Attractin-positive. Subcellular localization showed that MC1R was present in the
cytoplasm and the plasma membrane. In the cytoplasm, MC1R was rod-shaped and Attractin
was dot-shaped, both in close proximity to each other. The results showed that MC1R co-
localized with Attractin in dopamine neurons in the SNc and inhibitory cells in the SNr,
suggesting that MC1R and Attractin act cooperatively as a regulatory system of nigrostriatal
dopamine neurons in the SN.
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Abstract: The differential vulnerability of dopaminergic neurons of the substantia nigra pars
compacta is an unresolved subject in Parkinson’s disease. Recent studies in mice reveals the
existence heterogenous subpopulations of nigral dopaminergic neurons. In monkeys, the



molecular phenotypes of dopaminergic neurons are poorly characterized. Here, we carried a
detailed histological study disclosing the anatomical distribution of different molecular
phenotypes within identified midbrain neurons in monkeys (i.e., Calbindin, Girk2, Alhdlal) and
their selective vulnerability in a progressive MPTP monkey model. Our data show that in the
ventral tier of the substantia nigra pars compacta, neurons rich in Aldhlal and Girk2 are
intermingled, whereas calbindin is the marker best identifying the most resistant neurons located
in the dorsal tier and ventral tegmental area. Loss of Aldhlal+ neurons in the ventral tier was
progressive and related to the degree of parkinsonism of MPTP-treated monkeys. Also,
Aldhlal+ neurons projects massively to the striatum, specifically to the putamen, while
Aldhlal- neurons give rise to nigropallidal projections. Moreover, Aldhlal+ staining was
strikingly evident throughout dendrites processes with very long vertical trajectories extending
through the substantia nigra pars reticulata and colocalized with dense striatal afferent fibers that
extend dorsally within the same region. In conclusion, vulnerable nigrostriatal-projecting
neurons in monkeys can be properly identified by using Aldhlal and Girk2 as distinctive
markers. This could help to understand which factors are most relevant to explain selective
neuronal vulnerability in PD and perhaps contribute to specific therapeutic developments.
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Abstract: Parkinson's disease is one of the most common movement disorders whichpathology
is mainly correlated with the loss of dopaminergic neurons in the substantia nigra pars compacta.



However, beyond this structure, there are other regions susceptible to Parkinson's-associated
degeneration such as the locus coeruleus. The locus coeruleus, located in the pons, is the major
group of noradrenaline-producing neurons in the brain and exhibits pathological changes in the
brain of Parkinson’s disease patients, particularly those who evolved into dementia. In this study,
we used dopamine-beta-hydroxylase (DBH) immunocytochemistry to assess noradrenergic
neuronal loss in the locus coeruleus in a progressive monkey model of Parkinson’s disease. We
analyzed the brains of control monkeys and monkeys who, following treatment with MPTP
remained asymptomatic, monkeys who recovered after showing mild parkinsonian signs, and
monkeys with stable parkinsonism. Unbiased stereological estimations of neuron numbers were
achieved using the optical fractionator. All analyses were performed within the same subjects in
which dopaminergic degeneration in the substantia nigra had been studied earlier; we employed
equal processing and analysis parameters, thus allowing for reliable data comparisons. This
allowed us to compare the noradrenergic pathology in the locus coeruleus with the dopaminergic
pathology in the substantia nigra in the same subjects. Our data reveal that, despite substantial
loss of dopaminergic neurons, there is no apparent neuronal loss in the locus coeruleus in any of
the MPTP-treated groups. These findings show that under the same experimental situation, cell
loss in dopaminergic and noradrenergic brainstem groups do not follow analogous patterns. The
observation that there is no noradrenergic denervation in a model that best resembles Parkinson’s
disease has potential pathophysiological implications.
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Abstract: The endocannabinoid system and its main signaling hub, the type-1 cannabinoid
receptor (CBR1), which is the principal cannabinoid receptor expressed in the brain, are reported
to be implicated in diverse neurodegenerative disorders, such as Parkinson's disease (PD).
However, with most studies focusing on rodents, the distribution of this receptor in the non-
human primate basal ganglia is not well documented; this underlines the importance of species-
specific translational studies. Here, we investigated the location of CBR1 in the basal ganglia of
macaque monkeys. A map of the expression and distribution of the CBR1 receptor was
generated using a specific antibody. We observed intense immunoreactivity primarily in axons
and boutons. CBR1 exhibited considerable heterogeneity in density and laminar distribution in
cortical regions. The hippocampus also contained a high density of CBR1 axons consistent with
previous reports. In the basal ganglia, the striatum contained very faint immunoreactivity. The
globus pallidus (pars interna and externa) and the substantia nigra pars reticulata, exhibited the
most intense CBR1 immunoreactivity of the brain, while the thalamus and the subthalamic
nucleus appeared to be completely devoid of CBR1. This suggests a possible modulatory role of
CBR1 basal ganglia output. Additionally, dense CBR1-immunoreactive axonal bundles were
detected in the ventral substantia nigra pars compacta, overlapping with the dendrites of
ventrally projecting dopaminergic neurons. CBR1s have been suggested to be mainly located in
gabaergic striatonigral and glutamatergic subthalamonigral terminals. This suggests that CBR1
may also be involved in modulating dopaminergic neurons in the substantia nigra ventral tier.
These data enhance the anatomical distribution and potential understanding of CBR1 in the
primate basal ganglia.
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Abstract: L-DOPA is the classical gold standard treatment for Parkinson's disease (PD).
However, its chronic administration can lead to the development of L-DOPA-induced
dyskinesias (LIDs). Dysregulation of the nitric oxide-cyclic guanosine monophosphate (NO-
cGMP) pathway in striatal networks has been linked to deficits in corticostriatal transmission in
LIDs. This study explored the impact of the NO donor sodium nitroprusside (SNP) on behavioral
and electrophysiological measures in sham-operated and 6-hydroxydopamine (OHDA)-lesioned
rats. Our findings revealed that systemic SNP administration enhanced stepping test performance
in dyskinetic rats without influencing AIMs incidence. Furthermore, SNP substantially increased
the spike probability of MSNs in response to excitatory corticostriatal transmission driven by
electrical stimulation of the primary motor cortex, with a more pronounced effect in dyskinetic
animals. These findings highlight the critical role of the NO signaling pathway in facilitating the
responsiveness of striatal MSNs in both the intact and dyskinetic striatum. The study suggests
that SNP has the potential to enhance L-DOPA's effects in the stepping test without exacerbating
AlMs, thereby offering new possibilities for optimizing PD therapy. In conclusion, this study
highlights the involvement of the NO signaling pathway in the pathophysiology of LIDs.
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Abstract: Dopamine replacement therapy with L-3,4-dihydroxyphenylalanine (L-DOPA) has
remained the gold-standard treatment for the hypokinetic motor symptoms of Parkinson’s
disease (PD) for several decades. Unfortunately, chronic use leads to the development of severe
treatment-induced side effects known as L-DOPA-induced dyskinesia (LID). The mechanisms
underlying LID are complex, but accumulating research has highlighted the involvement of
aberrant neuroplasticity within raphe-striatal serotonin (5-HT) circuits. This compensatory
neuroplasticity may be beneficial in earlier stages of PD but becomes maladaptive and



precipitates LID with continued dopamine (DA) loss in later stages. The 5-HT transporter
(SERT) has emerged as an intriguing target for anti-dyskinetic adjuncts as it has been shown to
traffic DA in the DA-denervated striatum and is upregulated in the brains of dyskinetic patients
and animal models of LID. The current study employs an interventional genetic knockdown of
SERT (SERT-KD) to further characterize its role in LID expression and LID-associated
transcription factors. Adult male and female 6-hydroxydopamine-lesioned Sprague-Dawley rats
were administered sub-chronic L-DOPA daily for 2 weeks to establish LID. Following the last
day of L-DOPA treatment, animals underwent a second surgery where they received either
adeno-associated virus 9 (AAV9) short-hairpin RNA driven SERT-KD (SERT-shRNA) or
control scrambled sShRNA AAV9-GFP (SCR-shRNA). LID reinstatement and motor
performance were assayed over an additional 2 weeks of sub-chronic L-DOPA treatment. Raphe
and striatal tissue were collected for reverse-transcription polymerase chain reaction (RT-PCR)
analysis of known Parkinsonian and dyskinetic gene expression. We hypothesized that this
genetic intervention would reduce LID expression by targeting a primary presynaptic mechanism
in LID development wherein the pulsatile release of DA from 5-HT cells is attenuated.
Behavioral data showed significant reductions in LID across the second treatment period in
SERT-KD animals compared to SCR-shRNA controls that were correlated with commensurate
changes in pro-dyskinetic mRNA expression including cFOS and prodynorphin (PPD). This
suggests a reorganization of pro-dyskinetic circuitry following SERT-KD knockdown that
further supports SERT as an important mechanism in the development and expression of LID.
This study provides a promising avenue for developing novel therapies to optimize PD treatment.
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Abstract: Exploring the effects of dopaminergic profiles on muscle representation
AUTHORS: F.C. ADAMS!, S.D. FOGLIA? K.R. RAMDEOQ!?, C.C DRAPEAU!Y, C.V
TURCO?3, A.J. NELSON??2

! Department of Kinesiology, McMaster University 2 School of Biomedical Engineering,
McMaster University® Faculty of Medicine and Dentistry, University of Alberta, Canada
The organization of the primary motor cortex (M1) can be non-invasively assessed using
transcranial magnetic stimulation (TMS) combined with frameless neuro-navigation. This
technique involves single pulses of TMS delivered pseudo-randomly over a pre-defined grid,
centered over the motor hotspot of the target muscle. By simultaneously recording motor evoked
potentials (MEP) from the target muscles, this information can be used to create a “motor map”.
Motor maps allow quantification of characteristics such as area, and center of gravity (CoG) of
the target muscle. Previous research has shown that dopamine modulates functional organization
of motor cortical structures in the brain (Macedo-Lima et al., 2021). This study aimed to assess
how dopaminergic bioavailability contributes to the representation of muscles in the primary
motor cortex (M1). Motor corticospinal maps were obtained 32 right-handed males (mean age
24.38 * 3.2 years) by delivering 80 suprathreshold TMS pulses over a 6 x 6 cm grid centered
over the first dorsal interosseous (FDI) motor hotspot of the left M1. Saliva samples were
obtained for analysis of the following dopaminergic genes: COMT, DRD2, DRD1, ANKK1,
DATL. For each gene, participants received a score of 0 if they possessed the allele associated
with reduced dopamine levels in the brain or a score of 1, if they possessed the allele linked to
increased dopamine levels. Scores from the 5 genes were summed to calculate each participant’s
overall genotype score. We used the overall score and individual genotypes to determine if one’s
genetic dopaminergic predisposition contributed to M1 muscle representation by separating
participants that had a high dopaminergic bioavailability and low dopaminergic bioavailability.
Preliminary results suggest dopaminergic genetic predisposition modulates CoGyx and area of the
motor corticospinal map.

Disclosures: F. Adams: None. S. Foglia: None. K. Ramdeo: None. C. Drapeau: None. C.V.
Turco: None. A.J. Nelson: None.

Poster

PSTR267: Parkinson’s Disease: Dopamine and Non-Dopamine Pathways
Location: MCP Hall A

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

Program #/Poster #: PSTR267.09/B111

Topic: C.03. Parkinson’s Disease

Title: Effects of multimodal serotonin and dopamine compounds on Levodopa-induced
dyskinesia in hemiparkinsonian rats



Authors: *E. SARINICK?, E. VALLE?, S. DEMUS?, C. BUDROW?, M. DAWIDOWSKI3, M.
WROBELS?3, M. COYLE?, C. R. BISHOP?;

!Binghamton Univ., Vestal, NY; 2Psychology, Binghamton Univ., Vestal, NY; *Dept. of Drug
Technol. and Pharmaceut. Biotech., Med. Univ. of Warsaw, Warsaw, Poland

Abstract: Parkinson’s Disease (PD) is a progressive neurodegenerative movement disorder
arising from loss of nigrostriatal dopamine (DA) neurons, resulting in rigidity, tremors, and
bradykinesia. While levodopa (L-DOPA), is commonly prescribed as a gold-standard therapy to
combat motor deficits, long term use can precipitate adverse effects including abnormal
involuntary movements (AIMS) known as L-DOPA induced dyskinesia (LID). Previous studies
suggest that compounds with affinities at the serotonin (5-HT) 1A receptor (5-HT1AR),
serotonin transporter (SERT), and DA D2 receptor (D2R) may reduce LID while maintaining the
motor efficacy of L-DOPA. Therefore, in the current preclinical study, novel experimental
compounds (4f, 4n, and 6d) with varying affinities for 5-HT1AR, SERT and D2R were assessed
for their efficacy in reducing LID. To do this, male and female adult Sprague-Dawley rats (N =
9) received unilateral 6-hydroxydopamine into the medial forebrain bundle to render them
hemiparkinsonian. Following recovery, lesioned rats, as determined by forepaw adjusting steps
(FAS) tests, were rendered dyskinetic through daily L-DOPA treatment (6 mg/kg, s.c) for 2
weeks. For Experiments 1, 2, and 3, compounds 4f, 4n, and 6b (0, 5, 10, 20 mg/kg, i.p.) were
counterbalanced and acutely injected in a within subjects design, where AIMs and FAS were
implemented to assess alterations in LID and motor efficacy, respectively. Preliminary results
revealed that 4f was without effect against LID, but maintained L-DOPA efficacy. We
hypothesize that 4n and 6b, which ostensibly have balanced actions at our targets, will dose-
dependently reduce LID. Such findings would support new compounds with optimized profiles
that will improve long term PD treatment.
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Abstract: Midbrain dopamine (mDA) neurons display a plethora of functions, including
movement, reward learning, and motivation. The diverse functions of mDA neurons can be
explained partially by their intrinsic heterogeneity, which has been shown recently using single-
cell RNA sequencing. We sought to examine whether molecular heterogeneity correlates with
anatomical projection differences. Using markers derived from single-cell data, our lab has
shown a topographic projection mapping of molecularly distinct midbrain DA neurons from the
Substantia Nigra pars compacta (SNc) and the Ventral Tegmental Area (VTA), using different
intersectional genetic labeling strategies. We have revealed distinct genetically defined DAergic
projection patterns to various forebrain regions. We seek to substantially extend and refine
previous studies and provide a systematic quantitative anatomic characterization of genetically
defined mDA subtype projections in the striatum. To do so, we 1. Utilized intersectional and
subtractional (complementary) reporter viruses injected in SNc or VTA to determine the
exclusivity of projections 2. Used new driver mouse lines based on newer single-cell taxonomic
schemes, allowing greater access to specific subpopulations of DA neurons, and 3. Developed an
axonal density quantification method to parcellate the striatum according to the mDA subtype
projections. Utilizing our genetic driver mouse lines, we show across each genotype and
analyzed a biased axonal distribution in all sections, demonstrating the striatum can be
subdivided based on the distinct projections of the DA subtypes. This DA subtype projectome
map will serve as a guiding resource to understand better circuitry, functional roles of mDA
neurons, and manipulation of specific mDA subtypes.
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Abstract: The addition of a secondary task can worsen walking performance in people with
Parkinson’s disease; some of these changes include reducing gait velocity, arm swing
asymmetry, reducing stride length, and increasing gait variability, which can increase risk of
falls. Executive deficits in Parkinson’s disease are associated with dopaminergic dysfunction in
both the striatum and cortex. It is not clear what aspects of dual tasking are impacted as a
function of dopaminergic availability. Thus, the purpose of this analysis is to determine whether
dopamine active transporter in Parkinson’s disease relates to specific dual task gait parameters.
Data were obtained from the Parkinson’s Progression Marker Initiative (PPMI) database
(www.ppmi-info.org). Thirty people newly diagnosed with Parkinson’s disease had a dopamine
active transporter (DaT) imaging scan to assess dopamine transporter density using single photon
emission computed tomography (SPECT). The SPECT imaging procedure was performed at the
individual sites using DaTscan as the dopamine transporter; the measurements for this analysis
were the striatal binding ratio (SBR) of the caudate, putamen and anterior putamen referenced to
the occipital lobe. For the gait protocol, participants wore Axivity Ax6 Sensors and Opal Sensors
while (1) walking at their preferred walking speed for one minute and (2) walking at their
preferred walking speed for one minute while serial subtracting by 3’s. Gait smoothness and
rigidity were determined by measures of walking speed, cadence, asymmetry, and jerk. Changes
in gait (dual task — single task) were used in the statistical analysis. Multi-level modeling was
used to explore the relationship between dual task gait parameters and the SBR of the regions of
interest. Changes in cadence were associated with the SBR of the putamen (p=.004) and the
anterior putamen (p=.033), such that increases in the putamen SBR and decreases in the anterior
putamen SBR were related to increases in change in cadence. Changes in right-sided jerk were
associated with the SBR of the caudate (p=.007) and the anterior putamen (p=.038), such that
increases in the caudate SBR and decreases in the anterior putamen SBR were related to
increases in right-sided jerk. Dopamine active transporter in Parkinson’s disease relates to
changes in cadence and right-sided jerk while dual task walking. Further, dopamine dysfunction
in the anterior putamen may be important for regulating the smoothness of dual task gait. Insight
into dopaminergic function and dual task gait can inform clinicians on how to identify patients
with increased risk for mild cognitive impairment and/or Parkinson’s disease dementia.
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Title: Reduced striatal M4-cholinergic signaling following dopamine loss differentially
contributes to parkinsonian and levodopa-induced diskinetic behaviors
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Abstract: A dynamic equilibrium between dopamine (DA) and acetylcholine (ACh) is essential
for striatal circuitry and motor function, as imbalances are associated with Parkinson’s disease
(PD) and levodopa-induced dyskinesia (LID). DA and ACh interact at multiple levels, including
the direct modulation of striatal output cells, the medium spiny neurons (MSNs), through G-
protein-coupled receptors. Conventional theories posit that ACh levels are pathologically
elevated following DA loss, predicting an enhancement in muscarinic M4 ACh receptor
signaling in direct pathway MSNSs that would contribute to an overall inhibition of movement in
PD. However, whether and how those changes in ACh levels translate to specific alterations in
striatal M4-cholinergic transmission and motor behavior, remains unknown. To address this, we
combined two-photon imaging and brain slice electrophysiology to specifically disentangle ACh
release and downstream signaling through M4-receptors in parkinsonian mice. We surprisingly
found that synaptic release of ACh was unaltered in response to DA lesion, but the strength of
transmission at muscarinic M4-receptor synapses on direct pathway MSNs was decreased, as a
result of reduced postsynaptic M4-receptor function. We developed two strategies that
effectively rescued the impaired cholinergic signaling: overexpression of M4-receptors and
ablation of Regulator of G-protein Signaling 4 (RGS4) to prolong M4-receptor downstream
signaling cascade selectively in direct pathway MSNs. Remarkably, restoring M4-cholinergic
transmission led to a partial alleviation of both, parkinsonian motor balance and coordination
deficits as well as levodopa-induced dyskinetic behavior, revealing an unexpected prokinetic
effect in the absence of DA while the canonical antikinetic role of M4-receptors was observed
when DA was present. Our findings indicate that the decrease in M4-function constitutes a cell-
subtype and synapse-specific adaptation in response to DA loss with broad implications at
striatal circuit level, playing a previously unnoticed role in the pathophysiology of PD and the
progression to LID, and representing a promising therapeutic target for these movement
disorders.
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Abstract: Are all Parkinson’s disease freezing of gait episodes the same? Characterizing the
neural signature of freezing via an immersive virtual reality paradigm
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Abstract: Parkinson’s Disease (PD) is a neurodegenerative disorder resulting in both motor
symptoms, such as bradykinesia, rigidity, tremor, and gait difficulties, and a variety of nonmotor
symptoms, like cognitive impairment and behavioural complications. During PD progression,
cognitive ability declines, resulting in mild cognitive impairment (MCI). PD and MCI have been
explored with neuroimaging-based biomarkers; however, relying on these biomarkers alone can
sometimes be ineffective because of large individual differences in brain activity. Thus,
combining biofluid biomarkers, allowing also for proteomic differences, can help in a better
biological definition of the disease. Since current diagnostic tests for PD and MCI focus on
individual biomarkers, misdiagnoses can be frequent. This research aims to combine
neuroimaging and biofluid data as biomarkers for PD and MCI progression, with the goal of
developing a more efficient method of predicting disease states and symptoms. Using the support



vector machine (SVM) and random forest (RF) machine learning techniques, models were
created based on neuroimaging and biofluid biomarkers for a subset of PD and healthy subjects
(HC) from the Parkinson’s Progression Markers Initiative (PPMI) dataset. Striatal binding ratios
(SBRs) of the caudate and anterior putamen extracted from DaT-SPECT imaging were used as
neuroimaging biomarkers. Proteomic concentrations of beta-amyloid-42, alpha-synuclein, total-
tau, phosphorylated-tau-181, and neurofilament light derived from cerebrospinal fluid (CSF)
represented the biofluid biomarkers. When differentiating subjects with PD from HC, both SVM
and RF techniques perform with high accuracy when only using neuroimaging. These techniques
did not perform as well when proteomic biomarkers from CSF were used alone, or when SBRs
were applied to detect MCI. We expected that due to the link between alpha-
synuclein/neurofilament light and presence of PD, these models would perform better in
comparison to other models when detecting PD. However, we found that models combining
SBRs with beta-amyloid-42 concentrations tended to have higher performance. When detecting
MCI, models combining SBRs with either phosphorylated-tau-181 or total-tau performed better
than others. Based on these results, diagnostic performance may be improved through combining
neuroimaging with biofluid-based biomarkers to distinguish subjects with PD from HC and
subjects with MCI from subjects with normal cognitive abilities. This study’s next steps involve
investigating differences in performance between SVM and RF to determine which technique is
best suited to the analysis.
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Abstract: Introduction: Parkinson's disease (PD) is a progressive neurodegenerative disorder
characterized by the accumulation of a-synuclein in Lewy bodies and the degeneration of
neurons in the substantia nigra. PD patients carrying mutations in genes associated with the
disease, such as LRRK2 or GBAL, often exhibit distinct clinical and pathological features.
Mounting evidence supports a role for the adaptive immune response in PD. We aimed to
evaluate the genetic contribution of the adaptive immune response in three PD groups: GBA1-
PD, LRRK2-PD, and non-carriers-PD (NC-PD). Methods: A list of adaptive immune response
genes was extracted from the Molecular Signature Database (MSigDB). Subsequently,
differentially expressed genes (DEGs) associated with PD were identified using four GEO
datasets, and analyzed separately. DEGs overlapping with the adaptive immune response genes
were further evaluated through whole-genome sequencing of 201 unrelated Ashkenazi Jewish
(AJ) PD patients. Potential pathogenic variants were identified, and P2RX7 was selected for
further assessment. Eight P2RX7 variants were genotyped in a cohort of 1200 AJ PD patients
(unrelated and consecutively recruited), followed by rare variants burden analysis (allele
frequencies (AF) <=0.01). Risk analysis and Age at onset (AAO) analyses were performed for
the common variants (AF > 0.01). AFs were compared to AJ non-neuro cases in the gnomAD
database. Subsequently, variants associated with PD were further examined in an independent AJ
cohort from AMP-PD database. Results: Four adaptive immune DEGs, CD8B2, P2RX7,
IL27RA, and ZC3H12A, were identified. P2RX7, which harbored eight variants, underwent
further assessment. Burden analysis, which included five rare variants, showed no significant
difference between PD and controls. Among the three common variants, one variant showed an
association with PD risk in NC-PD (allelic OR=1.147, p=0.015) and in the entire cohort (allelic
OR=1.145, p=0.005). Another variant was associated with PD risk in LRRK2-PD (allelic
OR=2.095, p=0.037), while a third was associated with early AAO in LRRK2-PD (p=0.014). In
the secondary cohort of AMP-PD, ORs of the two PD risk variants were consistent with our
results, though statistical significance was not achieved, probably due to the small control sample
size. Conclusions: Variants within P2RX7 may be linked to both PD risk and AAO. Considering
P2RX7 has been suggested as a potential therapeutic target for neurodegenerative diseases,
including PD, our data provide additional support for this proposition and suggest a potential
interaction between P2RX7 and LRRK2.
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Abstract: Multiple cohort studies indicate that gut microbiota composition is significantly
altered in people with Parkinson’s disease (PD). However, the functional and pathological
significance of gut dysbiosis in PD remains poorly understood. Gastrointestinal dysfunction is a
common complaint in PD patients, often preceding clinical diagnosis and typically accompanied
by increased gut mucosal permeability. In this study, we evaluated the changes in circulating gut
microbiota metabolites in PD patient biofluids and used high-resolution functional metagenomics
to determine changes in microbial composition and pathways in PD patients (n = 17) compared
to an age-matched healthy cohort (n = 60). We found changes in multiple microbial metabolites
in our PD cohort, including Trimethylamine (TMA), a brain-permeable metabolite of bacterial-
origin with a positive association with the rate of PD progression and cognitive decline. We also
found changes in polyamines and amino acid metabolism in PD patient plasma and urine
samples. TMA and its metabolites were also altered in both PD patient blood and urine in a
cohort of healthy (n = 31) and PD (n = 31) individuals. We also uncovered elevated levels of
neurotoxic Formaldehyde (FA), in our PD patient cohort. Our high-resolution functional
metagenomics studies demonstrate for the first time that TMA-generating bacteria, as well as
bacterial enzymatic pathways responsible for its generation to be increased in PD patients. Our
mechanistic studies also revealed that circulating TMAO can accelerate synuclein aggregation
and immune activation in microglia and PBMCs. We also uncovered a trend towards loss of
beneficial bacteria which produce anti-inflammatory metabolites, such as butyrate, in PD
patients. Taken together, our results provide novel mechanistic insights into how gut dysbiosis
and altered microbial metabolism can drive disease progression in PD.
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Abstract: Parkinson’s disease (PD) is the second most common neurodegenerative disorder.
Motor symptoms include bradykinesia and rigidity, the severity of which correlates with the
power of local field potential oscillations in the beta frequency band in the subthalamic nucleus
and phase-amplitude coupling (PAC) between the phase of beta-band oscillations and the
amplitude of gamma-band oscillations in the motor cortex. PAC in PD has been shown to
decrease in a dose dependent manner in response to both therapeutic dopaminergic medication
and deep brain stimulation (DBS). Recently, it has also been shown that PAC can be modulated
by stimulation pulses delivered to the motor cortex that target a specific phase of the beta-band
oscillations. This study aims to determine whether this same cortical phase-targeted stimulation
(PTS) can alleviate PD motor symptoms, particularly with a quantitative measurement of
bradykinesia. Finger tapping and grasping tasks were captured using a LEAP infrared motion
sensor during DBS implantation procedures in human participants with PD. Prior to DBS
implantation, a 63-channel high density electrocorticography (ECoG) array was placed over the
hand region of the motor cortex which was able to simultaneously record neural signals and
deliver stimulation pulses, confirmed during intraoperative CT and 3D reconstruction of the
ECoG array relative to the cerebral cortex. Each task was run three times for three different
conditions - no stimulation (baseline), peak targeting stimulation, and trough targeting
stimulation. When compared to baseline, both peak and trough stimulation appear, on average, to
increase finger tap amplitude and opening and closing velocity and to decrease the variability of
the amplitude and frequency of repetitive hand movements. Our current results suggest that
phase targeted cortical stimulation is a viable, less invasive option for treating PD motor
symptoms, allowing less invasive stimulation than DBS without interrupting normal cortical
processing and motor control.
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Abstract: Individuals with Parkinson's disease (PD) often show enhanced performance in motor
tasks when provided with external sensory cues. Previous research studies have extensively
explored how different sensory cues influence motor abilities in people with PD. However, the
underlying neural mechanisms driving these improvements and how they affect the functional
connectivity within the motor network remain poorly understood.

This study aimed to investigate differences in the activation pattern and functional connectivity
of the primary motor cortex (M1), supplementary motor area (SMA), and pre-motor area (PMA)
between people with PD and neurologically healthy individuals (control group) during a wrist
motor task. Ten people with PD and ten age- and sex-matched control subjects participated in
this study. Each participant performed a repetitive wrist flexion and extension task under
auditory-cued and visually-cued conditions. The changes in oxygenated hemoglobin and
deoxyhemoglobin concentrations in motor areas were measured using functional near-infrared
spectroscopy (fNIRS). Electromyograms from wrist muscles and kinematics of the wrist
movements were also recorded. The fNIRS results demonstrated significantly higher neural
activity in the PMA of PD patients compared to controls (p=0.006), with elevated activities also
observed in the SMA and M1, although not statistically significant. More importantly, the results
showed that the functional connectivity between SMA and PMA was significantly higher in the
PD group compared to controls (p=0.016) during motor tasks in the presence of sensory cues.
These findings underscore the multifaceted influence of sensory cues in PD, highlighting their
modulation effects on both regional neural activity and interregional functional connectivity
within the motor network involved in movement planning and preparation.
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Abstract: Trehalose is being developed as a potential oral therapeutic for Parkinson’s disease
(PD). Following oral ingestion of trehalose, the majority is metabolised to glucose by trehalase in
the wall of the jejunum and duodenum. It is thus important to know whether gut trehalase
activity might be altered in PD and might affect the availability of orally administered trehalose.
For instance, in inflammatory celiac disease, trehalase activity Is reduced by up to 90%. As
gastrointestinal inflammation can occur in PD, we hypothesised that intestinal trehalase activity
might be reduced in people with PD. To investigate this possibility, we collected duodenal
biopsies from 10 individuals with advanced PD and 21 age-matched individuals undergoing
routine, pre-planned endoscopies. Trehalase activity in the duodenal samples was assessed in
vitro by assaying the ability of duodenal samples to convert trehalose to glucose. Individuals
who smoked, were Helicobacter pylori positive, or who were assessed as having prodromal PD
were excluded from the primary analysis. In total 9 individuals with PD and 17 age-matched
controls were included in the primary analysis. There was no statistically significant difference in
trehalase activity between individuals with PD (164.2 £+ 95.2 U/g tissue, mean = SD) and non-PD
individuals (161.6 = 94.1 U/g tissue). There was also no correlation between trehalase activity
and individual age, length of storage before analysis or mass of duodenal sample collected. In
summary, trehalase activity was unaltered in people with PD and so this potential confounder
likely does not need to be considered when performing dose-selection for clinical trials using
orally delivered trehalose in people with PD.
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Abstract: Background: The complex molecular alterations underlying cellular dysfunction
phenotypic heterogeneity in PD remain unclear. We integrated different omics layers from
participants of the Parkinson’s Progression Markers Initiative cohort to uncover novel signatures
and define different molecularly defined subtypes of PD.Methods: We selected PD patients (n =
608), including LRRK2 (n = 155) and GBA (n = 76) mutation carriers, sporadic PD (sPD) cases
(n =377), and controls (n = 186) with 5K cerebrospinal fluid (CSF) and urine proteomics, 20K
whole blood transcriptomics, and plasma metabolomics (280 metabolites). We identified protein
quantitative trait loci (pQTLs) and causal proteins in CSF and urine, leveraging Mendelian
randomization and colocalization. Molecular signatures were curated by comparing multi-omics
across different mutation types (GBA vs. sPD, LRRK2 vs. sPD, and sPD vs. controls) using R-
limma, adjusted for age at baseline, sex, and the first four principal components. Integrative
clustering across multi-omics was performed using iClusterBayes to cluster PD patients with
consensus molecular patterns. We validated the differences in subtypes by comparing clinical
features such as cognitive and motor scores, DaTscan data (caudate, putamen, and striatum),
CSF synuclein (aSyn) levels, and aSyn seed amplification assay (aSyn-SAA).Results: We found
701 (153) cis-pQTLs and 420 (11) trans-pQTLs for CSF (urine) proteomics; 23 (4) causal
proteins, and two proteins (HSP90B1 and HP) common to both CSF and urine; eight (zero)
colocalizing with PD risk loci. In addition, we found a CSF aSyn-SAA genetic modifier (OR =
0.37, p = 1.4 x10-6). We also found that LRRK2 is a pleiotropic modifier that regulates four
causal proteins in CSF. Genetically defined PD cases had a higher risk of PD than sPD cases (p =
6.4x10-8). We identified dysregulated CSF proteins associated with LRRK2 (281 proteins),
GBA (132 proteins), sPD (54 proteins), and aSyn-SAA (3 proteins), altering proteostasis,
neurodegeneration and lysosome, and chemokine signaling and axon guidance, respectively. We
found 24 and five metabolites associated with LRRK2 and GBA, respectively. We identified two
PD clusters with distinct patterns across multi-mic layers that exhibit different proportions of
mutation types (p = 4.5x10-5), disease duration (p = 2.2x10-7), and UPDRS-II scores (p = 0.03).
A model with aSyn-SAA and DaTscan can distinguish PD from controls precisely (AUC =
0.94).Conclusions: Our integrated consensus multi-omics approach provides insights into the
molecular mechanisms and clinical significance within distinct PD subclusters.
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Abstract: The majority of Parkinson’s disease (PD) cases are due to a complex interaction
between aging, genetics, and environmental factors and epigenetic mechanisms are thought to act
as critical mediators of the complex interactions between these factors and disease. Evidence for
a role of epigenetic regulation in PD has been building, particularly for DNA modifications, over
the past 10-15 years. While 5-methylcytosine (5mC) is one of the most well-studied epigenetic
marks, there is a growing recognition that 5-hydroxymethylcytosine (5hmC) also plays an
important role in gene regulation as it has tissue-, cell-, and age-specific patterns across the
genome distinct from 5mC. 5hmC occurs at its highest levels in the brain and is now thought to
be particularly important in the central nervous system, particularly in the response to
neurotoxicants. While multiple studies to date have explored the role of DNA modifications in
PD, most studies have relied on bisulfite (BS) conversion, which does not distinguish between
5mC and 5hmC. Only a handful of existing studies focus specifically on 5ShmC; these initial
studies support a role for 5ShmC in regulation of expression of genes important for PD
pathogenesis and indicate that additional studies are warranted. Here, to identify changes in
5hmC in PD, we profiled 5hmC and 5mC simultaneously in an enriched neuronal population
from PD post-mortem parietal cortex. This study expands on our previously published
epigenome-wide association study (EWAS) performed on DNA isolated from neuron-enriched



nuclei from human postmortem parietal cortex from the Banner Sun Health Research Institute
Brain Bank. Because we previously used BS conversion, we were unable to differentiate
between 5mC and 5hmC. Here, we utilized additional DNA isolated from the same samples and
performed oxidative BS (0xBS) conversion paired with the Illumina MethylationEPIC array to
specifically measure 5mC and estimate 5ShmC from paired BS-0xBS data. From this, we
analyzed both 5hmC and 5mC as related measures using our recently proposed mixed effects
model for reconciling base-pair resolution 5mC and 5hmC data. We identified 1030
differentially modified cytosines (DMCs) with paired changes in 5mC and 5hmC (FDR < 0.05).
These sites are annotated to 695 unique genes, including the PD risk gene, DNAJC6 (PARK19),
but largely in genes not previously implicated in PD or identified in our previous BS-based
EWAS. These data suggest that there are significant shifts between 5mC and 5hmC associated
with PD in genes relevant to PD pathogenesis that are not captured by analyzing BS-based data
alone or by analyzing each mark as distinct datasets.
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Abstract: Parkinson's Disease (PD) is a progressive neurodegenerative movement disorder,
primarily characterized by bradykinesia and tremors. Leveraging a deep learning approach for
PD diagnosis using Diffusion Tensor Imaging (DT]I) is pivotal for its potential to efficiently
analyze complex brain imaging data, with a particular emphasis on understanding the patterns of
brain connectivity in PD. The goal of this study is to develop a novel deep learning model that
utilizes the brain structural connectivity matrix (SCM), extracted from DTI, to characterize PD-
related connectivity differences from healthy control and facilitate diagnosis. The study



comprised 150 participants, consisting of 70 PD patients who underwent deep brain stimulation
surgery for moderate to severe motor symptoms, and 80 matched healthy subjects. All subjects
underwent pre-treatment DT1 with 64 directions, and the resulting images were preprocessed
using FMRIB Software Library. The fundamental concept of structural connectivity analysis
typically involves acquiring multiple images of each volume element, each sensitive to diffusion
along a specific direction. By estimating the direction of water diffusion and the orientation of
white matter fiber pathways within each voxel, we can generate a visual representation known as
a tractogram. These tractograms offer insights into the connectivity between different regions,
providing quantitative data on the number of structural connections within predefined brain
regions as defined by the AAL3 Atlas, commonly referred to as the brain SCM. Following the
extraction of SCM, we constructed a deep learning architecture employing convolutional neural
network (CNN) to aid in the differentiation of PD and healthy subjects. CNN was thoroughly
trained and validated using a 5-fold cross validation to ensure its robustness in accurately
classifying subjects. Our model achieved an AUROC of 0.889 and a balanced accuracy of 84.2%
in distinguishing PD patients from healthy subjects. Moreover, we explored deeper into the inner
structure of the developed model by generating saliency maps (SM). These SMs highlight
specific brain regions that play a critical role in the model's ability to differentiate between PD
and healthy individuals. In conclusion, our study introduces a deep learning model for DTI-based
classification of PD utilizing brain structural connectivity patterns. Our model demonstrates
promising results by revealing insights into the intricate connectivity patterns of PD. With
precise analysis, it has the potential to advance early detection strategies, aiding the development
of more personalized treatment approaches enhancing PD care.
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Abstract: A gap in the medical management of Parkinson’s disease (PD) is the lack of an
objective, meaningful and patient-centered biomarker to precisely quantify motor symptoms and
effectively track disease progression. An augmented reality (AR) headset offers the ability for
patients to self-administer and collect data to quantify traditional biomechanical measures of
performance in PD. The aim of this project is to develop a platform using AR technology, and its
embedded motion sensors, to quantify all cardinal symptoms of PD, including postural instability
and gait dysfunction (PIGD) for self-administered, remote assessments. One hundred and forty
patients with PD (pwPD), (35 in HY stages I, 11, Il and IV) will be evaluated to ensure
applicably across disease severity. Blinded MDS-UPDRS-I111 scores will be collected at each
assessment. The Microsoft HoloLens 2 (HL2) will be used to deliver multiple upper extremity,
lower extremity, and axial motor tasks to quantify PD symptoms, including a finger-tapping (FT)
assessment and Timed Up and Go (TUG) task. IMU data from the headset can be used to
segment the TUG into the individual tasks. Reconstruction of a hand model from RGB and depth
images collected using the HL2 cameras provides 3D hand joint coordinates for upper extremity
tasks. The RGB images are tracked using Mediapipe software and projected into 3D space using
a custom Matlab implementation of Microsoft code to align RGB and depth images. FT metrics
were calculated on the 3D distance between thumb and index finger. Comparison of preliminary
data from two participants, one with mild PIGD (clinical gait score = 1; clinical freeze score = 0)
and one with severe PIGD (clinical gait score = 3; clinical freeze score = 3) demonstrated that
the individual with more severe PIGD, took 260.32% (36.32s vs 10.08s) longer to complete the
TUG, with more time needed to complete all the individual tasks of the TUG (e.g. turning and
gait). Furthermore, comparison of FT data from two participants, one with a mild clinical FT
score (1) and one a severe score (3), demonstrated that the individual with worse clinical scores
had a smaller average amplitude of 8.51cm vs 9.34cm, greater amplitude standard deviation
(5.20cm vs 2.19cm) and exhibited amplitude decrement of -0.20 cm/s compared to -0.03 cm/s.
Comparison of preliminary data suggest HL2 platform can be utilized to deliver motor tasks
traditionally used to assess PD motor symptoms and detect performance difference between
varying levels of PD disease severity. If successful, this platform will provide objective, accurate
and guantitative measures of PD, in one platform, that can be assessed remotely to improve
clinical care of pwPD.
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Abstract: The progressive loss of dopamine in Parkinson's Disease (PD) affects a broad
spectrum of functions, from motor control to cognitive abilities. Early and accurate prediction of
dopamine depletion could revolutionize PD treatment strategies by facilitating more personalized
and timely interventions that may slow disease progression or alleviate symptoms. While current
research primarily focuses on genetic markers, imaging techniques, and symptomatic treatments,
the use of proteomics as a predictive tool remains underexplored.This study assesses the
potential of untargeted proteomics as a predictive tool for dopamine depletion and correlates
these molecular patterns with the severity of motor and cognitive symptoms. Traditional studies
have typically employed targeted approaches that focus on specific proteins known to be
associated with PD, potentially missing unknown proteins related to the disease's complex
pathology. This study addresses this gap by utilizing an untargeted approach, which could reveal
novel biological insights into PD and enhance understanding of its molecular underpinnings.
This research integrated untargeted proteomics and AV-133 positron emission tomography
(PET) scan data with clinical and demographic information to investigate predictors of dopamine
loss and motor and cognitive symptoms in PD. Rigorous data preprocessing methods are
employed to normalize and align the multi-modal datasets. Feature selection is conducted using
statistical and machine learning techniques, including principal component analysis and logistic
regression to identify key protein and imaging biomarkers. To find patterns that affect the rate of
dopamine depletion, predictive models will be developed using algorithms such as logistic
regression, random forests, and validated through cross-validation techniques to ensure their
generalizability and effectiveness in clinical settings. It is anticipated that the integration of
untargeted proteomics data and imaging data will enable more accurate predictions of dopamine
depletion and symptom severity in PD patients. This approach is expected to uncover new
biomarkers and enhance our understanding of PD, potentially leading to the development of non-
invasive, early diagnostic tools and personalized therapeutic strategies, ultimately improving
patient outcomes.
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Abstract: Synucleinopathies, such as Parkinson’s disease (PD), Dementia with Lewy bodies
(DLB), and multiple system atrophy (MSA) are insidious neurodegenerative diseases caused by
the misfolding and aggregation of alpha-synuclein (aSyn) protein. Misfolded aSyn aggregates
have the ability to spread pathological damage between cells and different brain regions
following a similar seeding mechanism implicated in the propagation of infectious prions.
Compelling evidence showed that aSyn aggregates can adopt a distinct conformational strain
within different synucleinopathies. Recently, we reported that aSyn seed amplification assay
(aSyn-SAA) enables to amplify various aSyn strains from biological samples, leading to
different amplification products for PD and MSA patients. Here, we examined whether the
MSA-seeded SAA-amplified aSyn fibrils maintain the biological and structural strain properties
of the aSyn seeds present in the MSA patient's brain. We first analyzed the biological activities
of both brain-derived and SAA-amplified aSyn aggregates in transgenic mice, followed by
defining an atomic model of aSyn fibrils utilizing cryogenic electron microscopy (Cryo-EM).
Our data shows that aSyn aggregates induced a neurological disease that is clinically and
pathologically indistinguishable in mice inoculated with brain-derived and SAA-generated aSyn
aggregates. We examined the clinical signs and disease durations, incubation period,
neuropathological lesion profiles, and conformational properties of propagated aSyn aggregates.
The structure of SAA amplified aSyn aggregates was resolved by Cryo-EM. The results
indicated 3 prominent high propensity conformations present. MIlI, with distinctive morphology
and well-defined twisting, was reconstructed at 3.9 A resolution. From the protofilament level,
the SAA-amplified aSyn aggregates exhibited a similar structure of that previously reported for
aSyn extracted from the brains of MSA patients. Therefore, our results suggest that SAA, under
proper conditions, can amplify disease-specific aSyn conformations without modifying their
strain properties, opening new avenues for individualized disease therapeutics and diagnostics.
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Abstract: Parkinson’s Disease (PD) is a progressive neurodegenerative disorder and the most
prevalent movement disorder, often accompanied by language difficulties and speech
impairments. Previous studies have demonstrated that sentence processing can be impaired in
PD. Based on word order and complexity, sentences are categorized into canonical and non-
canonical forms. Canonical sentences adhere to typical language structures like subject-verb-
object, while non-canonical sentences deviate, posing more significant comprehension
challenges. Research has shown that PD patients have more difficulty processing long sentences
and complex syntactic patterns, particularly non-canonical ones. However, whether the
underlying neural mechanisms of language impairments in PD are similar to motor symptoms
and related to cortico-striatal pathway dysfunction remains unclear. This study investigated
structural and functional changes in cortico-striatal language pathways affecting sentence
comprehension and oral motor function in people with PD compared to neurologically healthy
individuals. Using functional magnetic resonance imaging (fMRI), cortical-striatal pathways'
activation levels and effective connectivity were assessed during sentence comprehension and
oral diadochokinetic tasks. Twenty-three people with PD and twelve age and sex-matched
healthy individuals participated in this study. In the fMRI results, comparing noncanonical to
canonical sentence conditions showed decreased activation in the left inferior frontal gyrus and
subcortical regions in PD compared to controls (p<0.05). Conversely, the control group exhibited
significantly higher activity in frontostriatal pathway areas during noncanonical sentence
comprehension (p<0.05). During the oral motor task, PD groups displayed comparable activity to
controls in motor cortical areas but significantly less activity in subcortical regions, particularly
in the caudate and putamen (p<0.05). Employing Dynamic Causal Modeling (DCM), we
assessed effective connectivity between different pathways. For sentence comprehension, PD
group exhibited significantly lower bilateral effective connectivity across cortico-cortical,
cortico-subcortical, and subcortico-subcortical areas than controls (p<0.05). In the oral motor



task, PD group showed reduced bilateral connectivity between cortico-cortical and cortico-
subcortical regions compared to controls (p<0.05). These findings suggest that decreased
functional connectivity in cortico-cortical and cortico-subcortical pathways may contribute to
impaired sentence comprehension and oral motor tasks in PD.
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Abstract: Parkinson’s Disease (PD) and Essential Tremor (ET) are neurological movement
disorders characterized by tremors, rigidity, and bradykinesia. Deep brain stimulation (DBS) has
emerged as a promising therapeutic approach for managing PD and ET symptoms by modulating
brain activity and improving motor function. However, the precise mechanisms underlying its
efficacy remain incompletely understood.In this study, we investigated cortical activation
patterns in 14 PD/ET subjects with implanted DBS devices using functional near-infrared
spectroscopy (fNIRS). Our experimental design included six sessions of inter- and intra-subject
comparison before and after DBS stimulation. fNIRS recordings were conducted using the NIRx
NIRScout X system, capturing data at 6.25 Hz with four different stimulation settings (C+0-,
C+1-, C+2-, C+3-). Optodes were placed over the prefrontal cortex following the EEG 10/20
system. Data preprocessing involved filtering and trimming to 3 minutes per participant using
NIRx Satori analysis software, with specific parameters applied for optimal data quality.
Changes in oxyhemoglobin (HbO) and deoxyhemoglobin (HbR) concentrations were extracted



and co-clustered to assess measurement robustness. Clustering analysis using Ward’s method
with half-square Euclidean distance categorized subjects within each response-time and co-
clustered across times. The coincidence rate between domains (co-clustering) was assessed using
hypergeometric statistics (Fisher’s Exact Test) to establish patient trajectories.Our analysis
revealed distinct trajectories of cortical activation-response patterns across different DBS
conditions, indicating differential neural responses to varying DBS parameters. These trajectories
form an equifinality and multifinality temporal network, where similar patterns are shared before
and after treatment or different patterns converge into a single post-treatment state. Integrating
results with clinical data enables identification of patients best responding to person-centered
treatments.Overall, our findings contribute to understanding the neural mechanisms underlying
DBS efficacy in PD/ET subjects. By elucidating cortical activation patterns associated with
different DBS settings, our results offer insights into individualized treatment optimization
strategies. Further research is warranted to explore the functional implications of these activation
patterns and refine treatment strategies for neurodegenerative movement disorders.
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Abstract: Several neurodegenerative disorders are characterized by the aggregation of misfolded
proteins,including microtubule-associated tau protein. Although many of the tau strains’ studies
have beenperformed on tau fibrils, recent evidence has identified the soluble tau oligomers
(TauO) as themore relevant and toxic species in the propagation of the disease due to their ability
to seed taumisfolding. Tau oligomers are believed to be the primary neurotoxic species, and
recent researchsuggests that these oligomers can also form prion-like strains with varying levels
of neurotoxicity. While methods for isolating and characterizing tau aggregates have been
established, there isstill a knowledge gap regarding the structural and biological characterization



of smaller, moredynamic tau polymorphs.To address this gap, we isolated brain-derived tau
oligomers (BDTOs) from brain tissues ofAlzheimer's disease (AD), dementia with Lewy bodies
(DLB), and progressive supranuclear palsy(PSP) patients. We characterized structures and
morphologies of the BDTO strains and evaluatedtheir seeding potency in vitro model. We have
applied Fluorescent Amyloid Multi Emission Spectra, known as FLAMES microscopy, that
allows us to detect and profile different strains byusing commercially available amyloid
fluorescent dyes. This methodology discriminates andreveals differences in the conformation of
disease-relevant brain derived tau oligomers byexamining spectral shifts of these dyes.Our
results indicate that BDTOs possess different structural and morphological features that
aredistinguishable via principal component analysis. These findings suggest that the formation
ofdistinct polymorphic tau oligomers may contribute to the development of multiple
tauopathyphenotypes and shape the progression of neurodegenerative diseases. These results
mayprovide insight for developing personalized therapy approaches to specifically target
neurotoxictau species.
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Tau oligomers have been shown to be the main toxic tau species in a diverse group of age-related
neurodegenerative diseases, collectively known as tauopathies, including Alzheimer’s disease
(AD). The characteristics of oligomers that exist in human disease, and that may associate most
closely with disease propagation and toxicity, are not fully established because of the lack of
standardization of the preparation of small oligomeric tau aggregates. Standardization of this can
be achieved by isolating tau aggregates from authentic human tauopathy cases such as AD, as
well as rigorously correlating their biophysical and biochemical properties with biological
activity, developing probe sets for their selective detection, disseminating reliably examined
samples, and lab-ready established protocols to the broader research community. To acquire
biologically relevant tau oligomers for the study of tau aggregation and toxicity, we have
designed protocols for the preparation and characterization of tau oligomers in vitro using other
amyloid oligomeric seeds, as well as for the isolation of tau oligomers from biological samples
using immunoprecipitation and sucrose gradient centrifugation. We have also created novel
antibodies and optimized techniques for the detection of tau oligomers using common
biochemical techniques including ELISA, dot blot, western blot, filter trap assay, as well as
immunohistochemistry, Fluorescent Amyloid Multi Emission Spectra (FLAMES), and
proteolytic digestion by proteinase K enzyme, were used to characterize oligomeric tau from
recombinant protein and isolated from AD brain.

Disclosures: C. Jerez: A. Employment/Salary (full or part-time):; University of Texas Medical
Branch. R. Xavier: A. Employment/Salary (full or part-time):; University of Texas Medical
Branch. N.N. Bhatt: None. U. Sengupta: None. R. Kayed: A. Employment/Salary (full or part-
time):; University of Texas Medical Branch.

Poster

PSTR269: Cellular and Molecular Mechanisms of Tauopathies, Synucleinopathies, and
Other Degenerative Diseases

Location: MCP Hall A

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

Program #/Poster #: PSTR269.03/B130

Topic: C.05. Tauopathies, Synucleinopathies, and Other Related Diseases

Support: NIH Grant RO1AG054025
NIH Grant RO1NS094557

Title: Tau mutants associated with familial tauopathies display variations in oligomeric
conformations and aggregation propensities in-vitro

Authors: *R. J. XAVIER, A. A. BHOPATKAR, N. N. BHATT, N. PUANGMALAI, L.
FUNG, M. HAQUE, C. JEREZ, R. KAYED;
Neurol., Univ. of Texas Med. Br., Galveston, TX



Abstract: The microtubule associated protein, Tau, is implicated in a multitude of
neurodegenerative disorders that are collectively termed as Tauopathies. These disorders are
characterized by the presence of tau aggregates within the brain of afflicted individuals.
Mutations within the tau gene form the genetic backdrop for familial forms of tauopathies, such
as frontotemporal dementia (FTD), but the molecular consequences of such alterations and their
pathological effects are unclear. We sought to investigate the conformational properties of three
mutants of tau 2N4R; A152T, P301L, and R406W, all implicated within FTD, and compare them
to the native form (WT). We additionally wanted to probe the interaction between the mutant and
WT protein to see if there exists any cross-seeding amongst them. Our immunochemical analysis
reveals that mutant and WT oligomers exhibit similar affinity for conformation-specific
antibodies but have distinct morphology and secondary structure. Additionally, these oligomers
also possess different dye-binding properties and display varying sensitivity to proteolytic
processing. These results point to conformational variety amongst them. We then tested the
ability of the mutant oligomers to cross-seed the aggregation of WT-Tau monomer. Using
similar array of experiments, we found that cross-seeding with mutant oligomers leads to the
formation of conformationally unique WT oligomers compared to unseeded ones. Additionally,
we see that such polymorphic properties are manifested in their biological effects on primary
cortical neurons from mice. The results discussed in this paper provide a novel perspective on the
structural properties of tau mutants and their interaction with the native form.
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Abstract: Growing evidence suggests that the microtubule-associated protein tau (Tau) has
important roles in postsynaptic function and long-term synaptic plasticity. Notably, we
previously identified the GSK-3p phosphorylation sites 396/404 (PHF1E) to be important for
long term depression (LTD). Importantly, in various neurodegenerative disorders the aberrant
hyperphosphorylation of Tau can contribute to synapse dysfunction and elimination. Tau
contains four domains: N-terminal projection region (NTR), proline-rich domain (PRD),
microtubule-binding region (MBR) and carboxy-terminal region (CTR). Tau can undergo
alternative splicing at the NTR (ON, 1N, 2N) or the MBR (3R/4R) giving rise to six isoforms.
Much research has examined the role of the MBR splice variants, conversely, very little is
known regarding the role of the NTR in pathophysiology. In this study, we investigate the effects
of phosphomimic N-terminal splice variants (human Tau-2N4R-PHF1E, human Tau-1N4R-
PHF1E) on synapse function in hippocampal CA1 neurons.

We found that Tau-2N4R-PHF1E exhibited higher amounts of Tau aggregation when compared
with Tau-1N4R-PHF1E in HEK cells. Subsequently, in rat organotypic hippocampal slice
culture, expression of Tau-2N4R-PHF1E reduced AMPA-receptor mediated synaptic currents
(EPSCampa) and significantly decreased synapse density in CA1 neurons. Moreover, Tau-2N4R-
PHF1E impaired single dendritic spine plasticity in CA1 neurons induced by multiphoton-
glutamate uncaging stimulation. Conversely, the expression of Tau-1N4R-PHF1E did not
replicate the deficits induced by Tau-2N4R-PHF1E.

These findings highlight the distinct aggregation and pathophysiological properties resulting
from the phosphorylation of 1N4R- and 2N4R-Tau. Notably, the 1IN4R-Tau is the dominate
isoform in the adult brain, and displays resilience to phosphorylation induced pathophysiology,
potentially indicating that the lower abundant 2N4R-Tau isoform may initiate pathophysiology.
These observations underscore the critical role of the N-terminal binding interactomes of Tau in
driving the consequences of tau phosphorylation, highlighting their importance and merit for
further investigation. Furthermore, advancing our understanding of how such phosphorylation
events contribute to synapse weakening in the hippocampus.
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Abstract: Protein synthesis is a vital biological process, important for multiple neuronal
processes, such as, axon guidance and growth, synaptic plasticity, and learning and memory.
Recently, studies have shown that dysregulated protein synthesis is a hallmark of
neurodegenerative disorders, such as frontotemporal dementia (FTD). One of the causes of FTD
is mutations in the gene for tau, a neuronally enriched microtubule binding protein. These FTD-
causing tau mutations have been found to decrease global protein synthesis. Tau has also been
shown to interact with ribosomes, the molecular machines responsible for translation (Evans et
al., Acta Neuropathoc Comms, 2021; Koren et al., Acta Neuropathologica, 2019; Meier et al., J.
Neuro, 2016).

Most of the studies on translation in FTD models have been conducted with tau overexpression
models, such as transfected HEK cells or transgenic mice, presenting a clear confound. To
overcome this confound, we investigated how FTD-mutant tau alters protein synthesis in human
neurons, which have endogenous tau expression at normal physiological levels. We used various
biochemical and molecular techniques, including puromycin labeling of de novo proteins,
polysome profiling and harringtonine run-off assays to study the alterations in translation due to
FTD-mutant tau in human neurons.

Utilizing these techniques, we show that FTD-mutant tau results in decreases in global
translation. This data is recapitulated in our polysome profiling data, which shows a decrease in
the polysome to monosome ratio in the FTD-mutant neurons. Our data suggests that these
alterations in translation could be due to slowed elongation rates. We also detect tau co-
sedimentation with ribosomes in human neurons as well as alterations in ribosomal protein
localization.

Our results demonstrate that FTD-mutant tau results in alterations in translation and that these
impairments occur at physiological levels of tau.
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Title: Human iPSC 4R tauopathy model uncovers modifiers of tau propagation
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Abstract: Tauopathies are age-associated neurodegenerative diseases whose mechanistic
underpinnings remain elusive, partially due to lack of appropriate human models. Here, we
engineered new human induced pluripotent stem cell (hiPSC)-derived neuronal lines to express
4R Tau and 4R Tau carrying the P301S MAPT mutation when differentiated into neurons. 4R-
P301S neurons display progressive Tau inclusions upon seeding with Tau fibrils and recapitulate
features of tauopathy phenotypes including shared transcriptomic signatures, autophagic body
accumulation, and reduced neuronal activity. A CRISPRI screen of genes associated with Tau
pathobiology identified over 500 genetic modifiers of seeding-induced Tau propagation. CROP-
seq analysis of the top modifiers highlights both distinct transcriptomic phenotypes and shared
gene co-expression between hit profiles. In progressive supranuclear palsy (PSP) and
Alzheimer’s Disease (AD) brains, the UFMylation cascade is altered in neurofibrillary-tangle-
bearing neurons. Inhibiting the UFMylation cascade in vitro and in vivo suppressed seeding-
induced Tau propagation. This model provides a robust platform to identify novel therapeutic
strategies for 4R tauopathy.
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Abstract: Human induced pluripotent stem cell (hiPSC) technology enables the derivation of
several specific subtypes of neurons, astrocytes and microglia which are relevant to model
important neurological disorders. However, the slow maturation rates of hiPSC-derived cells,
particularly neurons, requires prolonged culture periods for neuronal maturation and the
emergence of other disease-relevant phenotypes. To accelerate this process, at Ncardia, we
developed two strategies based on a co-culture of hiPSCs-derived neurons and astrocytes. First, a
2D model combining an early treatment with maturation promoting compounds (Hergenreder, E
2024) with an extended culture period of up to 5 weeks. And second, a 3D neurospheroid culture
maintained for up to 6 weeks. After 5 weeks, we confirmed the presence of mature neurons in
the 2D model (NeuN and MAP2 positive), expressing pre-synaptic markers (synaptophysin-
SYP) and discrete presence of post synaptic markers (PSD-95). In the neurospheroid model, after
only one week in culture, we were able to confirm the presence of mature neurons (MAP2
positive) and astrocytes (GFAP positive), robust expression of synaptic markers, SYP and PSD-
95 and mature synapses. All those markers continued increasing overtime. Additionally,
compared to 2D cultures, 3D neurospheroids showed a more complex and structured firing
pattern after two weeks on MEA, which is reminiscent of what is observed in mature cortical
organoids and human electroencephalogram. Finally, we established a tri-culture system by
adding microglia to the 2D and 3D co-culture models of Tauopathy (overexpressing Tau P301L
and treated with Tau PFFs). We observed, for both systems, a robust integration of microglia
within the co-cultures previously established and the development of hallmarks of tauopathy:
expression of pTau and punctate Tau in neurites, release of pro-inflammatory cytokines and
higher phagocytic activity of neurons expressing pTau and synaptic markers (predominantly
observed in 3D vs 2D models). In conclusion, we generated a 3D tri-culture model that can



efficiently recapitulate morphology and function of the central nervous system in vitro, both in
physiological and pathological conditions. This assay platform shows promise in modelling in
vitro relevant neurodegenerative phenotypes specifically synaptic pruning in Alzheimer’s
Disease, difficult to obtain in 2D models. Moreover, our protocol can be easily adapted to high
throughput screening platform and liquid handling robots, thus increasing its applicability to
drug discovery.
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Abstract: Alzheimer’s Disease (AD) and related dementias (ADRDs) are the leading causes of
dementia and afflict millions of people every year. Clarification of disease mechanisms and
target identification are critical unmet needs in the field. While the canonical amyloid-beta (AR)
and tau pathologies are implicated in AD cases, recent evidence revealed that non-canonical
pathologies, including TDP-43 pathology, occur in the majority of cases. TDP-43 pathology is
observed in 40-60% of all AD cases and about 50% of frontotemporal dementia (FTD) cases.
Importantly, AD cases with TDP-43 pathology, compared to those without, exhibit steeper
cognitive decline and more extensive brain atrophy. The underlying molecular mechanism by
which TDP-43 drives neurodegeneration and cognitive impairments, however, remains elusive.
Emerging evidence revealing that loss of TDP-43 splicing repression occurs in presymptomatic
ALS individuals demonstrates that loss of TDP-43 function, as opposed to its cytoplasmic
aggregation, underlies its disease pathology. Based on our previous finding that loss of TDP-43
leads to selective death of CA2/3 neurons and elevated caspase 3 activation as well as evidence
in the human AD brain showing caspase 3-dependent cleavage of tau, we hypothesized that loss
of TDP-43 is a key factor that promotes caspase 3-dependent tau cleavage and subsequent



pathological tau aggregation and neurodegeneration. Here, we show that depletion of TDP-43 in
IPSC-derived cortical neurons elevates caspase 3-mediated cleavage of tau. These findings offer
novel mechanistic and therapeutic insights for ADRDs harboring TDP-43 co-pathology.
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Title: Phosphorylation impairs astrocytic tau uptake: implications for tauopathies
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Abstract: Introduction: Astrocytic tau is a key pathologic feature of primary tauopathies such
as progressive supranuclear palsy (PSP). We and others have shown that astrocytic tau is
primarily of neuronal origin. However, the mechanisms by which astrocytes take up and process
tau, and the effect of tau phosphorylation—a key event in disease pathogenesis—remain unclear.
This study aims to investigate how phosphorylation affects the internalization of tau protein by
astrocytes.

Methods: Human induced pluripotent stem cells (iPSCs) were differentiated into astrocytes
using standard protocols from StemCell Technologies. The astrocytes were then treated with
recombinant tau with or without phosphorylation. Tau will be phosphorylated by two distinct
kinases, namely protein kinase A and src kinase, which belong to the serine/threonine and
tyrosine kinase families, respectively. Successful phosphorylation was validated by dot blotting.
Tau uptake was assessed using dot blotting and live-cell imaging.

Results: The serine/threonine phosphorylation group showed a significant decrease in uptake by
live cell imaging (Repeated measures ANOVA, P<.001), while the tyrosine-phosphorylated
group did not (unpaired t-test, P=.42). We confirmed our findings by fluorescently labeling
recombinant tau (AF647) and serine/threonine-phosphorylated tau (AF555). We then added them
simultaneously, with similar results (Repeated measures ANOVA, P<.001).

Conclusion: Our findings suggest that tau phosphorylation may inhibit astrocytic tau uptake and



possibly degradation, thus increasing levels of extracellular tau and potentially increasing rates
of neuron-to-neuron propagation. Further research into the underlying mechanisms can provide
valuable insights into the pathogenesis of tauopathies and potential therapeutic targets for these
neurodegenerative disorders.
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Abstract: Tau is a microtubule-associated protein that accumulates pathologically in multiple
neurodegenerative diseases including Alzheimer’s disease and frontotemporal dementias. To
better understand mechanisms that modulate tau-induced toxicity, we use a transgenic
Caenorhabditis elegans model where human 1N4R tau is expressed in all neurons. This causes
significant phenotypes including tau-induced locomotor deficits, accumulation of highly
phosphorylated and insoluble tau protein, progressive neuron loss, and reduced lifespan.
Previously we performed forward mutagenesis screening in this transgenic C. elegans model and
identified a W292X mutation in sut-6. The mammalian homolog of sut-6 is NIPP1 (Nuclear
Inhibitor of Protein Phosphatase 1). NIPP1 inhibits protein phosphatase 1 (PP1), interacts with
splicing factors, transcription factors, and binds RNA. The W292X mutation truncates the last 11
amino acids of the SUT-6 protein. We characterized the effect of this mutation as well as
complete deletion of sut-6 on tauopathy phenotypes in tau transgenic C. elegans. We found that
deletion of sut-6 or sut-6(W292X) ameliorated tau-induced locomotor behavior deficits, reduced



accumulation of tau protein, reduced neuron loss, but did not rescue lifespan shortening.
Interestingly, sut-6(W292X) had a much stronger effect on tau-induced behavioral deficits
compared to sut-6(null), but a similar effect on tau protein levels and neuron loss. In addition,
neuronal overexpression of SUT-6 W292X protein suppressed tau-induced toxicity while wild
type protein had no effect. To further understand how SUT-6 W292X suppresses tauopathy, we
are determining the effects of SUT-6 W292X on various predicted SUT-6 functions. The
identified W292X mutation truncates part of the RNA binding domain and PP1 inhibition
domain. Using a splicing reporter, we found sut-6(W292X) had decreased rates of aberrant
splicing while sut-6(null) had increased rates. Using co-immunoprecipitation assays, we found
SUT-6 W292X was still able to pull down the PP1 homolog GSP-1 similarly to wildtype SUT-6.
To try to further understand the possible importance of PP1 in the mechanism, we made a
V177A mutation in sut-6, which is predicted to abrogate GSP-1 binding to SUT-6. sut-6(V177A),
in contrast to sut-6(W292X) or sut-6(null), had no effect on tau-induced behavioral deficits.
However, we need to confirm that V177A truly abrogates the SUT-6 and GSP-1 interaction
before making firm conclusions. Nevertheless, the results altogether demonstrate that sut-
6/NIPP1 mutant W292X is a strong suppressor of tauopathy and that it may be due to changes in
splicing/transcriptional regulation.
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Abstract: Tau protein normally functions as an intrinsically disordered monomer to stabilize and
promote growth of microtubules, a key component of the neuronal cytoskeleton involved in
intracellular transport. In Alzheimer’s disease (AD), however, tau dissociates from microtubules
and enters misfolding pathways that yield aggregates having cross-p-sheet structure and



filamentous morphology. In addition to AD, Tau aggregation is a defining feature of several
human neurodegenerative diseases collectively termed tauopathies in which the initial formation
of aggregates is followed by spread among brain regions. Microscopic events of neurofibrillary
formation are first detected as nonfibrillar Tau deposits in neuronal axons and cytoplasm
marking the beginning of aberrant processes. Although some Tau protein monomer peptide
fragments aggregate spontaneously, recombinant full-length Tau in vitro or expressed in
mammalian cells does not aggregate spontaneously even at supersaturation. Inducing a Tau
nucleus can be accomplished by a heterogenous association such as with a membrane, small
molecules, or peptides stabilizing a misfolded species for subsequent elongation steps. Tau is
subject to a variety of post-translational modifications (PTM) including proteolytic cleavage
generating peptide fragments varying in length. Proteolysis is a normal process of protein
degradation and cellular function control, but it also has been implicated in tau aggregate
formation. For example, Tau peptides spanning the microtubule-binding repeat region overcome
kinetic barriers to aggregate spontaneously. However, tau peptides also have been demonstrated
to directly induce misfolding and aggregation of full-length Tau in vitro and in mammalian cells.
Proteolytic cleavage sites along the longest human brain Tau isoform where used. Tau-derived
peptides were ordered by commercial synthesis or made in-house with greater than 95% purity.
Thioflavin dye fluorescent assays were used to quickly test for aggregate formation alone as well
as ability to induce aggregation and incorporate with full-length human Tau protein. Our analysis
of 200 Tau derived peptides to date show that truncated Tau protein species can form aggregate
structures in vitro while others do not. We also found at longer incubation times some short
peptides can act as inducers of full-length tau aggregation indicating that some proteolytic
cleavage sites can be toxic while others are protective preventing aggregate formation. Toxic and
protective peptides derived from Tau protein provide evidence for implicating specific proteases
and their associated pathways in disease.
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Abstract: Background: Neuropathological inclusions formed by hyperphosphorylated protein
tau in the brain are a hallmark of neurodegenerative disorders commonly referred to as
tauopathies that represent a number of cognitive and motor syndromes in people of older age.
Different tauopathies are characterized by disease-specific morphological presentations of tau
lesions, affected brain regions and cell types, tau isoforms present in the inclusions, and
structures of tau filaments. The factors that govern the formation of disease-specific tau lesions
and distinct patterns of neurodegeneration and clinical presentations are unknown. To identify
potential modifiers and effectors of tau pathology, we performed profiling of phospho-tau
associated proteins in 4 major tauopathies. Methods: Here we established the Probe-dependent
Proximity Profiling (ProPPr) method combined with DIA-LC/MS/MS in FFPE frontal cortex
tissue sections for proteomic profiling of AT8-positive phospho-tau aggregates. The study cohort
includes cases from 4 major tauopathies and unaffected controls: Alzheimer’s disease (AD,
N=6), corticobasal degeneration (CBD, N=6), Pick’s disease (PiD, N=4), progressive
supranuclear palsy (PSP, N=2) and control cases (CTL, N=8). Selected findings were validated
by fluorescent co-immunostaining of frontal cortex sections from the validation cohort cases
(AD, N=3; CBD, N=3; PiD, N=3; PSP, N=3; CTL, N=4). Results: We identified a total of 1318
phospho-tau-associated proteins, including 229 proteins identified in all tauopathies. GO
molecular function terms enriched in the latter protein set included chaperone activity,
transmembrane transporter activity, and guanyl nucleotide binding. Fluorescent immunostaining
confirmed association of the retromer complex protein VPS35 with specific tau lesions in all the
studied tauopathies. Statistical comparison of protein abundances between diseases revealed 31
differentially expressed proteins. Immunostaining confirmed disease-specific associations of the
ferritin light chain protein (FTL) and the neurosecretory protein VGF within distinct pathological
lesions. Furthermore, closer examination of FTL-positive microglia in CBD astrocytic plaques
suggested a potential role of this microglial subpopulation in CBD pathogenesis.Conclusions:
We established a new approach to profile proteins that are associated with tau lesions in different
tauopathies. Proteins found in all the tauopathies likely distinguish disease-independent cellular
response mechanisms to tau pathology. We also identified proteins that associate with distinct
disease-specific tau lesions.
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Abstract: Tau-PT271-mediated sex-dependent postoperative delirium-like behavior in aged
mice

Jing Zhang, Peng Yu, Yuanlin Dong, Feng Liang, Zhongcong Xie and Yiying Zhang
Introduction: Postoperative delirium (POD) is a significant complication following surgery, yet
its underlying mechanisms remain largely unclear. Evidence has shown that changes in sex
hormones can influence Alzheimer's disease pathogenesis and dementia . Recent research
indicates that elevated levels of Tau phosphorylated at threonine 217 (Tau-pT217) could be a
pathway through which anesthesia/surgery induces POD-like symptoms in aged mice . The
present study aims to examine whether the sex-dependent expression of Tau-pT217 might
explain the gender-specific occurrence of POD-like behavior in aged mice. Methods: The study
involved 18-month-old wild-type (WT) C57BL/6J female and male mice. The anesthesia/surgery
group underwent a simple laparotomy under 2 hours of 1.4% isoflurane anesthesia supplemented
with 40% oxygen. Behavioral tests, enzyme-linked immunosorbent assay (ELISA), nanoneedle
technology, western blotting, and other methods were used to assess the outcomes. Additionally,
testosterone inhalation therapy was given to aged female mice, while orchiectomy or the
androgen receptor (AR) inhibitor enzalutamide was used on aged male mice to explore the role
of AR signaling in Tau-pT217 levels and POD-like behavior. Results: Anesthesia/surgery
triggered POD-like behavior and significantly elevated Tau-pT217 levels in the blood and brain
only in female, but not male, aged mice. The AR expression in the lungs was notably higher in
male aged mice than in females. Testosterone inhalation in aged female mice activated AR



signaling, reducing Tau-pT217 levels in blood, lungs, and brain tissues, and subsequently
alleviating POD-like behavior. Conversely, orchiectomy or AR inhibitor treatment in aged male
mice resulted in reduced AR activity, elevated Tau-pT217 levels, and increased POD-like
behavior. Conclusions: These findings suggest that gender differences in postoperative
outcomes, including POD-like behavior, might be driven by sex hormone regulation of Tau-
pT217 through AR signaling. The results indicate that testosterone inhalation could reduce Tau-
pT217 levels via AR activation, offering a potential therapeutic strategy for mitigating POD-like
symptoms in aged female mice. This study provides a foundation for further exploration of sex-
dependent mechanisms in POD and potential gender-specific interventions.
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Abstract: Introduction: Postoperative delirium (POD) is a prevalent and costly
complication in elderly surgical patients, often resulting in adverse outcomes. The
underlying mechanisms and reliable biomarkers of POD remain poorly understood. This
study at Massachusetts General Hospital included patients over 65 undergoing surgeries
like laminectomy, knee, or hip replacements under general or spinal anesthesia. We
examined the potential relationships between gut microbiota profiles and plasma Tau
protein levels (Tau-PT217 and Tau-PT181) in patients with POD.

Method: We employed 16S rRNA gene sequencing to analyze gut microbiota and
Nanoneedle technology to measure plasma Tau protein levels.

Results: Among 491 patients, 12% developed POD. Notably, Parabacteroides distasonis
was linked with POD occurrence. There was a strong positive correlation (r = 0.807)
between Tau protein levels and gut bacteria Parabacteroides distasonis, and negative



correlations were observed between Tau-PT217 and the gut bacteria Eggerthella, as well as
between Tau-PT181 and Lawsonella.

Conclusions: These findings highlight significant correlations between specific gut
microbiota and plasma Tau protein and phosphorylation Tau protein levels in patients
with POD, emphasizing the potential involvement of the gut-brain axis in this condition.
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Title: Nanoscale imaging of pT217-tau in aged rhesus macaque: Trans-synaptic propagation and
seeding of tau pathology in entorhinal and dorsolateral prefrontal cortex

Authors: *D. DATTAY, I. PERONE?, D. WIJEGUNAWARDANA?, F. LIANG?, Y. M.
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Abstract: Progress in Alzheimer’s disease (AD) have revealed a novel fluid biomarker, tau
phosphorylated at T217 (pT217-tau), in CSF and plasma, that predicts AD prior to cognitive
deficits. Understanding the role of pT217-tau is important in assessing efficacy of novel
treatments aimed at early-stage disease. However, it is unknown why pT217-tau is effective in
predicting brain pathology, as little is known about early, soluble pT217-tau brain expression.
These questions are difficult to address in humans, as soluble p-tau is rapidly dephosphorylated
postmortem, and PET scans detect late-stage, fibrillated tau. However, the etiology of pT217-tau
in aging brains can be probed in rhesus macaques, where perfusion fixation allows capture of
phosphorylated proteins in their native state. Aging macaques naturally develop tau pathology
with the same qualitative pattern and sequence as humans, including initial cortical pathology in
layer Il of the entorhinal cortex (ERC) evident early in aging, and later in layer 111 of the
dorsolateral prefrontal cortex (dIPFC). We utilized multi-label immunofluorescence and
immunoelectron-microscopy to examine the subcellular localization of early-stage pT217-tau in
ERC and dIPFC of aged macaques (18-34y) with naturally occurring tau pathology and assayed
pT217-tau levels in plasma. Our results show that pT217-tau labeling is primarily observed in
postsynaptic compartments, accumulating in: 1) dendritic spines on the calcium-storing smooth
endoplasmic reticulum spine apparatus near asymmetric glutamatergic-like synapses, and 2) in
dendritic shafts, where it aggregated on microtubules, often “trapping” endosomes associated
with AB42. The dendrites expressing pT217-tau were associated with autophagic vacuoles and
dysmorphic mitochondria, indicative of early neurite degeneration. We observed trans-synaptic
pT217-tau trafficking between neurons within omega-shaped bodies and endosomes, specifically
near excitatory, but not inhibitory synapses. We also examined pT217-tau in blood plasma in
macaques across age-span and observed a statistically significant age-related increase in pT217-
tau. These data provide the first direct evidence of pT217-tau trafficking between neurons near
synapses to “seed” tau pathology in higher brain circuits, interfacing with the extracellular space
to become accessible to CSF and blood. The expression of pT217-tau in dendrites with early
signs of degeneration may help to explain why this tau species can herald future disease.
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Title: Minimalist seed-competent mimics of pathological tau strains
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Abstract: The accumulation of tau protein deposits is characteristic of several neurodegenerative
diseases that manifest with cognitive decline, movement disorders, and dementia. The
conformational plasticity of tau allows it to play a role in many important cellular processes;
however, its misfolding and self-assembly into pathological filaments results in both loss of
normal function and gain of toxic function. Disease-associated filamentous tau exhibits cross-
beta architecture, wherein protein monomers adopt beta-arch folds that stack in register. These
filaments can seed the misfolding of physiological tau and propagate across neurons in a prion-
like manner. Recent cryo-EM structural data demonstrate that the conformations of tau
protomers within pathological protofilaments can vary by disease, even when they are comprised
of the same isoform and sequence. This raises the intriguing possibility of a link between
conformational fold, seeding activity, and disease progression. Current models of tau
propagation based on co-factor-induced aggregation fail to capture the structural diversity of
pathological tau folds. Given the scarcity and variability of seed-competent patient-derived
extracts, efforts to recapitulate pathological tau folds are urgently needed. Here, we describe the
structure-based design of peptide derivatives that mimic the form and function of tauopathic
filaments. Diversity-oriented covalent stapling of core motifs observed in 4R tau folds from
idiopathic disease affords cyclic beta-arch peptides that self-assemble into amyloid filaments. A
subset of these “mini-tau” fibrils potently seed endogenous tau in engineered biosensor cells and
primary neuronal cell cultures. Structural elucidation of a mini-tau filament by cryo-EM reveals
several conformational features congruent with those in pathological tau folds. Our studies
provide a framework for the minimization of functional, disease-associated epitopes of
amyloidogenic proteins that could find broad application in the development of vaccines and
therapeutic antibodies.
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Title: Spatiotemporal map of tau seeds in progressive supranuclear palsy
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Abstract: Progressive supranuclear palsy (PSP) is a severe neurodegenerative disorder.
Pathologically, PSP is characterized as a four microtube-binding-repeat (4R) tauopathy, with
abundant tau inclusions in various cell types (glial and neuronal cells) and regions of the brain.
In PSP native tau proteins convert into ‘seed competent’ tau species that generate fibrils which
assembles into aggregates. While neuropathological stages suggest a stereotypic pattern of the
progression of tau aggregates throughout the brain, the rate of fibrilization and spatial
progression of tau is still unclear. Our aim is to determine PSP-tau seeding kinetics across the
human brain hemisphere by detecting seed-competent species, testing the hypotheses that
seeding kinetics differ between 1) early and late-stage pathology, and 2) regions with
predominantly astrocytic and neuronal/oligodendroglial tau. Resolving this is important for
understanding how different regions and cell-types may contribute to progression of tau
accumulation. In order to study the temporal (early vs. late) and regional seeding capacity, we
have collected frozen brain tissue from 16 regions from 10 donated PSP brains reflecting high to
low tau pathology burden. The tau seeding kinetics are studied using the seeding amplification
assay (SAA). So far, we have established a Tau SAA that can monitor seeding derived from 10
g brain homogenate. The seeding was considered positive if 2 out of 4 replicates per brain
regions showed a plateau higher than the negative control. The SAA showed seeding in all 16
regions from high and low pathology burden brains. We observed individual seeding Kkinetics,
suggesting that our seeding assay reflects differences in tau seed concentration and potency. Our
pre-liminary analyses show no systematic differences in seeding kinetics between high and low
pathology stages, nor between regions. Though this assay can detect tau seeds and thus PSP tau



pathology in regions yet not positive for tau aggregates. This allows us to add detailed
information about the tau seed’s localization in the human PSP brain.
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Abstract: Induced pluripotent stem cells (iPSCs) show great potential for the generation and
characterization of neuronal subtypes as well as the investigation of neurological disease models.
However, in practice, the intercellular variability in a population of iPSC-derived neurons in
combination with the low-throughput nature of manual electrophysiological experiments, have
made such studies challenging.Here we use automated patch clamp (APC) for high-throughput
characterization and comparison of commercially available healthy normal (WT) and
frontotemporal dementia (FTD; genetically engineered Granulin R493X heterozygous knockout)
iPSC-derived excitatory neurons (iCell Induced Excitatory Neurons). WT and FTD iPSC-derived
excitatory neurons were generated using neurogenin-2 overexpression resulting in consistent
iIPSC differentiation into a highly pure glutamatergic neurons population (>90%), with similar
gene expression levels for of synaptic (PSD95, Synapsin 1) and glutamatergic receptors (vGlut2,
GRIAL, GRIA4). We first optimized cell suspension preparation for APC analysis in order to
retain cell viability and function from neurons cultured for 16, 23, 30 or 35 days in culture. These
cells were then analyzedfor voltage-gated (Kv and Nav) and ligand-gated (AMPA) ion channel
currents and how they develop over time. NaV currents increased in both WT and FTD neurons,
with more dramatic increases in WT over time. KV currents were generally lower in WT
compared to FTD neurons, with little change in current amplitude over time. AMPAR current
development was different between WT and FTD - WT increased over time while FTD
decreased resulting in roughly equivalent AMPA currents between WT and FTD neurons by 30



days in vitro. We also recorded action potentials in both WT and FTD model iPSC-derived
excitatory neurons, and compared action potential parameters (such as spike frequency, spike
threshold and action potential amplitude). The number of cells firing action potentials increased
for both WT and FTD excitatory neurons over time in culture and our preliminary data suggest
that FTD neurons start firing at lower input currents and at higher frequencies than WT.
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enzyme
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Abstract: MicroRNAs (miRNAs) are small non-coding RNAs responsible for RNA silencing
and the posttranscriptional regulation of gene expression. Poly(A)-modifying enzyme catalyzes
the addition of adenosine to the 3" end of miRNAs, which promotes their subsequent
degradation. In this study, we demonstrated that a transcriptional repressor was recruited to both
RNA foci and protein aggregates, which caused gene upregulation in Huntington’s disease (HD).
We further identified a subset of corresponding miRNAs were downregulated in levels in HD
models. We further showed that this pathway was activated in HD patient induced pluripotent
stem cell-derived neurons. This study highlights the importance of miRNA dysfunction in the
pathogenesis of HD and as a potential therapeutic direction for the disease.
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Abstract: Multiple system atrophy (MSA) is a complex and rare neurodegenerative movement
disease. The distinction between parkinsonism-predominant (MSA-P) and cerebellar-
predominant (MSA-C) forms reflects the clinical diversity within the disorder. The presence of
glial cytoplasmic inclusions (GCIs) and the aberrant accumulation of a-synuclein in
oligodendrocytes (OLs) are the hallmark of the disease and play a significant role in its
pathogenesis. The widespread myelin loss preceding neuronal death underscores the profound
impact of MSA on both the central and autonomic nervous systems. Understanding these
underlying mechanisms is crucial for the development of effective therapies. Accumulation of
synuclein has been reported to be associated with impaired survival of neural precursor cells
(NPCs) through interference with the Notch signaling pathway. Several studies have shown that
inhibition of NOTCH1 signaling promotes OLs differentiation and myelination, but its specific
role in synuclein aggregation of matured OLs remains elusive. Here, we investigated the mRNA
expression of Notchl and its relationship with the differentiation status of oligodendrocyte
derived from human induced pluripotent stem cell (iPSC) lines from MSA patients (both MSA-P
and MSA-C subtypes) as well as healthy controls (HC). Results revealed a diminished
differentiation propensity in MSA-P compared to MSA-C and HC. Immunofluorescence staining
showed heightened phosphorylated a-synuclein expression investigated from the early stages
(the germ layer cells) of MSA-iPSC induced OLs. Notchl mRNA was overexpressed in MSA-
induced OLs relative to HC from 12th day of iPSC-derived OLs. These data suggest Notch1’s
potential involvement in MSA pathogenesis and OLs differentiation, linking a-synuclein
pathology with the OLs lineage in MSA. These findings provide insights into the molecular
mechanisms underlying OL dysfunction in MSA, with implications for therapeutic development.
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Abstract: Synucleinopathies are a group of neurodegenerative disorders linked with the
misfolding and aggregation of a-synuclein, the most well-known among them being Parkinson’s
disease (PD). a-Synuclein belongs to a larger family of proteins that include B- and y-synuclein.
Mutant forms (P123H and V70M) of -synuclein have been shown to cause Dementia with
Lewy Bodies (DLB), however, the extent to which - and y-synuclein are neurotoxic is still
highly understudied compared to a-synuclein. While specific alterations in cellular environments
(including nitrative stress, lysosomal degradation, mitochondrial dysfunction) and post-
translational modifications alter the toxicity and aggregation of a-synuclein, less is known of
their impacts on 3- and y-synuclein. Here, we used our lab’s budding yeast (Saccharomyces
cerevisiae) model to comparatively evaluate these three wildtype synucleins and explore their
pathological potential through the assessment of toxicity, localization, and expression. We report
that: 1) Wildtype and mutant B-synuclein is toxic, whereas y-synuclein is non-toxic; 2) p-
synuclein toxicity is related to expression level, strain, and extent of aggregation; 3) f-synuclein
displays a higher molecular weight than expected in yeast; 4) Toxicity potential of all three
synucleins, including y-synuclein, is impacted to varying degrees by specific synucleinopathy-
related genetically modified yeast strains that alter nitrative stress, glycation, acetylation,
triglycerides, and SUMOylation. This study highlights the relevance of evaluating a fuller range
of synucleinopathy-related processes to better understand what drives the toxicity of all three
synucleins.
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Abstract: Neurodegenerative disorders are marked by the accumulation of misfolded proteins, a
pathological feature. This aggregation is so critical to the understanding of these diseases that
they are now categorized under the umbrella of proteinopathies. These categories are based on
the type of protein that is most commonly found aggregated in each disorder. Although protein
misfolding, accumulation and aggregation is a major cause of neurodegeneration; there remains a
major unmet need of physiologically-relevant models to both study the mechanism of
propagation and aggregation, and to screen potential therapeutics. At Ncardia, we have
developed models for tauopathies, synucleinopathies and TDP43 aggregation using human iPSC-
derived stem cell technology (hiPSC). All these models have been miniaturized to 384-well
format to make them suitable for high-throughput compound screening. For tauopathies using
high content imaging (HCI) we demonstrated quantifiable presence of phosphorylated TAU
species in Ncyte® Neural Mix (co-culture of hiPSC-derived neurons and astrocytes) cultures
compared to untreated control cultures. In our synucleinopathy model, we demonstrated that
treatment with a-synuclein preformed fibril (PFF) on three different cultures, cortical and
dopaminergic neurons (derived from hiPSCs) and Ncyte Neural Mix, displayed statistically
significant increases in both a-syn and pS129 by HCI as compared to untreated control cultures.
Finally, our TDP-43 proteinopathy model demonstrated electrophysiological deficits by MEA,
mislocalization of TDP-43 to the cytoplasm, reduction in STMN2 protein levels and increase in
neurofilament-L (NF-L) secretion as compared to controls. In summary, we have developed a
scalable platform, based on physiologically-relevant cellular models which can be leveraged for
the high-throughput screening of drug candidates targeting the reduction of pathological
propagation and accumulation of proteins in tauopathies, synucleinopathies and TDP43
aggregation.
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Abstract: The abnormal intracellular aggregation of a-synuclein is a key histopathological
feature in Parkinson's disease. Our recent research revealed that a-synuclein heightens the
opening of pannexin-1 (Panx1) channels in astrocytes, disrupting [Ca?*]; balance, mitochondrial
morphology, and cell survival. Panx1 channels are plasma membrane channels that facilitate the
molecular and ionic exchange between the cytoplasm and the extracellular space. Under
pathological conditions, the persistent opening of these channels leads to cell dysfunction and
death. The impact of a-synuclein on Panx1 channel activity in hippocampal neurons has not been
established. To address this, we conducted ethidium (Etd) uptake experiments in primary
hippocampal neurons, acute brain slices, or mice exposed to a-synuclein (0.1 to 100 nM). In
addition, Panx1 protein levels were evaluated by immunofluorescence and western blotting.
Additionally, different mitochondrial parameters, including morphology, membrane potential,
and superoxide production, were assessed using MitoGreen, Mitored CMXROS, and Mitosox
labeling, respectively. Our findings revealed heightened activity and levels of neuronal Panx1
channels in cultured hippocampal neurons and acute brain slices when stimulated with a-
synuclein. Similarly, brain slices from adult mice intrahippocampally injected with a-synuclein
exhibited increased Panx1 channel activity. Notably, the a-synuclein-induced activity of Panx1
channels altered mitochondrial superoxide production and membrane potential, as well as the
morphology of mitochondria. We speculate that a-synuclein-induced activation of neuronal
Panx1 channels may be a novel mechanism in the pathogenesis and progression of a-
synucleinopathies.
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Abstract: Cortical dysfunction is thought to contribute to the non-motor symptoms associated
with Parkinson’s disease (PD) and other synucleinopathies. Recent studies have revealed
functional changes in cortical circuitry in pre-clinical models of alpha-synuclein (aSyn)
propagation, but with limited mechanistic insight. We hypothesized that seeded aSyn
aggregation leads to cell signaling perturbations, potentially reflected by alterations of the
phosphoproteome, in mouse brain. To address this hypothesis, we utilized a mouse model of
aSyn aggregation involving the injection of aSyn preformed fibrils (PFFs) in the cortex or
striatum to study the downstream effects of seeded aSyn aggregation. We showed via
immunohistochemical staining that PFF injection in either region leads to the presence of aSyn
aggregates that stain positive for the phosphoserine-129 form of the protein (pSer129-aSyn) in
the sensorimotor cortex and other anatomically connected brain regions. Phosphoproteomic
analysis of homogenates prepared from the sensorimotor cortex revealed significant differences
between the PFF- and monomer-injected mice 3 months post-injection. Gene ontology analysis
of the phosphoproteomic changes revealed a link between aSyn PFF administration and
perturbations of synaptic signaling. Further, motif enrichment analysis coupled with kinase
prediction indicated that the majority of motifs up-regulated in the brains of PFF-treated animals
consisted of predicted casein kinase-2 (CK2) phosphorylation sites. CK2, a constitutively active
kinase that is dysregulated in multiple disorders, is involved in phosphorylating aSyn at Ser129.
Additional immunohistochemical data indicated that the regulatory beta and catalytic alpha
subunits of CK2 were co-localized with pSer129-aSyn* aggregates in the cortices of PFF-
injected mice. We also observed punctate CK2-alpha subunit staining in the nuclei of cortical
neurons, suggesting that PFF treatment alters CK2 subunit dynamics, in turn leading to the



dysregulation of CK2 activity. Collectively, these results suggest that synaptic dysfunction in the
sensorimotor cortex of PFF-injected mice is mediated at least in part by CK2 dysregulation.
These findings deepen our understanding of the molecular underpinnings of synucleinopathy
disorders, laying the groundwork for developing well-tailored intervention strategies.
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Abstract: The discovery of alpha-Synuclein (a-Syn) in the brains of Alzheimer's Disease (AD)
patients marks a significant advancement in our understanding of this complex
neurodegenerative disorder, traditionally characterized by amyloid-beta plaques and
neurofibrillary tangles. This finding raises pivotal questions about the role of a-Syn, a protein
previously associated primarily with Parkinson's Disease, in the pathogenesis of AD. Motivated
by this breakthrough, our study explores the influence of microRNAs (miRNAs) on a-Syn
accumulation in AD, focusing on the analysis of 47 miRNAs that are homologous between
humans and mice and their regulatory effects on a-Syn in primary hippocampal neuron models.
Through methodologies including the generation of a-Syn preformed fibrils (PFFs), cultivation
of primary neuron cultures, and miRNA synthesis and application, this research endeavors to
uncover the mechanistic relationships between miRNAs and a-Syn pathology in AD. Our results
suggest the promising potential of miRNA modulation in controlling a-Syn aggregation, offering
a novel perspective on therapeutic strategies for AD. This study not only highlights the newly
identified significance of a-Syn in AD but also initiates a foundational inquiry into miRNA-
based therapeutic approaches for mitigating synucleinopathies in AD patients.
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Abstract: Parkinson’s disease (PD) and other a-synucleinopathies are characterized by the
accumulation of a-synuclein (aS) pathology that can spread via the cell-to-cell transmission of
aS aggregates. To better understand how various brain cells contribute to the spreading of aS
pathology, we examined the metabolism of aS aggreges or pre-formed fibrils (PFFs) in neuronal
and glial cells (microglia, astrocytes, and oligodendrocytes). Neurons internalize oS monomers
and rapidly degrade the aS monomers within 6 hours. In contrast, following the internalization of
aS PFFs by neurons, the full-length oS rapidly disappears with a stable accumulation of
truncated aS with a half-life of over 48 hours. Epitope mapping and fractionation studies indicate
that aS PFF was truncated at the C-terminal region following uptake and remained
insoluble/aggregated. However, microglia and astrocytes rapidly metabolized aS PFFs with half-
lives <6 hours in these glial cells. Differential processing of aS by neurons was recapitulated in
cell lines as differentiated CLU198 and SH-SY5Y neuronal cell lines stably accumulate
truncated oS from internalized oS PFFs but the undifferentiated cells rapidly metabolize oS
PFFs. Immunolocalization and subcellular fractionation studies show that internalized oS PFF is
initially localized to endosomes followed by lysosomes. Colocalization of aS PFF to other
organelle shows some aS PFF in endoplasmic reticulum marker but no significant localization of



aS PFF with the markers of Golgi or autophagosomes. In neurons, truncated aS PFF accumulates
in the lysosomes, indicating that the truncation happens in the late endosomes or lysosomes.
Lysosome is largely responsible for the degradation of internalized aS PFFs, particularly in glial
cells, as only the lysosomal inhibition leads to a consistent increase in the accumulation of
internalized aS PFFs in all cell types. However, inhibition of lysosomes or proteasomes do not
inhibit aS truncation in neurons. Significantly, internalized aS PFF causes lysosomal dysfunction
in neurons, as indicated by decreased Magic Red Cathepsin B staining and increased Galectin-3
staining in oS PFF treated neurons. Our results show that neurons do not efficiently metabolize
internalized aS aggregates and generate potentially aggregation-prone truncated aS. In contrast,
glial cells may protect neurons from oS aggregates by rapidly clearing aS aggregates.
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Abstract: Long COVID (LC) is a chronic condition developed by some people after SARS-
CoV-2 acute infection, including a range of complications affecting the respiratory, cardiac,
neurological, and digestive systems. In this scenario, our study entails a clinical-epidemiological
analysis of LC patients previously hospitalized with moderate to severe COVID-19, with a focus
on evaluating the peripheral nervous system via electroneuromyography (ENMG). This study
received ethical approval from the Institutional Review Board of the Federal University of



Alagoas (CAAE: 68344823.2.0000.0155). Participants were individuals who tested positive for
SARS-CoV-2 and were hospitalized between March 2020 and December 2022. After providing
written informed consent, participants completed a clinical-epidemiological questionnaire and
were submitted to ENMG. Currently, there are 24 enrolled individuals, with a majority of them
being male (52.38%) and aged 50 to 59 years (42.11%). Persistent LC symptoms reported
include fatigue (85.71%), dyspnea (52.38%), headache (57.14%), hypertension (52.38%),
cardiac arrhythmias (57.14%), memory impairment (61.90%), sensory alterations (71.43%),
mental disorders (33.33%), and sleep disturbances (52.38%). Of the seventeen patients analyzed
by ENMG, only three did not show any abnormalities. The other fourteen participants displayed
pathologies such as polyneuropathy, peripheral sensory-motor axonal polyneuropathy,
neuropathies of the median, radial, peroneal, cutaneous, and/or ulnar nerves, neuromyopathy,
radiculopathy, and multiradiculopathy. ENMG data are being analyzed using artificial
intelligence to identify LC-associated patterns, along with potential blood biomarkers linked to
neuromuscular and neuroinflammatory disorders. Taken together, our preliminary findings
suggest long-term effects of COVID-19 post-infection, considerably affecting the quality of life
for patients with LC.
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Abstract: Mutations in the gene GJB1, coding for the protein connexin 32 (Cx32), have been
shown to cause the X-linked form of Charcot-Marie-Tooth disease (CMT1X), an inherited
peripheral neuropathy. The genetic cause of CMT1X has been known for over 25 years, but the
mechanism by which mutant Cx32 protein in Schwann cells (SCs) leads to peripheral neuropathy
is poorly understood. Macrophage numbers are significantly increased in Cx32KO nerve and



appears to significantly contribute to severity of Cx32 related neuropathy. Other published
studies and metabolomic findings from our lab show that inosine and other by-products of
extracellular ATP metabolism are reduced in Cx32KO peripheral nerve compared to WT mice;
suggesting that loss of Cx32 leads to an inability of ATP to exit the SC into the extracellular
space. A mechanistic hypothesis for the pathogenesis of CMT1X proposes that defective Cx32
hemichannel function causes dysregulation of mitochondrial SC ATP production as well as
release into the extracellular space. Low extracellular levels of anti-inflammatory ATP
metabolites, particularly the stable inosine, lead to a chronic inflammatory state in nerve,
increased macrophage infiltration to impact myelin and axon pathology. Thus, increases in
macrophages may be due to reduced levels of inosine, which asserts its anti-inflammatory effects
at cellular A2 receptors. We used transcriptional, metabolomic, and pathologic approaches to test
the hypothesis that supplementation of inosine can ameliorate CMT1X neuropathy. Following
preliminary dose response determinations, Cx32KO mice were treated with inosine (280mg/kg)
or PBS daily for 7days, 1-month, and 4-months. Sciatic and femoral nerve samples were
harvested and assayed for inflammatory gene expression and macrophage counts, respectively.
Nerve conduction studies and motor and strength behaviors were also conducted on the 4-month
treatment group. Ibal staining shows a significant reduction in macrophages in femoral motor
nerve following 7 and 30days of Inosine. We also find significant reductions in inflammatory
and repair SC genes TNF, Timp1, Trem2, and CD4 by gPCR after 30days of inosine. Finally,
significant increases in grip strength and some features of NCS were observed following 4
months of inosine. Gene expression and histology studies of the 4-month cohort are currently in
process. More definitive determinations of whether long term treatment with inosine reduces or
ameliorates peripheral neuropathy are ongoing. Taken together, these results strongly suggest
that treatment with inosine may provide a therapeutic effect for CMT1X and other peripheral
neuropathies.
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Abstract: Mutations in GJB1, the gene encoding Connexin 32 (Cx32), cause the X-linked
Charcot-Marie-Tooth disease (CMT1X), a delayed-onset inherited demyelinating peripheral
neuropathy. While the genetic cause of CMT1X has been known for over 25 years, the
mechanism by which mutant Cx32 protein in Schwann cells (SCs) leads to peripheral neuropathy
is poorly understood. .Recent studies in our lab have demonstrated that mutant genotypes
displayed loss of function in behavioral tests and by histological measures. These deficits
became more evident as the mice aged. Additionally, using microarray and metabolomic
approaches to compare wild-type and Cx32-knockout (Cx32KO) sciatic nerve samples, we have
identified significant regulation inflammatory/stress pathway genes as well as robust changes in
ATP and metabolites associated with the AMP-activated protein kinase (AMPK)
metabolic/stress pathways. We and others have also found significant increases in macrophage
numbers in peripheral nerves from Cx32KO mice, which appears to significantly contribute to
severity of the Cx32-related neuropathy. The lowered extracellular levels of anti-inflammatory
ATP and metabolites may lead to increased macrophage infiltration helping to establish a
chronic inflammatory state in CMT1X nerves and, ultimately, impact myelin and axon
pathology. This study uses semi-quantitative Real Time PCR (RT-gPCR) to examine the
regulation of several genes associated with these pathways in WT, Cx32KO, and three targeted
CMTX1 Crispr mutant mouse models at different times during disease progression. Sciatic nerve
samples from wild-type (WT), Cx32KO, p.T55l, p.R75W, and p.E102G Crispr mutants were
collected from 2-, 4-, and 6-month old mice and assayed by RT-gPCR for relative expression
levels of GPNMB, PVMN, TIMP1, and TREM2. No significant differences were noted at 2
months of age for any group. However, TIMP1, and TREMZ2, genes associated involved in
AMPK-mediated and inflammatory pathways and are highly regulated in models of peripheral
nerve injury and regeneration, showed increases at 4 and 6 months, with significant upregulation
in 6-month mutant mice compared to wild type mice. These changes correspond to previously
observed increases in nerve pathology and decreases in motor and strength behaviors.
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Abstract: Background: Charcot-Marie-Tooth disorders (CMT) is a heritable neurodegenerative
disease of peripheral nervous system diseases with which more than 100 genes and their
mutations has been associated.. Methods: Two consanguineous families (PAK-CMT1-DG
KHAN) and Layyah (PAK-CMT2-LAYYAH) with multiple CMT affected subjects were
enrolled from Punjab province in Pakistan. Basic epidemiological data were collected for the
subjects. Nerve conduction study (NCS) and electromyography (EMG) was performed for
patients. Whole exome sequencing (WES) followed by Sanger sequencing was applied to report
the genetic basic of CMT. Results: NCS findings revealed that sensory and motor nerve
conduction velocities for both families were less than 38m/s. EMG presented denervation,
neuropathic motor unit potential and reduced interference pattern of peripheral nerves. WES
identified a novel non sense mutation (226 (c. 226 G > T) in GADP1 gene and a previously
reported missense mutation in MFN2 gene (c. 334 G > A) that is causing CMT4A in PAK-
CMT1-DG KHAN and CMT2A in family PAK-CMT2-LAYY AH family respectively.
Mutations followed Mendalian pattern with autosomal recessive inheritance mode. Multiple
sequence alignment by Clustal Omega indicated that mutation containing domain in both genes
is highly conserved and in situ analysis revealed that both mutations are likely to be pathogenic.
Conclusion: We are reporting a novel non sense and a previously known missense mutation in
GAPDland MFN2 gene, respectively, caused CMT in consanguineous Pakistani families.

Disclosures: D. Hussain: None.

Poster

PSTR270: Peripheral Nerve Glia, Nerves, and Neuropathy
Location: MCP Hall A

Time: Tuesday, October 8, 2024, 8:00 AM - 12:00 PM
Program #/Poster #: PSTR270.05/C16

Topic: C.06. Neuromuscular Diseases

Title: Characterizing Neuromuscular Deficits in the C3-PMP-22 Mouse Model of Charcot-
Marie-Tooth Disease Type 1A.

Authors: *P. J. MOORE, J. VITERI, N. R. KERR, S. AYYAGARI, A. ROSHAN!I
DASHTMIAN, F. B. DARVISHI, W. ARNOLD:;
NextGen Precision Hlth. Initiative, Univ. of Missouri, Columbia, MO



Abstract: Charcot Marie Tooth disease (CMT) type 1A is the most common form of CMT
related to a duplication of the PMP22 gene that causes an autosomal dominant neuropathy
associated abnormal peripheral nerve myelination, axonal dysfunction/loss, and motor unit
degeneration. Patients with CMT1a experience progressive symptoms of weakness, muscle
atrophy, and sensory loss. The C3-PMP-22 mouse (C3) is a mouse model of CMT1a with 3
copies of the PMP22 gene. Prior work has demonstrated phenotypic features of disrupted motor
coordination, altered myelination, but absent signs of overt axonal loss. To investigate the
phenotypic features of the C3 mouse model more fully, we performed a battery of assessments
including behavioral assessments of motor coordination and strength as well as in vivo
gastrocnemius motor unit electrophysiology to assess summated muscle excitation (compound
muscle action potential, CMAP), motor unit size (single motor unit potential, SMUP), motor unit
number (motor unit number estimation, MUNE), and neuromuscular junction (NMJ)
transmission (repetitive nerve stimulation, RNS). 11 C3 and 13 wildtype C57BL6 control mice
were assessed between the ages 2-6 months. Experimenters were blinded to genotype. Motor
coordination, as assessed by rotarod latency to fall, and motor strength, as assessed by all limb
grip, both showed significant reduction in C3 mice versus controls (rotarod: time X genotype,
mixed effects, p = 0.0306, grip: time X genotype, mixed effects, p = 0.0023). CMAP, a measure
of summated muscle excitation following supramaximal nerve stimulation, and MUNE, an
estimation of motor unit connectivity, were both significantly reduced in C3 versus control mice
(CMAP: time X genotype, mixed effects, p = 0.0001; MUNE: time X genotype, mixed effects, p
= 0.0446). In contrast, SMUP, a measure of motor unit size, demonstrated significant differences
for time (p<0.0001) and genotype (p=0.0275) but no interaction between time and genotype
(p=0.4395). Longitudinal RNS demonstrated no differences (mixed effect analysis: age,
genotype or age X genotype), but on multiple comparisons at 5.5 months revealed significantly
greater decrement (NMJ transmission failure) in C3 versus control mice at 5.5 months (C3: --
28% vs control: -11%, Sidaks multiple comparisons). Together these data indicate that the C3
mouse model of CMT1a reproduce clinical features of motor dysfunction associated with
electrophysiological deficits in motor unit number, muscle excitation, and possibly NMJ
transmission deficits. The phenotypic characterizations of this pre-clinical model of CMT1A can
be used to test impacts of preclinical therapeutics.
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Abstract: Maintenance of proteostasis is critical for preserving cell integrity and appropriate
responses to a changing environment. Impairments in proteostasis can lead to a deleterious
imbalance in protein synthesis, localization, and degradation. Such impairments have important
consequences for neurons, which must function for a human’s entire lifespan. Charcot-Marie-
Tooth disease (CMT) describes a group of inherited peripheral neuropathies. A common feature
in certain instances of these neuropathies is mutations in aminoacyl-tRNA synthetases (ARS).
This suggests that a defect in the protein synthesis aspect of proteostasis may underly the unclear
etiology of CMT. However, the mechanism(s) through which ARS mutations may cause the
sensory and muscular phenotypes observed in CMT patients remains unknown. To address this
gap in knowledge, | developed an in-vitro model for the effects of mutant ARSs in sensory
neurons. This model utilizes neurons cultured from the dorsal root ganglion (DRG) of embryonic
day 14 (E14.5) CD10 mice and genetically encoded fluorescent reporters to visualize newly
synthesized proteins in live neurons. Once grown, DRGs undergo chemical axotomy to remove
axons while maintaining cell integrity. The axons are subsequently regenerated. This approach
allows me to assess axon regeneration dynamics in a mutant ARS background. In this DRG
culture model, lentiviral expression of a CMT associated mutant tyrosyl-tRNA synthetase
(mYARS) induces dose-dependent axon degeneration and cell death when compared to wildtype
and empty vector controls. Further, | observed a significant decline in neuronal protein synthesis
with mYARS expression compared to controls. Axon outgrowth is heavily reliant on protein
synthesis; unexpectedly, however, axon regeneration is unaffected in the mY ARS condition.
These findings demonstrate that expression of mYARS in DRG cultures induces axon
degeneration, mirroring a prominent event in many CMT neuropathies. Furthermore, these
findings help elucidate CMT’s etiology, which may indeed involve a synthesis defect. As
mMYARS does not seem to impact axon regrowth dynamics, this raises the possibility of the
existence of certain factors present in neurons during the initial axon growth stages. Factors that
confer resistance to the synthesis dampening effect. Future identification of these factors through
genetic and pharmacological screens could explain the delayed onset of CMT in humans.
Beyond CMT, this model system can be applied to identify key nodes in neuronal proteostasis
networks, which have broad relevance to the growing list of neurological disorders characterized
by loss of proteostasis.
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Abstract: Autoimmune polyneuropathies, such as Chronic Inflammatory Demyelinating
Polyneuropathy (CIDP) and Multifocal Motor Neuropathy (MMN), affect an estimated 20
million individuals across the US. This heterogenous class of neurodegenerative disorders is
characterized by a variety of clinical manifestations, including demyelination, sensorimotor
deficits, and the presence of serum autoantibodies against peripheral nervous system (PNS)
antigens. Notably, serum autoantibodies vary widely across patients, and are hypothesized to
drive distinct clinical manifestations. Thus, there remains a need for clinically-translatable
models capable of recapitulating PNS biology while preserving unique, patient-specific
mechanisms of disease progressions. Such models encourage the identification of novel
pathways and mechanisms for disease progression driven by patient-specific serum
autoantibodies, while also providing a platform to screen novel therapeutics for their efficacy in
stratified patient populations. The present work describes the development of a functional,
human-based PNS model consisting of induced-pluripotent stem cell (iPSC)-derived
motoneurons (MN) and Schwann cells (SC) cultured over microelectrode arrays (MEAS). SC
cultured on the distal side tunneled chambers drive axonal growth through the secretion of
trophic factors that encourage MN development and maturation. The average conduction
velocity (CV) of axons growing through the tunnels and over microelectrodes is calculated as a
function of electrical signal and time using our proprietary CV platform. The identification and
segmentation of true biological signal from background was validated using lidocaine, a sodium
channel blocker that inhibits neuronal action potential. This model has been successfully used to
recapitulate the clinical features of CIDP and MMN using clinically-confirmed patient serum
samples. Upon administration of patient sera, our model demonstrated a statistically-significant
drop in CV, as well as the presence of complement proteins C3 and C5b-9, suggestive of
autoantibody-driven, classical complement pathway activation. In line with this, the
administration of complement-inhibiting therapeutics restored deficits in CV and complement
protein deposition, highlighting the capability and utility of this model to assess the efficacy of
therapeutic compounds designated for autoimmune polyneuropathies. In summary, this work
provides evidence for the utility and rationale design of human-based, functional models for the
assessment of novel therapeutics and delineation of complex neurodegenerative disease
mechanisms.
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Abstract: Hydrocephalus is a life-threatening neurodegenerative disease resulting from excess
accumulation of cerebrospinal fluid (CSF) in the cerebral ventricles. The increased CSF volume
causes the ventricles to enlarge, and the consequent rise in intracranial pressure can compress
and damage the brain. In addition to general neurological symptoms (nausea, vomiting,
headaches, drowsiness, etc.), the main symptoms of hydrocephalus are dementia, gait
disturbances, and urinary incontinence. To date, treatment options for relieving hydrocephalus
have been limited to surgical CSF drainage techniques, as no effective pharmacological
treatments have yet been introduced. From a molecular standpoint, one of the key players in CSF
production under physiological conditions is the sodium-potassium-chloride cotransporter
isoform 1 (NKCC-1), which is highly expressed at the choroid plexus in the brain. NKCC1
contributes to approximately half of the CSF production, and it is dysregulated in diverse animal
models of hydrocephalus. In the kaolin-induced model of hydrocephalus, we demonstrated that
the level of functional (phosphorylated) NKCC1 (pNKCC1) is significantly upregulated in the
choroid plexus luminal membrane. Thus, we hypothesized that reducing the expression of



NKCCL1 could limit the excessive accumulation of CSF in hydrocephalus and consequently
rescue the cognitive and motor symptoms in the kaolin-induced model of hydrocephalus. Here,
we tested the potential therapeutic application of NKCC1 gene knockdown by
intracerebroventricular injection of adeno-associated viral vector (AAV1/2) expressing artificial
microRNA (amiR) targeting NKCC1 in the kaolin-induced hydrocephalus mouse model. Our
data provide evidence that NKCC1 may be implicated in hydrocephalus pathogenesis and that
NKCC1 knockdown gene therapy could become a new therapeutic strategy for people with
hydrocephalus in the future.
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Abstract: Neurofilament accumulation is a marker of several neurodegenerative diseases, but it
is the primary pathology in Giant Axonal Neuropathy (GAN). This childhood onset autosomal
recessive disease is caused by loss-of-function mutations in gigaxonin, the E3 adaptor protein
that is essential for neurofilament degradation. Using a combination of genetic and RNA
interference (RNAI) approaches, we found that dorsal root ganglia from mice lacking gigaxonin
have impaired autophagy and lysosomal degradation through two mechanisms. First,
neurofilament accumulations interfere with the distribution of autophagic organelles, impairing
their maturation and fusion with lysosomes. Second, the accumulations sequester the chaperone
14-3-3, a protein responsible for the localization of the transcription factor EB (TFEB), a key



regulator of autophagy. This dual disruption of autophagy likely contributes to the pathogenesis
of other neurodegenerative diseases with neurofilament accumulations.
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Title: Sarm1 regulates schwann cell reprogramming and timely nerve regeneration.
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Abstract: Upon peripheral nervous system trauma, the distal part of severed axons undergoes
sterile alpha and TIR motif-containing 1 (SARM1)-regulated disintegration, a process known as
Wallerian degeneration (WD). Denervated Schwann cells (SCs) execute an elaborate repair
response marked by elevated expression of c-Jun and p75N™® and downregulation of myelin
genes. Similar to Wallerian degeneration slow (WIdS) mice, axon regeneration in the sciatic
nerve is greatly delayed in Sarm1-/- mutants. Bulk RNA sequencing of axotomized DRGs
showed that Sarm1-/- is not necessary for the activation of neuron intrinsic growth programs or
conditioning-lesion enhanced neurite outgrowth in vitro, contrasting previous studies with WIdS
mice. In vivo, SCG10+ sensory axons in injured Sarm1-/- mice rapidly extend into the lesion
area but stall at the transition to the distal nerve. Commensurate with this, a longitudinal spatial
transcriptomics study revealed similar transcriptional changes at the nerve injury site in WT and
Sarm1-/- mice. Along the distal nerve, we find few gene products that are upregulated in the
Sarml-/- nerve prior to WD; however, canonical markers of the SC repair response, including
Jun and Ngfr (p75N™R), are greatly delayed in mutants. Regenerated axons in the Sarm1-/- show
long-lasting defects in nerve conduction and reduced caliber at the ultrastructural level.
Behavioral studies revealed defects in hindfoot function. To demonstrate the non-permissive



nature of Sarm1-/- distal nerve tissue, we grafted Sarm1-/- sciatic nerve segments into WT
recipient mice and observed reduced regeneration compared to parallel processed mice that
received WT grafts. Primary SCs prepared from WT and Sarm1-/- sciatic nerve support
comparable neurite outgrowth of primary DRG neurons. Ex vivo, however, Sarm1-/- nerves
show greatly delayed reprogramming of SCs into repair SCs, suggesting that signals from WD-
resistant axons block activation of the SC repair response. This observation provides an
opportunity for pharmacological screening of pathways that suppress the induction of the SC
repair response. Together, our studies show that the Sarm1-/- distal nerve microenvironment is
not conducive to the regeneration of WT neurons. These findings highlight the importance of
WD for timely SC reprogramming and nerve regeneration. Understanding SC plasticity
following nerve injury remains crucial for advancing PNS regeneration.
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Title: Hypoxia-inducible factor 1o promotes Schwann cell peripheral nerve myelination
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Abstract: Schwann cells are essential for supporting the metabolic activity of neurons and
myelination in the peripheral nervous system. Hypoxia plays a role during development of
aerobic animals, and has recently been demonstrated to regulate oligodendrocyte differentiation
in the central nervous system. Here we demonstrate that hypoxia-inducible factor 1o (HIF1a) in
Schwann cells promotes myelination. HIF 1 a protein expression is post-transcriptionally



regulated and highly induced in myelinating Schwann cells during development and after injury.
We also demonstrated that peripheral nerve tissue experiences hypoxic conditions during
physiological development and repair after injury. Stabilization or overexpression of HIFla in
Schwann cells promotes myelination in culture. Analysis of HIF1a targets revealed that HIF1a
induces genes implicated in Schwann cell myelination and repair. Furthermore, we found that
conditional deletion of HIF1a in Schwann cell results in delayed functional and morphological
recovery from peripheral nerve injury. These results suggest that HIF1a is a novel myelination
regulator of Schwann cells.
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Abstract: Schwann cell plasticity is central to the remarkable regenerative capacity of the
peripheral nervous system (PNS). Despite this, the role of the transmembrane receptor Plexin-B1
(PB1), which plays a crucial role in nerve development and cell-cell recognition, in activating
Schwann cells(SCs) and driving the detailed process of nerve regeneration remains poorly
understood. Here, we employed a sciatic nerve transection model, coupled with X-gal reporter
system and single-cell sequencing analysis, to track the specific high expression of PB1 in SCs
post-injury, revealing its role in accelerating axonal regeneration and sensory-motor function
recovery. Further, through in vitro primary SCs aggregation and dispersion experiments, we
discovered that PB1 mediates the perception of mechanical stress post-injury, rapidly mobilizing
SCs migration and dispersion. Additionally, PB1 enhances the recognition of SCs and their
radial alignment with nerve fibers, supporting organized target nerve regeneration. By
accelerating the formation of nerve bridges, improving the extracellular matrix at the injury core,
and physically remodeling macrophages, PB1 creates a favorable microenvironment for nerve
regeneration. Lastly, we observed that PB1 alters the endocytic capabilities of SCs, resulting in
phenomena akin to membrane leakage, although this does not significantly affect the ability of
SCs to clean up myelin debris and remyelinate. In summary, our data reveal that PB1



meticulously regulates the spatial configuration and biological functions of SCs, significantly
promoting the rebirth and proper alignment of nerve fibers, and providing new insights into the
high plasticity of SCs in nerve regeneration.
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Abstract: Satellite glial cells (SGCs) in sensory ganglia share several properties with astrocytes
of the central nervous system, but the communication between SGCs and sensory neurons has
not been fully explored (Hanani & Spray, Nat Rev Neurosci., 2020). Due to its favourable
combination of biocompatibility, electrical, and mechanical features, graphene is being
effectively employed as a neural interface (Fabbri et al., Nanoscale, 2021). We recently
demonstrated that graphene can be used as a glial interface to selectively modulate the
functionality of brain astrocytes via electrical stimulation, with no detrimental gliotic reactivity
(Fabbri et al., Nature Nanotechnology, in press, 2024). In this study, we exploit the unique
properties of graphene-oxide (GO) and reduced GO (rGO)-coated electrodes for controlling Ca?*
signalling in SGCs/neurons of Dorsal Root Ganglia (DRG) in vitro by electrical stimulation. We
tested the impact of GO and rGO on cell viability and morphological properties of the DRG
primary co-culture from post natal rats. Biocompatibility, immunostaining and RT gPCR data
indicated that GO and rGO substrates are biocompatible interfaces, promoting the growth of



Cx43 positive SGCs and GAP43 positive neurons co-cultures seeded on their surface, without
the need for any additional adhesion treatment. We performed Ca?* imaging on DRG co-cultures
grown on indium tin oxide (ITO) coated with GO or rGO films. We discovered that electrical
stimulation elicits distinct intracellular Ca?* responses in DRG neurons and SGCs in vitro,
depending on the electrical properties of rGO/GO interfaces. SGCs and neurons stimulated by
insulating GO electrodes show a slow and sustained Ca®* response. Conversely, SGCs/neurons
stimulated by conductive rGO electrodes exhibit a more oscillatory Ca?* response. Pharmacology
revealed that distinct pathways are activated by rGO/GO-electrodes, with intracellular Ca*
release via IPs, extracellular Ca* influx by TRPV channels and intercellular Ca®* signalling
trough gap junctions differentially involved in the effect. Importantly, although the amplitude of
the Ca?* response of SGCs and neurons are comparable among them in both co-cultures on GO
and rGO, the electrical stimulation response is prompter on SGCs then on surrounding neurons.
Collectively these results confirm that GO/rGO-coated electrodes could be used to selectively
modulate neuron and glia function also in the Peripheral Nervous System or sensory circuits, as a
basis for future applications in neuroscience investigation and bioelectronic medicine (Fabbri et
al., Pharmacol Ther. 2023).
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Abstract: A decade ago, cortical cytoskeleton of axons and dendrites has been described to have
a 1-D periodical arrangement, referred to as the Membrane-associated Periodic Skeleton (MPS).
The MPS is a periodic protein structure consisting of actin "rings" located transversely to the
axon and separated every 190 nm by o/B-spectrin tetramers "spacers”. Most of published studies
describe the MPS in vitro (in cultured neurons) and postulates that its presence is important in
the organization of membrane components, in the regulation of axon diameter, in the control of
microtubule dynamics, the physical resistance of the axon and during axonal pruning. We aim to
elucidate the transversal organization of 32-spectrin tetramers within the MPS and to learn
whether this organization is a conserved feature of the MPS. Although there are reconstructions
showing the transversal localization in cultured neurons, these have never been analyzed
quantitatively, and, more importantly, nor have they been analyzed in axons within nerve tissue.
The MPS can only be described using super-resolution (SR) microscopy approaches, since its
spatial features lay below the diffraction limit of light. Therefore, we started a project to
investigate this in rodent nerve slices, i.e. in situ, using two-color 3D-dSTORM microscopy. We
have first established a protocol for the examination of transcardially perfused 1 month-old c57
mouse sciatic nerves: cryosectioning and immunohistochemistry, to make them suitable for 3D-
dSTORM. We have registered p2-spectrin signal and analyzed the data with a clustering method.
In the sciatic nerves of WT mice, we have found that 32-spectrin tetramers are arranged in each
period at regular and fixed distances irrespective of axonal identity and that scales with axon
diameter. We have also evidenced that the localization of a 2-spectrin tetramer in one period is
correlated with the position of tetramers in neighboring periods, suggesting a structural constrain
for their interaction with actin rings. Being able to describe the ground truth of B2-spectrin
organization, would lead us to understand its modifications in other situations such as peripheral
trauma, degeneration or mutations that could lead to cytoskeletal disorders.
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Abstract: Schwann cells are integral to the peripheral nervous system with pivotal roles in
myelinating and supporting neurons, thus contributing to proper nerve function. Dysfunctions in
Schwann cells have been implicated in a spectrum of neurological disorders, including diabetic
peripheral neuropathy, Charcot-Marie-Tooth disease, and neuropathic pain syndromes. However,
procuring consistent and reliable Schwann cells for drug discovery and disease modeling has
posed significant challenges, primarily due to the limited availability of human-derived sources
and the inherent variability in isolation methods. Our group has previously developed an
efficient, scalable method for generating Schwann cell precursors (SCPs) from human induced
pluripotent stem cells (hiPSCs). This is accomplished through directed differentiation under
precisely defined media conditions within 9 days - without the need for genetic manipulation. In
this study, we matured the Schwann cells over a period of a week and performed bulk RNA
sequencing to thoroughly characterize these schwann cell precursors transcriptomically. We
compare the data set with publicly available primary human Schwann cell (hSC) tissues and
other hiPSC derived Schwann cell data repositories. Analysis revealed that this SCP population
(RealSCP) has a consistent molecular phenotype that is similar to primary hSC in important
ways that are highly relevant for drug screens and mechanism-based studies. To further explore
how this cell type can be used in screening applications, we developed co-cultures with hiPSC-
derived motor neurons and sensory neurons to look at axon alignment and myelination. We see
that co-cultures undergo rapid SCP-axon alignment within 48 hours, and myelination was
observed via transmission electron microscopy and expression of the myelin-associated proteins-
myelin basic protein (MBP) and myelin protein zero (MPZ) as early as 5 weeks in culture. In
summation, SCPs can be efficiently and rapidly generated from hiPSCs and cultured with
neurons to form myelinating models of the peripheral nervous system. These co-culture systems
will lay the groundwork for future experimentation modeling neuropathology in a patient-
specific manner.
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Title: Glial Cannabinoid type-1 (CB1) receptors: a key player in neuromuscular junction repair?
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Abstract: Following nerve injury, extensive morphological and functional changes reshape
synaptic elements at neuromuscular junctions (NMJs) to promote its reinnervation. This process
is in part mediated by Perisynaptic Schwann cells (PSCs), glial cells at the NMJ, essential for its
maintenance and repair. Cannabinoids are frequently used in the treatment of neuropathic pain
related to nerve injury. However, despite evidence for their roles in the regulation of axonal
guidance and synapse formation during development of the central nervous system and
management of pain in the peripheral sensory system, their possible contribution in response to
peripheral nerve injury remains unclear. Cannabinoid type 1 receptors (CB1R) may be involved
in repair owing to their presence in the peripheral nervous system and at the NMJ. Here we
present a novel role of glial CB1Rs in motor recovery following nerve injury. CB1R absence,
through treatment with the antagonist AM251 or in CB1R-KO, accelerated NMJ denervation
with an increased expression of the phagocytic marker MAC-2. Also, their absence delayed the
NMJ reinnervation following nerve injury. Importantly, these results were completely replicated
when CB1R were knocked down only in glial cells using conditional GFAP-CB1R-KO mice.
Reflecting the repair mode of PSCs, a reduced muscarinic activation of PSCs is normally
observed at reinnervating NMJs. However, at reinnervating NMJs of CB1-KO animals, PSC
Ca?" responses induced by local application of muscarine were significantly higher than the ones
at the contralateral leg, a phenotype incompatible with NMJ repair. Lastly, CB1R activation
enhanced reinnervation after nerve injury, as revealed by a faster and more complete
reinnervation with a significant increase of mono-innervated NMJs, suggesting a positive role of
this receptor in nerve repair processes. Our results highlight a novel role of (endo)cannabinoids
in NMJ repair after peripheral nerve injury, opening a possible therapeutic strategy for
facilitating nerve repair following injury or to address inadequate NMJ maintenance observed in
motor neuron-related neurodegenerative diseases.
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Abstract: Nerve injury leads to neuromuscular junction (NMJ) denervation and motor
impairment. While the morphological repair of the NMJ in the peripheral nervous system post-
injury is well known, the functional recovery in various motor unit (MU) types and their
correlation with NMJ innervation is understudied. Moreover, the contribution of partial
reinnervation to muscle function remains ill-defined. In addition, neurodegenerative disorders
like amyotrophic lateral sclerosis (ALS) leads to nerve damage and NMJ denervation, in a
motor-unit dependant manner, which may present distinct functional alterations. In this work, we
characterized muscle function in parallel to NMJ innervation in WT mice following nerve injury,
as well as in SOD1%*"R mice, a model for ALS. We studied two muscles with different motor
units: the Soleus (SOL, slow and fatigue resistant MUs) and the EDL (fast fatigable MUs).
Neuromuscular function was assessed using a muscle force transducer to measure contractile
force induced by nerve stimulation to test the neuromuscular contribution or by direct muscle
stimulation. NMJ innervation was determined using a triple immunostaining of the NMJ: pre,
postsynaptic and glial components. NMJ function and innervation were monitored at 8, 11, 14,
16 and 21 days postinjury (dpi). At 8dpi, both muscles were still fully denervated and no muscle
contraction were evoked by nerve stimulation. The neuromuscular contractile capacity improved
markedly to 80% at 11 dpi in the SOL with only 5% of fully innervated NMJs and 80% of
partially innervated ones (15% denervation). However, the EDL contractile capacity was only
35% with 2% of fully innervated NMJs and still 40% of fully denervated NMJs. Interestingly,
while contractile capacity was similar between the two muscles at 14, 16 and 21 dpi, the SOL
surprisingly presented significantly more partial and less fully innervated NMJs than the EDL. In
ALS, however, the EDL presented profound NMJ alterations and progressive functional deficits,
which paralleled disease stages. As expected, the SOL was highly resistant with delayed NMJ
alterations and muscle function largely preserved until advanced disease stage. Our results
highlight different dynamics of repair and functional recovery following nerve injury: the SOL is
initially faster than the EDL, but the EDL improves more consistently its innervation. In ALS,
however, the EDL is selectively vulnerable compared to the SOL, both structurally and
functionally. Our data also indicate that partially innervated NMJs contribute to muscle
contraction and function. Altogether, our findings reveal a strong link between structure and
functionality of the NMJ.
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Abstract: [Background and aims]lt is crucial to understand the mechanisms underlying
neuropathic pain to develop the appropriate treatment for these patients. Recently, many
researchers have focused on the interferon-gamma (IFN-vy) signaling involved in persistent pain
mechanisms. However, the exact mechanism is still unknown. We examined the involvement of
IFN-y-signaling in the trigeminal spinal subnucleus caudalis (\Vc) on orofacial mechanical
hypersensitivity associated with trigeminal nerve injury.

[Methods]Male SD rats were used in this study. Infraorbital nerve injury (IONI) was established
by partial ION ligation. The head-withdrawal threshold (HWT) to mechanical stimulation of the
whisker pad skin was measured before and on day 3 after IONI or sham treatment. The HWTs
were also measured on day 3 following continuous intra-cisterna magna (i.c.m) administration of
IFN-y antagonist (10 pg/3 days) in IONI rats or IFN-y (10 pg/3 days) in naive rats. Moreover,
localization of IFN-y receptor and quantification of IFN-y in V¢ were evaluated on day 3 after
IONI or sham treatment.

[Results]The HWT was decreased on day 3 after IONI. The expression of the IFNy receptor was
significantly higher in astrocytes in IONI rats. IFN-y antagonism in V¢ recovered the decrement
of the HWT in IONI rats, and i.c.m administration of IFN-y decreased the HWT in naive rats. In
V¢, the IFN-y receptor was expressed in astrocytes, and its expression level increased on day 3
after IONI.

[Conclusions]The present findings suggest that IFN-y is involved in astrocyte activation and
causes the hyperactivation of the TG ganglion neurons following trigeminal nerve injury,
resulting in orofacial neuropathic pain.
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and volume electron microscopy

Authors: *H. SANT?, A. COOK?, M. RAMIREZ?, R. SCHALEK?, J. W. LICHTMANS?, P. S.
KATZ;

1Biol., Univ. of Massachusetts, Amherst, Amherst, MA; 2Biol., Univ. of Massachusetts Amherst,
Amherst, MA; 3Mol. and Cell. Biol., Harvard Univ., Cambridge, MA

Abstract: Glial cells play an important role in nervous system development and function.
However, little is known about glial cell types in molluscs. We identified marker genes for glial
subtypes using single-cell transcriptomics (SCRNA-seq) and visualized their expression using in-
situ hybridization chain reaction (HCR) in the gastropod mollusc Berghia stephanieae.
Apolipophorin, a known marker for Drosophila astrocytes, and recently identified as a glial cell
marker in Octopus vulgaris, was also differentially expressed in SCRNA-seq by glia in Berghia.
Apolipophorin HCR labeling revealed abundant glia, including some giant glia in Berghia’s
nervous system, suggesting its use as a pan-glial marker. Glial cell types were also identified in a
volume electron microscopy dataset of the rhinophore ganglion based on ultrastructural features.
Glial cells have distinct ultrastructural features and diverse morphologies. There are large glia
that encase numerous neuronal soma. Some glial cells partitioned axon bundles or synaptic areas
of neuropil. Others bordered the sheath and vasculature. Membrane-to-membrane junctions
between glia suggest a potential glial signaling network. Glial cells identified in Berghia appear
analogous to wrapping glia, astrocytes, cortex glia, and ensheathing glia described in other
animals. The 3D structures of various glial cells were reconstructed. Modern molecular and
imaging techniques have provided unprecedented access to studying glia in molluscan nervous
systems. Future research on molluscan glia will offer insights into the function and evolution of
glia across animals.
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Abstract: We hypothesized that muscle sympathetic nerve modulates function of neuromuscular
junction (NMJ) in conjunction with arterial regulation. This possibility was investigated by
physiological and histological analysis on hindlimb muscle of mature male rats. First, we
examined the effects of baroreceptor activation on muscle contraction-induced muscle-lumbar
sympathetic reflex discharges and muscle contractility in anesthetized rats. Tibial motor fibers
were stimulated to elicit tetanic contraction of the gastrocnemius and soleus muscles and reflex
discharges in lumbar sympathetic postganglionic nerves. When the aortic depressor nerves
(ADNSs) were intact, a rapid increase in mean arterial pressure to approximately 150 mmHg by
intravenous injection of phenylephrine decreased the reflex discharges by 57 + 16 % (mean +
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SD) of the control values, resulting in reduction of the tetanic force (TF) by 7.8 + 4.2%.
However, bilateral denervation of the ADNs, almost completely abolished the hypertension-
induced decrease of both reflex discharges and TF. Second, to histologically examine connection
between sympathetic nerve innervating artery and NMJ in gastrocnemius muscle tissue, nicotinic
receptors, motor nerves, adrenergic nerves, and arteries were fluorescently labeled. We observed
in whole mount preparations that an extension of adrenergic nerve around an artery connected to
a NMJ. Further, a pre- and a postsynaptic marker of adrenergic nerve was both detected at NMJs.
The results indicate that the baroreceptor afferent signal from the ADN decreases contractility of
hindlimb muscles by inhibiting contraction-induced reflex of the sympathetic nerve synapsing at
NMJ. This mechanism presumably has physiological significance in adaptation to gravity.
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Abstract: A) Introduction

N6-methyladenosine (m6A) RNA methylation is the most common modification of mRNA and
is a critical regulator of RNA function. The m6A methyltransferase complex, consisting of
several subunits including writer, eraser, and reader components catalyzes the regulation of m6A
marks. Mettl14 is an important writer component. Here, we investigate the developmental and
regenerative role of mMRNA methylation in Schwann cells by specific deletion of Mettl14 (PO-
Cre crossed with Mettl14Moxed/floxedy

B) Method

Neuromuscular SHIRPA was performed as an overall assessment of neuromuscular function.
Accelerating rotarod assay was used to evaluate motor coordination and balance. Forelimb and
hindlimb grip strength tests were performed to evaluate skeletal muscle strength. Histological
studies were performed on intact and regenerative sciatic nerves. EdU Cell Proliferation Assay



was performed and EdU-positive cells were quantified using fluorescence microscopy in
neonatal cultured Schwann cells. Bulk RNA sequencing analysis was also performed on the
sciatic nerve.

C) Results

In behavioral assessment, Mettl14 cKO mice have progressively reduced NM SHIRPA scores
starting at 4 months, and significantly reduced performance on rotarod and grip strength assays
starting at 3 months of age. In histological studies, Mettl14 cKO mice had normal developmental
myelination, but showed progressive demyelination, increased g-ratio, and decreased axon
density starting at 4 months old. These findings parallel the phenotypic results. Following sciatic
nerve crush, Mettl14 cKO mice show impaired regeneration, which was associated with reduced
recruitment of macrophages and decreased MCP (monocyte chemoattractant protein-1) levels. In
Schwann cells cultured from the Mettl14cKO mice, there was a cell proliferation defect as
measured by EdU incorporation. Moreover, the loss of Mettl14 in Schwann cells resulted in the
downregulation of key myelin protein genes including Pmp22, Mbp, and Mpz, and the cell cycle
regulator gene (CyclinD1).

D) Conclusion

Together, our findings indicate that mMRNA methylation plays an important regulatory role in
Schwann cell maintenance. Although initially, they develop normally, Mettl14 cKO mice have
progressive demyelination, regenerative failure, and Schwann cell proliferation defect.
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Abstract: During development, Schwann cells (SCs) secrete a basement membrane that is
necessary for radial sorting large-caliber axons prior to myelination. After large-caliber axons are
sorted, SCs ensheathe small-caliber axons in Remak bundles by intercalating their membrane
around multiple axons. Remak bundle formation is poorly understood and this project aims to



identify the relevant mechanism. Given that laminin, a primary basement membrane component,
is necessary for radial sorting, we assessed whether another basement membrane component,
collagen-1V, could regulate Remak bundle formation. In mice deficient in the secretion of
collagen-1V from SCs we see a defect in Remak bundle formation in 2-month-old mice but
normal myelination. Specifically, the Remak bundles are significantly larger and SCs are unable
to fully intercalate axons, leading to ‘naked’ axons exposed to the nerve environment. This
finding suggests that Remak bundle formation may require a distinct mechanism from radial
sorting. Therefore, we explored potential collagen-1V binding partners. Two collagen-1V
receptors, Itgal and ltga2, are expressed in adult Remak SCs but not myelinating SCs. We
analyzed global Itgal knockouts and conditional Itga2 knockouts but found no defects in Remak
bundle formation. Therefore, we hypothesized that collagen-1V may be acting as a scaffold to
organize other basement membrane proteins. Based on preliminary data, we are exploring the
possibility that laminin expression is altered in the absence of collagen-I1V. This would indicate
that Remak bundle formation utilizes the same mechanisms as radial sorting. We are examining
the effects of conditionally ablating the laminin receptor Itgh1 at various time points—
specifically after sorting and prior to Remak bundle formation. We hypothesize this will lead to
Remak bundles where axons are not fully intercalated, phenocopying the collagen-1V mutant
mice. These findings will provide insight into the relevant mechanisms for Remak bundle
formation and may indicate that there is a continuum between radial sorting and the intercalation
of small caliber axons.
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Abstract: Demyelinating diseases of the peripheral nervous system (PNS) affect an increasing
number of people, and can be either inherited, such as Charcot-Marie-Tooth (CMT), or acquired
from an autoimmunological insult, trauma or nerve injury. In these diseases there is substantial
damage to Schwann cells (SchCs) leading to loss of the myelin sheath and subsequent impaired
peripheral nerve conduction. As a result, affected individuals suffer from sensorimotor peripheral
neuropathy and auditory neuropathy. Enhancing the endogenous remyelination potential of the
PNS is a promising therapeutic approach for promoting functional recovery and axonal survival
in these demyelinating diseases. PLP-CreERT;ROSA26-eGFP-DTA (DTA) mouse is an
established animal model for cell-specific ablation of Plpl-expressing glial cells in the nervous
system upon induction with tamoxifen administration. Here we studied the process of glial cell
regeneration and ultimately remyelination in auditory system and sciatic nerve of mature adult
(4-6 month-old) and middle-aged (8-10 month-old) DTA mice upon induction of glial cell
ablation. Recovering mice are collected at different time points post-induction (at 1, 3 & 5
weeks) to analyze glial cell regeneration within the auditory system and the sciatic nerve. Inner
ears and sciatic nerves are fixed, then spiral ganglion and auditory nerve fibers, as well as sciatic
nerve fibers are dissected and immunostained either as whole mount or sectioned to label
different types of glial cells, as well as myelin, axonal and node of Ranvier markers.
Transmission electron microscopy is used to identify myelin and neuronal ultrastructure.
Auditory brain stem responses (ABR) are used to assess hearing function. Grip strength testing is
used to assess motor function. In mature adult DTA mice, robust SchC and satellite cell
regeneration occurs by 5 weeks post-induction in auditory system that relies mainly on cell
proliferation. Myelin didn’t show significant loss in auditory nerve fibers, however, ABR
thresholds were elevated in mature adult DTA mice at 5 weeks post-induction compared to pre-
induction indicating auditory neuropathy in this model. Forelimb and hindlimb grip strength
values were significantly decreased in both mature adult and middle-aged DTA mice at 5 weeks
post-induction and normal nodes of Ranvier were less frequently observed in sciatic nerve fibers,
indicating peripheral neuropathy in these mice.
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Abstract: Neurodegenerative lysosomal storage disorders such as CLN3 disease have primarily
been thought of as affecting the central nervous system (CNS), with effects upon both neurons
and glia within the brain and spinal cord. However, children with this disorder also have
peripheral sensory-motor and gastrointestinal problems. We hypothesized that in addition to
central nervous system (CNS) degeneration, CLN3 deficiency may also directly affect neuronal
and/or glial cell populations in the rest of the body. We have explored both functional and
pathological changes in the peripheral nervous system (PNS) and the enteric nervous system
(ENS) in CIn34¢7% mice at different stages of disease progression. There was no sciatic nerve
axon loss or demyelination in CIn34¢”® mice, but significant loss of terminal Schwann cells
(tSCs) at lower limb neuromuscular junctions (NMJ), and progressive NMJ denervation. This
was accompanied by pronounced myofiber atrophy, fewer displaced myofibril nuclei. Atrophy
was also evident in bowel smooth muscle with CIn34¢7 mice. Moreover, the small intestine and
cecum of CIn37¢”% mice were frequently distended with fecal material. As CIn37”% mice aged
we saw a progressive slowing of bowel transit, that was also apparent to a lesser degree in age-
matched WT mice. Subsequently there was a significant and profound loss of HuC/D-stained
enteric neurons and S100B-stained enteric glia within the myenteric plexus, which varied
between bowel regions and worsened with age. Neonatal administration of intravenous gene
therapy using an AAV9-hCLN3 vector completely prevented tSCs and NMJ pathology, atrophy
of both skeletal and smooth muscle, positively impacted bowel transit and largely prevented the
loss of enteric neurons and glia. These findings reveal an underappreciated, but profound, impact
of CLN3 disease outside the CNS and these novel aspects of disease may be treatable using gene
therapy.
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Abstract: PIEZO2 is a major mechanosensitive ion channel present on dorsal root ganglion
(DRG) neurons that prove to be affected by lipid perturbations. X-linked adrenoleukodystrophy
(x-ALD) is the most prevalent peroxisome disorder caused by ABCD1 gene mutation. ABCD1
gene encodes an ATP binding cassette protein that is responsible for transport of acylated very
long-chain fatty acids (VLCFAS) into the peroxisomes for degradation. Mutations in the ABCD1
gene lead to disrupted lipid metabolism, VLCFA accumulation, spinal cord and peripheral nerve
degeneration. The frequent occurrence of pain and sensory changes is poorly understood.
Abundant ABCD1 expression was detected in human DRG neurons, while in mouse DRG,
higher ABCD1 expression was found in surrounding satellite glial cell but barely in DRG
neurons. As the major VLCFA elongase, ELOVL1 overexpression also leads to VLCFA
accumulation. Here, we created a new model by crossing mouse carrying PIEZO2 driven cre
with conditional human ELOVL1(hELOVL1) overexpression, thus causing VLCFA
accumulation in PIEZO2(+) sensory neurons. PIEZO2 has demonstrated functional correlation
with the mechanical hypersensitivity in Abcdl-/- mice. In the current model, immunostaining of
PIEZO2confirmed DRG neuron localization. High hELOVL1 mRNA detected in DRG tissues of
PIEZO2cre-hELOVL1 mice suggested successful PIEZO2cre driven overexpression.
Significantly increased VLCFA in DRG tissue from PIEZO2cre-hELOVL1 mice compared to
PIEZO2cre-WT mice further validated functional change. Interestingly, we saw a significant
reduction of plasmalogens and sphingomyelin in PIEZO2cre-hELOVL1 DRG, suggesting
changes in membrane composition resulting from disrupted VLCFA metabolism. Most
importantly, the PIEZO2cre-ELOVL1 mice presented significant changes in mechanical
sensation, particularly in female mice. These results establish a functional correlation between



dysregulated lipid metabolism in DRG neurons and altered sensation, pointing to a potential
mechanism of lipid induced peripheral neuropathy.
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Abstract: Functional composition of the pudendal nerve in the female Yucatan Minipig

The complex network of nerves that control sensory, motor, and autonomic functions in the
urogenital and colorectal systems stem from nerve roots located in the lower thoracic, lumbar,
and sacral regions. Any damage to these neural structures, whether it’s central or peripheral, can
significantly affect a person’s quality of life. Over the past few decades, scientists have
developed a range of procedures based on electrical neuromodulation, with the pudendal nerve
being a key area of focus. Animal models, such as the Yucatan Minipig, are crucial in helping us
understand the anatomical pathways related to both the normal and abnormal functioning of
pelvic organs. These models also aid in the development of new and more effective treatments.
This study provides a functional overview of the pudendal nerve in female Yucatan Minipigs.
The pudendal nerve is made up of an upper cord, formed by anastomotic branches S1 and S2,
and a lower cord formed by contributions from S2 and S3. These cords come together to form a
small network known as the pudendal plexus before it re-enters the pelvis. To gain insight into
the neural mechanisms behind scES-induced effects on the lower urinary tract, the Hubscher
laboratory has developed a model of neural stimulation of the upper and lower cords of the
pudendal nerves in female Yucatan minipigs with moderate-severe spinal cord injury under
anesthesia while the intra-anal pressure was measured. Preliminary data suggests that electrical
stimulation of the pudendal nerve’s upper cord leads to the contraction of the external anal



sphincter muscle. However, similar stimulation of the lower cord does not elicit any contractile
response. These findings collectively suggest that the fibers in the upper cord have a motor
function, while it can be inferred that the fibers in the lower cord likely have a sensory function.
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Abstract: Brain ischemia accounts for the most acute stroke cases and constitutes a leading
cause of deaths and disabilities, particularly among the older adults. Intravenous
thrombolysis by recombinant tissue plasminogen activator (rtPA) is the only available
pharmacotherapy for acute ischemic stroke, and mechanical thrombectomy provides
another treatment option for patients with large artery occlusion. However, the overall
narrow treatment windows and potential risks in hemorrhagic transformation and damage
to blood vessels limit the patient eligibility. New drugs with extended therapeutic window to
treat ischemic stroke are urgent needed. Cyclooxygenase 2 (COX-2) has long been
implicated in stroke-triggered brain injury and inflammation, but targeting COX enzymes
can cause broad complications in microvascular systems. As such, modulating a specific
downstream pathway has been increasingly considered. As a major enzymatic product of
COX-2 in the brain, prostaglandin E2 (PGE>) is elevated by various brain insults and, in
turn, aggravates neurotoxicity largely via Gas-coupled receptor EP2. Recent studies using
postnatal and cell type-specific ablation of EP2 redefined the pathogenic roles of PGE2/EP2
signaling in the adult ischemic brain. We and others have previously validated the
feasibility of pharmacologically targeting EP2 for ischemic stroke in mouse models of
middle cerebral artery occlusion (MCAOQ). Herein, we evaluated the therapeutic effects of a
brain-penetrant EP2-selective small-molecule antagonist in a mouse model of
photothrombotic ischemia, where ischemic damage is induced within a given cortical area



by photo-activation of a previously administered light-sensitive dye Rose Bengal (100
mg/kg, i.p.). We found that pharmacological inhibition of EP2 by the test lead compound (5
mg/kg or 10 mg/kg, i.p.) administered 4.5 hr after ischemic stroke substantially reduced the
sensorimotor cortical infarct volume in a dose-dependent manner. In addition, post-stroke
treatment with the EP2 antagonist in these mice accelerated the body weigh recovery and
reduced neurological impairments in sensorimotor, locomotor, and coordination functions,
revealed by a panel of behavioral tests including open field test, pole test, and corner test.
The beneficial effects of EP2 inhibition in this proof-of-concept study reinforce the
feasibility of targeting the PGE2/EP2 axis-mediated inflammatory signaling as a new
therapeutic strategy to reduce ischemic injuries in the brain and improve post-stroke
recovery.
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Abstract: Background: Sickle cell disease (SCD) is the most common severe monogenic
disorder affecting 300,000 individuals worldwide annually. The main challenges in the treatment
of SCD are the sickle-shaped red blood cells that tend to aggregate along the vessel walls leading
to inflammation and vascular occlusions. Therefore, patients with SCD suffer from ischemic
stroke, transient ischemic attacks, and multiple organ dysfunction. One of the major hallmarks of
SCD is the low levels of omega-3 fatty acids (m3-FA) such as docosahexaenoic acid (DHA) and
eicosapentaenoic acid (EPA) in the blood. Thus, identifying the regulatory elements that control
®3-FA metabolism holds high therapeutic potential. As such, biosynthesis of ®3-FA through
long-chain acyl-CoA synthetases (ACSLSs) is essential for cell member function and survival. It



has been reported that downregulation of ACSL6, which is predominately expressed in the brain,
can cause ®3-FA deficiency, as a result of cardiovascular diseases. The impact of ACSL6 on the
central nervous system in pathological conditions (e.g., SCD), however, remains unknown. The
goal of the study is to determine the role of ACSL6 in brain circulation and neurological
outcomes in SCD. Method: A transgenic mouse model of SCD (Townes mice, 5-6 weeks old)
and repetitive mild hypoxia-ischemia (rmHI) were utilized to mimic sickle cell anemia
conditions. To manipulate ACSL6 levels in the brain following SCD, mice received
intraperitoneal bolus injections of the ACSL6 activator (GW3965, 20mg/kg/day) and retro-
orbital injection of AAV-ACSLG6. Cerebral blood flow (CBF) before/after rmHI was measured
by Two-photon laser Scanning Microscopy (TPLSM) and Laser Speckle Contrast Imaging
(LSCI). The impact of ACSL6 on neuroinflammation and mitochondrial function was studied by
protein chip assay and Seahorse respirometry. The novel objection recognition test and T-maze
were implemented to evaluate functional learning/memory after rmHI. Results: ACSL6 protein
levels in the hippocampus were significantly decreased concurrently with cerebral blood flow
hypoperfusion, neuroinflammation, mitochondrial dysfunction, and learning/memory deficits
following rmHI. Intriguingly, treatment with GW3965 or AAV-ACSLS6 can increase ACSL6
levels, thereby mitigating hypoperfusion, neuroinflammation, and mitochondrial dysfunction.
This further leads to favorable neuronal survival and improved neurological outcomes.
Conclusion: Our findings suggest that targeting ACSL6 signaling is a potential therapeutic
approach in the treatment against SCD-induced brain injury and associated learning/memory
impairments.
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Abstract: Diabetes is one of the most significant risk factors for stroke. Stroke is one of the
major causes of death and permanent disability. People with diabetes have a 1.5-2 times higher
stroke risk. Correlational clinical observations indicate that hypoglycemia exposure is linked to
an increased risk of stroke and worsened post-stroke outcomes in diabetes patients. Antidiabetic
therapies increase the risk of hypoglycemia in diabetes patients. Acute hypoglycemia, ischemic
stroke, and cardiac arrest increase platelet activation. In earlier studies, we observed that the ITD
(insulin-treated diabetic) rats exposed to mild/moderate recurrent hypoglycemia (RH) had a 20%
shorter clotting time than the ITD+RH+Glucose control rats. Additionally, in the in vivo
thrombosis model, the clot weight in the ITD+RH rats was 46% higher than the control rats.
Furthermore, the rate of ADP and collagen-induced platelet aggregation was higher in the
ITD+RH rats when compared to the control rats. Moreover, cofilin is known to regulate platelet
activation by regulating actin dynamics, which is vital for adhesion, spreading, aggregation
during hemostasis, and thrombosis. Since the role of cofilin in RH exposure-induced increased
platelet sensitivity is not known, we examined the effect of RH exposure on platelet cofilin (both
phospho and total) levels. Young male rats were made diabetic using streptozotocin and insulin
pellets were implanted to correct hyperglycemia. Insulin and insulin+glucose was given once a
day for 5 consecutive days to induce RH (or euglycemia) in ITD+RH and ITD+RH+Glucose
rats, respectively. One day after the last hypoglycemia/euglycemia exposure, blood was drawn
from the rat, and platelets were isolated. The p-cofilin and total cofilin protein levels in platelets
were then determined using western blotting, and p-cofilin levels were normalized with total
cofilin levels. Levels of p-cofilin were significantly higher by 80% (180+20, n=12, p<0.05) in
the ITD+RH rats as compared to the ITD+RH+Glucose rats (100£24, n=7). Our findings, so far,
suggest that cofilin hyperphosphorylation in RH-exposed ITD rats may be responsible for
platelet activation and increased stroke risk. Next, we are planning to determine how RH
exposure affects platelet function and stroke risk by increasing cofilin phosphorylation.
Acknowledgement: AHA grant 24POST1198296 and NIH grant NS122808.
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Title: Error Fields: A personalized three-dimensional robotic motor re-learning treatment
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Abstract: Guided upper extremity movement training lacks conclusive benefits in stroke
patients (Hornby et al., 2010). Conversely, training techniques that allow errors can enhance
learning, adaptation, or neuroplasticity (Abdollahi et al., 2014). Error augmentation (EA), which
amplifies error visually or haptically, improves motor relearning across tasks (Lin et al, 2018).
However, varying responses necessitate training that is tailored to the individual’s error
sensitivity (Patton et al, 2013). Error Fields (EF) method builds a statistical model of movement
errors, then inverts it to design customized therapy, augmenting those errors that are made more
often. In a planar reaching experiment(Aghamohammadi et al, 2022), EF showed superior error
reduction compared to EA (p=0.029) and Controls (p=0.00008). However, this planar
experiment lacked full real-world 3D actions. We present an immersive 3D training environment
that encourages natural arm movement variability with an unobstructed visual display eye-hand
coordination experiments and therapy. We paired the burt robot (Barrett Medical) (Townsend et
al, 2019) for real-time 3D haptics with our LookinGlass (Patton et al, 2013) augmented reality
display (Fig. 1a). Unity software provided a rich, real-time graphical environment with several
monocular cues to depth. A single session study on 24 neurologically intact participants, each
who randomly received either EF, classic EA, or null treatment. All participants performed 735
targeted reaching movements in 4 possible directions in space, randomly presented (Fig. 1b)
subjected to direction-dependent haptic curl force fields which emulated movement challenges
similar to a stroke, necessitating learning to compensate. Early results suggest that EF treatment
significantly reduced error (Fig. 1c, fitted lines) and that learning was direction-dependent. Our
work addresses a significant need for more knowledge on how personalized robotic interventions
can enhance motor learning.
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Abstract: Impairments caused by stroke can adversely affect the ability to position and orient
the hand, thereby compromising completion of daily tasks. Forearm supination may be
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particularly compromised, making it difficult to manipulate or grasp objects. Despite the
potential for technology to enhance function, the field of rehabilitation technology has not given
equal emphasis to hand orientation as it has to hand location. Practical supination-supporting
devices are scarce, particularly those that are suitable for diverse environments, aesthetically
pleasing, and user-friendly.

We present a forearm EXoNET: a novel wearable device designed to both assist and improve
supination for individuals post stroke and others with movement deficits. The EXoNET uses a
network of passive elastic actuators to generate a variety of clinician-specified patterns of
multijoint torque. The EXoNET is configurable, both as 1) assistive orthotic facilitating forearm
supination and hand positioning for everyday tasks, and 2) as a therapeutic device to strengthen
supinator muscles and foster motor coordination. The device can uniquely combine these
functions, providing resistance throughout the user’s active range of motion and transitioning to
assistance upon reaching their movement limit, thus ensuring completion of the full range of
supination. A custom-designed tool measures a user’s unique torque deficits, determined by
measuring static supination torque at several positions, active supination range of motion, and
grip strength. We then tailor the arrangement of the elastic actuators to meet each user’s needs
through the usage of a mathematical optimization model. Each tension element generates a
sinusoidal torque profile that functions mathematically as basis functions, which can be linearly
combined to achieve any desired torque profile through tuning via optimization.

The graphical user interface of the mathematical model allows clinicians, care partners, and
patients to adjust the device’s design and structure in real-time. The use of passive elastic
actuators ensures the device is lightweight, portable, and safe to operate. Because it is passive, it
is low cost and non-intimidating while offering wide functionality, lowering the barrier to access
technology that is often seen with complex devices, hence has significant potential to improve
patients’ quality of life.
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Abstract: As the leading cause of serious long-term disability in the United States, stroke can
severely hinder upper limb motor function, such as object manipulation. Grasp and release of
objects are crucial for successful completion of activities of daily living (e.g., drinking water,
grabbing one’s cell phone). Despite a plethora of research on novel neurorehabilitation
paradigms, the neurological mechanism(s) underlying impaired grasp and release in stroke are
not clearly understood. Desynchronization patterns from electroencephalography (EEG) affords
possibilities, but it is currently unknown whether release provides a clear signal that may be used
in neurorehabilitation. Toward this end, we recorded EEG signals with the Unicorn Hybrid Black
headset in 10 individuals with chronic hemiparesis subsequent to stroke. Participants performed
a grasp-and-release task of a tennis ball with the paretic and the non-paretic hands. Analyses
focused on activity in the sensorimotor cortices in the lesioned and non-lesioned hemispheres
(electrodes C3 & C4). Event-related desynchronization (ERD; decreased power in mu and theta
bands during movement preparation and execution). During grasp preparation we observed alpha
band ERD in the contralesional cortex of the non-paretic hand. In contrast, we observed beta
band ERD in both cortices for both hands. Interestingly, average ERD was stronger for the
paretic than the non-paretic hands over the ipsilesional cortex, although significance was not
reached. Moreover, the release movement of both hands was associated with a stronger beta band
synchronization (ERS) over the ipsilesional cortex (the so-called beta rebound). Relationships
between stroke-induced motor impairment and ERD/S offer insights into the underlying neural
mechanisms and hold promise for informing therapeutic interventions aimed at restoring hand
function in stroke survivors (e.g., motor-imagery based BCI systems).
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