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Abstract: Dopamine circuits originating from the midbrain have diverse functions that include
regulating motor function, affect, and high-level executive function. Disruption of these circuits
and/or dopaminergic neurons is implicated in diseases such as Parkinson’s, schizophrenia,
depression, and addiction. Animal models have been useful for studying these diseases, but the
effectiveness of resulting clinical treatments has been variable. Human pluripotent stem cell
(hPSC)-derived organoids permit the study of brain development, as well as disease etiology and
progression in physiologically relevant tissue. Here we describe a matrix-free system to generate
human midbrain organoids which can be applied to disease modeling of pathologies involving
dopaminergic neurons. Single-cell suspensions of hPSCs (6 cell lines) were cultured for 6 days
in AggreWell™B800 plates containing organoid formation medium. The resulting organoids were
cultured in midbrain organoid expansion medium from Day 6 - 25, and in midbrain organoid
differentiation medium from Day 25 - 43. Finally, the organoids were cultured in maintenance
medium from Day 43 onwards to support long-term culture. On Day 25, organoids were
characterized for expression of floorplate precursor markers (LMX1A, EN1, and FOXA2) by
RT-gPCR. On Day 50, organoids were characterized for expression of marginal zone dopamine
neuron markers (TH, NURR1, GIRK2, and PITX3) by RT-gPCR and immunostaining.
Compared to Day 25 dorsal forebrain patterned organoids, midbrain organoids expressed higher
levels of LMX1A (p = 0.0129), EN1 (p < 0.0001), and FOXAZ2 (p < 0.0001) (n = 6 hPSC lines, 3
- 15 organoids per cell line) and lower expression of early dorsal forebrain marker PAX6 (p =
0.0090, n = 6 hPSC lines, 3 - 15 organoids per cell line, paired t-test). On Day 50, expression of
TH (p = 0.0301), NURR1 (p = 0.0222), GIRK2 (p = 0.0005), and PITX3 (p = 0.0284) were
elevated compared to dorsal forebrain patterned organoids (n = 6 hPSC lines, 3 - 15 organoids
per cell line, paired t-test), while expression of mature dorsal forebrain marker TBR1 was
comparatively lower (p = 0.0001, n = 6 hPSC lines, 3 - 15 organoids per cell line). Furthermore,
bulk RNA-seq analysis provided a characteristic transcriptomic profile of day 50 midbrain
organoids in comparison to dorsal forebrain organoids, confirming our RT-gPCR results.
Immunofluorescent staining revealed abundant TH* neurons throughout the apical regions of the
midbrain organoids. These results demonstrate the STEMdiff™ Midbrain Organoid Kit can



reproducibly generate tissue of an early human midbrain phenotype with the potential to model
dopaminergic neurons of the substantia nigra region.
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Abstract: Mitochondria are essential organelles that play important roles in energy metabolism,
cell death, and signaling pathways. They continue to fuse, divide, and move within cells, thereby
controlling their number, morphology, and subcellular distribution, which is known as
mitochondrial dynamics. Aberrant mitochondrial fission during aging and in various
neurodegenerative diseases leads to a progressive loss of mitochondrial function. However, the
changes in mitochondrial dynamics and their involvement in the process of neuronal
differentiation, which entails a significant transition in cell identity, remain largely unknown. In
this study, we developed a molecular probe with improved performance and conducted high-
resolution imaging of mitochondrial dynamics in an in vitro neuronal differentiation model using
H9 human embryonic stem (ES) cells. Our imaging data revealed that mitochondrial dynamics,
including number, morphology, fusion-fission, and movement undergo dramatic changes, at
different stages of neuronal differentiation, including the ES stage, neural progenitor cell (NPC)
stage, and neuron stage. To gain further insights, we employed transcriptome, total proteomics
and mitochondrial proteomics to find potential new regulators of mitochondrial dynamics at
different stages of this process. Surprisingly, well-known mitochondrial regulators such as
MFN1, MFN2, OPA1, DNML1L, and MFF did not exhibit significant alterations in both
transcription and protein levels, suggesting that they may function downstream of mitochondrial
dynamics as basic machinery. Subsequently, we performed a CRISPR screen and successfully
identified several novel candidates that regulate mitochondrial dynamics during neuronal



differentiation. Importantly, some of the identified candidates harbored genetic mutations
associated with diverse neural diseases. Collectively, our findings established the importance of
mitochondrial dynamics during neuronal differentiation and provided potential candidates for
further investigation into the regulation of mitochondrial dynamics in both normal and diseased
states.
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Abstract: The human induced pluripotent stem cells (hiPSCs)-neuron differentiation technique
is considered a reliable method for identifying the developmental neurotoxicity (DNT) of
untested drugs and chemicals. In this study, we established a more efficient and rapid protocol
for glutaminergic neurons differentiation by overexpressing neurogenin 2 (NGN2) and utilizing
astrocytes as feeder cells in vitro. Immunostaining with -111 tubulin and MAP-2 revealed that
the overexpression of NGN2 in hiPSC-derived neural precursor cells induced highly enriched
glutamatergic neurons within two weeks. During neuronal differentiation from hiPSCs, we
assessed the DNT of three chemicals (Chlorpyrifos, a pesticide; Bisphenol A, an endocrine
disruptor; and PCB138, a persistent organic pollutant) associated with learning and memory.
Immunocytochemistry and high-content imaging revealed that all three chemicals induced DNT,
characterized by shortened neurite outgrowth and reduced synaptogenesis, at various 1C50
concentrations in vitro. These results highlight the reliability, speed, and robustness of our
automated DNT screening platform for identifying untested chemicals and drugs.
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Abstract: Neural progenitor cells (NPCs) are characterized by their capacity to expand and
generate the major differentiated cell types of the central nervous system (CNS), such as
forebrain neurons and astrocytes. Cryopreserved CNS-type NPCs can serve as a reproducible
starting point and provide flexibility and consistency for downstream differentiation. We have
developed a protocol to scale up production of highly pure human induced pluripotent stem cell
(hiPSC)-derived NPCs using the hiPSC SCTi003-A cell line. SCTi003-A hiPSCs were seeded on
hESC-qualified Corning Matrigel®-coated plates in complete STEMdiff™ Neural Induction
Medium + SMADI. Three weeks of daily feeds and weekly passaging resulted in an average of
27 NPCs per input iPSC, yielding > 500 million viable NPCs/batch. SCTi003-A-derived NPCs
were then cryopreserved on day 21 in STEMdiff™ Neural Progenitor Freezing Medium at a
density of 1.3 x 10° cells/mL and stored at -196°C. After thawing, the majority of the NPCs
expressed PAX6 (96.4 £ 3.4%) and SOX1 (91.5 £ 2.4%), and exhibited little spontaneous
neuronal differentiation (3.5 + 1.3% BIIITUB"; mean + SEM; n = 4). Thawed NPCs maintained
in STEMdiff™ Neural Progenitor Medium and expanded for at least 5 passages displayed a 2.8
+ 0.5-fold increase (mean + SEM; n = 4) in cell number/passage while retaining NPC phenotype
(97.8 £ 1.3% PAX67SOX1"). NPCs were differentiated immediately after thawing or after
several passages to forebrain neurons or astrocytes using STEMdiff™ Forebrain Neuron or
Astrocyte Differentiation Kits, respectively. NPCs differentiated immediately after thawing
displayed high neurogenic differentiation towards forebrain neurons, as indicated by the high
ratio of neuronal marker BIIITUB* (94.0 £ 0.8%) to two glial markers, glial fibrillary acidic
protein (GFAP) and S100 calcium-binding protein B (S100B) (1.3 + 0.7%; mean £ SEM; n=4).
The number of BIIITUB™ cells steadily declined after each passage (34.0 + 6.4% after 6
passages), while the number of cells positive for gliogenic markers GFAP/S100B increased (36.0
+ 4.9% after 6 passages; mean + SEM; n = 4). Conversely, gliogenic differentiation to astrocytes
immediately after thaw resulted in a pure population of GFAP* (82.4 + 5.0%) and S100p* cells
(80.8 £ 4.6%), with low levels of immature neuron marker doublecortin (DCX) (3.2 £ 1.1%;
mean = SEM; n = 4), which were retained for up to 10 passages. In summary, we have generated
highly pure, expandable, and multipotent hiPSC-derived NPCs suitable for large-scale neural
research, and investigated their downstream differentiation potential over time to assess the
acceptable windows to successfully generate neurogenic or gliogenic derivatives.
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Abstract: Per- and polyfluoroalkyl substances (PFAS) are a large family of man-made persistent
contaminants present in industrial and commercial products. PFAS are very resistant to
degradation and recalcitrant in the environment; they were detected in drinking water, wildlife
and human samples showing variable but very long half-lives. PFAS can cross the blood-brain
barrier and have been found in placenta and umbilical cord. Epidemiological findings suggest
associations with impaired fetal and postnatal growth. Neurodevelopmental in-vitro and in-vivo
studies showed that PFAS exposure affects animal birth weight, behavior, and molecular
mechanisms linking them to glutamatergic, cholinergic and dopaminergic systems. The aim of
this study is to investigate how the exposure to PFAS impacts early brain development using
human-derived models. Human cortical organoids (hCOs) were generated from human iPSCs
and exposed to different concentrations of Perfluorooctanesulfonic acid (PFOS) and
Perfluorooctanoic acid (PFOA), and other two known neurotoxins, chlorpyrifos (CPF) and
camptothecin (CPT). Organoids were collected at different time points for early apoptosis and
DNA fragmentation assays. We observed an increase in early apoptosis and DNA fragmentation
induced by the exposure to CPF and CPT. We also observed an increased PFOS-induced
apoptosis in one-month old organoids after one and three weeks of chronic exposure. We found
that two-week old organoids appeared to have higher basal levels of apoptosis, and they were
more sensitive to these compounds. To evaluate any transcriptional dysregulation elicited by
PFAS exposure, we exposed the organoids for one month and performed a bulk RNA-seq
analysis. Preliminary results suggest that translation-related processes including “cytoplasmic
translation”, “ribosome biogenesis”, and “ncRNA processing” may be dysregulated in PFOS-
exposed organoids. Finally, the liquid chromatography, ion mobility spectrometry, and mass
spectrometry was used to evaluate the presence of these PFAS in organoids and their media.



Quantification demonstrated that organoids could absorb these compounds and that the ratio of
PFOS in hCO:media was higher than that of PFOA, suggesting increased tissue penetration or
accumulation of PFOS compared to PFOA. In conclusion, we developed an experimental design
for the exposure of hCOs to PFAS, suitable for evaluating changes in cellular processes like
apoptosis and gene expression. Our results suggest that PFOS may have a dose-dependent pro-
apoptotic effect and impact gene expression in the developing hCOs, which would require
replication in hCO derived from additional cell lines.
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Abstract: The cerebral cortex governs complex functions such as language and memory.
However, its embryonic development has remained elusive due to the lack of suitable
experimental models. Embryonic stem cells (ESCs), characterized by self-renewal and the ability
to differentiate into several cell types, offer an alternative for studying central nervous system
development. Thus, we can investigate the role of several molecules, such as prolactin (PRL), a
hormone with over 300 physiological functions in vertebrates associated with maternal behavior
and adult neurogenesis. Nonetheless, its possible involvement during embryonic cerebral cortex
development remains unknown. Here, we determine the presence of the PRL receptor and the
hormone’s effect on the differentiation of mouse ESCs into cortical neurons. We found an
increase in the PRL receptor expression that correlated with the early emergence of neural stem
cells, which was downregulated in the GFAP-positive cells at late stages in the protocol. On the
other hand, when we tested several PRL concentrations during the proliferation and
differentiation stages in a neural protocol, we did not find any statistical differences with the
PRL treatments during proliferation in the number of Sox2+ and double Nestin+ and Edu+ cells.
Also, all hormone concentrations induced an increasing trend in B-tubulin-111+ cells, but without



reaching statistical significance. Interestingly, we observed a decrease in Map2+ and NeuN+
cells with the highest (20 mM) and lowest (0.2 mM) PRL concentrations, respectively. The PRL
treatments did not yield any changes during the differentiation stage compared to the control
group. Our study provides insights into the effects of PRL on the differentiation of mouse ESCs
into cortical neurons, shedding light on the possible involvement of PRL and its receptor in
corticogenesis.
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Abstract: The cell lineages across developmental stages remain to be elucidated. Here, we
developed single-cell split barcoding (SISBAR) that allows clonal tracking of single-cell
transcriptomes across stages in an in vitro model of human ventral midbrain-hindbrain
differentiation. We developed *‘potential-spective’’ and ‘‘origin-spective’’ analyses to
investigate the cross-stage lineage relationships and mapped a multi-level clonal lineage
landscape depicting the whole differentiation process. We uncovered many previously unchar-
acterized converging and diverging trajectories. Furthermore, we demonstrate that a
transcriptome-defined cell type can arise from distinct lineages that leave molecular imprints on
their progenies, and the multilineage fates of a progenitor cell-type represent the collective



results of distinct rather than similar clonal fates of individual progenitors, each with distinct
molecular signatures. Specifically, we uncovered a ventral midbrain progenitor cluster as the
common clonal origin of midbrain dopaminergic (mDA) neurons, midbrain glutama-tergic
neurons, and vascular and leptomeningeal cells and identified a surface marker that can improve
graft outcomes.
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Abstract: Microglia are the tissue-resident macrophages of the brain, accounting for 75-80% of
leukocytes and 10-15% of total cells within the central nervous system (CNS). They survey
neuronal function, play roles in neurogenesis, synaptic remodelling, are the first responders to
infection, and are thereby implicated in various CNS diseases. The life sciences sector relies
predominantly on rodent models to mimic disease states for drug discovery. However, animal
models do not always recapitulate human cell and disease phenotypes. To bridge this
translational gap, several in_vitro human models have been developed for the study of microglia,
most typically primary microglia extracted directly from either embryonic, neonatal or adult
tissue. However, primary cells are limited in supply, difficult to source, and often show donor-to-
donor and user variability. There is a need for functional, consistent, scalable disease-relevant
human microglia cells for neuroimmune research and the development of therapeutic or
preventive strategies for neurodegeneration. We used transcription factor mediated precision
cellular reprogramming technology, opti-ox™, to rapidly and consistently generate mature,
functional, and physiologically relevant microglia, named ioMicroglia, from hiPSCs, at scale.
ioMicroglia, 10 days post-revival, display typical morphology and express key phenotypic
markers including TMEM119, P2RY12, and IBA1. RNA sequencing demonstrates that
ioMicroglia have a transcriptomic signature similar to primary adult and foetal microglia.
ioMicroglia also express the complement-derived chemotaxin C5a receptor, which permits
migration towards sites of inflammation and injury. Furthermore, ioMicroglia display both



random chemokinetic movement and directional chemotaxis in response to C5a and a C5a
gradient, in a dose dependent manner. Consistent phagocytic and cytokine secretion
functionality, with various stimuli, including amyloid beta, has been demonstrated for
ioMicroglia, across multiple independent laboratories within industry and academia, highlighting
the experimental reproducibility of ioMicroglia. Importantly, ioMicroglia can be co-cultured
with neurons to more closely mimic in_vivo brain function. In conclusion, with opti-ox™
precision cellular reprogramming, hiPSCs are rapidly converted into functional microglia
offering a robust and scalable source of human microglia which can be used as a relevant
in_vitro model to investigate the role of the CNS’s immune system in health and disease, and to
develop novel therapies for neuroinflammation.
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Abstract: The mature zebrafish retina contains Mdller glia (MG), a relatively quiescent radial
glial cell population with stem cell properties capable of regenerating the retina in response to
acute lesions. In response to injury, MG cells will undergo a genomic reprogramming event,



which gives them the ability to produce new cells to repair the retina. Using publicly available
single-cell RNA-sequencing data, we found that msilb is expressed in both quiescent and
reprogrammed MG cells suggesting that it may play a potential role in regulating stem cell
behavior and/or MG reprogramming. We characterized the expression profile of all musashi
isoforms (msila, msilb, msi2a, and msi2b) and found that while all were expressed in quiescent
and reprogrammed MG cells, msilb exhibited the highest expression level. Consequently, we
used CRISPR/Cas9 to generate both transient msilb FO knockouts and stable germline mutants
and found that msilb alone is not necessary for MG reprogramming. Although the musashi
protein isoforms showed relatively low amino acid sequence homology, the conservation of their
RNA binding domains indicated potential redundancy in gene function, suggesting that a single
knockout may not yield an observable phenotype. To address this, we performed knockouts of all
four musashi isoforms in FO fish and discovered retinal embryonic defects, indicating some
redundancy in gene function among the musashi isoforms. We are testing this hypothesis by
determining the minimal number of isoforms required for normal retinal development and MG
reprogramming by generating combinatorial knockouts.
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Abstract: Mucopolysaccharidosis type 111 A and B (MPS Il11A/B) are rare pediatric inherited
lysosomal storage diseases that causes the progressive degeneration of the central nervous
system. Children with MPS I11 experience severe intellectual disability, developmental
regression, behavioral issues, loss of brain volume and neuroinflammation soon after birth. MPS
I11A and B are caused by the loss of a lysosomal enzymes needed to degrade glycosaminoglycan
(GAG), a complex sugar molecule. Children diagnosed with MPS I11 typically live until the
second or third decade of life, since there is currently no effective treatment that exists. The early
lysosomal and neurological mechanisms at play in MPS 111 remains to be fully understood. In
our preliminary work, we utilized mass spectrometry to run a whole proteome analysis on brain
organoids between a healthy patient and two MPS 11I1B patients. Our mass spectrometry data
show that several genes involved in the process of neurite formation are dysregulated in MPS
I11B brain organoids. Specifically, many proteins involved in lamellipodia formation (VASP,



RAPH1, TUBB3, SNX2, WASF2, and BRSK?2), in filopodia formation (IRSP53, FSCN1,
NAV3, and FAK2), and axonal guidance (THY1, SEMA3A, SEMA5B, and SEMA3C) were
significantly dysregulated in disease brain organoids when compared to healthy controls. To
validate our findings, we differentiated MPS I11A iPSC into forebrain neurons to evaluate neurite
formation. Using MAP2 staining, we showed that approximately 60% of the MPS IIIA forebrain
neurites do not properly develop dendrites and axons, while only 20% of healthy control neurons
are in this stage, thus failing to advance to stage 2 and stage 3 during neuronal differentiation.
We are measuring the length, thickness, and branching of the neurites in the MPS I11A and
healthy control forebrain neurons to further characterize MPS neuronal defects.
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Abstract: Studying synapse formation and alterations in neuronal cell cultures would help to
predict drug effects and pathological conditions of neurotransmission. Human induced
pluripotent stem cell (iPSC)-derived neurons are particularly promising for developing in vitro
disease models and assays. However, synaptic maturation has been reportedly difficult to
reproduce in iPSC-derived neurons, which has limited their use compared to primary rodent
neurons. Recently, we successfully generated functionally mature iPSC-derived neurons by a
transcription factor (TF)-based differentiation method that accelerates neurogenesis, thus
offering an unprecedented opportunity to address further progression into late developmental
stages. In the present study, we demonstrate by a comprehensive time-course characterization
that TF-induced iPSC neurons exhibit maturation of dendritic spines and synapses at around DIV
70, as shown by RNA-sequencing, immunocytochemistry, and electrophysiological evaluation
using high-density microelectrode arrays (HD-MEA). The neurons showed postnatal-like
transcriptional features of brain development, including the upregulation of mature brain-specific
markers such as 4R tau. The formation of adjacent presynaptic Synapsin | and postsynaptic
drebrin clusters along MAP2-positive dendrites indicated the establishment of synaptic
connections. Concurrent HD-MEA recordings revealed a time-dependent increase in network
activity and complexity. Moreover, glutamate exposure induced NMDA receptor activity-



dependent drebrin exodus, which suggests that TF-induced iPSC neurons successfully acquire
the molecular mechanism underlying synaptic plasticity as known in rodents. Finally, these
results allowed us to develop a deep learning-based automated imaging assay of synaptic marker
density in TF-induced iPSC neurons, which would contribute to the future development of drug
screening platforms. Overall, we propose that mature TF-induced iPSC neurons are powerful
tools to study human synapses and would be valuable for modeling neurocognitive and
neurodevelopmental disorders.
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Abstract: The Human microglia are essential immune cells that function to regulate homeostatic
microenvironment of the central nervous system (CNS). Uncontrolled dysfunction of microglia
is implicated in neurodegenerative diseases such as Alzheimer’s Disease (AD). For AD incident,
a specific APOE allele and TREMZ2 are known to AD risk factors. Due to restricted availability
for primary microglia from healthy and diseased tissues, generation of human microglia from
gene modified induced pluripotent stem cells (iPSCs) will be a tailored source for
pharmaceutical research and applications. The present study demonstrates efficient generation of
homogeneous human microglia from iPSCs. We differentiated hematopoietic progenitors from
wild type (WT) and APOE-TREM2 modified iPSCs, and then specified further into microglia
fate. To characterize and evaluate features of microglia, APOE-TREM2 modified microglia were
compared to WT microglia for culture morphology, lineage specific marker expression, and
phagocytosis of amyloid  (AB) peptide. Our results showed that APOE-TREM2 modified
microglia were less adherent with shorter ramified morphologies, lower expression of
homeostatic surface markers such as P2RY12, CX3CR1 and TMEM119 as well as impaired
phagocytosis of amyloid § (AB). Our results suggest that human microglia from APOE-TREM?2
modified hiPSCs induce transition of microglia into disease associated state. Therefore, gene
modified hiPSC-based microglia can be a reproducible strategy for disease modeling and drug
screening for AD.
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Abstract: More effective, personalized treatment options are urgently required for chronic pain
which affects 1 in 5 people worldwide. A scalable, rapid, and reproducible protocol to produce
sensory neurons from multiple human induced pluripotent stem cell (hiPSC) lines would aid in
better understanding the genetic basis of pain and accelerate drug discovery platforms for novel
analgesics. In this study, three different hiPSC lines (WT- female, WT- male, Pain agnosia-
female) were differentiated using small molecules and growth factors that modulated different
signaling pathways through daily media exchanges. Different developmental stages were
recapitulated within the ectodermal lineage over seven days until BRN3A+/PRPH+ and
ISLET1+/TUJ1+ sensory neurons developed at a purity of greater than 95%. Initially, single cell
seeding density titrations were carried out in 6 well plates to establish the best concentration for
optimal differentiation before sensory neuron production was scaled up in flask format and
cryopreserved. Sensory neurons were then thawed and matured for one week before being
characterized via immunocytochemistry and gPCR for the pan-sensory neuron ion channels:
NaV1.7, NaV1.8, NaV1.9, TRPV1, CAV3.2, P2RX3, and TRKA. The three different donor lines
were found to have similar gene expression profiles. Lastly, sensory neurons derived from each
line were matured on multi-electrode array (MEA) plates and baseline activity was recorded
weekly over 4 weeks to look at functional differences in donor lines. These findings show a rapid
7 day directed differentiation protocol can be applied to multiple hiPSC donor lines and
successfully produce functional, sensory neurons for downstream assays. This process would
allow researchers to test many biological samples with diverse backgrounds to better understand
the genetic differences in pain and develop more effective, personalized treatment options.
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Abstract: The Human blood brain barrier (BBB) is a protective microvascular system that
encapsulates the central nervous system (CNS) and is crucial for maintaining a homeostatic
environment for the brain. Breakdown of the BBB’s integrity is implicated in several
neurodegenerative diseases: Alzheimer’s Disease (AD), Parkinson’s disease (PD), Amyotrophic
lateral Sclerosis (ALS), Multiple Sclerosis (MS), and Hunting’s disease, to name a few.
Unfortunately, availability of primary human BBB and its cellular components are limited. Thus,
precise recapitulation of human BBB in vitro is an efficient tool for pharmaceutical research and
applications. This study demonstrates efficient methods to differentiate human induced
pluripotent stem cells (hiPSCs) into three cellular components to mimic human BBB in vitro. We
differentiated, and identified each cell type by morphology and specific marker expression as
follows: VE-cadherin*ZO1"Glutl* endothelial cells (EC), PDGFRB'NG2" pericytes (PC) and
GFAP* astrocytes (AC). To characterize and assess barrier function of our human BBB in vitro,
we optimized a tri-culture system with the hiPSC derived EC, PC, and AC, and measured the
system’s transepithelial/ transendothelial electrical resistance (TEER) as well as permeability.
Our TEER results indicate, the hiPSC-derived triculture of ECs, PCs, and ACs formed a
monolayered which like a barrier. Because of its functional properties, the human BBB, is
emerging as a critical target for pharmaceutical approaches. Therefore, hiPSC-based BBB
modeling can be a reproducible strategy for disease modeling and drug screening in
neurodegenerative diseases.
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Title: Retina organoids develop photoreceptors and improve visual function after long distance
shipping and transplanted into RCS rats with RPE dysfunction
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Abstract: Purpose. Retinal organoids (RO) derived from human embryonic stem cells (hESC)
were shipped by flight to another facility using a special device and protocol. Organoids survival
and visual improvement was studied after transplanted into immunodeficient Royal College of
Surgeons (RCS) rats without the support of RPE, a rat model of retinal degeneration caused by
RPE dysfunction. Methods. hESC-ROs were differentiated from the hESC line H1 (WAO1. 30 -
70 day of differentiation) and shipped with a special device to another location, and then
transplanted into the subretinal space of RCS rats, aged 44-76 days. Before the transplantation,
retinal organoids were analyzed by gPCR and immunofluorescence. The development of
transplant organoids in vivo in relation to the host was examined by optical coherence
tomography (OCT). Visual function was assessed by optokinetic testing (OKT) and superior
colliculus (SC) electrophysiological recording. Cryostat sections were analyzed for various
retinal, synaptic and donor markers. Results. Retinal organoids showed similar gene expression
to human fetal retina Transplanted rats demonstrated significant improvement in visual function
compared to RCS non-surgery and sham surgery controls by optokinetic testing (up to 6 months
post surgery) and electrophysiological SC recordings (6-8 months post surgery). 2/8 rats with
transplants showed responses to a flash of light with SC recording, while AMC and sham
showed no response to the same light intensity. The transplanted organoids survived more than
8.2 months, developed photoreceptors with inner and outer segments, and other retinal cells; and
were well-integrated within the host. Conclusions. Our results showed that using our special
device and protocol, the hESC derived retinal organoids can be shipped over long distance, and



capable of survival and visual improvement after transplanted into the RD rats, even with host’s
dysfunctional RPE. Our findings suggest that transplantation of organoid sheets from stem cells
may be a promising approach/therapeutic for blinding diseases. Our data provide a proof-of
concept for stem cell replacement mechanism and justify developing clinical therapies in RD
patients with profound-to-total vision loss and fast-track FDA approval mechanism.
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Abstract: Congenital hydrocephalus, a common birth defect affecting 1 in 770 infants, is
characterized by expansion of the cerebroventricular system. One common cause of this disorder
is infection, resulting in post-infectious hydrocephalus (PI1H). We have developed a novel mouse
model of PIH to analyze associated effects on the stem cell niche, the ventricle-subventricular
zone (V-SV2Z), located along the lateral wall of the lateral ventricles.

V-SVZ stem cells generate new neurons and glia during embryonic and postnatal development.
To determine how these populations are affected during the course of PIH, we performed
unilateral, intraventricular injections of influenza or its non-virulent component neuraminidase
(using heat-inactivated influenza and saline as controls) at two timepoints, embryonic day 16
(E16) and postnatal day 4 (P4). Time points were chosen based on the changing composition of
the ventricle wall. At E16, radial glia/stem cells together with some immature ependymal cells
line the ventricle surface, thus exposing stem cells to direct infection. However, by P4, an
ependymal cell monolayer is present with the stem cells relegated to the subependymal layer and
retaining only a thin process in contact with the ventricle surface.

At E16, intraventricular injections of neuraminidase had no effect; mice did not develop
hydrocephalus, and the ependyma was intact. However, injections of neuraminidase at P4
induced hydrocephalus in 58% of the mice based on MRI (11.7T) at P26-29. Ventricle expansion



was restricted to specific regions and ependymal denudation and astrogliosis were found
exclusively associated with the expanded regions.

Intraventricular injection of influenza in E16 mice resulted in hypoxia with multiorgan vascular
perturbations in all cases, even at a 100-fold dilution. For P4 mice, intraventricular injection of
influenza resulted in a 76% hydrocephalus rate and unlike the neuraminidase cases (P4) which
resulted in regional expansion, influenza injected mice developed global ventricle expansion.
Surprisingly, the ventricle surface showed only limited ependymal denudation and astrogliosis.
To determine stem cell output, we administered the thymidine analog EdU at P7, 3-days post-
injection, and then analyzed whole mounts of the lateral ventricle at P30. We found an increased
number of EdU* ependymal cells bordering regions of gliosis. Additionally, stem cell numbers
and neurogenesis were assessed. Our studies demonstrate that while neuraminidase and influenza
both result in hydrocephalus at P4, mice injected with influenza show that stem cell-mediated
ependymogenesis can occur.
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Abstract: Olfactory sensory neurons (OSNs) are generated from basal stem cells in the olfactory
epithelium (OE) throughout life in mammals. However, the specialized subset of navigator
OSNs, which help ensure accurate axonal targeting, are only present during the perinatal period.
Despite this, several studies have demonstrated some degree of recovery of olfactory bulb (OB)
innervation and/or odor-guided behavior after injury or methimazole (MMZ)-mediated OSN
ablation. Here, we investigated the extent of functional regeneration of glomerular maps in adult
mice, which lack navigator OSNs. We used chronic, weekly in vivo 2-photon imaging following
cranial window implantation in OMP-GCaMP6s mice to track odor responses of OSN axons in
the OB, before and after MMZ-mediated OSN ablation. We analyzed odor-evoked responses
either at the level of individual glomeruli, or using an unbiased grid-based approach, which
enabled us to detect odor-evoked responses in any location within the imaged region. Grid-based
analysis showed that baseline odor-evoked activity (percentage of grid squares showing ethyl



butyrate-evoked activity) was similar in mice that then received either MMZ (n = 4, median
71%) or saline as a control (n = 3, median 69%, p = 0.49, Mann-Whitney rank sum test). One
week after MMZ treatment, odor-evoked activity was completely absent, confirming successful
OSN ablation. Five weeks after MMZ or saline injection, odor-evoked activity remained
significantly lower in MMZ-treated mice (10% of grid squares) compared to saline-injected
controls (52% of grid squares, p = 0.003, Mann-Whitney rank sum test). This suggests that
despite the OE having the requisite 5 weeks to repopulate with OSNs, regeneration of OSN input
to the dorsal surface of the OB remains incomplete. Hence, OE repopulation is necessary but not
sufficient for functional regeneration of OB input. Furthermore, together with previous studies,
this suggests that partial regeneration of OSN input may be sufficient to mediate odor-guided
behaviors.
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Abstract: Human cortical organoids hold great potential as tools for disease modeling,
personalized medicine, tissue regeneration, and more. However, inadequate oxygen supply leads
to necrosis in the organoid core during extended in vitro culture limiting their maturation.
Previous work by us and others demonstrated that implanting human cortical organoids into
rodent brain leads to xenograft vascularization, and facilitates development and maturation of
human neurons (Wilson, Thunemann, et al. 2022). We previously demonstrated integration of
implanted cortical organoids using electrophysiological recordings with transparent graphene
electrode arrays, structural two-photon imaging, and post-mortem immunostaining (Wilson,



Thunemann, et al. 2022). Combined with optical probes of neuronal activity, this approach can
be used to measure activity of individual human neurons integrated into the mouse brain. Here,
we used recombinant AAV with 7m8 serotype to transduce cultured organoids with a construct
for GCaMP6s expression under control of the human synapsin promoter. After implantation into
the retrosplenial cortex of adult immunodeficient mice, we observed GCaMP6s labeling of
human neurons. We implanted GCaMP-labeled organoids into the mouse brain and performed
longitudinal two-photon calcium imaging for up to 280 days after implantation. In parallel, we
performed electrical recordings with transparent graphene electrode arrays. We observed
changes in GCaMP6s fluorescence of individual cells synchronized with electrical activity
measured from nearby electrodes. Over time, we observed a gradual shift in the activity pattern
from low frequency, synchronous surges characteristic of an early fetal developmental stage to
higher frequency, desynchronized events, consistent with neuronal maturation and network
formation. In the future, we plan to extend this approach to patient-derived organoids and
develop synthetic biomaterials to direct spatial patterning and maturation of the xenograft.
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Abstract: Introduction. Stem cells (SC) are cells with the capacity for self-renewal and
multipotency. The immediate progeny of SCs are progenitor cells. These cells are found in the
adult brain, which allows the formation of new neurons. On the other hand, olfactory sensory
neurons require constant replacement from olfactory progenitor cells located in the olfactory
epithelium. Regarding the release of soluble molecules, one way to determine which molecules
are released in response to a stimulus received by a certain type of cell is through the analysis of



conditioned media (CM). Finally, previous studies show that there is a difference between
molecules released in cells from young subjects compared to middle-aged adult subjects and
their effect on progenitor cells of neural lineage. Goals. To determine the release profile of
soluble factors obtained from conditioned media from progenitor cells of the olfactory
epithelium isolated from subjects of two age groups. Methods. Obtaining and characterizing the
precursor cells of the olfactory epithelium by immunodetection, BrdU incorporation, and
determination of the population doubling time. Identification of soluble factors by
immunodetection (Antibody array). Results. Progenitor cells of the olfactory epithelium
expressed characteristic markers (SOX-2, Ki67, Nestin), of the progenitor and neuronal stage in
both age groups. We found differential profiles of soluble factors between the two age groups,
being less soluble factors secreted in the middle-aged group as compared to the young group.
Conclusions. Differential expression profiles in soluble factors from subjects of different ages
could be key when choosing a possible cell-free therapy for CNS pathologies
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Abstract: INTRODUCTION: To make a working nervous system, two forces are necessary:
excitation andinhibition. The impact of different ratios of GABAergic neurons on the functioning
of local corticalnetworks is so far not completely known. In recent years mouse embryonic stem
cells (mESCs) havebeen used as a promising tool for an in vitro recapitulation of many
differentiation processes thatoccur during neurogenesis and neural development. So, it is
possible to generate cultures withglutamatergic or GABAergic neurons.AIM: We aim to have a
functional characterization of cortical cell cultures with different ratios ofinhibitory and
excitatory neurons, with the purpose of observing neuronal differentiation, synapticformation,
and neural activity by the use of intracellular Ca* live imaging, optogenetic
andelectrophysiological tools (MEA).METHODS: The achievement of this goal was validated
by qRT-PCR, immunocytodetection,calcium imaging experiments and electrophysiological
analysis. RESULTS: With the use of Cyclopamine and SAG (Smoothened Agonist), we
established newprotocols to create distinct cultures of excitatory and inhibitory neurons,
observing cortical andstriatal gene markers, such as Pax6, Nkx2.1, DIx1, Lhx8. We found 94%



of vGlut2 positive neuronsand 80% of GADG65 and Parvalbumin positive neurons, respectively.
We designed cortical cellpopulations with different E/I (excitation/inhibition) ratios, developing
a physiological (80/20) andan experimental condition (50/50). By lentiviral transduction, we
created a polyclonal cell line thatexpresses GcaMP6s, a genetically encoded calcium indicator,
and we performed longitudinal calciumimaging to infer frequency and synchronization of neural
activity. Preliminary results may providevaluable hints and a multidimensional profile for
network activity, the single-neuron frequency andthe index of synchronization of these

cultures. CONCLUSIONS: The setup of an in vitro model of cortical network could be useful to
functionallystudy the activity and plasticity of cortical inhibitory networks and could help to
comprehend diseasessuch as autism or schizophrenia.
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Abstract: Neurodevelopmental disorders lead to disability or death, thus exerting a substantial
burden on society. Neurodevelopmental disorders are often associated with disruptions of
precisely coordinated events during brain development. During early brain development, the
neural stem cell (NSC) pool is maintained through proliferation (a process known as self-
renewal) to generate the correct numbers of neurons, astrocytes, and oligodendrocytes. NR2E1 is
a transcription factor known to play a role in NSC self-renewal in mice. In humans, mis-
regulation of NR2E1 is associated with schizophrenia, bipolar disorder, and aggression.
However, it is unclear how NR2E1 affects human brain development. To investigate the role of
NR2E1 in NSC maintenance in humans, we have generated NR2E1-knockout (NR2E1-KO)
human embryonic stem cells (hESCs) using CRISPR-Cas9. We differentiated NR2E1-KO and
wild-type (WT) hESCs into NSCs and performed neurosphere assays to assess self-renewal. We
observed a reduction in the number and size of neurospheres from NR2E1-KO NSCs compared
to neurospheres from WT NSCs (8 experiments, Student’s t test, p<0.0001). These results
suggest that NR2EL1 is required for self-renewal of human NSCs. Bulk RNA sequencing and
immunofluorescence analyses of NR2E1-KO and WT neural rosettes revealed a possible role for
NR2EL1 in the extracellular matrix organization of NSC niches, which could contribute to NSC
maintenance. To study the impact of NR2E1 on NSC differentiation into neuronal and glial cells,
we generated cortical organoids from NR2E1-KO and WT ESCs. NR2E1-KO organoids were



significantly smaller compared to WT from the early stage of organoid development (2
experiments with 24 organoids per group, unpaired t test, p<0.0001). We performed quantitative
PCR (qPCR) analyses using marker genes specific for different cell types present within the
organoids. Marker genes for cell proliferation and upper layer neurons were downregulated,
while marker genes for GABAergic neurons and early glial cells were upregulated in NR2E1-
KO organoids compared to WT organoids (2 experiments with 24 organoids per group, unpaired
t test, p<0.0001). For cell type identification and molecular characterization of individual cells,
we are conducting a time course single cell RNA-sequencing on NR2E1-KO and WT organoids.
Our findings suggest that NR2E1 is required for NSC pool maintenance as well as the
differentiation of NSCs to neuronal and glial cells during the initial phases of human brain
development. This work will reveal the mechanisms of neurodevelopmental disorders arising
from the defect in NSC functions.
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Abstract: Studies of cannabis use in teenagers have suggested that repeated exposure can
modify cognitive development and puts users at heightened risk of developing psychiatric
disorders, including schizophrenia (SZ). However, current research into the mechanisms behind
these associations have been hampered by the necessity of using non-human models to study
cerebral cortex formation at the cellular and molecular levels. To address this gap, we
differentiated induced pluripotent stem cells (iPSCs) into 3-dimensional (3D) brain organoids
and evaluated proteome differences between specimens produced from controls and patients with
SZ with and without delta-9-tetrahydrocannabinol (THC) application to the maturation media.
Our mass spectrometry (MS)-based proteomics analysis testing THC’s effect on early brain
development demonstrated that organoids prepared from SZ patients had significantly lower



levels of Glial fibrillary acidic protein (GFAP) than those from control individuals. Most
interestingly, we also discovered that THC added to the culture of 125-days-old control
organoids (chronic condition, 50 nM for the last 10 days) resulted in lower GFAP level.
Together, these results suggest a connection between the expression of GFAP and cannabinoid
signaling on one hand, and the possible contribution of aberrant GFAP levels to SZ on the other.
Here, we present the characterization of the 6 hiPSC lines (3 SCZ patients and 3 healthy control
individuals) used in our study. Second, we report the completed quantitative MS analysis of our
6 IPSCs lines matured for 125 days as organoids where we identified 37 proteins, including
GFAP, with significant differences in abundance between healthy control and SCZ specimens or
resulting from THC application to the maturation culture media. Finally, we highlight ongoing
imaging efforts at describing the specific GFAP-expressing cell types in unguided brain organoid
models that are affected by THC, as well as related experiments done with our control and SZ
IPSC lines differentiated in a monolayer fashion as astrocytes that explore the growth,
maturation, and activity of these cells. Together, our efforts provide new insights about the
impact of THC on cells expressing GFAP during prenatal stages of cerebral cortex development,
as well as possible connections to the pathogenesis of SZ.
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Abstract: Type Il Neuregulin-1 (NRG1) is a transmembrane, bidirectional signaling molecule
that regulates multiple aspects of neuronal development, including axonal outgrowth, synapse
formation, and maturation. Axonal Type III NRG1 “back” signaling, activated by binding to
ErbB4, regulates pre-synaptic release sites. Regulation of mitochondrial dynamics is necessary to
maintain neuronal homeostasis, especially at presynaptic terminals. In this study, we asked
whether Type 111 NRG1 signaling affects mitochondrial dynamics in axons of ventral
hippocampal neurons, focusing on this region because of its importance in learning, memory,



motivation, and in cognitive disorders like schizophrenia, for which NRG1 is a candidate gene.
To examine possible effects of Type Il NRGL1 signaling on mitochondrial motility, we labeled
mitochondria of PO ventral hippocampal primary cell cultures with Mitotracker at DIV7. We
measured movement patterns by live imaging before and after stimulation with ErbB4. Overall,
stimulating NRG1 signaling reduced motility, with about 25% of dynamic mitochondria
becoming stationary. We then fixed our cultures at various time points of ErbB4 stimulation and
stained with antibodies recognizing Type Il NRG1. These studies revealed that ErbB4 treatment
increased colocalization between Type 111 NRG1 and mitochondria, consistent with our
hypothesis of NRG1 signaling recruiting dynamic mitochondria. Next, we quantified
mitochondrial volume and density in stimulated axons. We measured mitochondrial volume
using Feret’s diameter and defined density as the number of mitochondria per unit axonal area.
Mitochondrial volume transiently increased, peaking at 1-hour post-ErbB4 stimulation, and
returning to baseline after 4 hours. Mitochondrial density transiently decreased before returning
to pre-stimulation levels. During live imaging, we also observed changes in the number of
mitochondrial fusion and fission events after ErbB4 stimulation. Ongoing experiments are
probing the mechanisms by which NRGL1 signals to mitochondria. We are measuring changes in
mitochondrial motility and morphology in the presence of pharmacological inhibitors of the
PI3K and ERK pathways (inhibitors include Wortmannin and U0126, respectively). Ultimately,
we found that NRG1 signaling affects axonal mitochondrial movement and morphology in the
ventral hippocampus, potentially implicating the fusion-fission balance or various signaling
cascades that may be important for neuronal development, homeostasis, and transmission.
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Abstract: Type 111 Neuregulin 1 (Nrgl) is important for neuronal development and function.
Our earlier studies have shown Nrgl signaling is required for cholinergic modulation of
excitatory plasticity at cortical-BLA synapses and activation of cholinergic input from basal
forebrain can enhance fear learning. However, the role of Nrgl signaling in cholinergic



modulation of fear-learning is not clear. We are using a mouse model with a psychosis-related
Nrgl mutation that impairs y-secretase-mediated nuclear signaling, to investigate the
contribution of Nrg1 signaling to cholinergic innervation of the BLA. We crossed the Nrgl
mouse line with a Chat-TauGFP transgenic line in which cholinergic neurons and their
projections are fluorescently labeled. Using these animals we are studying the basal forebrain
cholinergic neurons in the nucleus basalis of Meynert (NBM) and cholinergic innervation to
BLA from the second post-natal week through young adulthood (~PND15 - PND45). In wild
type animals cholinergic neurons are present in the NBM by PND17. No cholinergic innervation
of the BLA is seen at this point. At PND28 the BLA is highly innervated with cholinergic axons.
We are currently refining the timing of cholinergic innervation of the BLA and examining the
effect of reduced Nrgl signaling on this process at this point. To complement these
morphological studies, we are using optogenetic techniques to examine the effect of decreased
Nrgl signaling on the maturation of synaptic plasticity and cholinergic modulation of
glutamatergic synapses from anterior cingulate cortex to BLA principal neurons. Our current
study is helping to understand how Nrg1 local and nuclear back signaling contributes to
development and cholinergic modulation of fear learning related circuits.
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Abstract: Neuregulin-1 (Nrgl), a component of the epidermal growth factor family, is critical
for neuronal differentiation, migration, and survival. Of the many Nrgl isoforms, the cystine rich
domain (CRD) Type Il Nrgl is unique not only in its structure, but in its potential for juxtacrine,
bidirectional signaling: forward signaling via its ErbB receptor partner, and back-signaling into
the Type I11 Nrgl-expressing cell. Studies using Type 111 Nrg1” mice have found it plays a
critical role in synapse formation and maintenance as well as neuronal survival. Specifically, we
have found that TrkA+ sensory neurons of the peripheral nervous system show reduced survival
and abnormal pathfinding in Type 111 Nrg1” mice. In the central nervous system, basal forebrain
cholinergic neurons (BFCNSs) express TrkA, and their targets express its signaling partner, nerve



growth factor (NGF). Together, NGF/TrkA signaling is crucial for normal development of
BFCNs. We hypothesized that reductions in Type 111 Nrgl could lead to reduced survival of
TrkA+ BFCNSs and impaired target innervation. These reductions in Type I11 Nrg1 would lead to
long-term circuit vulnerability in BFCNSs across lifespan. To test this, we first evaluated the
density of BFCNs in young, 2.5 month old, WT and mice with heterozygous disruption of the
Type 111 Nrgl gene (CRD-HT). Preliminary data revealed fewer Chat+ neurons in the posterior
basal forebrain (NBM/SI) as compared to WT mice. Next, we asked whether this deficit in
cholinergic neuron number resulted in impaired innervation of target regions. Preliminary
findings showed fewer cholinergic terminals in the BLA of CRD-HT as compared to WT
animals. Finally, we asked whether this population of BFCNs in CRD-HT mice experienced
abnormal, accelerated deterioration with age compared to WT counterparts. Surprisingly,
preliminary data showed an equivalent number of Chat+ cells in the NBM/SI in aged CRD-HT
and WT mice. Early data support a role for Type 111 Nrgl in BFCN development that is
compensated overtime by other factors. Ongoing studies assess the developmental trajectory of
BFCN development and the time-course of the normalization of Chat-expression in CRD-HT
mice.
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Abstract: The motor functions of primary motor cortex (M1) emerge quite late, with previous
work in anesthetized rats suggesting that M1 is not capable of motor control until postnatal day
(P) 25. However, the developing motor cortex is not silent: Throughout early infancy, neural
activity in M1 reflects sensory feedback from moving limbs. Then, around P20, neural activity in
M1 co-occurs with movement. Before M1 contributes to motor behavior, the limb movements of
infant rats are produced by the red nucleus (RN). Although we have long known that M1 and the
RN develop on different timelines, we know very little about how M1 influences activity in the
RN before the onset of M1-mediated motor control. Here, to examine neural interactions
between M1 and the RN, we injected a retrograde AAV (AAV-Syn-Chronos-GFP) into the RN



of developing rats, with the goal of expressing the opsin in RN-projecting neurons in M1. AAV
injections were performed at P8, which is after M1 projections to the RN are established. We
then wait 2 weeks for the virus to travel and be expressed in M1 cell bodies. At P22 to P24, rats
were headfixed in the Mobile HomeCage, which allows unanesthetized rats at these ages to
locomote and sleep. While recording extracellular activity in the RN, we optogenetically
stimulated corticorubral neurons using an optrotrode in M1 as rats cycled between sleep and
wake. M1 stimulation drove activity in both M1 and RN neurons. Interestingly, whereas optical
stimulation affected M1 activity immediately, there was a significant lag in the effect on RN
activity, suggesting that M1 is influencing the RN at these ages. Finally, during REM sleep, we
observed a continuous and coherent theta oscillation in both M1 and the RN. When present, theta
influenced how much activity resulted from optogenetic stimulation, with stimulation during
trough of theta resulting in more neural activity, and stimulation during the peak of theta
resulting in less neural activity. Current work is focusing on whether M1 stimulation influences
movement, and whether the patterning of M1-RN interactions are influenced by sleep-wake
states.
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Title: Early L5 to L2/3 connections drive spontaneous columnar activity in the barrel cortex
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Abstract: Synchronous electrical activity is a hallmark of the developing CNS, playing critical
roles in neuronal maturation and circuit refinement. In the mouse somatosensory cortex (S1),
spontaneous neuronal activity (SNA) during the early postnatal stage is organized in columns
and is required for sensory map formation. While thalamic inputs are thought to coordinate layer
(L) 4 activity, the source of the robust L2/3 activity at this early stage is unknown. In addition,



there is still considerable debate on whether the columnar activation reflects smaller cortical
columns consisting of neurons originated from the same radial glia lineage, or whether it is
organized in barrel columns as early as the 1% postnatal week (PNW). Using a novel microprism
preparation and in vivo 2-photon imaging in neonatal mice, we showed that SNA in S1 was
synchronized translaminarly from deep to superficial layers and corresponded to functional
barrel columns. To identify the source of L2/3 activation, we performed slice electrophysiology
throughout the first three PNWs. We found that L2/3 pyramidal neurons received large L5 inputs
but relatively weak L4 inputs during the 15t PNW. L4 to L2/3 inputs drastically increased in
strengths from the 1%t to the 3" PNW, while L5 to L2/3 input strengths remained stable. Results
from rabies transsynaptic tracing experiments support that L2/3 pyramidal neurons receive large
number of presynaptic inputs from L5 during the 1% PNW, before the number of L4 presynaptic
inputs increases as the canonical thalamocortical circuit matures. Preliminary data suggest
silencing L5 synaptic outputs chemogenetically or by selectively expressing tetanus toxin light
chain (TeLC) resulted in a reduction in L2/3 SNA in the 1% PNW, as well as abnormal L4-L2/3
connectivity and whisker-evoked activation in the 3" PNW. Our results demonstrate that early
SNA in S1 is organized in barrel columns and driven by L5 pyramidal neurons, and that strong,
transient L5 to L2/3 inputs play a pivotal role in providing the activity required for the
maturation of L2/3 pyramidal neurons and L4-L2/3 connection, thus supporting the formation of
the columnar organization in the barrel cortex.
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Abstract: Perineuronal nets (PNNs) are crucially important for neurodevelopment, however
there is no sex-specific timeline as to how they develop or if they develop differently in males



and females. PNNs are unique non-neuronal structures in the brain that surround neurons,
especially GABAergic, parvalbumin (PV) positive inhibitory interneurons. PNNs help regulate
functions such as the formation and stabilization of synaptic connections and
excitation/inhibition balance in the brain. Alterations in plasticity and excitation/inhibition
imbalances have been linked to developmental disorders, making PNNs a relevant structure that
may be associated with changes that occur in the brain when a neurodevelopmental disorder is
present. In this study we used immunohistochemistry to label PNNs and determine a timeline of
PNN development in juvenile Sprague Dawley rats aged postnatal day (p)14, p16, p18, and p22
in regions CA1, CA2, CA3 and the dentate gyrus (DG) of the hippocampus. These ages were
chosen because PNNs have been found to begin to develop in the hippocampus around p14 and
start to mature around p21, but exact ages and if those ages differ by sex, is unknown. We
expected to see an approximate linear increase in the number of PNNs as age increased in both
male and female rats, though we hypothesized that males would have more PNNs by p18 than
females due to previous published work from our lab. Although the data are preliminary, there
were significant main effects of age in regions CA3 and the DG, with PNNSs increasing with age,
as hypothesized. There was also a significant interaction between age and sex, surprisingly
showing that females had more PNNs than males at p22 (p<.001) in both CA3 (p =.001) and DG
(p = .003). Looking across the timeline, female rats exhibited a steady increase in PNN numbers
with age, but male PNN numbers were more variable or even stayed constant as animals aged.
This sex difference in the timeline of PNN development adds insight into the known sex
difference seen in etiology of neurodevelopmental disorders associated with excitation/inhibition
imbalances such as autism spectrum disorder (ASD), epilepsy, attention deficit hyperactivity
disorder (ADHD) and schizophrenia.
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Abstract: Gene dosage of GABRADS has been implicated in severe neurodevelopmental
disorders including Angelman Syndrome (AS) and Dup15q syndrome. Both in humans and



rodents, GABRADS is highly expressed in early postnatal development. GABAA a5 receptors
have been shown to promote dendrito- and synaptogenesis. Recently, a monoallelic de novo
missense variant in GABRADS resulting in a V294L amino acid change was identified in patients
with severe early-onset epilepsy (EOE). Importantly, the GABRAS p.V294L variant was 10-
times more sensitive to GABA indicating that the underlying cause is a gain of function of the
receptor. How a gain-of-function mutation that is expected to result in increased GABAergic
signaling causes severe EOE is unclear at present. Here, we investigated the development of
L2/3 pyramidal neurons in the somatosensory cortex from a mouse model harboring the point
mutation found in EOE patients, Gabra5*'V2%*- and compared it to a mouse line with a
heterozygous deletion of a gene cluster encoding the a5, B3, and y3 subunits of GABAA
receptors commonly found in AS, Gabr*-9383 \We used patch-clamp electrophysiology in brain
slices and combined it with immunohistochemistry of biocytin-filled neurons, confocal
microscopy and molecular biology. Parietal cortex of Gabra5*'V2%*- mice had normal expressions
of Gabra5 mRNA, while Gabr*-9%% mjce showed the expected reduction of Gabra5, Gabrgs3,
Gabrb3 mRNA. L2/3 pyramidal neurons of Gabra5*'V2%- mice showed increased responses to
bath application of isoguvacine supporting a gain of function of the GABAA a5 receptors.
Analysis of miniature IPSCs showed a faster decay time constant in Gabr* 9% mjce at P8
confirming the decreased contribution of GABAA a5 receptors to synaptic transmission in early
development. However, there were no major changes of the other parameters across
development. In contrast, there was a pronounced upregulation of mEPSC frequency in
Gabra5*V2%L mice, which was paralleled by increased spine density on the morphological level.
These preliminary results indicate that a gain of function mutation of GABAA a5 receptors can
cause profound changes of both GABAergic and glutamatergic inputs, and may have important
implications for defining an optimal temporal treatment window in the related disorders.
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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.
Whereas the role of cortical activity in regulating striatal development is well established, how
striatal activity shapes the maturation of upstream cortical circuits remains unknown. Striatal
spiny projection neurons (SPNs) expressing dopamine 1 receptor (D1-SPNs) and dopamine 2
receptor (D2-SPNs) play opposing roles in regulating the activity of CSTC loops. Our previous
work has shown that unilateral focal ablation of D1-SPNs reduces by postnatal day 14 (P14)
population activity in upstream PFC regions that innervate manipulated striatal regions. By
contrast, D2-SPN ablation causes the opposite phenotype resulting in cortical hyperactivity.
Together, these experiments demonstrate that striatal circuits already modulate cortical activity
during postnatal development. Here we further characterized how unilateral focal ablation of
striatal D1- or D2-SPNs alters the developmental trajectory of PFC connectivity. At P14-15, we
intracellularly recorded excitatory and inhibitory miniature postsynaptic currents (mPSCs) onto
L2/3 pyramidal neurons (PNs) in the hemisphere neonatally injected with a Cre-dependent
caspase-3. D2-SPN ablation in A2A Cre* pups did not affect the frequency of mMEPSC onto PNs
in PFC, but it decreased GABAergic connectivity onto PNs 1.5-fold. In contrast, D1-SPN
ablation in D1-Cre* pups increased inhibitory mPSC connectivity 1.4-fold. These distinct
connectivity effects extend our previous population-level findings and, taken together, indicate
that imbalanced striatal output affects the establishment of prefrontal inhibitory GABAergic
connectivity at P14-15.
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Abstract: Among the many factors involved in maintaining rodent primary neuronal cultures,
the media we use to culture them is one of the most important. The standard modern approach to
primary neuronal culture grows neurons in a high glucose environment, in media containing
~25mM glucose. This hyperglycaemic condition is much higher than the in vivo concentration of
glucose (1 to 2.5 mM) found in the interstitial spaces of the human brain. We were curious to see
if hyperglycaemic culture conditions affect the balance of ATP maintenance produced by
glycolysis and mitochondrial respiration in cultured neurons, relative to neurons grown in more
physiological glucose conditions. We grew relatively pure neuronal cultures, with <10% glial
contamination, from neonatal C57bl6 mice for 14 days in commercially available media
(Thermofisher Neurobasal Plus, 25 mM Glucose) and media (Thermofisher Neurobasal A, No
Glucose) with 5 mM glucose added. We found neurons grew healthily in both glucose
concentrations until at least 14 days in vitro, forming synapses, and exhibiting network activity.
When testing for ATP levels using a luciferin luminescence assay, we found neurons grown in
25 mM glucose opted to use glycolysis as their primary pathway for ATP, with minor production
of ATP by mitochondrial oxidative phosphorylation (OxPhos). Neurons grown in 5 mM glucose
showed a more balanced dependence on glycolysis and OxPhos. This report shows that neurons
cultured in high glucose media are predisposed to use glycolysis over OxPhos. This finding
stands in opposition to what is known for in vivo neurons which are more dependent on OxPhos
as the primary pathway for ATP maintenance. Our work challenges the validity of using standard
primary neuronal culture systems to represent physiologically relevant neuronal respiration and
suggests previous studies on neuronal metabolism in primary neuronal cultures may require
critical review.
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Abstract: Parvalbumin (PV) interneurons represent the most abundant subclass of cortical
interneurons and are essential for gating and pacing the activity of excitatory neurons. PV
interneurons have a very protracted development and only begin acquiring their mature
properties toward the end of the second postnatal week in mice. Cortical activity is thought to
regulate the maturation of PV interneurons, but the molecular mechanisms through which this is
achieved remain poorly understood. Using chemogenetic tools that modulate the excitability of
prospective PV interneurons, as well as interfering with glutamate release and the formation of
excitatory synapses contacting PV interneurons, we found that the maturation of these cells is
modulated by neuronal activity. This process requires PGC-1a (peroxisome proliferator activated
receptor-gamma coactivator 1 alpha), a transcriptional co-modulator upregulated by PV
interneurons towards the end of the first week of postnatal development. Developmental loss of
PGC-1a prevents the maturation of PV interneurons, which fail to express many characteristic
markers of adult PV cells. Single-cell RNA-sequencing analysis of conditional PGC- 1o mutants
revealed broad transcriptional changes across multiple cellular domains, suggesting that this
factor is a master regulator of the terminal differentiation of PV interneurons. Overall, our results
indicate that PGC-1a functions as a molecular switch that translates neural activity into
transcriptional programmes promoting the maturation of PV interneurons.
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Abstract: In rodent models of epilepsy, transplanted interneuron precursors incorporate into
recipient cortical areas, increase synaptic inhibitory signaling events, and reduce seizures (1, 2).
The mechanisms by which transplants improve seizure phenotypes are not fully understood, but
one plausible hypothesis is that interneuron transplantation counteracts epileptogenic
hyperexcitability by increasing synaptic inhibition onto recipient neurons. However, in some in
vivo models, transplantation has also been associated with increases in recipient synaptic
excitation (3), which perhaps results from homeostatic processes that engage in the recipient. It
remains unknown whether transplants must increase net inhibition in order to suppress seizures,
or if they can improve seizure phenotypes without shifting recipient inhibitory-excitatory
balance. Here we used wild type organotypic hippocampal slice cultures (OHSCs), a model of
epileptogenesis that generates spontaneous seizure-like activity, to evaluate how transplantation
alters key determinants of synaptic inhibition and excitation in the context of seizure correction.
As in in vivo epilepsy models, transplanted interneuron precursors migrated, survived, and
differentiated into mature interneurons in OHSCs. Transplants also increased inhibitory signaling
onto slice neurons and corrected slice seizure phenotypes. Surprisingly, while transplantation
increased synaptic inhibition onto recipient slice cells, it did not change recipient cellular
inhibitory-excitatory balance. Additionally, we found that measures of synaptic excitation,
including miniature excitatory postsynaptic currents, were increased in both excitatory and
inhibitory cell populations of the OHSCs. Moreover, slice excitatory and inhibitory populations
also exhibited increased excitability in the transplant condition. Altogether, our results indicate
that, rather than simply boosting inhibition in epileptogenic circuits, interneuron transplantation
may drive more widespread changes in recipient inhibitory and excitatory synaptic connectivity,
as well as recipient cellular excitability. Our findings furthermore provide evidence that
interneuron transplantation can correct seizure activity without altering or correcting inhibitory-
excitatory balance. 1. S. C. Harward, D. G. Southwell Neurosurg. Focus. 48, E18 (2020). 2. B.
Zhu, J. Eom, R. F. Hunt Nat. Commun. 10, 5156 (2019). 3. M. A. Howard, J. L. R. Rubenstein,
S. C. Baraban Proc. Natl. Acad. Sci. U. S. A. 111, 492-497 (2014).
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Abstract: Disinhibition mediated by vasoactive intestinal polypeptide (VIP)-positive
GABAergic interneurons (INs) is a robust circuit motif found in multiple cortical areas. VIP INs
inhibit other types of cortical GABAergic INs, but its inhibition of dendrite-targeting
somatostatin (SST)-positive INs is particularly strong, leading to the disinhibition of pyramidal
neurons. This cortical disinhibitory circuit motif has been shown to play an important role in
sensorimotor integration, selective attention, gain control, and circuit plasticity. However, the
mechanisms by which this robust circuit motif emerges during early development are largely
unknown. We first investigated the temporal profile of synaptic connectivity from VIP INs to
SST INs. We found that VIP INs provided functional synaptic connections to SST INs as early
as postnatal day (P) 6-7, while pyramidal neurons received synaptic inputs from VIP INs later,
starting from P12-13. We then asked how the spontaneous activity of VIP INs during early
development affects the connectivity from VIP INs to SST INs and pyramidal cells in adulthood.
Alteration of the spontaneous activity of VIP INs during the earlier time window (P5-12), when
VIP IN to SST IN connections are established, permanently impaired the synaptic connectivity
from VIP INs to SST INs in adulthood. However, the manipulation of VIP INs activity during
the later window (P13-20), when VIP INs synapse onto pyramidal cells, did not affect the
connectivity from VIP INs to either SST INs or pyramidal cells. The impaired inhibition from
VIP INs to SST INs leads to highly synchronized and enhanced activity of SST INs during
locomation. Interestingly, during the period of VIP IN-to-SST IN connectivity establishment,
GABA release from VIP INs depolarized SST INs but switched the polarity around P13-14. The
suppression of NKCC1 expression in SST INs during this early developmental period led to the
decreased inhibition from VIP INs to SST INs in adulthood, implying that the depolarization of
SST IN by VIP INs during the synaptic connection period is important for the strong
connectivity from VIP INs to SST INs in adulthood. Together, the early synaptic establishment
from VIP INs to SST INs, when GABA from VIP INs depolarize SST INs, results in the strong
synaptic connection from VIP IN-to-SST IN. Alteration of VIP IN activity or GABA polarity in
SST INs during early development leads to permanent impairment in cortical disinhibitory
circuits in adulthood.
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Abstract: Multisensory integration recruits higher-level association cortex, but also first-level
sensory areas like the primary auditory (A1), somatosensory (S1), and visual cortex (V1). The
underlying anatomical pathways include direct intracortical connections between Al, S1, and
V1. We have previously shown that during postnatal development, the anatomical and functional
strengths of these intracortical multisensory connections as well as the dendritic morphology and
spine density of potential supragranular pyramidal target neurons are substantially altered after
early auditory, somatosensory, and visual. Here, we investigated how the loss of early sensory
experience influences the dendritic morphology and spine distribution of infragranular pyramidal
neurons in Al. Young Mongolian gerbils were deprived by bilateral sciatic nerve transection at
postnatal day (P) 5, ototoxic inner hair cell damage at P10 (i.e., before ear canal opening) or eye
enucleation at P10 (i.e. before eye opening). At P28, which demarcates the end of the critical
period, brain sections of the deprived and control animals were stained using the Golgi-Cox
method. Afterwards, the morphology of 36 infragranular pyramidal neurons was studied using
the Neuro Lucida system. Sholl- and branch-order analyses showed that early sensory
deprivation of either type leads to a slight decrease of the dendritic branching (intersections) and
dendritic length in particular of apical dendrites of the layer V pyramidal neurons in Al. The
spine number and spine density of basal and apical dendrites are generally increased. This is in
some contrast to our previous findings on layer 111 pyramidal neurons where we observed a
general decrease of the spine number and density following somatosensory, auditory and visual
deprivation. In conclusion, our results suggest that the loss of early sensory experience induces a
refinement of intracortical multisensory connections by a proliferation of dendritic spines in
infragranular but a pruning of spines in supragranular layers of Al in young animals. Based on
present and previous own results and on findings from the literature, we propose a
developmental scenario for morphological changes of pyramidal neurons in Al following early
sensory deprivation.

Disclosures: T. Macharadze: None. F. Ohl: None. E. Budinger: None. J. Henschke: None.
Poster

PSTRO002. Neural Circuit Maturation and Remodeling: From Synapses to Sensory Systems
Location: WCC Halls A-C

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM

Program #/Poster #: PSTR002.14/B12

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



Support: NIH Grant DP2 MH125812
Young Investigator Grant from the Brain and Behavior Research
Foundation (UMD)
Seed grant from the Brain and Behavior Institute (UMD)

Title: Melanopsin-dependent changes in gene expression and synaptic refinement in the
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Abstract: Light plays an important role in the development of the visual system prior to eye-
opening. During the first postnatal week in the mouse, intrinsically photosensitive retinal
ganglion cells (ipRGCs) respond to light via the photopigment melanopsin, which drives ipRGC
depolarization independently of rod/cone input. Genetic deletion of melanopsin or ablation of
IPRGCs has been shown to impact retinal vasculature development, cholinergic spontaneous
retinal activity, eye-specific retinogeniculate refinement, and synapse formation in the cortex.
However, whether melanopsin signaling regulates molecular changes in ipRGCs or their central
targets in the developing brain is not well understood. In this work, we sought to determine
whether melanopsin signaling regulates gene expression (in the retina and brain), local protein
translation in ipRGCs, and retinofugal synapse formation from M1 type ipRGCs to the brain’s
master circadian pacemaker, the suprachiasmatic nucleus (SCN). Using a combination of bulk
RNA-seq, ipRGC-targeted translating ribosome affinity purification (TRAP), and single-
molecule localization super-resolution microscopy we provide evidence for melanopsin-
dependent impacts on the development of ipRGCs and their synaptic connections in the SCN
prior to eye-opening.
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Abstract: During development, changes in neuronal physiology and form are required to meet
the demands of adult-level circuit activity. Although recent work has begun to detail how
calcium-sensitive gene expression enables developmental changes, regulatory mechanisms that
coordinate activity-dependent neuronal maturation remain elusive. We utilized the immediate
early gene Npas4 to generate a reporter mouse model (DevATLAS) that tags individual neurons
as they begin the process of activity-dependent circuit maturation. We previously established that
DevATLAS-tagged dentate gyrus granule cells (GCs) have more active synapses than un-tagged
GCs and that DevATLAS GCs functionally contribute to the emerging memory ability in young
mice. In this study we utilized multiomic single-nuclei RNAseq and ATACseq to identify
transcriptional regulatory mechanisms that contribute to the functional maturity of dentate gyrus
circuits. At P20 we reveal the presence of three distinct stages of GC development: immature,
growth, and synaptic. These GC subgroups have increasing proportions of DevATLAS-tagged
GCs and exhibit distinct transcriptional phenotypes and chromatin landscapes. Our results
indicate that a transcription factor known to contribute to dentate gyrus GC development (KIf9)
and a Ras-responsive transcription factor (Rrebl) are poised to coordinate activity-dependent GC
development. Rrebl and KIf9 RNA expression significantly varied across GC subgroups and
was increased in DevATLAS-tagged GCs. The enrichment of platforms of consecutive,
overlapping Rrebl and KIf9 motifs suggest that these two factors act cooperatively. In addition,
Smad3 appears to facilitate the targeting of activity-dependent AP1 transcription factors in
synaptically mature, DevATLAS-tagged GCs. Critically, we find that the Rreb1/KIf9/Smad3
transcriptional regulatory program is present in a subset of interneurons within the P20 dentate
gyrus sample, indicating that this mechanism may help balance excitation and inhibition in
maturing hippocampal circuits. By manipulating this program through elevated Ras activation,
we increased the number of active excitatory and inhibitory synapses in vivo, substantiating the
relevance of this novel developmental regulatory mechanism.
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Abstract: The intra-telencephalic (IT)-type of neurons is one of the major classes of
glutamatergic neurons in the cerebral cortex and constitutes association projections that connect
the cortical areas. Among the IT-type neurons, those in the primary somatosensory cortex (S1)
projecting their axons to the primary motor cortex (M1) are involved in fine regulation of
movements both in mice and in humans. Optogenetic inhibition of the activities of IT-type
neurons in S1 and M1 in mice disrupts fine regulation of finger movements in handling food
pellets for eating. Fiber structure abnormalities between S1 and M1 are correlated with lower
behavioral scores for dexterous finger movements in patients of developmental coordination
disorders, a frequent comorbid for autism spectrum disorders (ASD). Anatomically, the I1T-type
neurons are mainly located in layer 2/3 and layer 5a. We previously reported our single neuron
analysis demonstrating that in mice, association projections from layer2/3 I1T-type neurons in S1
to the motor cortex are formed as the one and the longest interstitial collaterals among those
protruding from the earlier extending callosal axons (Oka et al., Cereb. Cortex, 2021). In this
study we examined the developmental processes of layer 5a IT-type neurons at a single neuron
resolution and compared with those of the layer 2/3 neurons. We found the association projection
to the motor cortex by layer 5a neurons in S1 was formed in a similar way with those by layer
2/3 neurons. As expected from the order of their birthdates, layer 5a IT-type neurons projected
their cortico-cortical axons earlier than the layer 2/3 1T-type neurons. In some neurons, the
longest collateral projecting to the motor cortex had two major sites of ramification, possibly
corresponding to future M1 and M2. Interestingly, the branches to the one of the two sites were
collaterals from those projecting to the other. Furthermore, few branches of the longest collateral
directed to the regions other than the two sites. These results suggest that the target-directed,
secondary collateralization may be the underlying mechanisms for multiple-region targeting by a
single collateral, which was observed in cortico-cortical projection from the adult mouse V1 and
monkey S1.
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Abstract: Sensory experience during critical periods sculpts the development of nascent
neocortical circuits. Experience-dependent plasticity has been studied extensively in the mouse
whisker somatosensory cortex (S1) due to its orderly somatotopic map and ease of manipulating
tactile experience by removing whiskers. Previous studies have extensively characterized S1
neurons and circuits, revealing the physiological basis of many features of experience-dependent
plasticity. In contrast, the transcriptional changes underlying plasticity during critical periods
remain poorly understood, particularly at the resolution of the 100+ transcriptomically distinct
cell types that are present in S1. Since 80-90% of autism spectrum disorder patients present
tactile hyper- or hypo-sensitivity that may reflect atypical development of S1 circuits,
understanding how experience regulates transcriptomic cell type plasticity may shed light on
how circuit dysregulation emerges in S1 in autism.

Here, we performed single-nucleus mRNA sequencing (SnRNA-seq) on whisker S1 tissue
obtained from normal and whisker-deprived mice to determine the experience-dependent
molecular changes in this cortical region. To test the hypothesis that whisker experience is
required for cell type development in S1, snRNA-seq was performed at two time points spanning
two established critical periods in whisker-deprived and control mice. We employed two distinct
whisker deprivation paradigms: 1) 1-day deprivation of B- and D-whisker rows from P21 to P22
to induce rapid competitive map plasticity across alternating spared and deprived S1 columns,
and 2) a 10-day bilateral full-face deprivation from P12 to P22 to test the overall influence of
whisker experience on cell type development. Unsupervised and supervised machine learning
approaches (dimensionality reduction, clustering, graph embedding, and classification) were
used to identify transcriptomic cell types at each time point and assess the influence of whisker
experience on their maturation. After identifying a subset of cell types that were uniquely
regulated by development and whisker experience, we conducted hybridization chain reaction
fluorescence in situ hybridization (HCR-FISH) experiments targeting candidate genes to validate
the cell type-specific experience-dependent alterations observed in the sSnRNA-seq data. Our
findings provide predictions regarding S1 cell types that could be selectively affected by
neurodevelopmental disorders such as autism. Our experimental and computational workflows
establish a blueprint to test these hypotheses using mouse models of autism spectrum disorder.
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Abstract: The neuromodulator acetylcholine is associated with arousal and attention in adult
animals, facilitating sensory processing in cortical areas such as the visual cortex. However, how
acetylcholine might also mediate behavioral states and spontaneous activity in sensory areas
during development remains unclear. Here, we investigated the correlation between
acetylcholine dynamics and the neuronal activity in the primary visual cortex (V1) of mice
during the second postnatal week, before eye opening. We combined genetically encoded
cholinergic and calcium indicators to image the network dynamics with dual-color widefield
imaging and the cellular activity with two-photon microscopy. Simultaneously, we evaluated the
behavioral states by monitoring the mouse body and facial movements. We found that
acetylcholine levels were elevated during active states, showing a positive correlation with both
body and facial movements. Furthermore, increased levels of acetylcholine during active
behavioral states were associated with changes in spontaneous activity patterns within and
between V1 and higher visual areas. At the cellular level, high acetylcholine levels disrupted
synchronous activity between neurons, whereas the application of atropine, a muscarinic
acetylcholine receptor blocker, enhanced neuronal correlations. Our results highlight the role of
acetylcholine in arousal states during development, which may modulate the processing of
spontaneous activity in the mouse visual cortex before the onset of visual experience.
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Abstract: Synaptogenesis occurs independent of neural activity, but maturation and refinement
of nascent connections is an activity-dependent mechanism. Intrinsic patterned spontaneous
activity (SA) occurs in several brain regions during development, including the visual and
auditory systems. Interestingly, SA in these sensory systems occurs prior to the onset of external
stimuli (in mice, ear canals and eyes open after P10), highlighting the importance of SA during
neural circuit formation. In the auditory system, intrinsic SA originates embryonically in the
cochlea and propagates throughout the ascending auditory pathway. Globular bushy cells
(GBCs) located in the ventral cochlear nucleus (VCN) project contralaterally and innervate
principal cells (PCs) 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 (postnatal day (P)2-P6) resulting in mono-innervation, and key biophysical properties
have been characterized. Previous manipulations to eliminate SA at the developing CH have
involved genetic strategies that also affect cochlear function, and may induce homeostatic
compensatory mechanisms in GBCs. 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 vector 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 from
transduced P6 PCs (n = 11), compared to control, non-transduced ipsilateral MNTB PCs (n =
12), shows a decrease in the frequency (0.7 £ 0.4 Hz vs 3.2 + 2.1 Hz; p < 0.05), increase in decay
rate (1.2 £ 0.3 ms vs 0.7 £ 0.1 ms; p < 0.05), and no change in the amplitude (63.0 + 18.2 pA vs
66.2 £ 15.8 pA; p = 0.61) of spontaneous excitatory postsynaptic currents. P6 MNTB PCs
innervated by transduced CHs show a delayed transition from tonic to phasic firing (0%
phasic/100% tonic vs 93% phasic/17% tonic), where the percentage of phasic PCs at early
developmental ages fit to a Boltzmann function resulted in a V50 = P3.5. P9 immunostaining
shows impaired growth of the CH expressing TeNT with reduced volume (706 £ 340 pm? vs
1601 £ 294 um?3; p < 0.05) and increased thickness (2.3 £ 0.6 um vs 1.3 £ 0.2 um; p < 0.05). This
study is ongoing and highlights an important role for SA triggering rapid growth of the CH and
the synchronous maturation of the MNTB PC biophysical properties.
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Title: Fluoxetine treatment early in life induces permanent alterations to the serotonin circuitry
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Abstract: Serotonergic neurons of the brainstem provide a profuse innervation to the whole
central nervous system. As previously shown, interfering genetically or pharmacologically
(fluoxetine treatment) with serotonin (5-HT) homeostasis in the adult is sufficient to alter
reversibly the correct serotonergic axonal wiring, suggesting that proper serotonin homeostasis in
the adult brain is crucial to preserve circuitry and that 5-HT fibers maintain a high degree of
structural plasticity to adulthood, being bidirectionally reshaped by fluctuations of 5-HT
content™, Here we investigate whether fluoxetine treatment early in life impacts 5-HT circuitry,
and whether this is reversible or lifelong. To this aim, we chronically treated Tph2-GFP knock-in
heterozygous mice with the antidepressant fluoxetine early in life, and combined GFP
immunofluorescence with confocal microscope imaging for 3D-reconstruction of serotonergic
fibers from birth to adulthood. Results revealed that mice exposed to fluoxetine, in addition to
the expected appearance of anxiety- and depression-like behaviors? (i.e. paradoxical behavior),
they also showed a dramatic reduction density of 5-HT fibers innervating the hippocampus.
These data suggest that fluoxetine induced permanent remodeling of the serotonergic circuitry
and that this may contribute, at least in part, in mediating the induced paradoxical behavior.

1 Migliarini et al 2013. PMID: 23007167 2 Pratelli et al, 2017. PMID: 28413824 ® Nazzi et al,
2019. PMID: 31243951 * Ansorge et al, PMID: 15514160
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Abstract: The onset of sensory experiences in the early life critical period of an organism
regulates neuronal circuit reprogramming and refinement. During this brief time window,
external and internal factors modify brain networks that in turn enable the proper development of
sensory circuits. Studies on critical period plasticity (CPP) in mammals have shown that along
with sensory experiences, neuromodulators also play an important role in guiding the direction of
plasticity during the critical period. However, the mechanisms by which CPP is affected by
neuromodulators like serotonin (5-HT) is unclear. Here, we employ the genetically amenable
primary olfactory processing center of the Drosophila melanogaster to study the role of
serotonin in CPP. We used previously established odor exposure protocols to induce structural
plasticity in the COz2 specific V-glomerulus to investigate the role of 5-HT in modulating the
olfactory circuit during the critical period. We find that blocking the release of synaptic 5-HT in
the antennal lobe prevents structural plasticity in the VV-glomerulus following chronic 5% CO2
exposure. We also identified serotonin receptors (5-HTRs) 5SHT1B, 5-HT2B and 5-HT7 as
required for CPP. Knocking down 5-HT2B in the CO: specific olfactory sensory neurons (OSNS)
was not sufficient to block CPP but knocking down this receptor in all OSNs was sufficient to
block CPP. Also, knocking down NMDA receptor-2 (NMDAR-2) or NR2 receptors in the CO2
specific OSNs was sufficient to impede critical period plasticity. We hypothesize that serotonin
signaling in the OSNs might act through 5-HT2B to modulate NMDAR activity in the cognate
glomerulus and influence structural plasticity as seen in in vitro studies in mammals.
Furthermore, 5-HT7 receptor expression by a subset of GABAergic local interneurons (LNs) was
also required for CPP. Our results are congruous with recent studies that showed the involvement
of GABAergic inhibition in the Drosophila antennal lobe during the critical period. Taken
together, our results indicate that serotonin modulates both the cognate sensory circuit through
OSNs and the global inhibitory circuit through LNs to promote structural plasticity in the V
glomerulus during the critical period.
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Abstract: Viral gene delivery systems extend our ability to dissect genetic and molecular
mechanisms that guide the development and function of nervous systems. In non-human
primates (NHPs), the establishment of transgenic animals is time-consuming, labor-intensive,
and costly, restricting the genetic tractability of neural circuitry in primates. Recent work with
recombinant adeno-associated viruses (AAV) has shown examples of early, widespread
introduction of transgenes across the brain, providing safe and long-term access to defined cell
populations. In the present study we aimed to apply this work to NHPs by developing a
minimally invasive nonsurgical technique for efficient AAV-mediated transduction of the fetal
brain. Ultrasound visualization was used to deliver AAV vectors into the cerebroventricular
system, allowing cell transduction at different developmental stages. After first establishing this
method in rats, we now use this technique to routinely deliver AAV vectors to the nervous
system of both rats and marmosets. This approach results in dense and ubiquitous transgene
expression throughout the brain, particularly in the cerebral cortex, and additional structures
within the central and peripheral nervous system. Restriction of gene expression can then be
achieved through the postconception timing of the injections as well as use of cell-type specific
promoters and enhancers. For instance, we recently implemented an intersectional strategy in
marmosets, using AAV-based nestin-dependent expression of Cre recombinase, to selectively
transduce cells born or in very early stages of differentiation within a certain time window. Co-
delivery of the nestin-Cre construct with Cre-dependent AAV vectors in the third trimester of
pregnancy isolated late-born neurons in selected regions of the brain, such as the rostral and
medial migratory streams. The widespread and rapid onset of transgene expression starting in the
womb offers new experimental opportunities to study the establishment, maturation, and
plasticity of anatomical and functional circuits most critical to human cognition.
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Abstract: Understanding the developmental trajectory of functional activity of human brain
organoids is highly relevant to their use as a tool to study neurological conditions as well as a
substrate for transplantation-based neural repair. The ability of calcium imaging analysis to
capture the activity and spatial location of a large number of neurons is highly valuable,
especially given the rudimentary laminar architecture present in cortical organoids. In addition,
this non-terminal approach enables longitudinal analysis of the same organoid samples. Here, the
genetically encoded calcium indicator GCaMP8m and a custom-designed culture plate were used
to perform longitudinal multiphoton imaging of forebrain organoids, offering increased spatial
resolution of organoid neural activity without perturbing organoid growth in suspension.
Organoids were grown from an induced pluripotent stem cell line derived from a healthy
volunteer. At differentiation day (dd) 40, the organoids were sliced at a thickness of 500um, with
repeated slicing every 30 days. Viral transduction was performed on dd45 with AAV expressing
GCaMP8m under a human synapsin promoter. Neural activity was assessed at two time points:
dd120 and dd180 (n=7 organoids). Analysis of the videos was performed in MATLAB. Motion
correction was performed using the FluoroSNNAP platform, region of interest (ROI) selection
was performed using an adapted version of the EZCalcium toolbox, and custom scripts were
created for further analysis. Calcium transient events were identified and the timing of the events
was used to explore functional characteristics of the organoids and their evolution as they
matured. As compared to dd120 organoids, timing measures such as a reduction in inter-transient
interval and an increase in events per minute indicated elevated frequency of activity in the
dd180 organoids. Further, measures of synchronicity and connectivity, such as the spike time
tiling coefficient and Pearson’s correlation coefficient respectively, indicated the potential
emergence of synchronous, non-homogenous neural populations in the maturing organoid. These
results suggest that long-term brain organoids cultures undergo functional maturation, yielding
more complex neural behavior as they develop. Taken together, these findings help create a
foundation for understanding the developmental trajectory of neural activity in long-term
organoid cultures.
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Abstract: Precise neuronal connectivity underlying higher brain functions in mammals is
established through activity-dependent circuit reorganization during postnatal development. We
and others previously found that the NMDA-type glutamate receptors (NMDA receptors) play a
crucial role in circuit refinement using gene knockout techniques (e.g. Iwasato et al., Neuron
1997, Nature 2000; Mizuno et al., Neuron 2014). In the barrel cortex, layer 4 (L4) spiny stellate
neurons expand their basal dendrites asymmetrically toward the barrel center, where termini of
thalamocortical axons transmitting information from a single whisker form a cluster. Since these
morphological features of barrel cortex L4 neuron dendrites are formed during neonatal stages in
an activity-dependent manner, dendrite refinement of these neurons is an excellent model for
developmental circuit refinement. Single-cell knockout of NR1, the essential NMDA receptor
subunit, impairs dendrite asymmetry of L4 neurons in the mouse barrel cortex, suggesting cell-
autonomous functions of NMDA receptors in dendritic refinement (Mizuno et al., 2014).
However, because there is no gene knockout system whose temporal control is sufficiently fast,
roles of NMDA receptors in specific steps of dendritic refinement remain unexplored. To address
this issue, we here used the auxin-inducible degron 2 (A1D2) technology, which is a recently
developed protein knockdown system (Yesbolatova et al., Nature Commun. 2020). With this
system, 5-Ph-IAA administration induces depletion of a target protein fused with an mAID tag in
the presence of the OsTIR1(F74G). By using EGFP-mAID reporter mice, we found that the
AID2 enables to knock down the reporter protein efficiently and rapidly in the postnatal mouse
brain. We then generated NR1-mAID knock-in mice and found that these mice die soon after
birth if 5-Ph-1AA is administered via mother. This phenotype is similar to NR1 global knockout



mice, suggesting that the synaptic NR1-mAID protein is an effective target of the AID2.
Developmental stage-specific roles of NMDA receptors in dendrite refinement of barrel cortex
L4 neurons revealed by using the AID2 will be discussed.
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Abstract: The proper establishment of neuronal networks during development is critical to the
correct functioning of the nervous system in adulthood. In the rodent hippocampus, during the
first post-natal week, immature neuronal networks are characterized by spontaneous network
activites (SNA) that synchronize large populations of neurons. It is believed that SNAs play a
critical role in the neuronal network organization and function. In vitro, SNA are generated by
internal hippocampal networks and particulary GABAergic interneurons. While GABAergic
neuronal activity plays a critical role in SNA generation in vitro, recent evidence suggests that
this may not be the case in-vivo. Indeed, in vivo, SNA called ‘early sharp waves’ (eSPW5s), are
triggered by spontaneous myoclonic contractions transmitted via the entorhinal cortex (Valeeva
and al., 2019). How immature hippocampal neurons integrate eSPW information is still poorly
understood. Here, combining extra-cellular electrophysiology with optogenetics in transgenic
neonatal mice, we investigated how in-vivo neonatal SNA modulates the activity of on different
classes of hippocampal neurons. We observed that the response of CA1 hippocampal neurons
during eSPWs is heterogeneous: while 60% of neurons fire strongly at the onset of eSPWs, 5%
fire moderately at the offset and 35% do not change their activity. The proportion of onset
neurons decreases with age, leaving place to a majority (75%) of offset neurons in the end of the
first post-natal week. However, it seems to be no difference between glutamatergic and
GABAergic neurons (located above the pyramidal layer) activity during eSPWSs. But we
observed a majority (80% at postnatal day -P-4) of neurons that are located bellow the pyramidal
cell layer are of the onset type, suggesting that they are strongly recruited during eSPWSs. Given
their anatomical location, these neurons are likely of the GABAergic type. We are currently
investigating their putative GABAergic identity. The fact that a subclass of hippocampal neurons



is strongly activated at the onset of eSPWs suggests that these neurons may play an important
role in the establishment of hippocampal networks.
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Abstract: The proper development of neural circuits is paramount for normal brain function. A
long-standing hypothesis for the rule of neural connections is the Hebbian rule, which proposes
that neurons that fire together wire together. However, there has been no direct evidence of this
role, and its impact on brain function has remained elusive. In this study, we sought evidence for
the Hebbian rule by artificially inducing synchronous firing during the developmental process of
neural circuit formation in the mouse visual cortex, a region known for its structural-
physiological correlation between neural circuit designs and brain function. Using non-invasive
transcranial optogenetic stimulation, we induced synchronous firing in ChR2-positive neurons
during the critical developmental period. Subsequent investigations revealed a higher probability
of connections between synchronously fired neurons compared to ChR2-negative neurons or
control w/o-optostimulation groups. Two-photon calcium imaging of the orientation selectivity
of stimulated neurons revealed that synchronously fired neurons exhibited similar orientation
selectivity. Considering previous studies that neurons with similar orientation selectivity have a
higher probability of connection, these results suggest that developmental synchronous firing
influences the formation of synaptic connections and may play a role in shaping brain function.
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Abstract: Cyclin-dependent kinase-like 5 (CDKLD5) is a serine-threonine kinase enriched in the
forebrain to regulate neuronal development and function. Patients with CDKLS5 deficiency
disorder (CDD), a severe neurodevelopmental disorder caused by mutations of CDKL5 gene,
present early-onset epilepsy as the most prominent feature. However, spontaneous seizures have
not been reported in neonates of CDD mouse models, raising vital questions on the human-
mouse discrepancy and the roles of CDKLY5 in early postnatal brains. Here, we firstly measured
electroencephalographic (EEG) activities via a wireless telemetry system coupled with video-
recording in neonatal mice. We found that mice lacking CDKLS5 exhibited spontaneous epileptic
EEG discharges, accompanied with increased burst activities and ictal behaviors, specifically at
postnatal day 12 (P12). Intriguingly, those epileptic spikes disappeared after P14. We next
performed an unbiased transcriptome profiling in the dorsal hippocampus and motor cortex of
CdklI5 null mice at different developmental timepoints, uncovering a set of age-dependent and
brain region-specific alterations of gene expression in parallel with the transient display of
epileptic activities. Finally, the gene expression alterations of multiple differentially expressed
genes (DEGs) were validated at the transcript as well as the protein levels, supporting the
relevance of these genes to CDKL5-regulated neuronal excitability. Our findings revealed early-
onset neuronal hyperexcitability in mouse model of CDD and identified novel molecular targets
to tackle neonatal epilepsy, providing new insights into the etiology of CDD.
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Abstract: Microtubule associated proteins (MAPs) are mostly expressed throughout the central
nervous system and are involved in cell proliferation, myelination, neurite formation, axon
specification, outgrowth, dendrite, and synapse formation. Here, we report 12 individuals from
eight families harboring predicted pathogenic variants in NAV3 gene, encoding neuron navigator
3 (NAV3) a microtubule positive tip protein known to be involved in organogenesis. All the
affected individuals have intellectual disability (ID). However, some affected individuals also
demonstrate other clinical features, including microcephaly, skeletal deformities, eye anomalies
and behavioral problems. In silico analysis of human fetal RNA expression from public
databases revealed NAV3 expressed throughout the nervous system, with more prominent
expression in postmitotic, excitatory, inhibiting, and sensory neurons. When over-expressed,
wild type and most of the ID-associated variants, except p.Trp332*, harboring NAV3 in COS7
cells form dendrite like growths, typically required for axonal outgrowth. However, we also
observed ID-variants harboring NAV3 proteins cause instability of microtubules in the presence
of the microtubule inhibiting drug nocodazole. Finally, our nav3 zebrafish morphants based
study show developmental abnormalities, behavioral deficits, and microcephaly. Specifically,
midbrain and hindbrain regions show reduced outgrowth of neurons. Collectively, our data show
involvement of NAV3 in early neurogenesis along with visionary and neuromuscular responses
and identify it as a new ID-causing candidate gene in humans.
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Abstract: Children with ADHD show poorer executive functions and motor skills compared to
typically developing children. Interestingly, paired-pulse transcranial magnetic stimulation
(TMS) measures of intracortical function, notably short intracortical inhibition (SICI), has been
shown to be lower in children with ADHD, and related to symptom severity. However, it is yet
unclear if this relationship extends to ADHD-related symptoms, including alterations in motor
skills and executive function, in non-ADHD, typically developing children. Additionally, the
physical determinants of TMS response in healthy children remain unknown. Thus, the goals of
this study were to: 1) investigate the relationship between intracortical processes, executive
functions, and motor dexterity in healthy children; and 2) assess the link between TMS measures
and physical elements related to neuroanatomy (scalp-to-cortex distance (SCD), cortical
thickness (CT), and apparent fiber density (AFD)). 21 healthy children aged 9-10 were recruited
and underwent an extensive TMS protocol, including the main measures of intracortical function,
and an MRI session consisting of an anatomical T1, and a diffusion sequences (64 directions).
The Behaviour Rating Inventory of Executive Function (BRIEF) questionnaire was completed
by parents and the Grooved Pegboard test was administered to assess dexterity. For the first aim,
Spearman correlations and general linear models were performed, with BRIEF and Grooved
Pegboard scores as outcome variables, and TMS measurements as predictors. Preliminary results
show a significant correlation between intracortical facilitation (ICF; 1SI 10ms) and the total
number of pegs inserted with the dominant hand on the Grooved Pegboard (r = -0.58; p = 0.02),
as well as between the baseline motor evoked potential (MEP) amplitude and the initiative
subscale of the BRIEF (r = 0.53; p = 0.03). However, no significant regression models were
observed between TMS measurements, executive function, and motor skills. For the second aim,
the same statistical approach was used using this time TMS measurements as outcome variables
and brain measurements as predictors. ICF 10 and 15ms significantly correlated with SCD
(rICF10 = -0.58; rICF15= -0.69; pICF10 = 0.01; pICF15 = 0.0006). Models for both ICF 10 and
15ms also came out as significant (pICF10 = 0.08; pICF15 = 0.03) with SCD being the main
predictor (pICF10 = 0.03; pICF15 = 0.007). These results raise questions about the
developmental gap in motor and executive functions between typically developing children and



those with ADHD. They also show how SCD can influence the measurement of TMS derived
metrics in children.
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Abstract: Abnormal dopamine signaling is involved in neurodevelopmental disorders such as
ADHD, autism spectrum disorder and substance use disorder. The underlying mechanism,
however, remains largely unclear. To address this knowledge gap, we performed an unbiased
genetic screen for the genes interacting with dopamine signaling for dysfunctional inhibitory
control in Drosophila. One of the genes we found is Kekkon5 (kek5), the homolog of human
LRFN1 (Leucine Rich Fibronectin 1). While the heterozygous kek5 or fumin (dopamine
transporter mutant) flies display normal inhibitory control, the double heterozygous kek5/+;
fmn/+ flies show dysfunctional inhibitory control. Kek5 codes for a synaptic adhesion molecule
and is a negative regulator of the Bone Morphogenetic Protein signaling pathway. Kek5 is
mainly expressed in the mushroom body aff neurons. Thus, we hypothesize that Kek5 in the
mushroom body af3 lobes interact with the presynaptic dopamine neurons for inhibitory control.
We are currently testing this hypothesis. This study will advance the knowledge about the
mechanism by which cell adhesion molecules play a role in inhibitory control.
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Abstract: Cortical thickness is an index of neurodevelopment and presents a U-shaped trajectory
from childhood to late adolescence. Studies suggest reduced cortical thickness in children born
<37 weeks, but the associations between cortical thickness in late childhood (8-10 years) and
cognitive abilities are not well understood. We examined differences in cortical thickness and
their association to cognitive abilities in children with/without a history of premature birth,
without medical problems. We used baseline data from the ABCD study. Data Release 4.0
(October 2021), which included 11875 children (M=9.9 y, SD=0.62) from 21 sites nationwide
(USA). Children without a medical diagnosis with gestation <37 weeks(premature) and full-term
peers were included. We excluded children with missing data for prematurity, and/or cognitive
ability and twins. The sample size was 10,235 (87.7% born full-term & 12.3% preterm). Cortical
thickness measurements included 35 regions/hemisphere (Desikan-Killiany atlas). We conducted
linear mixed-effects models for the association between cortical thickness and preterm birth
status controlling for: Age, Sex, Race, Ethnicity, Puberty, Marital Status, Parental Education,
Parental Substance Use and scanner/sites (21 sites). We used the NIH toolbox, for total cognitive
ability, fluid cognition (real-time processes) and crystalized cognition (e.g. memory). Children
born<37w., exhibit distinct patterns of regional cortical thickness that significantly differ (27
brain regions) from those of the full-term peers. Children born<37 w presented increased cortical
thickness in the left entorhinal cortex, left parahippocampal gyrus, left rostral anterior cingulate
cortex, cuneus (left/right), lateral occipital (left/right), lateral orbitofrontal (left/right), medial
orbitofrontal (left/right), peri calcarine (left/right), and right superior frontal gyrus. In contrast,
children born<37 w presented more cortical thinning in the left inferior parietal lobule, caudal
middle frontal gyrus (left/right), middle temporal gyrus (left/right), pars orbitalis (left/right), pars
triangularis (left/right), rostral middle frontal gyrus(left/right), right transverse temporal gyrus,
and right insula. Causal mediation analysis on the 27 brain regions demonstrated that the effect
of preterm birth on cognitive abilities (Total Cognition & Crystallized Composite) is partially
mediated by increased thickness in the left hippocampus (p=0.0008). Findings suggest that there
is a difference in cortical thickness in regions related to memory and these differences may be
related to cognitive abilities that rely on memory.
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Abstract: Developmental dyslexia (DD) is a prevalent developmental condition characterized by
difficulties in reading despite typical educational opportunity and cognitive ability. While the
cause of dyslexia is debated, heavy emphasis has been placed on difficulties with phonological
decoding, though not all DD diagnoses manifest in this way. DD can also be characterized by
slow, laborious reading, reflected in timed reading fluency tasks. The neural underpinnings of
untimed reading have been extensively investigated, but less is known about the neural correlates
of reading fluency and how reading becomes fast and automatic. The cerebellum may contribute
to automatizing cognitive abilities and is well-positioned to support rapid, fluent reading. Right-
lateralized posterolateral cerebellar regions are engaged during a range of reading and reading-
related tasks and are functionally connected to the cortical reading network, and cerebellar
activation patterns have been associated with poor fluency metrics in DD children. To determine
whether the right posterolateral cerebellum is a specific modulator of reading fluency, we
examined the effect of transcranial direct current stimulation (tDCS) targeting the right
posterolateral cerebellum (lobules VI/VII) on reading speed, reading accuracy, rapid naming, and
general processing speed in a sample of young adults with typical reading development (n = 25,
19.9 £ 2.0 yrs) and with a diagnosis of DD (n =9 to date; 19.4 + 2.3 yrs). Participants completed
a battery of reading (accuracy, fluency), rapid naming, and processing speed measures after 20
minutes of 2mA anodal (excitatory), cathodal (inhibitory), or sham (control) tDCS in a within-
subjects design. We predicted that right cerebellar tDCS would specifically impact reading
fluency and rapid naming measures without affecting reading accuracy or general processing
speed. In the readers with typical reading development, cathodal tDCS disrupted reading fluency
(puncorrected = 0.02) without impacting reading accuracy, rapid naming, or general processing
speed measures. In the DD group, preliminary results suggest cathodal cerebellar tDCS disrupted
reading accuracy (Puncorrected = 0.052) relative to sham tDCS, with no impact on other measures.
Future analyses will also compare DD results directly to individuals with typical reading ability
to determine if the cerebellum differentially contributes to reading in these populations.
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Abstract: Perception of time seems to be associated with symptoms of ADHD. Research
suggests that individuals diagnosed with ADHDmay experience a subjectively accelerated sense
of time and reduced accuracy in estimation of the duration of events. Choosing a small
immediate reward over a larger delayed reward is considered Impulsive choice, especially when
the larger reward is objectively optimal in terms of potential long-term gains. The purpose of this
study was to determine the effects of two behavioral interventions targeting temporal estimation
on early-age rats, to reduce impulsive choice in adulthood. Twenty-four male and twenty-four
female Wistar rats were divided into four groups. At early ages, the rats had free access to food
but were deprived of water for 14 hours per day. Half of the subjects (n = 24) were exposed to a
Differential Reinforcement of Low Rates (DRL10 s) schedule, and the rest to a Variable Interval
(V1 10 s) schedule between postnatal days 25-40, with milk-formula as reinforcement. At
postnatal day 90, the rats were exposed to a delay discounting task while being food-deprived
and maintained at 85 % of their ad libitum weight. Forty-five-milligram pellets were delivered as
reinforcement. A reduction in preference for the impulsive alternative was observed in the
majority of the subjects. Additionally, differences between sexes and interventions were found.
Preliminary results indicate that early behavioral interventions targeting temporal estimation may
have an effect on impulsive choice in adulthood. These findings could contribute to developing
interventions for individuals with ADHD diagnosis, as they tend to showcase more impulsive
choices in intertemporal choice tasks due likely to difficulties in delaying gratification and
making decisions that involve waiting for long-term rewards.
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Abstract: Dyslexia is associated to deficient literacy, reading and writing, despite adequate
intellectual ability and sufficient education provision. However, several studies have shown that
besides phonological deficits, children with dyslexia also show poor motor coordination and
postural control that might be related to the use of sensory cues to their actions accurately. A few
studies have shown improvement in reading performance due to active video games and specific
oculomotor training. Therefore, the goal of this study was to examine the effects of a sensory-
motor intervention in reading performance and eye movements of children with dyslexia. Ten
dyslexic children (11.1£ 2.2 years old) performed texts reading displayed in an [Pad (12.97)
while wearing an eye-tracking system (ETG-SMI 2.0). Total reading time was computed by
inspecting the eye coordinates and fixation and saccades were also obtained during reading.
Afterwards, children were enrolled in a 2-month intervention motor activity program, composed
of 50-min sessions with lomocotor, balance, and manipulative activities, twice a week. In the
remaining days, children performed computer based oculomotor activities (visual rapid memory,
motion detection, saccades to the right, and saccades to the next line), three times a week, lasting
about 15-min. After the 2-month intervention, children performed the reading test again. Results
showed that total reading time decreased after the intervention varying from 10 to 20%. Results
also showed that fixation and saccades frequency decreased and fixation duration during reading
increased after the intervention program. These results suggest that the combination of motor and
eye movement training can improve reading performance in dyslexic children and that such
improvement is related to eye movement changes during reading.
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Title: Effects of fetal EtOH exposure in humans on biomarkers of affective dysregulation
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Abstract: Introduction: Children with fetal alcohol spectrum disorders (FASD) exhibit
behavioral and affective dysregulation, including hyperactivity and depression. Activities in
serotonergic (5-HT) and dopaminergic (DA) signal transmission regulate mood, so abnormal
monoaminergic signaling might be present, even prenatally. Many women who use alcohol
(EtOH) during pregnancy suffer from comorbid depression, and take selective serotonin reuptake
inhibitors (SSRIs), which might influence these monoaminergic pathways in the fetus.
Alternatively, monoaminergic pathway abnormalities might be a direct effect of EtOH on the
fetal brain. To distinguish between these possibilities and determine whether monoaminergic
pathway constituents might serve as markers for the affective dysregulation seen in FASD, we
measured their expressions in fetal brains and in fetal-derived brain exosomes (FB-Es) isolated
from the mothers’ blood. Methods: Fetal brain tissues and maternal blood were collected at 9-23
weeks of pregnancy. EtOH groups were compared with unexposed controls matched for
gestational age (GA). The expression of 84 genes associated with DA and 5-HT pathways were
analyzed by gRT-PCR on microarrays. FB-Es also were assayed for serotonin transporter protein
(SERT) and brain-derived neurotrophic factor (BDNF) by ELISA. Results: Six EtOH-exposed
human fetal brain samples were compared to SSRI- or polydrug-exposed samples and to
unexposed controls. EtOH exposure was associated with dysregulation of serotonin and DA
signaling. DA receptors D3 and D4, and 5-HT receptor HTR2C were upregulated 4-fold, while
HTR3A and HTR4 were downregulated. Monoamine oxidase A (MAOA), MAOB and caspase-3
were upregulated 4-30-fold, while mitogen-activated protein kinase 1 (MAPK1) and the
serine/threonine kinase AKT were downregulated 9-20-fold. ETOH was associated with 9-fold
upregulation of the DA transporter gene, with reciprocal downregulation of SERT. There were
significant correlations between EtOH exposure and a) caspase-3 activation, b) reduced SERT
protein levels, and c) reduced BDNF levels. SSRI exposure independently increased caspase-3
activity and downregulated SERT. Reduced SERT and BDNF levels were strongly correlated
with reduction in eye diameter, a somatic manifestation of FASD. Conclusion: Maternal use of
EtOH and SSRI during pregnancy each were associated with changes in fetal brain monoamine
pathways that were consistent with potential mechanisms for the affective dysregulation
associated with FASD.
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Abstract: Previously, we reported that prenatal exposure to high cortisol induced attention
deficit-hyperactivity disorder (ADHD)-like behaviors with cognitive deficits after weaning. In
the present study, cellular mechanisms underlying cortisol-induced cognitive dysfunction were
investigated using rat pups (Corti.Pups) born from rat mothers that were repetitively injected
with corticosterone (s.c., 20 mg/kg /day, 21 days) during pregnancy. In results, Corti.Pups
exhibited the failure of behavioral memory formation in the Morris water maze (MWM) test and
the incomplete long-term potentiation (LTP) of hippocampal CA1 neurons. Additionally,
glutamatergic excitatory postsynaptic currents (EPSCs) were remarkably suppressed in
Corti.Pups compared to normal rat pups. Incomplete LTP and weaker EPSCs in Corti.Pups were
attributed to the delayed postsynaptic development of CA1 neurons, showing a higher expression
of NR2B subunits and lower expression of PSD-95 and BDNF. These results indicated that high
cortisol might potently downregulate the BDNF-mediated signaling critical for the synaptic
development of hippocampal CA1 neurons during brain development, and subsequently, induce
learning and memory impairment. Our findings suggest a possibility that the prenatal
dysregulation of cortisol triggers the epigenetic pathogenesis of neurodevelopmental psychiatric
disorders, such as ADHD and autism.
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Abstract: This study sought to investigate the underlying resting-state functional connectivity
(RSFC) in Convergence Insufficiency (Cl) patients compared to binocularly normal controls
(BNC) using functional Magnetic Resonance Imaging (fMRI) under The Convergence
Insufficiency Neuro-mechanism Adult Population Study. A total of 101 participants were
eligible for this study. After removing datasets with motion artifacts, 49 Cl and 47 BNC resting-
state fMRI datasets were analyzed. Cl was diagnosed with the following signs: 1) receded near
point of convergence (NPC) of greater than 6 cm, 2) reduced positive fusional vergence of less
than 15A or failing Sheard’s criteria of twice the near phoria, and 3) near phoria of at least 4A
more exophoric compared to distance phoria and symptoms using the Convergence Insufficiency
Symptom Survey (CISS) of greater than 21 points. RSFC was assessed using a group-level
Independent Components Analysis (ICA) and Dual Regression. A behavioral correlation analysis
was assessed using clinical measures and RSFC for both CI and BNC datasets. Results showed
decreased RSFC within the Frontoparietal Network (FPN), Default Mode Network (DMN) and
Visual Network (VN) in CI patients, compared to the BNC participants. The DMN RSFC
strength was significantly correlated with the Positive Fusional Vergence (PFV), Near Point of
Convergence (NPC), and the differences between the horizontal phoria at near compared to far
(Diff-Phoria), but not to CISS. This study supports altered RSFC in CI patients compared to
BNC participants and suggest these differences in underlying neurophysiology may in part lead
to the differences in optometric visual function used to diagnose CI.
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Abstract: Dyslexia is a reading disability that affects children across language orthographies,
despite adequate intelligence and educational opportunity. If learning disabilities remain
untreated, a child may experience long-term social and emotional problems, which may
influence future success in all aspects of their lives. Early detection and intervention will help to
close the gap between typically developing and reading impaired children in acquiring reading
skills. We have demonstrated that animal models of dyslexia, genetic models based on candidate
dyslexia susceptibility genes, and children with specific reading impairment show a common
deficit on a virtual Hebb-Williams maze task. Since virtual maze task does not require oral
reporting (rapid access to phonological processing) or rely on text, performance is not influenced
by a potential difference in reading experience between groups. Although the correlation
between dyslexia and the performance in the virtual Hebb-Williams maze task has been
demonstrated, classification of atypical participants (i.e., dyslexic participants) through real-time
observation of their performance on the virtual Hebb-Williams maze task is not feasible at this
time. A computational model that can predict reading ability based on maze learning
performance, would enable real-time feedback of the performance in the form of at-risk
percentages for reading. Reading data and maze learning outcomes were analyzed from 227
school-aged children (8-14 years of age). Applying multiple variables (e.g. biological sex, age,
time to complete the task, and deviation from the true path) into machine-learning based
computational models resulted in prediction accuracy above 80%. Successful development of
this predictive model would allow for early detection of risk for reading impairment, which can
lead to early interventions to close the gap between typically developing and reading impaired
children in acquiring reading skills.

Disclosures: Y. Yu: None. K. Shyntassov: None. A. Zewge: None. L.A. Gabel: None.
Poster

PSTRO003. ADHD, SLI, Dyslexia, and other Specific Disorders of Neurobehavior
Location: WCC Halls A-C

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM

Program #/Poster #: PSTR003.13/B36

Topic: A.07. Developmental Disorders

Title: Early life stress induces sex-specific changes in behavior and parallel locus coeruleus
neuron excitability



Authors: *S. BRANNAN?, B. D. RICHARDSON?, S. PORCAYO?, J. BEAVERS?,
2Southern Illinois Univ. - Sch. of Med., *Southern Illinois Univ. Sch. of M Pharmacol. &
Neurosci. Grad. Program, Springfield, IL; 3SIU Sch. of Med., Springfield, IL

Abstract: Attention deficit hyperactivity disorder (ADHD) is a neurodevelopmental disorder
with the core symptoms of hyperactivity, impulsivity, and inattention that tend to present
differently in males and females. While males are more likely to present hyperactive and
impulsive symptoms, inattention and stress-related comorbidities are more common in female
patients. There is generally a higher prevalence of stress-related psychopathologies in females.
Patients with post-traumatic stress disorder (PTSD) are four times more likely to develop
ADHD, and stress has been shown to exacerbate ADHD symptoms. To identify a potential
neurobiological basis for this relationship between stress, sex, and behavior, we first developed a
dual-hit mouse model of early-life variable stress (ELVS) in C57bl/6J mice, administered during
the postnatal period and late adolescence. Following ELV'S exposure or daily handling (control),
mice were evaluated for anxiety, attention, hyperactivity, and impulsivity. Preliminary data
indicate that relative to control mice, female ELVS mice display hyperactivity and disrupted
short-term memory, while there were no changes seen for these behaviors in male ELVS mice.
Both male and female ELVS mice demonstrated reduced anxiety relative to control mice. Then,
because neurons in the noradrenergic locus coeruleus (LC) are implicated in attention, arousal,
and ADHD or related disorders, the electrophysiological properties of LC neurons were
evaluated in male and female mice of both groups using whole-cell current-clamp
electrophysiology. Female ELVS mice exhibited decreased spontaneous and evoked LC
excitability in comparison to controls, while ELVS males displayed an opposing increase. These
changes in excitability were decreased when steady state current injection was adjusted to
maintain the membrane potential at -60 mV. Further analysis of the action potential maximum
afterhyperpolarization (mAHP) amplitudes were also significantly increased in female ELVS
mice compared to controls. Future studies will target this pathway to determine specific cellular
mechanisms and subsets of cells that may be responsible for driving sex-specific behavioral
changes. Using this novel animal model, we have identified sexual dimorphic changes in
behavior that are paralleled by basal changes in LC neuronal activity. These results suggest that
sexual dimorphism of the LC and its response to stress may lead to sex differences at the
behavioral level. This indicates that sex and stress should be considered biological variables in
specific drug treatments, particularly in ADHD and related disorders.
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Abstract: AKT/PKB signaling plays a critical role in regulating cellular functions and is
involved in neural development. However, the specific roles and molecular mechanisms of Akt
signaling in the cerebellar development remain to be determined. Pancreas specific
transcriptional factor 1a (PTF1A) is a transcription factor that is essential for driving neural
precursors to differentiate into GABAergic neurons in the developing cerebellum. In this study,
we identified that PTF1A is a new enzymatic substrate of AKT in developing cerebellum. AKT
binds to PTF1A and phosphorylates it at Serine 154. Phosphorylation of PTF1A by AKT
enhances its transcriptional activity toward Lhx1 and Lhx5 those are responsible for the
generation of GABAergic neurons. Moreover, PTF1A phosphorylation by AKT copes it from
ubiquitin-proteasomal system (UPS)-dependent degradation, reducing its interaction with
FBXW?7, rather caged in nucleus. Thus, our findings suggest that Akt signaling activates a bHLH
transcription factor, PTF1A via phosphorylation, leading to induction of GABAergic neurons
during cerebellar development.
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Abstract: Premature births affect approximately 15 million infants worldwide each year. Among
preterm infants born before 30 gestational weeks (GW), a significant portion (20-40%) develop
germinal matrix hemorrhage (GMH), which leads to devastating neurodevelopmental sequelae
with enormous socio-economic burdens. Despite its clinical significance, the underlying factors



contributing to the region-specific vulnerability of the germinal matrix remain unclear. The
germinal matrix, also known as ganglionic eminences (GEs), of the prenatal human brain is
known to harbor abundant neural stem and progenitor cells responsible for the development of
GABAergic interneurons. Furthermore, this region exhibits robust angiogenesis driven by
diverse endothelial and mural cells. Despite the immense interest in this area, there is a
fundamental gap in our understanding of how immune cells regulate blood vessel formation and
disruption in the GEs. The objective of this study is to investigate the role of the brain's innate
immune cells in the regulation of angiogenesis and the susceptibility of blood vessels in the GEs
to hemorrhage. We show that IBA1+ immune cells exhibit age-dependent interactions with
nascent vasculature and are required for angiogenesis in GEs, but not cortical plates. Using
single-cell transcriptomics and high dimensional flow cytometry, we identify distinct subsets of
CD45+ immune cells that employ diverse signaling mechanisms to promote the formation of
vascular networks in GEs in the prenatal human brain. Similar transcriptomic profiling of CD45+
cells from preterm infants with germinal matrix hemorrhage show that activated neutrophils and
monocytes utilize a combination of bactericidal factors and chemokine CXCL16 to disrupt
vascular integrity and promote hemorrhage in GEs. These results underscore the critical roles of
the brain's innate immune cells in region-specific angiogenesis and how proinflammatory factors
from these immune cells perturb this process, leading to GMH in preterm infants.
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Abstract: Stress granules (SGs) are membrane-less compartments in eukaryotic cells that are
dynamically induced by environmental stresses. G3BP1 and G3BP2 have the highest centrality
within the core SG network and play a crucial role in SG assembly. However, their roles in
neurodevelopment and neurodevelopmental disorders (NDDs) risk are not clear. By leveraging
data from 40,853 individuals with NDDs, we found a nominally significant burden of de novo
variants compared to random occurrence. Through GeneMatcher, we recruited five additional



NDD individuals with de novo missense variants in G3BP1 or G3BP2. By generating G3BP1 or
G3BP2 knockout cells and fluorescence recovery after photobleaching method, we found
disorder-related de novo missense variants in G3BP1/2 significantly suppressed the liquid-liquid
phase separation and SG formation. Our findings implicate G3BP1 and G3BP2 are new NDD
risk genes and suggest the SG pathology in NDDs. We are now generating G3BP1 and G3BP2
knock-in mouse to further investigate the underlying mechanisms.
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Title: Pcml regulates posttranslational modifications of tubulin in the primary cilium
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Abstract: The pericentriolar material 1 protein (PCML1) is a component of the centriolar
satellites and regulates the biogenesis and function of the centrosome and cilium in the nervous
system. In response to paracrine signaling, firing patterns in neurons are modified to
accommodate changes in the cellular distribution of centriolar satellite proteins at the
centrosome. Here, we demonstrate that uniqgue PCM1 spliced isoforms are translated in specific
cell lines and brain regions and that these protein isoforms are localized to discrete cellular
compartments in neurons. Using mass spectrometry, we identified new protein networks that are
complexed together with either the long or short PCM1 spliced isoforms. We also show how a
long and a short isoform can coordinate post-translational modifications in tubulin in vitro and
during the development of the brain. Electron tomography of synaptic terminals in the adult
hippocampus highlight how PCML1 isoform products can modify the size and density of synaptic
vesicles. Taken together, our data characterize a new role for centriolar satellite protein isoforms
in the modification of tubulin and ciliogenesis.
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Title: Smith-magenis syndrome protein rail regulates body weight homeostasis through
hypothalamic bdnf-producing neurons and trkb signalling
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Abstract: Retinoic acid-induced 1 (RAI1) haploinsufficiency causes Smith-Magenis syndrome
(SMS), a genetic disorder with symptoms including hyperphagia, hyperlipidemia, severe obesity,
and autism phenotypes. Rail is a transcriptional regulator with a pan-neural expression pattern
and hundreds of downstream targets. The mechanisms linking neural Rail to body weight
regulation remain unclear. Here we find that hypothalamic brain-derived neurotrophic factor
(Bdnf)-TrkB signalling is disrupted in SMS (Rail*") mice. Selective Rail loss from all Bdnf-
producing cells or from Bdnf-producing neurons in the paraventricular nucleus of the
hypothalamus (PVH) induced obesity in mice. Electrophysiological recordings revealed that
Rail ablation increased inhibitory synaptic transmission to PVHB neurons and decreased
intrinsic neuronal excitability. Chronic treatment of SMS mice with a partial agonist of
tropomyosin receptor kinase B (TrkB), the cognate Bdnf receptor, delayed obesity onset. This
treatment also partially rescued disrupted lipid profiles, insulin intolerance, and stereotypical
repetitive behaviour in SMS mice. These data argue that Rail regulates body weight and
metabolic function through hypothalamic Bdnf-producing neurons and that targeting TrkB
signalling might improve associated SMS phenotypes.
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Abstract: The spatiotemporal patterning of transcription factor expression has a well-
appreciated role in the fate and function of many cell types. In the brain, hippocampal area CA2
is enriched with the Mineralocorticoid Receptor (MR; Nr3c2), a ligand-inducible transcription
factor labile to stimulation by the stress hormone corticosterone. Recently, we discovered that
MR is required for the acquisition and maintenance of the molecular, physiological, and
behavioral features of CA2 by investigating embryonic and postnatal MR knockout mice. One
curious contrast between these models was a disruption of hippocampal afferents from the
supramammilary nucleus (SuM) in the embryonic, but not postnatal, model of MR loss. This
result is suggestive of a specific role for MRs in establishing hippocampal neural connectivity
during embryonic development. To test this assertion, we used a pharmacological model to
perturb MR activity in utero. We implanted subcutaneous slow-release pellets containing the MR
antagonist Spironolactone in dams during mid-gestation. In resulting litters, CA2 connectivity,
CA2 molecular marker expression, and CA2-dependent behaviors were examined at adult ages.
We assessed CA2 efferents to dorsal CA1 using a linear region-of-interest (ROI) through CA1
from alveus to stratum lacunosum-moleculare to capture signal intensity of fluorescently-labeled
CAZ2 axons across CA1 layers in coronal sections. We found a significant main effect of
treatment on fluorescence intensity across CAL layers (p<0.01) that was due to Spironolactone
treated animals having decreased fluorescence signal in CA1 stratum oriens, where CA2 axons
preferentially project, relative to control animals. We assessed hippocampal afferents from SuM
using immunohistochemical detection of the vesicular glutamate transporter 2 (vGluT2), which
is expressed on SuM terminals. We found that vGluT2 fluorescent signal was significantly
decreased in both CA2 (p<0.01) and dentate gyrus (p<0.001) in Spironolactone-treated animals.
In contrast, we detected no significant effect of treatment on somatic stain for CA2 protein
markers, suggesting that prenatal MR perturbation does not have lasting effects on CA2’s
distinct gene expression. Behaviorally, we found that Spironolactone-treated animals exhibited
increased reactivity to novel objects (p<0.05), also in accordance with embryonic knockout of
MR. However, we found no difference in preference for social novelty between the treatment
groups. These findings suggest that developmental impairment in MR signaling, potentially
mediated by maternal stress in early life, may have persistent effects on circuitry and behavior.
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Title: Disruption of single-nucleus multimodal dynamics predicts persistent dysfunction in
glutamatergic neurons after prenatal hypoxia
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Abstract: Prenatal and perinatal hypoxic injury affects over a million births annually, eventually
leading to neurodevelopmental disability in one-third of those children. Yet, we lack targeted
interventions for improving outcomes. A limitation toward developing therapeutics is that we
lack understanding of the multifaceted, cell type-specific molecular consequences of this
transient insult on the developing brain. To address this gap, we performed joint single nucleus
RNA-sequencing and assay for transposase-accessible chromatin sequencing from the cortex of
mice immediately after prenatal hypoxia exposure (8 hours of 5% inspired oxygen at embryonic
day 17.5). This animal model phenocopies mild hypoxic injury seen in neonatal children. Over
140,000 nuclei were sequenced from 16 total samples evenly divided between normoxia and
hypoxia as well as males and females. We identified clusters of known neuronal and glial cell
populations. Prenatal hypoxia led to a slight increase in endothelial cells but no further changes
in cell number for other cell types. Genes that were dysregulated by hypoxia in all cell types
were enriched for pathways related to metabolism and RNA splicing and processing. RNA
splicing-related gene dysregulation was associated with global disruption of RNA velocity, the
single cell ratio of unspliced to spliced transcripts. Furthermore, we found several cell type-
specific disruptions in gene expression and regions of chromatin organization after prenatal
hypoxia. Most remarkably, we discovered that hypoxic glutamatergic neurons had a selective
disassociation between global chromatin organization and gene expression. Glutamatergic
neurons, which develop synapses postnatally, also demonstrated dysregulation of genes
associated with neuron structure and function after prenatal hypoxia. To test whether these
changes in the fetal brain suggested which cells and pathways may be disrupted by hypoxia in
mature neurons, we used Golgi staining and whole-cell patch-clamp electrophysiology in
juvenile mice to examine their structure and function. We found that glutamatergic neurons had
decreased dendritic spine density and disruptions in excitability and one month after the hypoxic
insult. Many of the potassium channels associated with hyperpolarization were not expressed in
fetal glutamatergic neurons at baseline, but about 80% of these genes had abnormalities in
nearby chromatin accessibility after prenatal hypoxia. Together, these findings suggest that
prenatal hypoxia disrupts the organization of chromatin and the transcriptome in glutamatergic
neurons, leading to persistent disruption of neuronal maturation and structure.

Disclosures: A.G. Cristancho: None. D. Joseph: None. M. Cassidy: None. P. Chauhan:
None. E. Gadra: None. E. Gadra: None. D. Zarrinnegar: None. B. Rodriguez: None. E.
Marsh: None.

Poster

PSTRO004. Molecular Mechanisms of Neurodevelopmental Disorders |



Location: WCC Halls A-C

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM

Program #/Poster #: PSTR004.08/B44

Topic: A.07. Developmental Disorders

Title: Exploring the role of schizophrenia associated genes in neuronal remodeling

Authors: *S. KERET, O. SCHULDINER;
Weizmann Inst. of Sci., Rehovot, Israel

Abstract: The wiring of the adult nervous system underlies its correct function. Its precise
connectivity is shaped during early and postnatal developmental. Collectively known as
developmental neuronal remodeling, these postnatal processes include neurite pruning often
followed by regrowth as a conserved strategy to refine neural circuits in both vertebrates and
invertebrates. Impairments in neuronal remodeling were implicated for a long time in a wide
variety of neuropsychiatric disorders such as Autism Spectrum Disorder and Schizophrenia
(SCZ). However, the mechanisms by which remodeling leads to neuropsychiatric disorders are
still mostly unclear. Specifically, we aim to address this gap by understanding the link between
impairments in neuronal remodeling to SCZ. SCZ is a neuropsychiatric disorder that affects ~1%
of the population worldwide, and yet its causes (genetic, developmental, environmental),
mechanism of action, and treatments mechanisms are not well understood. SCZ patients
experience positive symptoms that refer to delusions and hallucinations (i.e. additive
experiences, hence the term positive symptoms) along with negative symptoms such as
anhedonia and more (i.e. lack of normal functions). It is known from MRI studies that SCZ
patients experience loss of grey and white matter already at the onset of the disease compared to
healthy subjects. This was hypothesized by I. Feinberg 1982, to occur by over-pruning occurring
during developmental neuronal remodeling. We aim to find a link between common Single
Nucleotide Polymorphism (SNP) among SCZ patients and neuronal remodeling during
development. Using the stereotypic remodeling of the Drosophila mushroom body (MB),
required for learning and memory mostly of olfactory stimuli, I screened 39 fly genes which are
orthologues of genes containing SNPs in SCZ GWAS studies. Using RNAI to knockdown each
of these genes within the MB- y neurons I found that 11 genes-knockdown result in abnormal
MB phenotype. At this point | am further exploring these candidates.
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Abstract: Genetic variants in the TANC2 gene are associated with a range of
neurodevelopmental disorders including autism spectrum disorder, intellectual disability, and
developmental delays. In addition, variants in TANC2 have been associated with Lennox-
Gastaut Syndrome, a severe form of epilepsy with childhood onset that is often accompanied by
treatment resistant epilepsy. Despite the known clinical implications of TANC2 variants, its
mechanistic role in the brain in health and disease remains unclear. In rodents, TANC2 is highly
expressed throughout the brain during development and TANC2 deficiencies are embryonically
lethal. Previous studies have also linked TANC?2 to a variety of roles ranging from synaptic
scaffolding at dendritic spines to inhibiting mTOR signaling. To further explore the role of
TANC2 in neuronal cell signaling and brain development, we developed in vitro CRISPR/Cas9
knockout models of TANC2 deficiency and a TANC2 overexpression cell line by transfection
into neuron-like mouse Neuro-2a and human SK-N-SH cells, with and without differentiation by
retinoic acid. We hypothesized that overexpression of TANC2 would inhibit mTOR pathway
signaling and that knocking out TANC2 would result in mTOR pathway hyperactivation. We
observed no changes in mTOR pathway signaling after TANC2 KO, as measured by Western
blot of PS6 (Ser240/244) and P4E-BP1 (Thr37/46). In addition, there was also no effect on
dendrite outgrowth or soma size (both hallmarks of mMTOR pathway hyperactivation). Lastly,
overexpressing TANC2 in N2a cells did not result in mTOR pathway inhibition. Based on these
findings, TANC2 does not play a regulatory role in mTOR signaling but may play a role in
alternative cell signaling cascades that modulate developmental processes in the brain. Further
work is necessary to elucidate the mechanistic role of TANC2 and how its genetic variants play a
role in neurodevelopmental disorders.
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Title: Endoplasmic reticulum chaperone, bip protects microglial cells from endoplasmic
reticulum stress mediated apoptosis under hyperglycemic conditions
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Abstract: Background: Binding of Immunoglobulin heavy chain protein (BIP) is a major
endoplasmic reticulum (ER) chaperone facilitating the assembly of newly synthesized proteins in
the ER. Microglial cells vigorously respond to brain injuries and eliminate the damaged neuronal
and apoptotic cells through phagocytosis in the central nervous system. However,
hyperglycemia's mechanism of BIP-mediated microglial cell function is unclear. We explored
the molecular mechanism of BIP in microglial function during hyperglycemia conditions.
Methods: Hyperglycemia was induced in C57BL/6J mice by two consecutive intraperitoneal
injections of streptozotocin (STZ 100/kg) and confirmed by measuring the blood glucose from
day 2 to day 14. After 14 days of experimental condition, mice were sacrificed, brains were
collected, and tissue lysate was prepared for ER chaperone studies. In-vitro hyperglycemia was
induced by exposing HMC3 cells to 25mM glucose for 5 days and proteins involved in ER
stress, apoptosis, and autophagy were analyzed.

Results: In hyperglycemic conditions, the major ER chaperone BIP protein expression was
dramatically reduced in HMC3 cells, which led to increased apoptosis through the activation of
CHOP and mitochondrial pro-apoptotic proteins (Bax, Bad, cleaved caspase-3). The flow
cytometry results also indicate hyperglycemia-induced apoptosis and reactive oxygen species
(ROS) production. Interestingly, the BIP inducer X restored the apoptosis in microglia through
the de-repression of BIP and inhibition of ER stress. These results suggest that the ER chaperone
BIP is required for the microglial function and protects from apoptosis in hyperglycemia. A
better understanding of the molecular mechanisms and the role of BIP in microglia function may
contribute to developing novel therapies for microglia dysfunction-associated neurodegenerative
diseases.
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Title: Cohen-syndrome associated VPS13B regulates mitochondrial morphology
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Abstract: The Vacuolar Protein Sorting 13 Homolog B (VPS13B) is a large transmembrane
protein that is associated with Cohen syndrome (CS), a neurodevelopmental disorder. However,
its precise function and cellular pathogenic mechanism are not fully understood. In this study, we
found that the loss of VPS13B resulted in abnormalities in both mitochondrial morphology and
function. Our analysis using electron microscopy and immunostaining revealed that VPS13B KO
cells have enlarged mitochondria, which results in impaired membrane potential, and dynamics
of mitochondria, compared to WT. Interestingly, our transcriptomic analysis showed that
mitochondria associated genes are dysregulated. Indeed, mMRNA expression levels of DCN
(Decorin), a mitophagy associated proteoglycan, and Mfn2(mitofusin2), a key player in
mitochondria fusion, were significantly reduced in VPS13B KO cells. Moreover, mitochondrial
proteins such as TIM23, ubiquitinated parkin or PINK1 accumulated in VPS13B KO cells.
Mitophagy flux was also impaired, leading to accumulation of damaged mitochondria in
VPS13B KO cells. More intriguingly, CS iPSC(induced pluripotent stem cell)-derived neurons
have larger mitochondria, a reduced mitochondria membrane potential, an accumulation of
PINK1 protein, and reduced Drpl protein level compared to control neurons. Taken together, we
provide novel roles of VPS13B on regulation of mitochondria and a new pathogenic mechanism
of CS associated with mitochondrial dysfunction.
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Title: Nprl2 knockout results in altered neuronal morphology in vitro and laminar
disorganization in vivo
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Abstract: Malformations of cortical development (MCD) are a common cause of medically
refractory epilepsy. The most common type of drug-resistant epilepsy in children results from
focal cortical dysplasia (FCD type 2; FCD2), a type of MCD. FCD2 is most commonly caused
by variants in genes that encode proteins forming the GATOR1 complex (NPRL3, DEPDCS, and



NPRL2)- a negative regulator of the mTOR pathway. FCD2 phenotypes such as abnormal
neuron morphology and cortical dysplasia are linked to mTOR hyperactivation. While NPRL3
and DEPDCS5 variants are well defined, NPRL2 variants are emerging as another frequent cause
of FCD2. We hypothesize that Nprl2 KO will result in mTOR-dependent alterations in neuronal
morphology in vitro and cortical dyslamination in vivo. An Nprl2 KO line was generated by
targeting exon 5 of Nprl2 via CRISPR/Cas9 in mouse Neuro2a cells (N2aC). N2aC WT,
scramble control (SC), and KO cells were treated with mTOR inhibitors (rapamycin and torinl)
or treated with amino acid-free media to assess phosphorylated ribosomal S6 levels or
LAMP2/mTORCL1 co-localization. Cell lines were treated with vehicle or mTOR inhibitors and
visualized via immunofluorescence staining with F-actin to measure soma size. Time-lapse
imaging was used to capture aggregation patterns in each cell line with or without mTOR
inhibitors. Cell size and process outgrowth was assayed via F-actin or MAP2 probing and
spinning disk confocal microscopy. CD1 mouse embryos underwent in utero electroporation
(IUE) using Nprl2 CRISPR/Cas9 or scramble plasmids at E14. Dams were injected with
rapamycin 24 hrs after surgery. At P3, brains were dissected from IUE pups and processed by
immunohistochemistry using primary antibodies recognizing GFP, SATB2 (layer I11/111), and
CTIP2 (layer IVV-V1) and then secondary antibodies. Brain sections were imaged on a Keyence
microscope and analyzed by binning images into cortical layers I,-111, IV-VI, and white matter
zones. Nprl2 KO resulted in mTOR-dependent increases in pS6. KO cells also showed mTOR-
dependent increases in soma size and process outgrowth vs. WT cells. Additionally, KO cells
showed inappropriate localization of mMTORCL to the lysosome during amino acid starvation and
formed abnormal aggregates compared to control cells. Further, there were a greater number of
cells in each aggregate in the KO cell line. Nprl2 IUE mice displayed GFP-positive heterotopic
neurons in the sub-cortical white matter while Scram IUE neurons displayed GFP+ cells only in
layer 1l and 111. Nprl2 KO results in mTOR hyperactivation, altered morphology, inappropriate
localization of mMTORC1 to the lysosome, and cortical dyslamination which is consistent with
FCD phenotypes.
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Abstract: DNM1L, a gene encoding the Drpl protein involved in mitochondria and peroxisomes
division, has been associated with a spectrum of clinical symptoms ranging from mild optic
atrophy to severe epileptic encephalopathy. However, the functional implications of different
DNML1L mutations, particularly in the symptom-related neurological context, remain poorly
understood. In this study, we employed neuronal models to investigate the effects of DNM1L
mutations associated with varying clinical severities. We introduced vectors containing each
DNM1L mutation into developing mouse brains via in-utero electroporation. Overexpression of
mutations associated with mild symptoms resulted in postnatal migration defects, while
mutations associated with severe symptoms caused reductions in cell number, axon branching,
and dysgenesis of the corpus callosum. Notably, the phenotypic differences were not attributed
to abnormalities in prenatal apoptosis or proliferation, but rather emerged during the early
postnatal stage, suggesting a distinct stage-specific mechanism for severe symptom-related
variants. Furthermore, using DNM1L Tet-Off human neural progenitor cell lines with the
knockout of the endogenous allele, we characterized the differential impact of mutations on
organelle dynamics. Our findings provide valuable insights into the symptom-related functional
consequences of DNM1L mutations and their clinical implications in neurodevelopmental
disorders.
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Abstract: The function of the immune complement (C) pathway embodies neuroimmune
adaptations, playing a pivotal role in synaptic plasticity. In fact, disruptions in the C pathway
have been linked to devastating brain diseases exhibiting pathological synaptic loss, such as
schizophrenia (SCZ) and Alzheimer’s disease. Our group previously demonstrated that
increasing the levels of the SCZ risk gene, complement component 4 (C4) — a member of the
immune complement cascade — leads to hypoconnectivity of developing cortical neurons. A



long-standing dogma in the neuro-immune field is that cells in the brain can release complement
proteins into the extracellular space, where they modify the connectivity of neurons through the
activity of the complement receptor 3 (CR3) and the recruitment of microglia. However, our
preliminary data show that overexpression of C4 (C4-OE) via in utero electroporation (IUE) in
transgenic mice lacking the CR3 leads to a decrease in the density of postsynaptic dendritic
spines of layer (L) 2/3 PFC pyramidal neurons compared to controls, suggesting that C4 acts
through an independent, non-canonical mechanism. Using co-immunoprecipitation in HEK293T
cells, we show that C4 interacts with Sorting Nexin 27 (SNX27), an endosomal protein.
Importantly, IUE of both C4 and SNX27 leads to an increase in the density of dendritic spines
and rescue of the miniature excitatory postsynaptic current frequency of L2/3 PFC neurons,
undistinguishable from that of controls, indicating that increased levels of SNX27 could rescue
C4-induced hypoconnectivity. Using STED super-resolution microscopy in brain slices, we
demonstrate that C4-OE leads to a reduced amount of AMPA receptor subunit GIuR1 in Rablla-
positive recycling endosomes while increasing the amount of subunit in the Lampl-positive
lysosomes in dendritic spines in L1 apical tufts, a circuit implicated in controlling states of
consciousness, attention, and learning. We also demonstrate that C4 is colocalized with SNX27
nanoclusters in dendritic spines, suggesting that this immune molecule is associated with the
intracellular endosomal machinery. Overall, we show that in the dendritic spines of PFC neurons,
C4 disrupts the function of SNX27, which leads to dysregulation of the endosomal machinery,
increased degradation of GIuR1, and decreased connectivity. Our new model provides one of the
first pieces of evidence of neuron-autonomous mechanisms of complement-dependent synaptic
weakening and suggests that synaptic engulfment by microglia might be a consequence of
neuronal synaptic plasticity.
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Abstract: Autism spectrum disorder (ASD) is characterized by impairments in social
communication and social interactions as well as the presence of restrictive and repetitive
behaviors. Chromatin and transcriptional regulators are among the class of genes most
commonly mutated in ASD. Absent, Small, Or Homeotic-Like (ASH1L) is a major genetic risk
factor for ASD, and it encodes for a histone methyltransferase that deposits two methyl groups
on lysine 36 on histone H3 (H3K36me2). Previous work from our lab suggests that ASH1L
modulates molecular mechanisms governing neuronal morphogenesis. However, the molecular
signatures that are regulated by ASH1L in human neuronal development are unknown. Here, we
generated disease variants in ASH1L that are associated with a range of phenotypes including
ASD, seizures and with variable degrees of intellectual disability (ID). We used genome editing
to generate nonsense pathogenic mutations in the chromatin binding domain (R2426*) and the
catalytic domain (E2143*) of ASHLL in human induced pluripotent stem cells (iPSCs) from a
neurotypical male individual. Through bulk RNA-sequencing (RNA-seq) of iPSC-derived
cortical excitatory neurons containing the ASH1L mutations, we observed widespread
dysregulation of multiple gene expression programs. In addition to changes in gene expression,
we also observed extensive differential isoform usage and alternative splicing changes in the
ASH1L mutants. Lastly, we performed chromatin immunoprecipitation approaches followed by
sequencing or CUT&TAG to determine how levels and positioning of specific histone
modifications are altered in the ASH1L mutant iPSC-derived neurons. Integration of the
transcriptomic and epigenomic datasets in this study will allow us to uncover the molecular
underpinnings associated with ASH1L dysfunction in human neurons.
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Abstract: Copy number variations (CNVSs) at the chromosomal region 16p11.2 are associated
with autism spectrum disorder, intellectual disability and other neurodevelopmental disorders
(NDDs). Converging evidence from mouse models and human studies points to MAPK3, a gene
located in the 16p11.2 region, as a key factor for NDD. MAPK3 encodes for ERK1, a protein
kinase of ERK signalling cascade, which regulates neurodevelopment, cognition and behavioural
plasticity. Moreover, recent data suggest that dysfunctions in the cortico-striatal connectivity
underlie NDDs in both patients affected by NDDs and mouse models of 16p11.2 deletion. To
better elucidate the role of ERK signalling in the pathophysiology of NDDs associated with
16p11.2 CNVs, we employed both mouse models of 16p11.2 CNVs and human iPSCs-derived
neurons. In addition, human carriers of 16p11.2 deletion and duplication were screened for
peripheral alterations of ERK signalling components.Our data demonstrate that MAPK3/ERK1
genetic alterations are reflected in corresponding biochemical changes in blood samples human
16p11.2 deletion and duplication patients.In addition, converging evidence from our mouse
models and iPSCs-derived neurons points to a potential dysregulation of dopaminergic signalling
in 16p11.2 CNVs. Altogether, our results suggest that peripheral signalling intermediates may
become reliable biomarkers for NDDs. Moreover, the 16p11.2 CNVs may be implicated in
cortico-striatal dysfunctions underlying NDDs.
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Abstract: A naturally occurring spontaneous mutation was discovered in Taconic Biosciences’
wildtype C57BL/6NTac mice that is strongly associated with early-onset thyroid dysplasia.
Whole genome sequencing of affected vs unaffected animals revealed that the genetic variant
was caused by transposition of a L1 long interspersed nuclear element (LINE) which inserted
into an intron within the Thyroglobulin (Tg) gene. The presence of the LINE-1 interferes with
splicing, resulting in exon 26 to be excluded from most Tg transcripts as shown by RNAseq
analysis of the thyroid transcriptome of homozygous animals. The resulting phenotype is
inherited in an autosomal dominant manner with affected mice exhibiting thyroid follicular cell
dysplasia that progressed to thyroid adenoma by 12 months of age with incomplete penetrance.
Here, we studied the functional consequences of the LINE-1 transposition by running Wild-type,
Heterozygous and Homozygous C57BL/6NTac males for that mutation through a battery of
behavioral and metabolic tests. The behavioral tests included circadian activity, open field,
SHIRPA, grip strength, rotarod, fear conditioning and formalin pain test. The metabolic cohort
consisted of blood chemistry, electrocardiogram, Echocardiography, Oral Glucose Tolerance
Test and energy expenditure upon 10-week treatment with a GAN NASH diet. The results will
be presented at the meeting.
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Title: Making a human specific model: Maternal Immune Activation and Neuroinflammation
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Abstract: The human placenta is essential for the development and survival of a developing
fetus. It is the main communicator between fetus and mother and is responsible for producing
hormones and growth factors for correct fetal development during pregnancy. Maternal Immune
Activation (MIA) plays a role in antagonizing the placenta and increasing risk of
neurodevelopmental disorders, by causing a proinflammatory state. This information is known
from human epidemiological studies and animal models, but the human placenta is severely
understudied. There is a gap in the scientific field for a human specific placenta model to better
understand the interplay of MIA and neurodevelopmental disorders. Primary human trophoblast
stem cells (hTSC) and human pluripotent stem cells (hPSC) differentiated to hTSC can
potentially model placental processes in vitro. Yet, it remains controversial how the
differentiation of human pluripotent stem cells to trophectoderm relates to in vivo development
and the factors required for this differentiation. Here, we demonstrate that the primed pluripotent
state retains potency to generate trophoblast stem cells by activating EGF and WNT and
inhibiting TGFb, HDAC and ROCK signaling without exogenous BMP4 (named TS). We map
this specification by temporal single cell RNAseq compared to activating BMP4 or activating
BMP4 and inhibiting WNT. TS conditions generate a stable proliferating cell type that is highly
similar to six-week placental cytotrophoblasts with activation of endogenous retroviral genes and
without amnion expression. Multiple primed iPSC and ES lines differentiate to iPS-derived-
TSCs that can be passaged for at least 30 passages and differentiate to pure populations of
multinucleated syncytiotrophoblasts (STB) and extravillous trophoblast cells. Having establish
that primed IPSC and ES lines can be used to make an in vivo model of TSC, we were able to
use this to create a model to study MIA and neuroinflammation with, specifically, STB as the
mediator. We show that by exposing STBs to a RNA viral analog, they produce proinflammatory
cytokines, mimicking MIA.

Disclosures: B. Spiegelberg: None. E. Tietze: None. A.R. Barbosa: None. B.H.S. Araujo:
None. V. Euclydes: None. T. Sawada: None. H. Cho: None. Y. Lee: None. A. Feltrin:

None. J. van de Leemput: None. K.J. Benjamin: None. H. Brentani: None. D.R.
Weinberger: None. R. McKay: None. J. Shin: None. A.C.M. Paquola: None. J. Erwin: None.



Poster

PSTRO004. Molecular Mechanisms of Neurodevelopmental Disorders |
Location: WCC Halls A-C

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM

Program #/Poster #: PSTR004.19/B53

Topic: A.07. Developmental Disorders

Support: NIH Grant ROINS131620
USC-Buck Nathan Shock Center P30AG068345
NSF Graduate Research Fellowship

Title: Investigating the molecular basis of RNA exosome-linked neurodevelopmental disorders

Authors: *L. HIGGINSON, M. TORSTRICK, N. ELIAS, J. BURFORD, D. J. MORTON;
USC, Los Angeles, CA

Abstract: Post-transcriptional regulation of gene expression is critical for proper neuronal
development and function. Many of these highly coordinated post-transcriptional regulatory
events are mediated by an evolutionarily conserved and ubiquitously expressed RNA processing
complex, the RNA exosome. Recent clinical reports have linked autosomal recessive missense
mutations in the genes encoding structural subunits of the RNA exosome to distinct tissue-
specific disorders with shared neurological features. Disease-linked mutations in RNA exosome
subunit genes: EXOSC3 and EXOSC9 cause distinct subtypes of a devastating
neurodevelopmental disorder, Pontocerebellar Hypoplasia. In contrast, mutations in RNA
exosome subunit gene EXOSC2 cause a novel syndrome, SHRF (Short stature, Hearing loss,
Retinitis pigmentosa, and distinctive Facies), with mild cerebellar atrophy. These observations
indicate tissue-specific function for the RNA exosome and an enhanced requirement for the
complex in neurodevelopment. Towards understanding the biological mechanism of RNA
exosome-linked neuronal dysfunction, my studies will focus on systematically investigating and
comparing the cell type/tissue-specificity of pathogenic variants in distinct RNA exosome
subunits in the fly brain. Thus, | have engineered flies modeling pathogenic mutations in RNA
exosome Cap subunit genes: EXOSC2 (fly Rrp4), EXOSC3 (fly Rrp40), and Core subunit gene
EXOSC9 (fly Rrp45) via CRISPR/Cas9. My preliminary studies show that distinct pathogenic
variants within different or the same RNA exosome gene cause a spectrum of organismal
phenotypes including reduced viability, behavioral defects, and defects in brain morphology
compared to wildtype control flies. In addition, | have extended my analysis to survey the
transcriptome of each disease-linked RNA exosome mutant fly compared to wildtype flies and
have identified aberrant levels of key functionally important neuronal transcripts via bulk and
single-nuclei transcriptomic approaches. Moreover, we have employed quantitative mRNA
imaging technology throughout the entire Drosophila brain via Hybridization Chain Reaction
(HCR) RNA-FISH to visualize defects in proper mMRNA expression and localization.
Furthermore, to examine RNA exosome complex/integrity, we utilized mass-spectrometry based
approaches in brain-enriched tissue of RNA exosome mutant flies compared to wildtype
controls. In sum, this study advances our understanding of RNA exosome-linked neurological



disease and provides insight into the distinct tissue-specific consequences caused by alterations
in subunits within a single RNA processing complex.
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Abstract: Germline mutations in the tumor suppressor gene PTEN result in a spectrum of
multisystem disorders collectively referred to as PTEN hamartoma tumor syndrome (PHTYS).
Manifestations may include benign tumor-like growths (hamartomas), increased cancer risk, and
neurological comorbidities such as macrocephaly, autism spectrum disorder, intellectual
dysfunction, and in some cases, epilepsy. Here we developed murine and human neuronal cell-
based models of PHTS to support drug discovery efforts. Adenoviral PTEN shRNA transduction
of primary mouse hippocampal neurons on the first day in vitro (DIV) resulted in almost
complete loss of PTEN protein expression by DIV10. By DIV14, knockdown of PTEN resulted
in an increase in neurite outgrowth and branching, increased pAKT levels, and an increase in
network burst duration as measured by multielectrode array (MEA). Similarly, knockdown of
PTEN by >50% using an antisense oligonucleotide (ASO) approach in human iPSC-derived
neurons led to increased pAKT levels and an increase in network burst duration. We utilized
these models to screen tool compounds against PI3K pathway targets. Pan-P13K pan inhibition
or mTOR inhibition normalized pAKT levels and reversed the PTEN KD-induced
hyperexcitability phenotype. Interestingly, whereas the PI3Ka inhibitor, alpelisib, restored pAKT
levels, the PI3Kp inhibitor, GSK2636771, had no effect. Given that dysregulation of PI3K
signaling is a common feature of other disorders, including Fragile X syndrome and Rett
syndrome, determining the mechanisms by which the PI3K pathway drives pathophysiology may
inform treatment of diseases with overlapping manifestations. In sum, these cell-based models
can be used to finely dissect signaling pathways underlying PTEN dysfunction in neurons to
support the identification of candidate drugs to address the neurological manifestations of PHTS.
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Abstract: A hallmark of brain metabolism is the dynamic coupling between energy demand and
supply that involves a constant regulation of mitochondrial bioenergetics at prenatal and
postnatal stages of brain development. The brain is highly dependent on mitochondrial
homeostasis for ATP production via oxidative phosphorylation.

Our study focuses on the SYNGAPL1 syndrome, an intractable neurodevelopmental disorder,
with the long-term objective of designing novel therapeutic avenues. Its pathogenic mechanisms
remain elusive due to its ultra-rare frequency of 1/10,000 and its relatively recent documentation
as a neurodevelopmental disorder. The SYNGAP1 syndrome is caused by sporadic pathogenic
nuclear variants mapping in the SYNGAP1 gene, known to play an essential role in brain
development and functions. The SYNGAP1 gene encodes a brain-specific synaptic Ras GTP-ase
activating protein essentially localized in dendritic spines of cortical pyramidal neurons. Patients
with the SYNGAP1 syndrome exhibit neurodevelopmental delay, intellectual disability, epileptic



encephalopathy, and autism spectrum disorder.

The main question addressed in this study is whether the SynGAP1 syndrome could be in part
due to a dysregulated mitochondrial energy metabolism. Our study focused on a 3-year-old male
born with initial clinical manifestations of seizures, developmental motor and sensory delays
accompanied by speech delay and social issues, all evocative of mitochondrial etiology. We
undertook a comprehensive genetic analysis of the mitochondrial and nuclear genomes by long-
range PCR followed by massively parallel sequencing (MitoNGS) and whole exome sequencing
(WES), respectively. While the MitoNGS analysis did not reveal any mitochondrial pathogenic
variants or large deletions, the WES analysis revealed the pathogenic heterozygous nuclear
variant ¢.1783del (p.L595Cfs*55) in the SYNGAPL1 gene causing a frameshift variant located in
exon 11 of 19.

To elucidate the SYNGAP1-mediated mitochondrial energy signature, we opted for patient-
derived fibroblasts since the nuclear-mitochondrial genetic background alters metabolic
efficiency. Using the Seahorse technology, we found a profound deficit in the spare energy
capacity that is required for cells to sustain a high energy demand. Furthermore, the patient’s
fibroblasts displayed a defective mitochondrial metabolic plasticity preventing the use of
glycolysis to curtail the energy deficit.

In conclusion, our study provides the first evidence of dysregulated mitochondrial energy
metabolism associated with the SYNGAP1 syndrome in an ex vivo patient-derived cellular
model.
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Abstract: Gestational diabetes (GD) is a global health problem with severe consequences at
different levels in newborns. Few studies report the impact on neurodevelopment and its
association with biological and clinical biomarkers. In this regard microRNAs (miRNAs) show
excellent characteristics to be used as indicators of pathophysiological status. Therefore, the aim
of this project was to perform a comparative analysis of miRNA expression and to relate them to
aspects of neurodevelopment in order to understand the pathophysiology of the disease. The
study consisted in the analysis of two groups of newborns, the first one exposed in-utero to GD
and the second one was a control group. Neurodevelopmental assessment was performed using
the EDI scale before 6 months of age and the extraction of mirNAs from Guthrie Cards, to later
perform next generation sequencing by Illumina. The GD group showed a decrease in the Apgar
index and gestational age as well as the presence of macrosomia and/or some metabolic
alterations or malformations. Regarding the EDI index, the GD group showed decreased gross
motor skills, language skills and increased biological risk factors. In the sequencing results, 29
differentially expressed miRNAs were found, interestingly all underexpressed within which mir
103a.1.5p, mir 103a.3p, mir 107, mir 122.3p, mir 187.5p, mir 1910.3p, mir 3135b, mir 3160.5p
and mir 4268 stand out. Enrichment analysis showed relationship with pathways associated with
cell division, gland development, chromatin modification, tube morphogenesis, response to
hypoxia, brain development, embryonic stem cell differentiation and carbohydrate metabolism.
These results will allow us to further understand the pathophysiology of the disease and identify
new therapeutic targets or early diagnostic or prognostic biomarkers.
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Authors: *K. WINDEN, J. RUIZ, T. PHAM, N. TEANEY, M. SAHIN;
Boston Children's Hosp., Boston, MA

Abstract: Tuberous sclerosis complex (TSC) is a genetic disorder caused by heterozygous
variants in either TSC1 or TSC2, and it is associated with epilepsy, autism spectrum disorder
(ASD), and intellectual disability. On a molecular level, loss of TSC1/2 leads to disinhibition of
the mechanistic target of rapamycin complex 1 (mMTORCL), a central kinase involved in growth
and proliferation. Many neuronal abnormalities in TSC have been attributed to the increased



phosphorylation of known mTORCL targets. However, several studies have identified
transcriptional changes in TSC1/2-deficient neurons, but the mechanisms underlying these
changes remain poorly understood. We found that the immediate early gene, EGR1, was down-
regulated at the transcript and protein levels in cortical neurons in an animal model of TSC. In
addition, we observed reduction of EGR1 and several of its transcriptional targets in TSC2-
deficient human stem cell-derived neurons. To further understand the mechanism of decreased
expression of EGR1 in TSC2-deficient neurons, we examined the activity dependence of the
EGR1 promoter. Remarkably, we found that activation of the EGR1 promoter due to
depolarization was significantly impaired in TSC2-deficient neurons. These data demonstrate
that EGR1 is dysregulated due to loss of TSC in neurons and that this alteration may be
associated with dysfunction within the signaling pathways activated by neuronal activity.
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Abstract: In selected patients with drug resistance focal seizures, epilepsy surgery is a safe and
effective treatment. The spectrum of structural brain lesions histologically-detected is wide:
Malformation of Cortical Development (MCD), particularly the different Focal Cortical
Dysplasias (FCD), hippocampal sclerosis and low grade developmental tumor are highly
represented both in children and adults. Histological diagnosis, currently based on
microscopically visible alterations and on the level of expertise of pathologists, largely influence
the post-surgical seizure outcome. For certain pathologies, the diagnosis based on microscopic
hallmarks remains challenging and their incidence and clinical presentation show several
discrepancies among centers. Thus, there is an urgent need to integrate the standard
neuropathological workup with new and unconventional techniques. Matrix assisted laser
desorption/ionization imaging mass spectrometry (MALDI IMS) is a powerful technique for
label-free bioanalysis used to investigate, in a single tissue section, the spatial distribution of
thousands of biomolecules which can be correlated with traditional histological evaluation. To
optimize “standard operating protocol” for MALDI IMS analysis of peptides on formalin-fixed



paraffin embedded tissue sections (FFPE), we present preliminary experiments using tissue
sections from patients with a histological diagnosis of type 1l FCD, a developmental cortical
malformation frequent cause of drug-resistance epilepsy. Histology and immunohistochemistry
were used for a meaningful interpretation of the MALDI IMS data. Unsupervised classification
of the spectra, achieved by hierarchical clustering or by principal component analysis, is able to
differentiate distinct histopathological features, such as gray matter and white matter boundaries,
the core of the dysplastic lesion and the adjacent perilesional area, as validated on
immunoreacted-adjacent sections. Moreover, we show a good correlation between peptide
intensity map and immunohistochemistry of the correspondent protein. We also identify a list of
peptides that discriminate the lesion core from the perilesional tissue. An optimized “standard
operating protocol” for MALDI IMS on FFPE was developed to enhance spatial resolution and
reproducibility. The identification of discriminant peak lists will be relevant in cases where
diagnostic uncertainties and controversies persist or when small or fragmented biopsy samples
are available. This will allow us to expand its applicability for different epileptogenic lesions
more challenging in routine diagnostic practice.
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Abstract: Dendritic spines, the postsynaptic compartments atexcitatory synapses, are capable of
changing their shape and size to modulatesynaptic transmission. The actin cytoskeleton and a
variety of actin-bindingproteins play a critical role in the dynamics of dendritic
spines.Abnormalities of spine dynamics are implicated in several psychiatricdisorders, such as
schizophrenia and Autism Spectrum Disorder (ASD). Class Imyosins are monomeric motor
proteins that move along actin filaments using theenergy of ATP hydrolysis. Of these class |
myosins, myosin Id has been reportedto be expressed in neurons, whereas its subcellular
localization in neuronsremained unknown. The linkage analysis suggests that myosin Id is a
potentialrisk gene for ASD implied that myosin Id might play an important role indendritic
spines. Here, we investigated the subcellular localization of myosinld and determined the domain
responsible for it. We found that myosin Id isenriched in the dendritic spines of primary



hippocampal neurons. The mutantform lacking the TH1 domain is less distributed in dendritic
spines than is thefull-length form.Taken together, our findings reveal that myosin Idlocalizes in
dendritic spines through the TH1 domain. Our results showing thatmyosin Id is enriched in
dendritic spines raise the possibility that myosin Idregulates synaptic transmission in dendritic
spines and, furthermore, that itsdysfunction would result in ASD. These results provide the first
clues tounderstand the role of this molecule in the development and pathophysiology ofASD.
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Abstract: Advancement in neuroscience research has unravelled many key aspects about the
dynamics and formation of synapses which are the communication ports between neurons.
However, there is still more to learn about the molecular mechanisms that initiate and control
filopodia formation and establishment of synaptic contacts. In this project, we propose to utilise
the unique trans-synaptic transfer ability of rabies virus as an innovative tool to investigate
synaptogenesis.

The glycoprotein of rabies virus is known to be essential for the specific trans-synaptic
transmission of rabies virus. In our study, we identified that glycoprotein derived from a highly-
neuroinvasive rabies strain has an ability to drastically increase filopodia and synapse formation
in cultured neurons. This increased synapse formation enabled efficient transfer of the virus
particles. We hypothesised that the investigating this novel ability of rabies glycoprotein to
increase filopodia and synapse formation will reveal new information about synaptogenesis.
Using proximity labelling based interactome analyses, this project has successfully identified a
range of synaptic proteins that interact directly with the rabies glycoprotein to increase filopodia
and synapse formation. These are now being further characterised through proteomic assays,
western blot analyses and ELISAs with hopes of unravelling their specific role in synapse
formation. This could lead to the identification of new signalling mechanisms controlling
synapse formation. Advanced imaging techniques such as confocal and super-resolution
microscopy are also being employed to examine the precise localisation and role of rabies
glycoprotein and its interacting proteins in influencing synapse formation. This comprehensive



approach aims to expand our understanding of the complex processes governing synapse
development and provide valuable knowledge about the intricate neural networks that comprise
the brain.
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Abstract: The subiculum serves as the major output of the hippocampal formation, and it’s
involved in a variety of complex physiological functions. However, in pathological conditions,
its local excitatory circuits are able to generate hypersynchronous discharges that may propagate
to distant cortical regions. Despite numerous studies providing evidence of two distinct
populations of subicular pyramidal neurons (intrinsically bursting and regular firing 1B, RF,
respectively), the diversity of the presynaptic inhibitory inputs remains unknown. Yet, this is
crucial for understanding how specific populations of GABAergic cells physiologically regulate
functionally distinct pyramidal neurons. Moreover, since parvalbumin-expressing interneurons
(PVs) have been implicated in the generation of epileptiform activity, exploring differences in
their terminals may uncover new aspects of circuit regulation. Here, we investigated the role of
p-opioid receptor (MOR) expression in PV terminals targeting 1B and RF subicular pyramidal
neurons. To classify cells, their excitability and firing patterns were initially evaluated using
potassium-based intracellular solutions. Then, the same neurons were re-patched with pipettes
containing cesium and QX314 and held in voltage-clamp at +10 mV to record outward inhibitory
postsynaptic currents (IPSCs), which were triggered by brief blue light pulses (0.5 ms) in slices
prepared from PV-channelrhodopsin mice. IPSCs were recorded at 0.1 Hz and, after a baseline
of 3 minutes, the p-opioid receptor agonist DAMGO (5uM) was applied for 12 minutes. We
found a similar steady-state reduction (~45%) of IPSC amplitude in IB (n=17) and RF(n=19), but
different kinetics. In both cases, the effect of DAMGO was blocked by the opioid receptor
antagonist naloxone (10uM, n=6 IB and n=6 RF). The kinetic difference in the effect of
DAMGO on the IPSC recorded in IB vs RF was abolished in the presence of the metabotropic
glutamate receptor antagonist MCPG (500uM, n=5 IB and n=6 RF). We are currently testing the



hypothesis that DAMGO activation of glial MORSs triggers a transient glutamate release
specifically acting on metabotropic receptors selectively expressed by IB cells.
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Abstract: Communication in the nervous system relies on neurotransmitter release at synapses
with heterogeneous properties. Neurotransmitter release is triggered by Ca?* influx through
voltage-gated Ca®* channels (VGCCs) localized at active zones. How or if VGCC levels
determine probability of release (Pr) has been debated recently, so we investigated how channel
levels correlate with Pr at distinct excitatory synaptic subtypes. We take advantage of two
glutamatergic neuronal subtypes at the Drosophila neuromuscular junction, type Ib and Is. Type
Is active zones have higher action-potential induced Ca?* influx and a higher P; than type Ib,
providing a model to study VGCC organization at two closely related synapses with distinct
release properties. We have endogenously tagged the sole Drosophila Cav2 channel and, using
functional imaging, found that VGCC levels are highly predictive of Pr at individual active zones
within both type Is and type Ib subtypes. However, when comparing between these neuronal
subtypes, VGCC levels no longer predict Pr. To explain this paradox, we used STORM single
molecule localization microscopy and found underlying differences in VGCC density, but not
number, between subtypes, suggesting that organizational differences in VGCC contribute to
their distinct release properties. We next investigated the composition of VGCC auxiliary
subunits, which influence both channel trafficking and function, at each synaptic subtype. To
determine auxiliary subunit molecular composition at type Ib and Is synapses, we endogenously
tagged the sole Drosophila B subunit Ca-f3 and the two a26 subunits, Straightjacket and Stolid,
shown to function in motor neurons. All three subunits are expressed in the larval brain, albeit
with different expression patterns. However, only Ca-p and Straightjacket are observed at the
neuromuscular junction. Ca- is expressed at similar levels between type Ib and Is synapses. In
contrast, Straightjacket is expressed at lower levels at the high-Pr type Is active zones. Similarly,



active zone cytomatrix protein Bruchpilot/CAST levels are lower at type Is synapses. Together,
our findings reveal a context-specific role for VGCC levels in determining release probability.
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Abstract: Distinct dynamic state in synaptic vesicle release captured by time resolved cryo-
electron tomography

Changlu Tao'?*, Chongli Tian*%*, Yuntao Liu>**, Zhenhang Lu'?, Lei Qi', Dongging Shi?,
Xiaowei Li?, Leiging Yang?, Zhenhang Liao?, Pak-Ming Lau®2, Z. Hong Zhou?, Guo-Qiang Bil?
University of Science and Technology of China; ?Shenzhen Institute of Advanced Technology,
Chinese Academy of Sciences; University of California, Los Angeles
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Synaptic vesicle (SV) release is the predominant mode of neural transmission and depends on
precisely regulated SV exocytosis. Here, we have established a pipeline of imaging intact
cultured hippocampal neurons with cryo-electron tomography that enables visualization of intact
synapses at molecular resolution. Our data shows there are three distinct types of SVs interacting
with the presynaptic membrane: ‘tethered’, ‘contacting’, and ‘omega-shaped’ SVs. A “flash-
freeze” scheme of sample preparation with time-resolved optogenetic stimulation allows for
capturing snapshots of synaptic dynamics and revealing the distinct types of SVs are the
intermediate states of SV exocytosis. Our data shows that synaptic vesicle exocytosis undergoes
two phases: a fast phase as the vesicle fused with a narrow pore for transmitter release
accompanied by rapid vesicle shrinkage; then these vesicles can detach from or fuse completely
with the presynaptic membrane, corresponding to the ‘kiss-and-run’ and ‘full collapse’
processes, respectively. One action potential can trigger a bulk of vesicle release, and ‘kiss-and-
run’ is the predominant mode of vesicle recycling. In summary, we provide a picture of the
dynamic process of vesicle release in the native synapse at high spatiotemporal resolution.
Keywords: Synaptic transmission, Vesicle exocytosis, Cryo-electron tomography
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Abstract: In the central nervous system, most synapses exhibit potentiation of neurotransmitter
release by cCAMP, although the underlying presynaptic mechanism still remains elusive. Here,
taking advantages of direct axonal bouton recordings, we examined how cAMP controls synaptic
outputs from a Purkinje cell (PC), an inhibitory cerebellar neuron. By an adeno-associated virus
(AAV) vector, we fluorescently labelled cultured PCs. First, simultaneous somatic patch-clamp
recordings were performed from a PC and its target neuron. Increase in intracellular cAMP by
forskolin, a cell membrane-permeable adenylyl cyclase activator, unexpectedly, weakened the
evoked IPSC in amplitudes. Additionally, the synaptic delay was increased after the forskolin
application in a manner dependent on the axon length, suggesting a novel action of CAMP on a
PC in clear contrast to previous studies on other neurons. To examine the underlying mechanism,
we performed dual recordings from a PC soma and its axon. Forskolin slowed the axonal action
potential (AP) propagation and attenuated the AP amplitude, suggesting that cAMP slows and
attenuates the AP conduction in PC axons. By a direct patch-clamp recording from a PC axon,
we also found that the axonal currents through voltage-gated Na* channels were decreased by
forskolin. Next, we performed dual recordings from a PC axon terminal and its target neuron.
Voltage command with an AP waveform was applied to the voltage-clamped terminal, and the
resultant presynaptic Ca?* influx and evoked IPSCs were recorded. Weakened AP waveforms,
mimicking attenuation of AP by forskolin, showed a decrease in the Ca?* currents and IPSCs,
suggesting that the AP-attenuation by cAMP was responsible for the diminished presynaptic
Ca?" influx and subsequent smaller synaptic vesicular release. Furthermore, we attempted to
clarify the effect of CAMP on release machinery independently from the AP conduction, and
quantitatively measured the Ca?* influx, Ca?* sensitivity of release, and size of readily releasable
pool (RRP) of synaptic vesicles. Taken all these results together, our data indicate that cAMP
modulates both the axonal AP conduction and presynaptic neurotransmitter release, dynamically
controlling the timing and efficacy of synaptic outputs from PCs.
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Abstract: The significance of synaptic vesicle (SV) priming for accurate neural information
transferring has been well-established. However, the specific molecular model for dynamic
identity of SV derpiming that revert trans-SNARE complex assembly, has yet to be identified.
As a result of using N-ethylmaleimide (NEM), which inhibits NSF activity, and genetical mutant
mice lacking the presynaptic proteins involved in SV priming and fusion, we found that the SV
depriming doubled down on vesicular release probability and inhibited the rate of short-term
depression. In particular, SV depriming only occurred after Munc13 priming activity and
furthermore, the C1 domain in Munc13-1 was an absolutely required the dynamic regulation of
the priming-depriming activity equilibrium prior to SV fusion. We speculated that the SV
depriming activity may allow primed SVs to remain in a fairly heterogeneous dynamic state
rather than in a stable waiting-for-fusion state, allowing synaptic plasticity through stable and
sustained changes in synaptic transmission.
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Abstract: In mammals, the cerebral cortex consists of six layers. Neural migration must be
regulated appropriately to form layered cortical structures at the embryonic stage. In the
developing neocortex, excitatory neurons born at the ventricular zone migrate toward the pial
surface using two different migration modes, multipolar migration and locomotion. We have
previously reported that subplate neurons (SpNs) facilitate the conversion of migratory modes
through synaptic transmission (Chiaki Ohtaka-Maruyama et al, science 2018). However, the
molecular mechanisms regulating the synaptic transmission are unknown. Subplate (SP) layers
are rich in proteoglycans, such as HSPGs and CSPGs, and extracellular matrix, such as
fibronectin and collagen. Furthermore, we have previously found that Hs3st4 (heparan sulfate-
30 -sulfotransferase 4), which modifies the sulfate group to the heparan sulfate chains, is highly
expressed in the SP layer. But their physiological significance is unknown. In this study, we
analyzed the function of Hs3st4 in SpNs. SpNs are known to regulate neuronal migration via
synaptic transmission and the formation of the thalamocortical neural circuit. We hypothesized
that Hs3st4 might be involved in these functions. We then investigated which heparan sulfate
proteoglycans are expressed explicitly in SpNs using RNA Scope in situ hybridization. Neurexin
1 (synapse organizer) is highly expressed in the SpNs and co-expressed with Hs3st4. We also
screened postsynaptic proteins expressed in migrating neurons using microarray data of
migrating neurons and found that Neuroligin2, known as a Neurexin-specific ligand, is expressed
in those neurons. These results suggest that Neurexinl and Neuroligin 2 might be involved in the
transient synaptic transmission between SpNs and migrating neurons. Also, there is a possibility
that Hs3st4 regulates the function of Neurexin 1 by adding a sulfate group at the SP layer. While,
Hs3st4 was also expressed in axons, projecting from subplate neurons to cortical layer 1V at the
postnatal stage. Hs3st4 may also be associated with the projection of the thalamocortical axon to
the cortical 1V layer. These results raised the possibility that Hs3st4 regulates synaptic
transmission and thalamocortical projections by modifying the sulfate group to Neurexin 1 in the
SP layer.
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Abstract: The diversity of information encoding by neuronal circuits is regulated by the
magnitude and location of Ca?* entry though voltage-gated Ca?* channels (Cav). In the
mammalian central nervous system (CNS), Cav2.1 is the critical subtype for CNS function, since
it is the most efficient Cav2 subtype triggering action potential (AP) -mediated synaptic vesicle
(SV) release. The AZ comprises of a dense network of proteins that regulate synaptic function.
CAST/ELKS are highly conserved large multidomain core active zone proteins that regulate
presynaptic Cav2 channel levels and synaptic transmission. However, the molecular mechanisms
by which CAST/ELKS regulate presynaptic calcium channel targeting are unknown. To identify
specific domains in CAST/ELKS which regulate presynaptic calcium channel targeting, we
expressed mutant CAST/ELKS protein which deleted known binding sites to other active zone
proteins at CAST/ELKS null presynaptic calyx of Held terminals. Direct presynaptic Ca?*
current recordings were made using whole cell patch clamp electrophysiology to measure the
impact of the mutant CAST/ELKS proteins on presynaptic calcium current levels. Based on our
work, we have identified binding sites for CAST/ELKS that regulate presynaptic Cav2 levels.
These results and their impact on synaptic transmission will be discussed.
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Abstract: Loss or damage of synapses underlies a wide variety of brain disorders and there is a
pressing need to monitor synapse pathology in living individuals. Positron emission tomography
(PET) radiotracers that target synaptic vesicle protein 2A (SV2A) have shown promise in animal
and human studies. SV2A tracers have been reported to target all synapses and PET
measurements are used as a correlate of the synapse density in brain regions. Here, we ask
whether SV2A is found in all synapses and if the PET tracer signal correlates with the density of



SV2A-positive synapses. Using fluorescent immunolabelling and confocal spinning disk
microscopy at single-synapse resolution, we compared the expression of SV2A with a panel of
presynaptic and postsynaptic protein markers targeted to glutamatergic and GABAergic
terminals in mouse (N=3) and human (N=3) brain tissue. Only 65% of presynaptic terminals and,
interestingly, 40% of postsynaptic terminals were colocalised with SV2A expression in mouse
cortex, hippocampus, thalamus and striatum. In human cortex, only 23% of inhibitory synapses
and 30% of excitatory synapses express SV2A. Furthermore, SV2A-labelled synaptic terminals
showed a wide range of sizes and intensity indicating that SV2A PET tracer signals will be
affected by the populations of these synapses. Our findings show that, in both mouse and human
brain, SV2A is present in subsets of excitatory and inhibitory synapses. Crucially, this indicates
that SV2A is unlikely to be a reliable correlate of synapse density in all brain regions and,
consequently, that PET imaging data utilising SV2A tracers may not capture all synapse
pathology. Further studies are required to fully understand how we should interpret such PET
studies in monitoring human diseases, including whether SV2A synapses are among those
subtypes differentially vulnerable or resilient in each disease, and testing whether brain regional
PET signal can be matched to SV2A subtype distributions. This will help identify patient
populations that would benefit most from SV2A PET imaging.
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Abstract: The perforant path provides excitatory input to the hippocampus. Due to its role in
information processing and coding, entorhinal projections to the dentate gyrus have been studied
in considerable detail. Nevertheless, synaptic transmission between individual connected pairs of
entorhinal stellate cells and dentate granule cells remains to be characterized. In this study, we
used mouse organotypic entorhino-hippocampal tissue cultures of either sex, in which the
entorhino-dentate (EC-GC) projection is present and EC-GC pairs can be studied using whole-
cell patch clamp recordings. The properties of EC-GC synapses formed by the lateral and medial
entorhinal cortex were compared in wildtype cultures and differences in short-term plasticity
were identified. Since the perforant path is severely affected in Alzheimer’s disease, we used
tissue cultures of amyloid-precursor protein (APP)-deficient mice to examine the role of APP at
this synapse. APP deficiency altered excitatory neurotransmission at medial perforant path
synapses, which was accompanied by transcriptomic and ultrastructural changes. Moreover,
presynaptic but not postsynaptic APP deletion in conditional APPflox/flox tissue cultures
increased the excitatory transmission efficacy at perforant path synapses. In summary, these data
suggest a physiological role for presynaptic APP at medial perforant path synapses that may be
adversely affected under altered APP processing conditions.
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Abstract: The Abl kinase family, comprising two members, Abl1 and Abl2, exhibits tissue-
specific and context-dependent behaviors. In response to various extra- and intracellular signals,
Abl can initiate processes such as DNA repair, cell death, cell differentiation, proliferation,
migration, or retraction. The role of Abl kinase in the central nervous system (CNS) involves
neurulation, axon guidance, and synaptic transmission. Our previous research demonstrated that
ADbI1 influences presynaptic release, while Abl2 regulates postsynaptic responses. We discovered
that Abl2 activity affects the current density in excitatory synapses through the AMPA and
NMDA receptors, while the downstream effects of Abll on the presynapse remain unknown. To
address this question, we examined changes in the phosphorylation levels of synaptic proteins
using mass-spectrometry. In three independent sets of biological replicates, we detected and
quantified 3812 phosphorylation sites belonging to 1161 unique proteins. Our phosphoproteomic
analysis provided a comprehensive understanding of the molecular consequences of Abl kinase
activity. Activation or inhibition of Abl kinase led to significant alterations in phosphorylation
patterns in hippocampal neurons, indicating the involvement of numerous protein kinases.
Notably, kinases such as Src, PKA, PKC, ERK1/2, CDKS5, casein kinase 2, and GSK3, which
have known roles in regulating synaptic activity, plasticity, and development, were prominently
affected. Bioinformatic analysis further supported the potential contribution of Abl kinase
activity to synaptic transmission and maintenance. Among the 65 synaptic phosphoproteins
showing enrichment, several were implicated in active zone composition (e.g., Bassoon, RIM,
Piccolo) and docking, priming, and fusion processes (e.g., muncl8, muncl3, syntaxin 1,
synaptotagmin, complexin). Complexin 2 and synaptotagmin 2 exhibited the strongest
correlation with Abl kinase activity. Synaptotagmins and complexins exert opposing effects on
both spontaneous and evoked release events. Previous studies have demonstrated that
phosphorylation of presynaptic proteins, including complexins and synaptotagmins, profoundly
influences neurotransmission in both stimulated and spontaneous contexts. Complexins play a
crucial role in presynaptic maturation and synapse development related to spontaneous release.
Additionally, our data align with previous findings indicating that Abl activation induces
phosphorylation of NCAML, elF3a, and dephosphorylation of elF4B, which are associated with
neuronal activity, synapse development, and pruning.
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Abstract: Calcium/Calmodulin-dependent serine kinase (CASK) is a member of the MAGUK
family of proteins and is located on the X chromosome. CASK deficiency results in
microcephaly with pontine and cerebellar hypoplasia (MICPCH). CASK was first identified as
an interactor with Neurexin-1 and studies have shown it to be a Mg2+-independent protein
kinase that phosphorylates itself and Neurexin-1 via its PDZ domain. However, the role of
CASK in organizing synapses is still unclear. To study CASK deficiency in human neurons, we
used the CRISPR/Cas9 system to selectively target the first coding exon, yielding CASK
knockout human ES cell lines. Using a previously published system of overexpressing the
transcription factor Ngn2, we generated large number of human induced neurons (iN cells) for
subsequent studies. We examined the expression levels of a panel of synaptic proteins to
examine the synaptic effect of CASK deficiency. In addition, we examined the change in
network activity in the CASK-deficient neuronal cultures and observed decreased network
activity in CASK KO neurons. Future work will further examine the roles of various domains in
CASK in order to elucidate the role of CASK in organizing synapses.

Disclosures: Y. Ng: None. J.A. Janas: None. Z. Liu: None. J.S. Polepalli: None. T. Studhof:
None.

Poster

PSTROO05. Presynaptic Mechanisms, Organization, and Structure
Location: WCC Halls A-C

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM

Program #/Poster #: PSTR005.13/C8

Topic: B.04. Synaptic Transmission

Support: NIH Grant NS113955
NIH Grant NS112788

Title: Ca?*-regulated expression of high affinity methylaminoisobutryic acid transport in
hippocampal neurons inhibited by riluzole and novel neuroprotective aminothiazoles

Authors: *J. D. ERICKSONl, H. WULFFZ;
INeurosci. Ctr., LSU Hlth. Sci. Ctr., New Orleans, LA: 2Pharmacol., Univ. of California Davis,
Davis, CA

Abstract: High-affinity methylaminoisobutyric acid(MeAIlB)/glutamine(GlIn) transport activity
regulated by neuronal firing occurs at the plasma membrane in mature rat hippocampal neuron-
enriched cultures. Spontaneous Ca?*-regulated transport activity was similarly inhibited by
riluzole and by novel naphthalenyl substituted aminothiazole derivatives such as SKA-378. Here,
we report that spontaneous activity is stimulated by 4-aminopyridine (4-AP) and that phorbol-
myristate acetate (PMA) increases high K* stimulated transport activity that is inhibited by
staurosporin. 4-AP-stimulated spontaneous and PMA-stimulated high K*-induced transport is not



present at 7 days in vitro (DIV) and is maximal by DIV~21. The relative affinity for MeAIB is
similar for spontaneous and high K*-stimulated transport (Km~50vM) suggesting that a single
transporter is involved. While riluzole and SKA-378 inhibit spontaneous transport with equal
potency (ICso~1vM), they exhibit decreased (~3-5X) potency for 4-AP-stimulated spontaneous
transport. Interestingly, high K*-stimulated MeAIB transport displays lower and differential
sensitivity to the two compounds. SKA-378-related halogenated derivatives of SKA-75 (SKA-
219, SKA-377 and SKA-375) preferentially inhibit high K*-induced expression of MeAIB
transport activity at the plasma membrane (ICso<250M), compared to SKA-75 and riluzole
(ICs0>100vM). Ca?*-dependent spontaneous and high K*-stimulated MeAlIB transport activity is
blocked by w-conotoxin MVIIC, w-agatoxin IVA, w-agotoxin TK (ICs0~500nM) or cadmium
(IC50~20vM) demonstrating that P/Q-type Cav channels that are required for activity-regulated
presynaptic vesicular glutamate (Glu) release are also required for high-affinity MeAIB transport
expression at the plasma membrane. We suggest that neural activity driven and Ca?* dependent
trafficking of the high affinity MeAIB transporter to the plasma membrane is a unique target to
understand mechanisms of Glu/GIn recycling in synapses and acute neuroprotection against
excitotoxic presynaptic Glu induced neural injury.
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Abstract: G-protein By heterodimers (Gy) liberated upon activation of presynaptic inhibitory
G-protein Coupled Receptors (Giio GPCRS) prevent neurotransmission downstream of Ca?*
influx through direct interactions with the ternary N-ethylmaleimide-sensitive factor attachment
protein receptor (SNARE) complex. The ternary SNARE complex is composed of synaptosomal-
associated protein, 25kDa (SNAP-25), syntaxin-1A, and synaptobrevin-2. Previous work from
the Hamm lab has shown that the primary site of GBy-SNARE interactions involve the C-
terminus of SNAP-25 and the N-termini of GB1y2. Therefore, our hypothesis is that Gpy
competes with the Ca?*-sensor synaptotagmin for binding to the C-terminus of SNAP-25 in order
to inhibit fusion. However, the precise mechanism underlying Gpy-mediated inhibition remains
unclear due to the lack of high-resolution structural data available for the GBy-SNARE complex.
To address this, we have expressed and purified a pre-fusion ternary SNARE mimetic containing



a C-terminal truncation of synaptobrevin-2 which prevents full zippering of the SNARE
complex. This partially zippered SNARE construct has a higher affinity for GB1y2 than the fully
zippered version as determined by microscale thermophoresis (MST). We stabilized the GB1y2-
SNARE interaction using a crosslinker and purified the complex via gel filtration
chromatography. Peak fractions were analyzed using negative stain and cryo-electron
microscopy. Our current low-resolution initial model suggests that Gf1y2 interacts with ternary
SNARE only through the C-terminus of SNAP25. The region of GB1yz2involved in Ga subunit
interactions does not appear to overlap with the binding site for SNAP-25. We are currently
collecting and processing additional cryo-EM data to provide an atomic resolution structure.
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Title: Pathogenic human a-Synuclein regulates fusion pore kinetics during catecholamine release
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Abstract: Parkinson's disease (PD) is the second most common neurodegenerative disease due
to the massive death of dopamine neurons in the substantia nigra. In the past several decades,
postmortem studies demonstrated that polyploidy or mutation of human aSynuclein (haSyn) can
cause accumulation of haSyn oligomers, forming Lewy bodies, resulting in familial and sporadic
PD. Although haSyn has been found to interact with exocytotic machinery, little is known about
how haSyn replication or pathogenic mutation may regulate fusion pore kinetics during
catecholamine release. Here, we used single-vesicle amperometry to detect the real-time
exocytotic events in PC12 cells overexpressing control, haSyn, or the pathogenic mutant (haSyn-
A53T). First, we found that upon KCI depolarization, cells overexpressing haSyn or haSyn-
AS53T decreased secretion rate compared to the control. In addition, we analyzed two forms of
exocytotic events detected in amperometric recordings, i.e., full-fusion (FF) and kiss-and-run
(KR) events. We found that haSyn-A53T significantly increased the fraction of KR events
compared to haSyn, suggesting that haSyn-A53T may preferentially increase the release from
KR fusion pores. Moreover, by analyzing the spike characteristics of individual FF events. We
found that haSyn-A53T decreased peak amplitude and prolonged spike half-width, decay time,
and whole duration compared to haSyn. By contrast, the whole event area (proportional to the
total released amount of catecholamines) was not changed by haSyn or haSyn-A53T compared



to the control, suggesting that haSyn-A53T may prolong catecholamine release, without altering
the amount released. With further analysis of the prespike foot (PSF), representing the initial
fusion pore followed by full fusion, we found that the PSF duration was significantly increased
by haSyn or haSyn-A53T compared to the control. According to the proposed kinetic model of
fusion pores, we calculated the rate constants for fusion pores towards closure (kc) and dilation
(kd). Both haSyn and haSyn-A53T decreased ke to a similar level (70%) compared to control. By
contrast, haSyn reduced kd to 80% and haSyn-A53T reduced kq to 60% compared to the control,
suggesting that haSyn-A53T may profoundly prevent fusion pores from dilation. Together,
despite of secretion rate reduced by both haSyn and haSyn-A53T, the pathogenic mutant haSyn-
A53T may preferentially prolong catecholamine release and stabilize fusion pores. Thus, the
polyploidy and mutation of aSyn may differentially regulate fusion pore kinetics during
catecholamine release.
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Abstract: Enteroendocrine cells (EECs) are a heterogenous group of chemo- and
mechanosensitive cells in the gut epithelium that transmit information from the gut to the central
nervous system via the release of peptide hormones and neurotransmitters. Recent studies
indicate that EEC subtypes regulate processes such as food reward and aversion (Bai et al., eLife,
2022), feeding behavior and gut motility (Hayashi et al., eLife, 2023), visceral pain and anxiety
(Bayrer et al., Nature, 2023), or sodium appetite (Liu et al., Science Advances, 2023). Despite
their role in mediating important physiological processes and behaviors, little is known about the
cell biological and molecular mechanisms underlying stimulus-induced vesicle fusion,
transmitter and peptide release, and signaling to neurons in specific EEC subtypes. To gain a
better understanding of the functional organization of secretory vesicle pools in genetically
identified EEC subtypes, we established and characterized an in vitro experimental workflow
combining mouse genetics, 2D-monolayer cultures of mouse gut epithelium, and single-cell
electrophysiology and electrochemistry. We anticipate that our approach will make it possible to



understand the molecular control underlying gut-brain-axis signaling by specific EEC subtypes
in health and disease.
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Abstract: Neurons maintain seamless signaling by recycling presynaptic components through
endocytosis. In C. elegans neuromuscular junctions and mouse hippocampal neurons, this
process is mediated by clathrin-independent “ultrafast endocytosis’. However, it is unclear
whether this ultrafast mechanism is conserved in the human brain. Being blind to the
morphological changes occurring within human synapses as they communicate is detrimental to
our understanding of typical and dysfunctional brain states. Determining if ultrafast endocytosis
is a conserved process will contribute novel insight into the field of human neurobiology. To
explore this mechanism, we use live human neocortex slices, extracted from patients who have
undergone epilepsy surgery. We have adapted an advanced electron microscopy (EM) technique,
‘zap-and-freeze’ EM typically used with cultured cells, for use with these intact human brain
slices. Zap-and-freeze EM utilizes electric field stimulation and high-pressure freezing to
visualize synaptic membrane trafficking dynamics with high temporal and spatial resolutions
(milliseconds and nanometers). Our use of intact brain tissue (i.e. resected cortical areas that are
removed to access deeper hippocampal seizure locations) allows for more ‘native’ results—as
the synapses are known to be established coming from an adult human brain and situated within
an intact parenchyma allowing for natural cytoarchitectures. Using our technique, we have
discovered that ultrafast endocytosis is recycling synaptic vesicles in human cortices (n=2, 30-
year old male patients). We are currently investigating the endocytosis dynamics of different
synapse types (excitatory/inhibitory) that are situated in the same brain slice. Our eventual goals
are to expand into testing aged and diseased brains—offering unique data about the functionality
and ultrastructure of synapses that are the best of both electrophysiology and electron
microscopy worlds.
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Abstract: In recent years, the progress has been made in resolving the ultrastructure of the
presynaptic cytomatrix. However, we still lack a detailed understanding of the 3-D organization
of individual active zone (AZ) members. In this study, we aimed to investigate the spatial
orientation of AZ proteins using the effect of linear dichroism (LD) detected by two-photon
polarization microscopy. We validated our approach by demonstrating high LD in methoxy-X04
stained amyloid plaques and in a membrane-bound eGFP variant expressed in HEK293T cells
and primary neurons. We also fused the actin filament reporter LifeAct to eGFP via several
linkers and found that even non-structured linkers provide clear LD. Moreover, we next inserted
the membrane-bound eGFP in neurexinla to target the construct to synapses and showed that the
reliable LD can be registered in the presynaptic membrane as well. Then LD was measured in
synapses of cultured mouse primary neurons and in Drosophila larval NMJs expressing key AZ
proteins fused with eGFP via non-structured linkers. We did not observe LD for the tested AZ
proteins and also proved that LD is not disturbed by the eGFP-tagged protein molecules that are
not integrated into the AZ cytomatrix. Thus, the regular spatial orientation of the AZ proteins can
be excluded. However, certain radial regularities of their arrangements would remain undetected.
Our data form the basis for further analyses aiming at resolving the spatial orientation of AZ
members.
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Title: Functional specialization of hippocampal somatostatin-expressing interneurons
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Abstract: Hippocampal somatostatin-expressing (Sst) GABAergic interneurons (INs) exhibit
considerable anatomical and functional heterogeneity. Recent single cell transcriptome analyses
have provided a comprehensive Sst-IN subtype census, a plausible molecular ground truth of
neuronal identity whose links to specific functionality remain incomplete. Here, we designed an
approach to identify and access subpopulations of Sst-INs based on transcriptomic features. Four
mouse models based on single or combinatorial Cre- and Flp- expression differentiated
functionally distinct subpopulations of CA1 hippocampal Sst-INs that largely tiled the morpho-
functional parameter space of the Sst-INs superfamily. Notably, the Sst;;Tacl intersection
revealed a population of bistratified INs that preferentially synapsed onto fast-spiking
interneurons (FS-INs) and were both necessary and sufficient to interrupt their firing. In contrast,
the Ndnf;;Nkx2-1 intersection identified a population of oriens lacunosum-moleculare (OLM)
INs that predominantly targeted CA1 pyramidal neurons, avoiding FS-INs. Overall, our results
provide a framework to translate neuronal transcriptomic identity into discrete functional
subtypes that capture the diverse specializations of hippocampal Sst-INs.
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Abstract: The efficiency of vesicular neurotransmission depends on a complex interaction of
presynaptic proteins in the so-called presynaptic active zone with each other and with vesicular
and membrane proteins. Details of those interactions determine the fundamental properties of
neurotransmission and information storage in the brain. Interactions of active zone proteins are
still incompletely understood as their spatial arrangement and stoichiometry in the mammalian
synapse are only partially revealed. In this work, we compare the distribution and amount of
presynaptic proteins between functionally very distinct cerebellar synapses: very efficient
climbing fiber synapses (cfs) showing a high release probability and low efficient parallel fiber
synapses (pfs) characterized by a low release probability. We established quantitative volume
electron microscopy (FIB-SEM) of phosphotungstic acid (PTA)-stain tissue. PTA is known to
reveal a regular grid of protein complexes, so-called dense projections, likely containing high
concentrations of active zone proteins. These dense projections were reported to have a
stereotypical appearance across many synapse types and species. Our results show that dense
projections strikingly differ between cfs and pfs: The more efficient cfs contain thinner, smaller,
and fewer (per active zone area) dense projections compared to the less efficient pfs. We
estimate that each dense projection of cfs contain ~25 MDa of active zone proteins whereas
individual dense projections of less efficient pfs show a ~2-fold higher protein content (~50
MDa). The data show that dense projections substantially differ between types of synapses and
indicate that their composition and/or stoichiometry reflects functional specialization. Moreover,
the results shine new light on the role of the amount and distribution of presynaptic proteins as
they suggest that highly efficient neurotransmission correlates with a smaller amount of active
zone proteins.
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Abstract: During repetitive activity, most synapses exhibit a gradual run-down in their efficacy.
This synaptic depression typically depends on the frequency of activity, with more depression
occurring at higher frequencies. One notable exception is found in the cerebellum: synapses
between Purkinje cells (PCs) and deep cerebellar nucleus (DCN) neurons exhibit frequency-
independent transmission that allows this synapse to follow high-frequency activation faithfully
by maintaining constant synaptic strength (Cell Rep. 17:3256). Synapsins are a family of
synaptic vesicle proteins that are involved in clustering and mobilization of synaptic vesicles for
exocytosis (Mol. Cells 38:936). Here we examined the role of synapsins in frequency-
independent transmission by recording inhibitory postsynaptic currents (IPSCs) from DCN
neurons while electrically stimulating axons of presynaptic PCs in cerebellar slices from
synapsin triple-knockout (TKO) mice and control triple wild-type (TWT) mice. In the absence of
synapsins, IPSC amplitude was not sustained during prolonged stimulation (10-100 Hz). In
particular, there was more synaptic depression at higher frequencies of stimulation in TKO mice
compared to TWT mice. By measuring the total amount of synaptic charge evoked by
stimulation (J. Neurosci. 36:6742), we calculated that the rate of vesicle mobilization was
significantly reduced in TKO mice (19 + 9 pC/s) in comparison to TWT mice (78 + 18 pC/s),
while the size of the readily releasable pool (RRP) was similar in both genotypes. These results
indicate that synapsins play an important role in maintaining frequency-independent transmission
at PC-DCN synapses via enhancing vesicle mobilization during synaptic activity. To determine
whether synapsins participate in the short-term synaptic facilitation that also significantly
contributes to frequency-independent transmission at PC-DCN synapses (Nature 551:503), we
examined synaptic transmission when external calcium concentration was lowered (from 1.5 to
0.5 mM) to reduce release probability and minimize synaptic depression. In TWT mice, this
unmasked a synaptic facilitation that increased transmission up to 2-fold during repetitive
stimulation. Surprisingly, this facilitation was completely absent in TKO mice. Our results
indicate that synapsins are important for the persistence of transmission at PC-DCN synapses
and work by regulating both synaptic vesicle mobilization and synaptic plasticity.
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Title: Removing the GBy - SNAP25 brake on exocytosis exposes sexual dimorphisms in
metabolic and thermal regulation systems

Authors: Montana Young, Ryan P. Ceddia, Analisa Thompson Gray, Zack Zurawski, Dianxin
Liu, Julio E. Ayala, Owen P. McGuinness, Sheila Collins, Heidi E. Hamm Abstract: Regulation
of neuronal exocytosis directs countless physiological processes in mammals, but the sex
differences between males and females is under-appreciated in contemporary biomedical
research. The Hamm laboratory has previously developed a mouse model that expresses a
truncated form of SNAP25 (a key component of the SNARE complex) thereby preventing the
inhibition of vesicular exocytosis via Gy - SNARE interaction. Utilizing this SNAP2503 mouse
model, we have observed significant phenotypical differences between homozygous male and
female mice when environmental temperature is increased. We have previously shown both male
and female SNAP2503 mice display markedly increased insulin sensitivity, protection against
diet induced obesity, and increased white adipose tissue beiging. However, this phenotype is
abolished — only in males — when the mice are housed at thermoneutrality. We hypothesize that
this difference in hypothalamic temperature regulation is tightly correlated with the estrous
cycle, and this central nervous system effect is translating to the innervated adipose tissue of
female SNAP25a3 mice. This temperature independent phenotype poses the GBy-SNARE
interaction as a prime cellular mechanism to investigate the convergence of the nervous system
and metabolic homeostasis, as well as sexual dimorphism in thermal regulation. To unpack this,
we plan to conduct in-vivo metabolic studies with SNAP25a3 ovariectomized female mice
compared to intact wild-type and intact SNAP25a3 females in standard room temperature (22°
C) housing as well as thermoneutral (30° C) housing. We aim to correlate the metabolic and
tissue architectural changes between the ovariectomized and intact SNAP2503 females with the
presence of the estrous cycle. These changes will be apparent through diet induced obesity,
glucose tolerance, uncoupling protein 1 (UCP1), and adipose tissue beiging.
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Abstract: Synapses exhibit striking diversity in morphology, release probabilities, response
kinetics, and short-term plasticity. Although extensive progress has been made in characterizing
the molecular machinery of synaptic transmission, the range of mechanisms that generate
functional synaptic diversity across neuronal subpopulations is still being elucidated. To begin
addressing this question, we focused on two neuronal populations, tonic and phasic
glutamatergic motoneurons (MNs), that innervate Drosophila larval abdominal muscles. Tonic Ib
and phasic Is MNs show diversity in synaptic connectivity, bouton organization, dendritic
patterning, intrinsic excitability, and release properties, providing an attractive neuronal
subpopulation to characterize molecular and structural differences that contribute to these
features. Gal4 drivers specific for each MN subtype were used to genetically label or manipulate
them to characterize differences in synaptic transmission using optogenetics, electrophysiology,
and gquantal imaging. Is synapses displayed enhanced calcium influx, higher synaptic strength,
and greater release probability per active zone (AZ) than Ib synapses, consistent with prior
studies. Stimulated emission depletion (STED) nanoscopy and transmission electron microscopy
(TEM) analyses revealed Ib and Is AZs show differences in nanoscopic organization, AZ area,
T-bar length, and synaptic vesicle size and distribution that likely contribute to differences in
their synaptic output. To investigate molecular mechanisms contributing to differences in
synaptic strength and AZ organization, isoform Patch-Seq RNA profiling of the two
glutamatergic motoneuronal subtypes and their postsynaptic muscle targets was performed.
Genetic analysis identified distinct synaptic properties that mapped onto gene expression
differences for several cellular pathways, including signaling ligands, cytoskeletal organization,
membrane trafficking, post-translational modifications (PTMSs), and intracellular calcium
buffers. Differential PTMs (sialylation and ubiquitination) were also found to regulate 1b or Is
NMJ growth and AZ structure in a synapse-specific manner. These data identify differences in
AZ organization, transcriptomes, and PTMs that contribute to functional synapse diversity at
Drosophila larval NMJs.
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Abstract: The synaptic vesicle (SV) protein Synaptotagmin-1 (Sytl) docks/primes SVs and
forms part of the Ca2*-dependent vesicle translocation machinery that enables fast
neurotransmitter release. Studies that combined genetic deletion with site-directed mutations
suggest that Synaptotagmin-7 (Syt7) has overlapping yet partially independent functions to Syt1,
but how Syt7 exert those functions remains poorly understood. To investigate the putative
redundant role of Syt1/Syt7 in vesicle docking we performed high-pressure freezing and electron
microscopy on hippocampal cultures from Syt1/7 double knockout and Syt7 knockout mice. We
find that Syt7, similarly to Syt1, supports docking function. Syt1/Syt7 functional redundancy in
priming and exocytosis of SVs were examined using electrophysiological recordings on
excitatory hippocampal autaptic neurons. Supporting previous findings, Syt1/Syt7 both
supported SV priming and clamping of spontaneous release in a redundant fashion. The lentiviral
rescue experiments of Syt7 carrying charge-neutralizing and membrane-binding mutations
located at distinct regions of its C2 domains also demonstrated that these functions are lost upon
mutating the putative Ca?*-binding site of the C2A but not the C2B domain. We found no
evidence that Syt7 supports slow or fast Ca?*-triggered release. Controlled coexpression
experiments of Sytl and Syt7 showed that release probability was inversely correlated to the
relative expression levels of Syt7, arguing that Syt7 may outcompete Syt1 in its Ca2*-triggering
function. Based on these results we conclude that Syt7 regulates release probability and short-
term plasticity by acting as a competitive antagonist against Syt1 rather than as a high-affinity
sensor for asynchronous release.
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Abstract: a-Synuclein is a presynaptic protein that normally regulates synaptic vesicle (SV)
exocytosis and endocytosis. In Parkinson’s disease (PD), a-synuclein aberrantly accumulates
throughout neurons, including at synapses. During neuronal activity, a-synuclein is reversibly
phosphorylated at serine 129, which modulates synaptic transmission and plasticity. While
pS129 a-synuclein (pS129) comprises ~4% of total a-synuclein under physiological conditions,
it dramatically increases ten- to twenty-fold in diseased brains. However, the impacts of excess
pS129 on synaptic function are currently unknown. We show here that wild-type (WT) and
pS129 have similar lipid binding profiles with selectivity for lipids enriched in synaptic
membranes. Compared to WT, pS129 exhibits increased binding and oligomerization on
synaptic membranes in vitro and enhances SV clustering in vesicle turbidity assays, suggesting
they may produce different effects at synapses. To test this, pS129 was acutely injected into
reticulospinal axons of sea lamprey (Petromyzon marinus), a vertebrate with particularly large
synapses (1-2 um) that are amenable to detailed ultrastructural analyses using light and electron
microscopy. When injected, recombinant human WT and pS129 a-synuclein robustly localized
to lamprey synapses, as shown by colocalization with SV2. Without stimulation, pS129 caused
no appreciable changes to synapses at the ultrastructural level. In contrast, stimulated synapses
(20 Hz) injected with excess pS129 had a significant loss of SVs, partially compensated by an
increase in putative endosomes (cisternae) and plasma membrane. pS129 did not alter the
number of clathrin coated pits or vesicles, unlike WT a-synuclein which consistently impairs
clathrin-mediated SV endocytosis. Additionally, pS129 caused a significant loss of total synaptic
membrane, potentially explained by the dispersion of SVs away from the synaptic vicinity. Some
small bundles of SVs were observed stretching away from the active zone, suggesting that pS129
crosslinks SVs in so-called ‘microclusters’. A nearest neighbor analysis revealed that excess
pS129 induced greater SV declustering compared to WT a-synuclein and controls. Live imaging
further revealed slower FM destaining kinetics with pS129, consistent with impaired vesicle
cycling. Thus, excess pS129 caused an activity-dependent inhibition of synaptic vesicle
trafficking via altered SV clustering. This work suggests that accumulation of pS129 at synapses
in diseased states could have profound effects on SV dynamics.
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Abstract: Globular bushy cells (GBCs) located in the ventral cochlear nucleus (VCN) extend
axons innervating principal neurons (PNs) of the medial nucleus of the trapezoid body (MNTB),
forming the largest terminal in the mammalian brain called the calyx of Held (CH). Early in
development, MNTB PNs receive exuberant innervation, with most synapses located on the
dendrites, followed by a rapid growth phase (postnatal day (P)2-4) where protocalyces form with
a surface area covering half of the PNs soma. By P6 about 75% of MNTB PNs are innervated by
a single CH. After hearing onset; in mice opening of the ear canal occurs at P10-12, the CH
undergoes a second major transformation, from a spoon-like structure with thin collaterals to a
digitiform structure with fenestrations containing ~300 active zones (AZs) in an adult mouse. In
this study, we leverage electron tomography (ET), to demonstrate that the CH undergoes
ultrastructural modifications at AZs during development which eventually results in the
formation of a fast and precise relay synapse. Two mice at each age: young at P12 and adults at
P30 were processed and 300 nm-thick serial sections were collected for ET. Dual axis
tomograms of CHs were collected from multiple cells in the medial high frequency region of the
MNTB on a 300 kV scope and reconstructed using IMOD software. Seg3D software tools were
used to segment and analyze the ultrastructure of the AZs. Only completely captured AZs within
each tomogram were analyzed. At both ages, we observed multiple synaptic sites contained
within each CH swelling. These AZs were recognized by the pre- and postsynaptic membrane
curvature and the presence of postsynaptic densities (PSDs). SVs in direct apposition with the
presynaptic membrane were determined as docked vesicles. At P12, an average of 4.5 (SD 2.8)
vesicles per active zone were docked (n=6 AZs), whereas at P30, this number increased to 7.2
(SD 2.7) (n=24 AZs). This increase in docked vesicles is accompanied by an increase in other
AZ material as evidenced by a decrease in “free space” available within a 40 nm radius



juxtaposed to the presynaptic membrane. Free space was defined as the volume devoid of any
AZ material such as SVs, tethers, and other electron-dense objects. At P12, an average of
62.73% free space (n=9 AZs) was estimated whereas by P30, the free space available was only
35% free space (n=27 AZs). We propose that this decrease in free space constrains diffusion of
Ca?" ions to reach Ca?* sensors and facilitate rapid transmission of signals with ultrashort
synaptic delay between presynaptic Ca?* current and exocytosis.
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Abstract: Somatostatin, a peptide hormone that activates G protein-coupled receptors, is known
to have inhibitory actions on the secretion of many other hormones. In this study, we employed
amperometry recording to investigate the impact of somatostatin on Ca?*-triggered exocytosis of
catecholamine from mouse chromaffin cells. We analyzed individual fusion events (spikes) for
various properties of fusion pores at different stages, including the permeability of late-stage
fusion pores. We used two different stimulation protocols to induce exocytosis, high KCI and
caffeine. In addition, fluorescence imaging with Oregon Green 488 BAPTA-1 was used to
monitor the rise in free intracellular calcium following KCI or caffeine application. Our results
show that while the spike frequency differs between the two induction methods, somatostatin
reduced spike frequency in both circumstances. We observed prolonged pre-spike foot duration,
increased spike rise time, and extended spike half-width in the presence of somatostatin,
indicating that somatostatin slowed the initial and expanding phases of fusion pores.
Furthermore, the permeability of fusion pores reaches a plateau during the late stage, and this
plateau is not changed by somatostatin. Imaging showed no significant effect of somatostatin on
fluorescence increases after stimulation, suggesting that the inhibitory effect was not caused by
reducing the rise in intracellular free calcium. In conclusion, our results demonstrate that
somatostatin influences the initial and expanding stages of fusion pores, while having no effect
on late-stage fusion pores. These findings provide insights into the mechanism by which



somatostatin modulates exocytosis and enhance our understanding of the complex dynamics of
cellular secretion.
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Abstract: Synaptic persistence relies on the maintenance of synaptic functionality through
processes such as synaptic vesicle exocytosis and endocytosis. One crucial aspect of achieving
this goal involves the assembly and disassembly of fusion machinery, such as the SNARE
complex. The disassembly of the SNARE complex, facilitated by NSF (N-ethylmaleimide
sensitive fusion protein), is particularly important for the next round of synaptic vesicle fusion.
However, the specific physiological function of NSF at CNS synapses in this regard remains
relatively unexplored. In this study, we aimed to investigate the physiological role of NSF in
synaptic persistence. To accomplish this, we utilized a pHluorin-based assay combined with
shRNA targeting NSF to monitor consecutive synaptic transmission and synaptic vesicle
retrieval in neurons lacking NSF. Our findings revealed significant impairments in synaptic
transmission and retrieval in neurons where NSF was knocked down (NSF-KD). Remarkably,
repetitive stimuli in NSF-KD neurons led to the identification of three distinct synaptic
phenotypes, indicating variations in exocytosis and endocytosis. Furthermore, the introduction of
shRNA-resistant NSF cDNA effectively restored the physiological diversity observed in NSF-
KD neurons. These results demonstrate that NSF is necessary for both synaptic transmission and
retrieval, highlighting its role in fine-tuning the functional variabilities of synapses for synaptic
persistence.
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Abstract: Synapses are the fundamental unit of information transfer in the central nervous
system (CNS) and are composed of highly complex molecular machinery that tightly regulates
synaptic transmission and neuronal circuit output. The 020 proteins (a261-4) are extracellular
proteins initially identified as auxiliary subunits of voltage-gated Ca?* (Cav) channel complexes.
Mutations in 0261-4 are linked to a wide range of disorders, including neuropathic pain and
epilepsy, and 0201-2 are targeted by drugs used to treat these disorders. Multiple roles have been
described for the a26 isoforms in independently regulating synaptic function and Cav channel
complexes. Many CNS synapses contain a mixture of 0281-3, which are found in both the pre
and postsynaptic compartments, with 0204 mainly restricted to the retina. Currently, studies of
020 are mostly done using global mutant/knockout (KO) models or in cell culture. While
powerful, these studies prevent conclusions on the presynaptic functions of 026 in an in vivo
circuit. To elucidate the presynaptic regulatory roles of 0261-3 in a native neuronal circuit, we
developed a novel 0201-3 conditional KO mouse model and ablated a251-3 at the calyx of Held,
a large glutamatergic axosomatic synapse in the lower auditory brainstem. Using this animal
model, we ablated all three isoforms using a Helper-Dependent Adenovirus that expresses Cre
recombinase at postnatal day 1. Subsequently, using a multidisciplinary approach, we analyzed
how loss of a261-3 at the adult-stage (P18 onwards) calyx of Held impacted synaptic function.
Results will be discussed.
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Abstract: Synaptic vesicle lipid composition regulated by Phospholipid Flippase
ATP8ALconfers neurotransmitter release at high frequency

Hongfei Xu?, Juan A. Oses-Prieto?, and Robert H. Edwards?

!Departments of Physiology and Neurology, UCSF School of Medicine, San Francisco, CA

The nervous system encodes information through the timing and frequency of neuronal firing. To
convey information about timing, synapses rely on the speed and synchrony of neurotransmitter
release. To convey information about frequency, synapses must release neurotransmitter in a
graded manner over the range of firing frequencies. These two modes of signaling require
different machinery because the fast, synchronous release tends to produce synaptic depression
due to synaptic vesicle (SV) depletion, limiting the ability to release with repeated stimulation
and particularly at high frequency. Conversely, a more linear response to firing rate requires a
small synchronous response in response to a single action potential, which limits information
about timing. These mechanisms enable synapses to decode information stored in the pattern of
firing. Synapses that depress in response to repeated stimulation are generally considered to have
a high release probability that results in SV depletion. In contrast, synapses that facilitate are
thought to have a low initial release probability that requires stimulation at high frequency. This
model presumes that all the synaptic vesicles in an individual neuron are homogeneous and
hence differ only in their position along a single pathway to exocytosis. However, SVs are
generally considered to recycle either directly from the plasma membrane or from endosomes by
adaptor protein AP-3. How these two biogenesis pathways contribute the properties of SVs are
still unclear. In this study, the use of pH-sensitive GFP variant ecliptic pHluorin-based reporters
has enabled us to identify a subpopulation of SVs that responds specifically to high firing rates.
VAMPT7-pH labels this SV subpopulation and consistent with a role for AP-3 in its production,
loss of AP-3 selectively impairs the response of VAMP7-pH at high frequency. In contrast,
VGLUT2-pH labels a population of SVs that responds to low frequency stimulation, depresses at
high frequency and does not depend on AP-3. Proteomics reveals that AP-3 targets phospholipid
flippase ATP8AL to SVs, and loss of ATP8AL recapitulates the defect in SV mobilization at high
frequency observed with loss of AP-3. The mechanism involves recruitment of synapsin by the
cytoplasmically oriented phosphatidylserine translocated by ATP8AL. Thus, ATP8A1 enables
this subset of SVs made by AP-3 to release at high frequency.
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Abstract: Estimation of the storage capacity of the brain’s neural circuits is one of the important
neuroscience questions. It has been hypothesized that temporally coordinated neurons, or cell
assemblies (CAs), represent mental or perceptual entities. Thus, evaluation of the number of CAs
IS key to answering this question. Previous modeling studies using a spiking neural network with
axonal conduction delays and the add spike-timing-dependent plasticity (add-STDP) rule have
shown that many more CAs than that of the Hopfield nets were detectable (I1zhikevich, 2006).
One limitation of this study was its focus on a single network structure, the cortex. Another
significant limitation of this study is the unrealistic, bimodal distribution of connection weights
that results from the add-STDP rule. In the real brain, the synaptic connection weights are known
to be distributed lognormally both globally (all synapses) and locally (synapses for single
neurons). Thus, we have implemented a lognormal spike-timing-dependent plasticity rule (log-
STDP, Gilson & Fukai, 2011) into networks of Izhikevich spiking neurons inspired by the cortex
and hippocampal CA1 region. First, we verified that a global lognormal distribution of the
synaptic weights was achieved in both the cortex and hippocampal CA1 simulations. As for the
local synaptic weight distributions surrounding single neurons, we found that they trend toward
skewed, heavy-tailed distributions in the hippocampal CA1 simulations but not for the cortex
simulations. Next, we detected CAs in the Izhikevich nets using the unsupervised method
proposed by Russo and Durstewitz (2017). We found that the log-STDP rule produced more cell
assemblies in the cortex simulations than add-STDP. However, in the hippocampal CAl
simulations, far fewer assemblies were produced, and those simulations with the add-STDP rule
produced more than the log-STDP rule. The main difference between the cortex and
hippocampal CA1 simulations is the number of recurrent excitatory connections. Therefore,
these simulation results suggest that the cell assembly capacity of spiking neural networks is
related to the number of excitatory-to-excitatory connections in the network.
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Abstract: There are two main types of structures in the synaptic connectivity between neurons in
the cortex: the first structure is essentially binary - the existence (or lack) of connections between
any two neurons. It is believed that this adjacency structure is determined, to a large extent, by
the geometrical arrangement of the dendrites and axons, and is relatively stable over time. The
second form of synaptic structure involves the strength of synaptic connections between neurons.
These weights are subject to change through neural activity-induced plasticity mechanisms. To
understand the structure of neural networks in the brain, it is important to develop an
understanding of the interplay between the statistics of the two structures. In this work, we aim to
provide first steps toward this goal. We examine the statistics of sub-graphs of the network
(motifs), quantified by measures called motif strengths, and develop a self-consistent theory to
approximate the dynamics of these statistical measures in networks of linear Poisson neurons, in
which synapses are subject to spike timing dependent plasticity. Previously, this has been done
for motifs that consist of up to two edges (G.K. Ocker, A. Litwin-Kumar, B. Doiron, PL0oS
Comput. Biol., 2020). Here we extend the previous work by considering also three edge motifs.
The main challenge is that there are many more motifs to consider. Consequently, the task of
deriving analytic equations for the dynamics of motif strengths, by hand, is impractical. To deal
with this difficulty we developed a graphical method to derive a set of self-consistent equations,
that can be implemented by a computer algorithm. We found that for some cases, like the fully
connected case, both second and third order approximations give very accurate results, but in
Erdés-Reényi networks with moderately sparse connectivity (e.g. p = 0.5), treating only second
order motifs gave inaccurate predictions, while the self-consistent equations for motifs up to
third order remained very accurate. In future work, we intend to extend the analysis to networks
with other forms of adjacency statistics. In conclusion, our study has successfully developed an
automated process to derive a closed self-consistent set of equations for motif strength dynamics.
The model provides a set of analytic equations that can be solved numerically without the need
to simulate the dynamics of individual synapses and are potentially amenable to further study
using analytic tools.
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Abstract: Neurophysiological experiments have revealed that STDP is both ubiquitous and
diverse. The specific STDP form, i.e. the dependence of synaptic weight variation on pre/post
spike time lag, differs among synapses linking different cell types. Additionally, STDP form
depends on the average firing rate.

While numerous theoretical and modeling studies on STDP exist, a normative theory accounting
for STDP characteristics has yet to be established. Some aspects of STDP, such as the causal
window (i.e. postsynaptic spike following presynaptic), can be understood as an extension of
Hebbian plasticity in a spike-timing dependent context. However, other features, like the "anti-
causal" window (i.e. presynaptic spike following postsynaptic), still remain paradoxical and in
need of a functional explanation.

In this study, we demonstrate that many characteristics of STDP naturally emerge from a novel
approach that models neurons as feedback controllers responsible for stabilizing synaptically
linked loops of neurons. To formulate a biologically plausible model of a neuron as a controller,
we employ the recently developed DD-DC methodology in which the neuron implicitly identifies
the dynamics of the rest of the loop and optimizes control through the Linear Quadratic
Regulator (LQR) formulation.

Our model provides an explanation for the "anti-causal™ window of STDP because, in the
presence of a feedback loop, a postsynaptic spike may traverse the loop and cause a presynaptic
spike, effectively rendering the “anti-causal” window causal. Specifically, for synapses
connecting inhibitory to excitatory (excitatory to inhibitory) neurons, our model predicts
Hebbian (anti-Hebbian) STDP forms. The dependence of the metabolic costs of spiking on the
cell type can be modeled by varying the LQR parameters resulting in the modulation of the
synaptic plasticity rules. Furthermore, our model successfully reproduces the dependence of the
STDP form on the average firing rate.

Overall, our findings contribute to a deeper understanding of STDP and support modeling
neurons using the DD-DC framework.
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Abstract: One of the effective surgical interventions that improves quality of life in patients with
movement disorders such as dystonia is Deep Brain Stimulation (DBS). Despite recent
advancements in clinical applications of DBS, the underlying mechanism of DBS is not yet well
understood. It is hypothesized that a deficit of inhibition and abnormal plasticity within basal
ganglia could be a key feature in the pathophysiology of dystonia.Previous studies have
demonstrated that synaptic depression can be induced by paired pulse DBS with short
interstimulus intervals (ISI) (between 20 to 40 msec). Moreover, another study indicated that
DBS at 10 kHz produces clinical benefits in patients with movement disorders. However, these
studies were mostly conducted on Parkinson’s patients and the effect of high frequency
stimulation on Evoked Potentials (EP) is still unknown.To test the effect of very short ISls, we
have conducted two protocols: the first study uses paired pulse DBS with ISIs 0.3, 0.5, 1, 3and 5
msec applied to Globus Pallidus internal segment (GPi) of a dystonic patient. Paired pulse
depression was evaluated by the ratio of EP followed by each pulse recorded from Ventral
Oralis/Subthalamic Nucleus (VoSTN). We found that using ISls less than 1 msec, EP due to the
2nd pulse is completely inhibited. The second protocol investigates the effect of high frequency
stimulations such as 900 Hz by comparing the EP produced by a train of low frequency
stimulations like 80 Hz before and after high frequency stimulation. The average EP of post-HFS
detected in VOSTN showed less peak to peak amplitude compared with pre-HFS.Our results
show that short inter-stimulus intervals produce a depression of evoked responses, both
following paired pulse and following longer pulse trains, when the ISl is less than 1 msec. This
suggests an inhibitory phenomenon that may be similar to what is seen in TMS paired pulse
protocols. Further research is needed, but our results suggest the possibility of using this type of
inhibition to change brain activity and potentially improve motor function in patients with
movement disorders including dystonia.
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Abstract: Information is stored in the brain by synaptic plasticity, which is elicited by specific
neuronal activity patterns. For example, timing-dependent long-term depression (tLTD) is
induced by the millisecond relative timing of pre- and postsynaptic spiking in connected neurons.
In the tripartite synapse model, astrocytes play a crucial role in plasticity induction. However, it
is unclear how astrocyte signaling — which occurs through intracellular calcium transients on a
timescale of seconds — can meaningfully impact plasticity that operates on milliseconds. We
therefore decided to decipher astrocyte signaling in tLTD. To verify the need for astrocytes in
tLTD, we abolished astrocyte function with sodium fluoroacetate (NaFAC). Using quadruple
patch clamp, we recorded from connected layer-5 pyramidal cells in postnatal day (P) 11-16
C57BL/6J mouse acute visual cortex slices. tLTD was induced by 20-Hz spiking pairings at At =
-25 ms timing difference. Compared to no-induction controls with and without NaFAC
(after/before = 101% + 3%, n = 14), unitary EPSPs depressed without (74% = 6%, n =7, p <
0.01) but not with NaFAC (103% + 7%, n = 7, p = 0.76; all t-tests after ANOVA, p<0.01; all p
values were Bonferroni-Dunn post-hoc corrected). NaFAC alone did not cause EPSP rundown
(103 £ 4%, n = 6, p = 0.46). Using 2-photon microscopy, cell morphologies with and without
NaFAC were grossly indistinguishable. However, data inclusion rates were lower with NaFAC
(13/31=42%) than without (15/23=65%, p < 0.001), suggesting that NaFAC affects plasticity
experiments. However, this also demonstrates the critical role of astrocytes in synaptic
transmission. Taken together, we conclude that tLTD depends on astrocytes. Since astrocytes
likely signal via calcium to control tLTD, we imaged astrocyte calcium events across
development to see when they matured. With age (n = 36 astrocytes), calcium signals became
shorter (r = -0.54, p < 0.001), more frequent (r = 0.63, p < 0.001), and decorrelated (r = -0.54, p
< 0.01). These properties stabilized at ~P15, i.e., after eye opening. Overall, our findings support
the view that astrocytes govern tLTD. Precisely how slow astrocyte signaling can influence
millisecond tLTD remains mysterious, which warrants further study.
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Abstract: Spike timing-dependent plasticity (STDP) is a type of synaptic plasticity that relies on
the precise timing of pre- and post-synaptic activity. Conventionally, timing-dependent long-
term potentiation (t-LTP) occurs when an excitatory post-synaptic potential (EPSP) is followed,
after a few milliseconds, by one or more postsynaptic action potentials (APs). Conversely,
timing-dependent long-term synaptic depression (t-LTD) is induced when an EPSP is preceded
by one or more postsynaptic APs. STDP is a complex rule influenced by various factors,
including specific activity patterns, neuromodulators, dendritic spikes or extracellular calcium
(Ca?"). Astrocytes, which can release gliotransmitters like D-Serine or glutamate, or locally
modulate Ca?* levels, have control over these factors and can modulate synaptic transmission.
However, the role of astrocytes in the STDP rule is still poorly understood and described.
Moreover, recent findings show that the induction of t-LTP or t-LTD may not always be
achievable in vivo, primarily because previous in vitro investigations were conducted under non-
physiological circumstances, specifically involving non-physiological calcium levels. It is highly
likely, therefore, that the STDP rule requires in addition to timing one or more factors to exist.
Could astrocytes be the key to gate the induction of synaptic plasticity? Our recent findings have
shown that stimulation of astrocytes near the soma of layer 5 pyramidal neurons, potentiated
integration of subthreshold distal inputs, and prolonged the time window during which
suprathreshold distal inputs can interact with proximal inputs, by overriding firing adaption
evoked by distal inputs. This effect was mediated by S100p, a calcium-binding protein, which
alters the extracellular level of Ca?*. Here we further examine how extracellular Ca?* levels and
astrocytic manipulations influence synaptic and axonal plasticity in layer 5 pyramidal neurons of
the visual cortex. These findings will help increasing our understanding of how astrocytes
contribute to neuronal computations in general and visual function specifically.
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Abstract: The A-type potassium current (l1a) is a vital regulator of neuronal excitability and
synaptic plasticity. In hippocampal CA1 pyramidal cells, this current is carried primarily by
voltage-gated Kv4.2 K+ channels. Along with other voltage-gated ion channels localized in the
somatodendritic compartment of pyramidal cells, Kv4.2 contributes to dendritic integration and
excitability. Kv4.2 functions in a macromolecular complex together with the auxiliary subunits
K+ channel interacting proteins (KChIPs) and DPLP(s) in the mouse hippocampus. Proper
assembly and dynamic regulation of this complex is integral in facilitating its role in neuronal
signal processing and plasticity. Using a TAP-mass spectrometry screen, we identified a
molecular cascade involving p38 kinase-mediated Pinl isomerization of a C-terminal motif in
Kv4.2 as a crucial regulator of Kv4.2-DPP6 binding dynamics. To probe the role of this p38-
Pinl cascade in regulating the Kv4.2 complex and neuronal function, Crispr-cas9 technology
was utilized to generate a knock-in mouse model (Kv4.2TA) with abolished p38 and Pinl-Kv4.2
binding. We have used whole-cell patch clamp electrophysiology to investigate the consequences
of this impaired binding and loss of dynamic regulation on neuronal physiology and behavior.
Kv4.2TA mice display reduced neuronal excitability which is traced to an increase in la density
in CAl pyramidal neurons. In multiple behavioral tests of hippocampal-dependent learning and
memory, Kv4.2TA mice demonstrated enhanced reversal learning, indicative of improved
cognitive flexibility. To decipher the mechanisms underlying this enhancement in reversal
learning, single-cell measures of spike timing-dependent long-term potentiation (STD-LTP) and
long-term depression (LTD) were performed in CA1 pyramidal neurons in acute hippocampal
slices. Intriguingly, while synaptic plasticity from basal state is preserved in Kv4.2TA mice
relative to WT, a notable enhancement in the removal of STD-LTP (depotentiation magnitude) is
observed in Kv4.2TA mice, suggestive of a synapse state-dependent difference in synaptic
plasticity in hippocampal area CAL. Pharmacological manipulations during the induction of
depotentiation have revealed a distinction in the mechanisms driving this metaplasticity in
Kv4.2TA mice relative to WT. Investigations into how these mechanisms are linked to reversal
learning are on-going. In sum, we have identified, for the first time, Kv4.2 and its regulation as a
key modulator of metaplasticity and reversal learning in the hippocampus.
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Abstract: Synaptic plasticity is a fundamental mechanism involved in modifying synaptic
strength, which underpins learning, memory, and adaptive behaviors. While Protein Kinase C
(PKC) has been widely recognized as a key regulator of synaptic plasticity across various brain
regions, its role in the striatum - a critical region for motor and reward functions is yet to be fully
understood. Although GluD2, a member of the ionotropic glutamate receptor family, is known to
play a role in PKC-dependent plasticity at the PF-PC synapse, the specific contribution of
GluD1, which is abundantly expressed in the striatum, remains relatively unexplored. Our
research aims to investigate the role of GluD1 in PKC-dependent synaptic plasticity within the
dorsal striatum. Our observations revealed distinct changes in excitatory post-synaptic currents
(EPSC) mediated by NMDARs and AMPARSs in GluD1 wild-type and knockout animals,
highlighting the critical involvement of GluD1 in modulating synaptic activity. Upon PKC
activation, we observed a reduction in the amplitude and frequency of NMDAR-mediated
miniature EPSC (mEPSC) in both GluD1 WT and KO animals, while AMPA mEPSC remained
unchanged in GluD1 WT, but increased in both amplitude and frequency in GluD1 KO animals.
These findings suggest a critical role for GluD1 in modulating PKC-dependent changes in
NMDAR and AMPAR-mediated activity. Building upon previous research emphasizing the role
of the Ser945 residue in GluD2's C-terminal for PKC-dependent plasticity, we designed a 5-
amino acid peptide targeting the analogous Ser944 residue in GluD1's C-terminal. Our results
demonstrated that this peptide selectively reduced NMDAR-mediated EPSC in GluD1 WT but
had no impact in GluD1 KO animals. These findings imply that the Ser944 residue in GluD1
may play a specific role in the regulation of NMDAR responses, potentially in a PKC-dependent
manner. The findings shed light on the interplay between GluD1 and PKC in synaptic plasticity
and highlight the potential utility of the designed peptide for selectively manipulating GluD1-
dependent synaptic plasticity. Further research is needed to uncover underlying mechanisms and
explore therapeutic applications arising from these findings.
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Abstract: Understanding how neurons encode synaptic input across a range of network activity
regimes is essential to understanding how the brain processes information. For neocortical
pyramidal neurons, integration is further complicated by the fact that they receive excitatory
input onto spines distributed along dendritic branches. Local dendritic nonlinearities including
NMDA-dependent branch “spikes” boost the response to spatially clustered and synchronous
input. How this translates into the integration of complex patterns of ongoing activity remains
unclear. To examine dendritic integration during such regimes, we utilize two-photon glutamate
(2p-glu) uncaging to repeatedly activate multiple dendritic spines at random intervals. We
previously reported that for the proximal dendrites of extratelencephalic (ET) layer 5 pyramidal
neurons in the mouse motor cortex, spatially restricted synchrony is not a prerequisite for
dendritic boosting. Instead, a model based on the total input rate onto a dendritic branch captured
2p-glu driven voltage responses to uncorrelated spine stimulations at a fixed mean Poisson rate.
Here, we use this input-rate based model to make predictions and experimentally test how more
complex patterns of activity engage NMDA-dependent branch spikes. Consistent with model
predictions, experiments using 2p-glu stimulation show greater entrainment of the voltage
response to slow (3 Hz) compared to fast (15 Hz) oscillations in mean input rate. Next, we tested
how the proximal dendrites integrate stimuli that replicate network activity during the transition
into slow wave sleep. VGLUT2 immunohistochemistry suggests that ~15% of excitatory
synapses onto M1 L5 ET pyramidal neuron basal dendrites are of thalamic origin. We find that
stimuli patterned from thalamocortical relay neuron burst firing observed in vivo during non-
REM slow wave sleep onto 10-15% of targeted spines do not recruit supralinear voltage
responses on their own, but when combined with the Poisson-distributed stimulation (to mimic
cortical firing rates) they evoked NMDA spikes well-timed with the “thalamic-like” bursts.
Finally, to assess how synaptic dynamics can shape branch integration, we included use-
dependent synaptic dynamics (short-term depression and facilitation) in our model and
stimulation regimes. Our model predicts that the dendritic branch supralinearity counteracts input
rate gain normalization caused by synaptic depression and enhances the sensitivity to transient
shifts in input rate. These results suggest that dendritic nonlinearities amplify certain patterns of
synaptic input and thereby shape how neurons encode network activity.
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Abstract: While traversing through the natural world, we experience our surroundings as a
continuous stream of information over time. This constantly changing stream of stimuli has been
observed to evoke a spatiotemporal pattern of spike activity in ensembles of neurons in the brain.
But how downstream populations discriminate one spatiotemporal pattern from another remains
unclear. Surprisingly, the brain ‘replays’ the spatiotemporal pattern usually evoked by a stimulus
in its absence. Replay is notably seen in the hippocampus, where place cells both fire
sequentially over seconds as a rodent traverses a linear track and fire sequentially over tens of
milliseconds—in the same sequence—after this behavior. Intriguingly, these two time scales are
bridged by the NMDA plateau potential observed in a dendrite, which has an onset of a few
milliseconds and a duration of several hundred milliseconds. In a compartmental model of a
reconstructed layer 2/3 pyramidal cell with GABA&/KIR (inwardly rectifying potassium)
channels blocked, as is typically done in vitro, activating NMDA receptors across few microns of
a basal dendrite evoked a plateau potential that spread hundreds of microns, making this branch
good at detecting a coincidence but not a sequence. Unblocking KIR rescued the dendrite’s
ability to detect a sequence, both by shortening the distance a plateau spreads along the dendrite
to about ten microns and by preventing activated AMPA receptor-channels alone from
depolarizing a spine to the NMDA threshold, unless further depolarized by the spread of a
nearby plateau potential, thereby advancing the plateau a few microns. Thus, spikes delivered
consecutively to spines a few microns apart propel the plateau potential towards the soma. This
sequence-detection mechanism robustly operated with KIR expressed either on a spine head or a
dendrite shaft, as well as in a smooth dendrite with NMDA and KIR expressed on the shaft.
Thus, a stretch of dendrite could detect an ensemble’s spatiotemporal pattern of spike activity,
provided that its afferent axons permute themselves along this stretch to activate its synapses
consecutively.
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Abstract: Unlike spiking neurons, non-spiking neurons utilize a graded potential as a medium to
encode and process sensory and motor information. The non-spiking neuron has difficulty in
carrying potential changes distally because of the decay of the membrane potential in its
amplitude. Instead, the non-spiking neurons possibly perform different computations from the
spiking neuron by using local processing with a graded potential. Central nervous system (CNS)
in invertebrates such as insects contains non-spiking neurons in the neural circuitry besides the
spiking neurons. However, how and which subcellular regions in non-spiking neurons process
the sensory information remains unclear. To address this issue, we examined intracellular Ca*
dynamics induced by the sensory stimulus in the wind-sensitive non-spiking neurons of crickets.
They have a pair of mechanosensory organs called cerci to detect surrounding airflow. The
directional information of airflow is processed by a local circuit within the terminal abdominal
ganglion (TAG) and conveyed to the brain by ascending projection neurons, including giant
interneurons (Gls). Gls have distinct selectivity to the airflow direction in the stimulus-evoked
spikes. Several spiking and non-spiking local interneurons are identified within the TAG and
thought to be involved in forming the GIs’ directional selectivity. The previous study has
reported that some of the local non-spiking interneurons (LNIs) also have directional selectivity
in the graded potential changes. We measured the membrane potential and Ca?* responses to
airflow applied from eight angles in three types of LNIs. These LNIs showed spatially
heterogeneous patterns in their Ca* responses. The time course of the Ca?* responses varied in
similarity between local regions depending on their intracellular distance. In contrast, the
directional selectivity in the Ca?* responses did not necessarily follow the intracellular distance
but rather depended on the direct distance. This suggests that directional selectivity reflects
synaptic input properties based on spatial maps of afferents rather than the stimulus-evoked
electrical activity. In the insect CNS, the local processing by the LNIs may allow a single neuron
to substitute for the functions of multiple spiking neurons, resulting in conserving the number of
neurons.
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Abstract: In mouse prefrontal cortex (PFC), layer 5 pyramidal cells can be distinguished based
on their dopamine receptor expression patterns. D1, D2, or D3 dopamine receptor-expressing
(D1R+, D2R+, D3R+) pyramidal cells have distinct morphologies, intrinsic properties, and
projection targets. D1R+ and D2R+ pyramidal cells map onto intratelencephalic (IT) and
pyramidal tract (PT) subclasses, respectively. DIR+ IT neurons have “thin” apical dendritic
shafts and apical tufts that have few branches and a narrow expansion within layer 1, whereas
D2R+ PT neurons have “thick” dendritic shafts and highly arborized tufts, with extensive layer 1
lateral projections. D3R+ neurons appear to be a subclass of IT-projecting neuron that, oddly,
share dendritic branching features with PT neurons, including an extensive layer 1 tuft. These
anatomical differences suggest that these intermingled neuronal subclasses may integrate
information differently, including how they integrate backpropagating signals from the soma
with incoming synaptic input. To test this, we assessed dendritic calcium associated with
backpropagating action potentials (bAPs) in D1R+, D2R+, and D3R+ pyramidal cells. We found
that bursts of APs resulted in robust dendritic calcium supralinearities that were far greater than
the linear sum expected from isolated APs, especially in D3R+ neurons. In D3R+ neurons,
supralinearities were due to the combined activation of dendritic T- and L-type calcium channels.
By contrast, D1R+ pyramidal cells exhibited modest dendritic supralinearities. Our data suggest
that in these neurons, L-type calcium channels couple to large conductance calcium-activated
potassium channels (BK), which limit dendritic depolarization, suppressing supralinearities.
Consistent with this, blockade of BK channels resulted in an increase in supralinear linear
calcium transients. Unlike in D1R+ and D3R+ pyramidal cells, bAP-evoked dendritic calcium
transients in D2R+ pyramidal cells were largely linear. As with PT cells in other brain regions,
we found that these neurons are enriched with hyperpolarization-activated cyclic nucleotide-
gated (HCN) channels that likely limit temporal windows for bAP integration in dendrites.
Consistent with this idea, we found that blocking HCN channels unmasked dendritic
nonlinearities in D2R+ pyramidal cells. Taken together, our data demonstrate that PFC layer 5
pyramidal cell classes have different complements of ion channels expressed in their dendrites
that result in distinct dendritic calcium properties and suggest that information flow across these
three neuronal subtypes is specifically integrated and regulated.
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Abstract: The dendritic morphology of cortical pyramidal neurons is organised to integrate
information from different input streams, however the nature of this processing in vivo remains
unclear. In this study, we investigated whether compartment-specific information processing is
used by dendrites during the performance of a closed-loop goal-oriented task. Using the
International Brain Laboratory’s open-source task, the position of a visual stimulus was
determined by rotating a steering wheel. To investigate error signalling, the direction of the
wheel-stimulus coupling was reversed mid-trial in a subset of trials. During task performance,
two-photon calcium imaging was performed pseudo-simultaneously in distal tuft and basal
dendrites of single neurons expressing Syn.GCaMP7f within the posterior parietal cortex. Here,
the majority of dendritic calcium events occur simultaneously across the dendritic arbour,
however, there was an increase in local tuft dendrite activity in sessions which included the
reversal trials. In contrast, basal dendrites did not change their level of local activity throughout
the behavior. These results indicate that modulating closed-loop behaviour can invoke
differential activation of tuft dendrites compared to basal dendrites, providing further insight into
the laminar-specific role of different dendritic compartments.
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Abstract: How sensorimotor information is represented across individual pyramidal cell
dendritic trees in awake behaving animals remains obscure. The three key limitations are: a lack
of technologies that can rapidly measure activity from entire dendritic arbors in 3D in real-time;
brain motion artefacts which can severely distort signals generated by fine caliber structures like
dendrites; and not having an analysis framework for exploring activity patterns that could
manifest across entire dendritic trees during behavior. To overcome these challenges, we
combined our recently developed nonlinear 3D acousto-optic lens two-photon microscope with
real-time 3D brain motion correction along with novel Ca?* imaging analysis pipelines to
discover how sensorimotor information is represented by patterns of dendritic activity in motor
cortical layer 2/3 excitatory neurons during spontaneous naturalistic behaviors. Arboreal
scanning confirmed that a strong, highly correlated, and putatively cell-wide Ca?* signal is the
dominant activation mode in vivo. We find independent branch-specific local events are rare,
and when observed, are largely accounted for by contaminating signals. Applying nonlinear
dimensionality reduction techniques to the global signals, we discovered specific dendritic
regions that covary with uninstructed spontaneous movements. These dendritic modulations
(spread over > 20 um compartments) were superimposed on the global signals and were dynamic
across behavioral epochs including quiet-rest, locomotion, active whisker touch, and unexpected
sensorimotor stimuli. Remarkably, regression analyses suggest that modulations in the activity of
dendritic segments are more informative about specific behaviors than the activity at the soma
for most cells. Our results indicate that L2/3 pyramidal cell dendritic activity patterns are
multidimensional and represent several innate behavioral features simultaneously.
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Abstract: Synaptic inputs are integrated spatially and temporally in the somatodendritic
compartment of a neuron. Despite intensive studies for decades on synaptic integration in the
somatodendritic compartments, its spatio-temporal dynamics remain obscure because of the
technical limitation to obtain local potentials at multiple regions. To address this issue, we used a
genetically-encoded voltage indicator, which enables us to detect membrane potential changes as
fluorescence intensity changes, together with local uncaging of glutamate on cultured
hippocampal neurons. Fluorescent voltage imaging using a modified version of ASAP1 (St-
Pierre et al., 2014) exhibited asymmetric spreading of excitatory postsynaptic potentials
(EPSPs): EPSPs amplified during propagation toward the distal end whereas attenuated toward
the soma. We also found that the local amplification of EPSPs was abolished by the inhibition of
TTX-resistant Na* channels and KCC2, a K-ClI cotransporter. These results suggest that low
concentration of intracellular CI" ([ClI]in) in distal dendrites is important for the asymmetric
spreading of EPSPs. To confirm this idea, we directly measured the resting membrane potential
in a thin dendrite by the patch-clamp method. Surprisingly, the dendritic resting potential was
more negative than the somatic one. In addition, the relative leak conductance became higher in
a dendrite farther away from the soma. The deeper resting potential in dendrites was abolished
by a KCC2 inhibitor. These data suggest that lower [CI]in and/or higher CI- conductance in distal
dendrites than in the soma underlies deeper resting potential in dendrites. To confirm that the
deeper resting potential depending on the specific [Cl]in regulation in dendrites is involved in the
local augmentation of EPSP, we constructed a simple biophysical model. Simulation of the
model exhibited the asymmetric augmentation of excitation depending on the TTX-resistant Na*
channels and CI" conductance accompanied with deeper dendritic resting potential. Accordingly,
voltage imaging showed that the simultaneous inhibition of CI- conductance and Na* channels
strongly suppressed the local augmentation of EPSP in a distal dendrite. Taken all these results
together, our findings identified a novel CI-dependent mechanism underlying the unique
asymmetric processing of the electrical signal in dendrites.

Disclosures: M. Morita: None. R. Higashi: None. S. Kawaguchi: None.
Poster

PSTRO007. Somatic and Dendritic Integration

Location: WCC Halls A-C



Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM
Program #/Poster #: PSTR007.08/C40
Topic: B.06. Intrinsic Membrane Properties, Electrical Synapses, and Signal Integration

Support: NIH NINDS Grant R35 NS097185
NIH NINDS Grant F31 NS127499

Title: Local inhibition delimits the phase resetting caused by striatal inhibition in the external
globus pallidus

Authors: *J. PENA!, J. A. JONES?, C. J. WILSON?;

!Neuroscience, Developmental, and Regenerative Biol., Univ. of Texas at San Antonio, San
Antonio, TX; 2Neuroscience, Developmental, and Regenerative Biol., Univ. of Texas-San
Antonio, San Antonio, TX; 3Neuroscience, Developmental, and Regenerative Biol., Univ. Texas
San Antonio, San Antonio, TX

Abstract: Spontaneous activity of the local GABAergic synaptic network in the external globus
pallidus (GPe) causes GPe neurons to fire with irregular inter-spike intervals. While the local
synapses are powerful, they make up only a small portion of synapses in the GPe. Most synapses
are formed by the axons of indirect pathway striatopallidal neurons (iSPNs) and axon collaterals
of direct pathway striatonigral neurons (dSPNs). It is well established that both pathways are
highly convergent. It is assumed that each of the individual connections in these pathways is
weak. To determine the strength of iSPN-GPe and dSPN-GPe connections, we measured unitary
SPN-GPe synaptic currents. We collected 10-degree tilted parasagittal mouse brain slices to
preserve the striatopallidal pathways. Because SPNs are not spontaneously active in slice
preparations, we used slices from Ai32 x A2A-Cre mice and Ai32 x Tac-Cre mice to allow us to
induce asynchronous repetitive firing in iSPNs and dSPNs by activating channelrhodopsin
(ChR2) current with blue light. We collected whole-cell voltage clamp recordings of GPe
neurons’ membrane current while driving SPNs expressing ChR2 to fire with low levels of
illumination, localized in the striatum. Unitary inhibitory postsynaptic currents (IPSCs) from
both iSPNs and dSPNs had significantly smaller amplitudes and slower kinetics than local
synaptic currents. To determine the relationship between the number of striatopallidal synapses
and the spiking responses of neurons in the GPe network, we injected waveforms with dynamic
clamp that simulated unitary striatopallidal conductance and summated multiple waveforms to
modulate the number of striatal synapses. In the absence of the local network, the input from
roughly 5-10 SPNs was required to reliably reset oscillatory firing. In the presence of the local
network, phase resetting caused by SPNs did not last beyond a single inter-spike interval due to
the continuous de-regularization of spontaneous firing by the local network. This suggests that
by de-regularizing neuronal firing, the local network limits the ability of SPNs to synchronize
GPe neurons beyond a single inter-spike interval. Because GPe neurons innervate neurons in all
nuclei of the basal ganglia, they may be a major source of their irregularity and active
decorrelation.
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Abstract: Neurons process tens of thousands of inputs arriving at their dendritic arbor to
compute reliable, tuned output in response to specific stimuli. Layer 2/3 pyramidal neurons in
mouse visual cortex, with their broad dendritic arbors across superficial layers, offer a relevant
model for studying the dendritic mechanisms by which a myriad of synaptic inputs are integrated
to generate stimulus feature specific responses. Of these, orientation tuning is one of the
fundamental computations performed by these visual cortical neurons. Using direct dendritic
patch-clamp recordings in awake mice, we previously found that locally generated, NMDA
receptor-dependent dendritic spikes are not only visually evoked, but also exhibit reliable
orientation tuning. However, a detailed understanding of how and under what conditions the
heterogeneous synaptic inputs trigger tuned dendritic spikes, and how reliably the latter instructs
neuronal outputs is still lacking. Recent technical advances in two-photon calcium (2P Ca2+)
imaging using genetically encoded calcium indicators, e.g., GCaMP8m, have enabled functional
input mapping with dendritic spine-level resolution. This approach enables longitudinal
examination of the spatial distribution of presynaptic inputs carrying various orientation tuning
signals along the dendritic arbor. 2P Ca2+ imaging can also identify the site of dendritic spike
generation as local dendritic hotspots of Ca2+ increase, and the generation of neuronal output
observed as a global Ca2+ transient backpropagating towards distal dendrites. Here we report
that while the simple linear sum of the tuning curves of individual synaptic inputs can predict the
preferred orientation of the neuron, it produces broader tuning. A simple linear sum of the tuning
curves of local dendritic Ca2+ hotspots, however, recapitulated both the preferred orientation and
the tuning width of the neuronal output. Moreover, chronic functional imaging of the same
dendrites over up to 6 months revealed several cases in which drifts in preferred orientations
have been observed that were coupled with drifts in the summed tuning of dendritic spine
activity. Lastly, chronic functional imaging is a powerful tool for monitoring pathological
progression in neurodegenerative diseases. Performing chronic intrinsic signal optical imaging
on two different strains of mouse models of tauopathy (rTg4510 and PS19), we have identified
specific visual cortical areas of vulnerability including the primary visual cortex (V1) and medial
higher visual areas (HVASs). Focusing on these visual areas, we will discuss how dendritic
integration is affected as the pathology progresses.
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Abstract: Neocortical layer 2/3 (L2/3) pyramidal cells are a major component of the canonical
cortical circuit. Although these cells are the most numerous cortical pyramidal cell type,
restricted access to their fine dendritic protrusions has limited our understanding of the somato-
dendritic conductances governing the activity of these cells. Hyperpolarization-activated
nonselective cation (HCN) channels are known to play an essential physiological role in the
more well-characterized (e.g., L5) pyramidal cell types. In L5 pyramidal neurons, HCN channels
regulate resting membrane potential and are crucial for the temporal normalization of synaptic
events arriving at spatially mismatched locations. In contrast, L2/3 pyramidal cells are widely
regarded as lacking this conductance due to the absence of the characteristic “sag” potential.
Here we report that L2/3 pyramidal cells express functionally relevant HCN channels throughout
the cortex. Importantly, HCN channels strongly constrained neuronal AP firing by altering the
resting membrane potential and input resistance of L2/3 cells. In L5 cells, HCN channels
strongly regulate distal synaptic events due to their enrichment within distal apical dendrites of
this neuron type. In contrast, we found that only proximal synaptic events were altered in L2/3
cells after pharmacological HCN blockade. Thus, this unique L2/3 HCN distribution may
preferentially regulate information arriving from bottom-up synaptic pathways, as opposed to
top-down information in L5 cells. We also found that direct HCN modulation through
serotonergic receptor (5-HT7R) activation significantly altered AP firing in L2/3 neurons.
Finally, we confirmed that these channels have behaviorally relevant functionality in the adult
brain for maintaining accurate visual processing in V1 cortex. Together our results demonstrate
that L2/3 pyramidal cells not only express dendritic HCN channels but also employ these
conductances in a previously unobserved manner.
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Abstract: Neurons receive the majority of their excitatory synaptic inputs on dendritic trees,
which can differ in shape, size, and density of active conductances. This diversity can
differentially affect dendritic integration and hence neuronal computations. While the role of
dendrites in computations performed by excitatory neurons has been substantially investigated,
much less is known about the influence of dendritic integration in GABAergic interneurons
(INs). This is particularly true in the neocortex where interneurons are particularly diverse. In
here we used a multidisciplinary approach to characterize the dendritic integration properties of
parvalbumin (PV)-positive and somatostatin (SST)-positive INs in the mouse sensory cortex.
Using two-photon glutamate uncaging (2PGLU) we observed that PV-INs display mostly
sublinear subthreshold input-output relationships, while SST-IN dendrites integrate quasi-
synchronous inputs supralinearly in a NMDA-dependent manner. We subsequently analyzed
synaptic distributions on those two different populations of INs using STED imaging of
immunolabelled PSD-95 puncta (proxy for glutamatergic synapses) as well as a publicly-
available EM dataset (MICrONS dataset). Surprisingly, estimates of synapse distributions
revealed that PV- and SST-INs use different strategies to distribute synaptic inputs along their
dendrites. In SST-INSs, linear synapse density is relatively constant along single dendritic
branches. In contrast, in PV-INs, proximal dendrites have linear synapse density that is 2-3 times
higher than in SST-INs that progressively decreases with distance from soma. Interestingly
2PGLU revealed that such asymmetric synapse distributions are accompanied by synaptic
integration gradients. In PV-INs proximal dendritic segments integrate inputs in a predominantly
linear fashion, whereas distal dendritic segments exhibit predominantly sublinear integration.
Initial results from numerical simulations suggest that the sharp decrease in synapse density
along the somatodendritic axis of PV cells reduces sublinear processing in their distal dendrites
during normal cortical function. We are presently using visual stimulation and two-photon
imaging to test the link between sensory integration and dendritic properties in the primary visual
cortex of awake mice. Notably, we are testing the impact of NMDARs in SST-INs in shaping the
spatial selectivity of neuronal responses. In conclusion, our data demonstrate that IN-specific
dendritic integration properties further contribute to the already diverse functional differences
between PV*-INs and SST*-INs in neocortical microcircuits.
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Abstract: Morphologically elaborate dendritic trees endow cortical pyramidal neurons with the
ability to differentially integrate multiple streams of information. Although prior calcium
imaging studies have shown that active dendritic processes can represent task-relevant features in
behaving animals, it remains unclear how such dendritic activity is related to somatic spiking due
to interference from backpropagating action potentials (bAPs). To study the relationship between
somatic and dendritic activity, we employed soma-targeted optogenetic inhibition to suppress
bAPs generation during multi-plane two-photon in vivo GCaMP imaging of apical dendrites.
Experiments were performed in the mouse retrosplenial cortex during navigation in a virtual
reality paradigm. We observed widespread and highly correlated somato-dendritic activity in
cortical layer 5 pyramidal neurons under control conditions, as has been reported previously.
However, during optogenetic inhibition of bAPs generation, many independent local GCaMP
events in distal apical tuft branches were revealed. Ongoing experiments are focused on
characterizing the visual inputs and behavioral correlates of these events compared to somatic
bAPs. Our approach provides a new avenue for investigating how dynamic compartmental
computations in dendrites contribute to neuronal tuning and cortical circuit processing during
behavior.
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Abstract: Temporal lobe epilepsy (TLE) is a neurological disorder characterized by focal
seizures originating from the hippocampus, hippocampal sclerosis, and cognitive dysfunction.
Many TLE patients are unresponsive to current epilepsy treatments, highlighting the need to
understand the mechanisms underlying hippocampal hyperexcitability that drive the seizure
onset. In the hippocampus and cortex, STriatal-Enriched protein tyrosine Phosphatase (STEP61)
is membrane-bound and negatively regulate s excitatory synaptic transmission by inducing
dephosphorylation and internalization of two major glutamatergic receptors including N-methyl-
D-aspartate (NMDA) and a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)
receptors. Recently, we have reported that the STEP inhibitor, TC-2153, decreased the severity
of kainate (KA)-induced seizures and activity of acute hippocampal slices compared to DMSO
vehicle control. Further, TC-2153 treatment of cultured hippocampal neurons decreased their
excitability and —~the hyperpolarization-activated current (Ih-), highlighting a potential novel
regulation of hyperpolarization-activated cyclic nucleotide-gated (HCN) channels by STEP61.
To test this hypothesis, we first demonstrated that STEP knock-out (KO) mice displayed reduced
excitability of hippocampal CA1 neurons and similar severity of KA-induced seizures between
TC-2153 and DMSO treatment, indicating that anti-seizure action of TC-2153 is STEP-specific.
To investigate if STEP61 regulates HCN channels, we next performed surface biotinylation in
Chinese hamster ovary (CHOhm1) cells transfected with HCN2 and wild-type (WT) STEP61, or
a catalytically inactive mutant of STEP61 [C/S]. Although HCN2 colocalizes with STEP61 WT
and [C/S] , co-expression of STEP61 WT nor STEP61 [C/S] did not alter total expression of
HCN2 compared to empty vector control. Interestingly, co-transfection of STEP61 [C/S]
significantly increased HCN2 surface level compared to STEP61 WT. Together, these results
suggest that TC-2153 reduces seizure susceptibility in a STEP-specific manner and that STEP61
regulates surface expression of HCN2. We are currently testing whether STEP61 affects voltage-
dependent activation, current density, and tyrosine phosphorylation of HCN2 channels.
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Abstract: Rationale: Current anti-seizure medications are insufficient for managing seizures in
epilepsy patients, as one third of patients are resistant to current anti-convulsants. One promising
disease-specific target for reducing seizures is SUR1-TRPM4, a sodium conducting ion channel
minimally expressed in healthy brain that upregulates de novo after status epilepticus and other
seizure-related pathologies like stroke. SUR1-TRPM4 upregulation has been successfully
targeted to reduce stroke pathology through preclinical studies and clinical trials. Here we
investigated whether SUR1-TRPM4 upregulation contributes to chronic seizure susceptibility in
epilepsy. Methods: SUR1-TRPM4 expression was examined by immunohistochemistry (IHC) in
epilepsy patient resected brain tissues electrographically sorted as normal or epileptic, as well as
in brains from mice undergoing pentylenetetrazol (PTZ) kindling compared to sham controls. To
assess SUR1-TRPM4 contribution to chronic seizures, the effects of TRPM4 inhibition were
studied in vivo and in vitro. An adapted PTZ kindling model was used to assess differences in
chronic seizure threshold between global TRPM4 knock-out (KO) and littermate wildtype
controls (WT). PTZ doses were started at 15mg/kg and escalated by 5mg/kg every 3 doses until
seizures were seen in either group, after which that dose (25mg/kg) was used. To assess the
mechanism that SUR1-TRPM4 expression promotes seizures through neuron hyperexcitability,
rat cortical cultures were recorded with microelectrode array (MEA), treated with low Mg?* or
control aCSF daily, and co-treated with either TRPM4 inhibitor CBA or vehicle. Results:
Compared to controls, SUR1-TRPM4 expression was increased within epileptic tissues resected
from patients (p<0.05, paired t-test) and in PTZ kindled brains (p<0.05, unpaired t-test).
Furthermore, TRPM4 KO significantly attenuates (p<0.05, logistical regression analysis) the
development of seizures induced by PTZ kindling and pharmacological inhibition of SUR1-
TRPMA4 in vitro reduces (p<0.01, 2-way ANOVA) neuronal population hyperactivity induced by
low Mg?*. Conclusions: These findings suggest that SUR1-TRPM4 is overexpressed within
seizure-specific tissue from epilepsy patients. Furthermore, this channel is upregulated in mouse
PTZ kindling and TRPM4 KO in this model reduces seizure susceptibility. In vitro data suggest
SUR1-TRPM4 contributes to seizure development through neuronal population
hyperexcitability. Overall, this work suggests SUR1-TRPM4 is a clinically relevant biomarker
and potential therapeutic target to manage seizures in epilepsy patients.
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Abstract: Epilepsy is a prevalent neurological disorder characterized by recurrent seizures,
affecting millions of individuals worldwide. Among various forms of epilepsy, childhood
absence epilepsy (CAE) is particularly common in pediatric patients and is believed to have a
strong genetic component. Despite its familial clustering, CAE does not follow a simple
Mendelian inheritance pattern, suggesting a complex polygenic nature. In addition to seizure
activity, cognitive impairments and social behavior abnormalities are frequently observed in
neurodevelopmental disorders, including CAE. However, the behavioral aspects of
developmental and epileptic encephalopathy (DEE) and their response to anti-seizure
medications are not well understood.

In this study, we investigated the combined effects of heterozygous mutations in two human
CAE and/or ASD (autism spectrum disorder)-associated genes, CACNALA and CACNG?2,
which encode the a-subunit of P/Q-type calcium channels (Cav2.1) and a transmembrane AMPA
receptor regulatory protein (TARP) named stargazin, respectively. Using a digenic mouse model
(DiG™9*14) carrying both mutations, we demonstrated that these genetic alterations led to the
development of CAE and alterations in social novelty preference. Furthermore, we evaluated the
efficacy of ethosuximide, a commonly prescribed anti-CAE medication, in this mouse model.
While ethosuximide successfully suppressed absence seizures, it failed to restore social novelty
preference in the DiG9**A mice. This observation aligns with clinical findings that
neurocognitive impairments persist in CAE patients, even with successful seizure control under
first-line anti-seizure medications like ethosuximide.

Our findings present the first digenic animal model that replicates the complex inheritance
patterns observed in human CAE. The DiG%9**A mice exhibit altered social behavior that is
resistant to ethosuximide treatment, mirroring the condition observed in human patients. This
study provides valuable insights into the intricate heredity of CAE and lays the foundation for
the development of novel therapeutic interventions to address this disorder in the future.
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Abstract: Forebrain neurons deprived of activity become hyperactive when activity is restored.
Rebound activity has been linked to spontaneous seizures in vivo following blockade with the
sodium channel blocker tetrodotoxin (TTX). Here we measured the time course of rebound
activity and contributing circuit mechanisms using calcium imaging, synaptic staining and whole
cell patch clamp of organotypic slice cultures of mouse neocortex. Calcium imaging revealed
hypersynchronous activity increasing in intensity with longer periods of deprivation. While
activity partially recovered three days after slices were released from five days of deprivation,
they were less able to recover after ten days. However, even after the longer period of
deprivation, activity patterns eventually returned to baseline levels. Pharmacological blockade of
NMDA receptors indicated that elevated rebound activity did not require Hebbian plasticity
evoked during synchronous firing. Single neuron recordings revealed that input resistance
roughly doubled with a concomitant increase in intrinsic excitability. Synaptic imaging of pre-
and postsynaptic proteins revealed dramatic changes in the number of presumptive synapses with
larger effect on presumptive inhibitory than excitatory synapses. Presumptive excitatory
synapses colocalizing PSD-95 and Bassoon declined by 39% and 56% following five days and
ten days of deprivation, but presumptive inhibitory synapses colocalizing gephyrin and VGAT
declined by 55% and 73% at these time points. More modest changes in pre- and postsynaptic
puncta size also occurred. The results suggest that with prolonged deprivation, a progressive
reduction in synapse number is accompanied by a shift in the balance between excitation and
inhibition and increased cellular excitability.
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Abstract: The spike-wave seizure (SWS) is the hallmark of Childhood Absence Epilepsy
(CAE), a disease that affects up to 8 per 100,000 children under 15 years of age. Currently
available anti-seizure medications reduce seizure occurrence but are associated with
unacceptable freedom from treatment failure rates (~50%) due to intolerable side effects.
Understanding the mechanisms of SWS generation is a necessary step for developing better,
targeted treatments. Prior research suggests that SWSs are driven by hypersynchronous neural
circuits of the cortex and thalamus. However, beyond this general conclusion, many significant
questions remain. For example, which structures actively contribute to the generation of a seizure
(“actively driving”), and which ones are only passively active during a seizure (“passively
following™)? Importantly, only structures that are “actively driving” seizures are reasonable
targets for treatment strategies. To resolve this question, we recorded single-unit activity in
awake head-fixed epileptic mice to resolve the contribution of all thalamic nuclei to SWS
generation. The activities of single neurons were aligned to the SWS onset, revealed by
simultaneously recorded cortical electrocortigram electrodes. Preliminary findings (n=7) indicate
that most thalamic nuclei are recruited during the SWS and fire sparsely but synchronously
during each cycle of the SWS. The results of this study — a single-neuron resolution activity map
during the SWS - is an essential first step for the development of novel therapeutic strategies for
a common childhood form of epilepsy associated with unacceptable failure rates.
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Abstract: Mesial temporal lobe epilepsy (mTLE) is a prevalent type of epilepsy with a high rate
of drug resistance and surgery relapse. The ictogenesis of mTLE is not well understood. A better
understanding of how mTLE seizures begin may offer new therapeutic opportunities.

We modeled mTLE seizures with optogenetic stimulation to the hippocampus. In mice, we
transduced ChR2 in putative glutamatergic neurons unilaterally in CA1 of the hippocampus. A



fiber cannula was implanted at the site of ChR2 transduction for optical stimulation, and
electrodes were implanted bilaterally in the CA1 and DG of the hippocampus to simultaneously
monitor the EEG activity. We demonstrate that focal to bilateral tonic-clonic seizure can be
induced in awake-behaving mice by 10Hz optical activation of unilateral CA1 glutamatergic
neurons.

At first, optical stimulation of the ChR2-expressing neurons evoked an immediate EEG activity
measured near the stimulation site. EEG activity at the corresponding contralateral hippocampus
was observed with approximately 5ms delay, validating bilateral hippocampal connectivity. To a
continual stimulation, a stereotypical secondary discharge emerged in both the ipsilateral and
contralateral EEG. This secondary discharge was found 20-50ms delayed from each stimulation
pulse. The secondary discharge led into the seizure onset and thus denotes a critical transition
from a reactive, stimulation-driven neural response to a self-sustaining seizure. We demonstrate
that the secondary discharge may have been initiated in the ipsilateral DG, then amplified by the
contralateral hippocampus. Overall, EEG activity appeared to alternate between the ipsilateral
and contralateral hippocampus, approximately 90° out-of-phase. We believe this is the result of
the neural signal rebounding between ipsilateral and contralateral hippocampus through its
bilateral re-entrant structure. It is likely that the continual optically stimulation propelled the
derived contralateral response to the magnitude that it activated a re-entrant response on the
ipsilateral side, and this triggered the secondary discharges. Further reinforced by the external
optical stimulation, both ipsilateral and contralateral secondary discharge intensified and led to a
seizure.
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Abstract: The prevalence of epilepsy is about 1% of the US population and nearly 1 in 3
epilepsy patients fails to respond adequately to anti-epileptic drugs. Development of new
therapeutic options depends on an understanding of how seizures start and spread through the
brain. Two main features of seizure propagation are the excitation/inhibition balance across the
brain, and the specific brain regions involved in individual seizures to form a seizure network.
To examine excitation and inhibition balance across the cortex, we selected a bilateral
neocortical brain network consisting of somatosensory (S1) and frontal cortex (M2). We applied



widefield calcium imaging across the dorsal cortex during awake focal 4-Aminopyridine (2.5
mM) seizures in mice to study how seizures initiate and spread, imaging Thy1+ excitatory
neurons and PV+ interneurons with simultaneous electrophysiology. We found that, prior to
seizure onset, both cell types show activity increase at the focus, though there was no significant
timing difference between these cell types. After seizure onset, seizures either propagated
contiguously, spreading from the 4-AP focus, or by first propagating through axonal connections
to ipsilateral M2. After this, some seizures then propagated to the opposite hemisphere. When
this occurred, our imaging revealed that bilateral propagation always occurred earlier in frontal
cortex than other more posterior regions. Contralateral S1, despite direct callosal connection with
the seizure focus, was recruited significantly later than contralateral M2. This finding suggests
that bilateral seizure propagation may depend on the dynamics of cross-callosal projections: we
hypothesize that callosal projections from S1 may serve to inhibit contralateral S1, while callosal
projections from M2 may preferentially excite contralateral M2. Regardless of the mechanism,
our data suggests that specific choke points may exist within seizure networks and provides a
potential target for cell-type-specific or surgical intervention to prevent bilateral seizure spread.
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Abstract: In this study, we explored the progression of seizures kindled from the basolateral
amygdala (BLA) using an amygdala rapid kindling rat model Responses were measure in to the
ipsilateral parietal cortex (PC), fastigial nucleus (FN), and the brainstem reticular formation (RF)
and nucleus tractus solitarius (NTS), Adult male Wistar rats were surgically implanted with
bipolar electrodes, enabling real-time, high-resolution local field potential (LFP) recordings pre-,
and postictally. Utilizing a combination of graph neural network (GNN) and Granger Causality



(GC) analyses, we transformed raw LFP data into discernible patterns of functional connectivity.
We observed a strengthened GC connectivity from the BLA to NTS, FN, PC, and RF during
seizure progression associated with once daily stimulation of the BLA over 3 weeks.
Interestingly, post-kindling stages presented a shift in seizure centrality from the BLA to the
ipsilateral PC, which demonstrated stronger connections to NTS, RF, and FN, while BLA
connectivity appeared to diminish. This distinct pattern of activity flow and synchronization
suggested a coherent progression of seizures from supratentorial regions to subcortical and
cardiorespiratory hubs within the brainstem. Statistical analyses further supported these findings,
showing significant increases in synchronization and coherence metrics during seizure
propagation compared to baseline states. Remarkably, these synchronization patterns correlated
with the severity of Racine scored seizures. Brainstem seizure activity correlated with the degree
of respiratory dysfunction, establishing a quantitative link between neural activity and systemic
physiological impacts. By elucidating the complex neural network dynamics of kindled seizures,
our study provides a perspective on seizure propagation into the brainstem and the associated
seizure semiology and physiological consequences.
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Title: Chronic, spontaneous hippocampal seizures evoke widespread alterations in cerebellar
activity and network dynamics in a mouse model of temporal lobe epilepsy
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Abstract: Despite not being traditionally associated with epilepsy or seizures, the cerebellum
has emerged as a potentially critical node in seizure networks. Chronic epilepsy is associated
with cerebellar alterations including disrupted functional and structural connectivity, volume,
and perfusion. During seizures themselves, alterations in cerebellar blood flow and phase locking
of single cell activity occur, but it is unclear how these alterations influence ongoing cerebellar



processing. It is critical to understand exactly how seizures and chronic epilepsy influence
cerebellar dynamics, as cerebellar deficits can coincide with cognitive impairments and can even
predict sudden unexplained death in epilepsy (SUDEP).To address these major questions, we
recently developed a novel method for chronic mesoscale recordings of the of the cerebellar
cortex in head fixed, behaving mice using cerebellar windows. Using PcP2-GCaMP6s mice, the
activity of Purkinje cells, the primary output neurons of the cerebellar cortex, is recorded across
lobules IV-VII of both vermis, simplex, and Crus | regions of the cerebellar cortex. Combined
with simultaneous hippocampal LFP recordings in mice that had previously received unilateral
intrahippocampal kainic acid injections, our approach allows for the quantification of Purkinje
cell modulation during chronic, spontaneous hippocampal electrographic seizures. We find that
hippocampal electrographic seizures evoke widespread alterations in Purkinje cell activity
throughout the dorsal cerebellar cortex. Importantly, these seizures lack any overt motor
symptoms, indicating that cerebellar modulation cannot be attributed to pure changes in motor
output. In addition to being engaged by the seizures themselves, changes in cerebellar activity
precede hippocampal seizures, with dramatic reductions in synchrony observed between
cerebellar networks during preictal periods. Together, these results indicate that hippocampal
seizures can profoundly influence cerebellar activity, and suggest that alterations in cerebellar
dynamics might potentially serve as a predictor of seizure onset in temporal lobe epilepsy.
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Abstract: Pediatric epilepsy is a common neurological disorder characterized by recurrent
unprovoked seizures, but often associated with severe cognitive impairments and psychiatric
comorbidities that are detrimental to the patient’s quality of life. Current treatment approaches do



not address the disease associated cognitive and psychiatric comorbidities. Rodents with a
history of early life seizures (ELS) have significant deficits in spatial learning and memory,
sociability, attention, and fear extinction learning. We have shown that exogenously
administered adrenocorticotropic hormone (ACTH), a hormone in the hypothalamic-pituitary-
adrenal (HPA) axis, is effective at preventing learning impairments in fear extinction and anxiety
phenotype in light/dark box after ELS. The objective of this study is to investigate the
mechanism behind the cognitive improvement and learning impairment prevention of ACTH
after ELS. Here we show that the cognitive improvement is dependent on melanocortin 4
receptors (mc4r), neuropeptide receptors agonized by ACTH that are expressed on neurons and
glia in the brain. To investigate the mechanism behind the improvement, both male and female
wildtype and mc4r knockout mice were distributed into three groups: control, ELS with no
treatment and ELS with ACTH treatment. Mice experience seizures between p10 and p14
followed by in vivo single unit recording implantation in the prefrontal cortex (PFC) at p45. In
vivo single unit recordings performed at baseline (n=24 wildtype and n=18 mc4r knockout p50
mice) and during a fear extinction task (n=18 wildtype and n=13 mc4r knockout p50 mice)
reveal that ELS and ACTH treatment are associated with long-term alterations in PFC neuronal
firing modulation. These results suggest that ACTH treatment improves cognitive outcome after
ELS through a mechanism that bypasses the systemic effects of cortisol release and potentially
normalizes local PFC networks independently from altering seizure parameters. Taken together,
these data elucidate the mechanism behind the improvement in ELS outcome with ACTH
treatment and suggest that MC4R agonists may be a novel therapeutic strategy for improving
outcome in pediatric epilepsy.
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Abstract: In the United States, nearly 400,000 children suffer from developmental epileptic
encephalopathies characterized by intellectual disability, behavioral comorbidities, higher rates
of mortality and increasing drug resistance risk with age. Although involvement of inhibitory
circuits in modulating abnormal neuronal networks and seizure development is known, our



understanding of GABAergic interneurons in epileptic encephalopathies remains limited. Here,
we used a C1ga KO mouse model of epilepsy that exhibits clinically relevant
electrophysiological (EEG) and behavioral features of refractory childhood epilepsies,
particularly Lennox-Gastaut syndrome (LGS). We investigated EEG abnormalities, inhibitory
neuronal network changes and behavioral phenotypes. Data was obtained from juvenile adult
Clga KO mice and aged-matched controls between 60-80 days postnatal (n = 22 WT, 30 Clga
KO). EEG signals were acquired using a tethered head-mounted video-EEG monitoring system
and analyzed offline using SireniaScore software (Pinnacle Technologies). In an additional
cohort of mice, we performed two independent behavioral assays: open field test and dark light
preference test, to assess anxiety-like behaviors and general locomotor activity.
Immunofluorescence labeling for somatostatin (SST)-expressing interneurons, DAPI and c-Fos
was performed in the same cohort of mice. Measurement of interneuron numbers was performed
in somatosensory cortex layers (I-VI1). Cortical excitatory and inhibitory synaptic transmission
was also evaluated using in vitro electrophysiology. Here, we present four major findings: C1qga
KO mice showed (1) a prominent bi-hemispheric irregular spike and slow wave activity pattern,
(2) a transient period of hyperactivity during open field testing, and decreased time spent in the
light compartment while in a dark/light box, both associated with anxiety-like behaviors, (3)
decreased number of SST interneurons and c-Fos positive cells in layer 6 of somatosensory
cortex, (4) increased amplitude and frequency of spontaneous EPSC in deep layers of
somatosensory cortex. These results uncover cortical network abnormalities and behavioral
phenotypes in a C1ga KO mouse model of epilepsy.
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Abstract: Repeated generalized tonic-clonic seizures (GTCSs) are the single most significant
risk factor for sudden unexpected death in epilepsy (SUDEP). Others have demonstrated that
animals with ion channel mutations causing epilepsy have postictal apnea. We reported last year



that repeated PTZ-induced seizures gradually lead to fatal postictal apnea, related to the plasticity
of the GIuAl subunit of AMPA receptors. We tested whether similar mechanisms operate in the
kindling model of temporal lobe epilepsy. We induced repeated GTCSs using the hippocampal
kindling model. We generated global knockout (K.O.) mice of AMPA receptor subunit GluAl
and compared EEG, breathing, and heartbeat in GluA1 K.O. and W.T. littermates. Kindled mice
underwent hypoxia (10% O2) and hypercarbia (5% COz2) gas challenge every other day before
kindling from naive to fully kindled states to determine if there are any gas sensitivity changes
before apnea development. Breathing frequency and variability were recorded in
plethysmography chambers. Next, we kindled activity reporter TRAP2 mice to label and map
neuronal circuits active during postictal apnea. Because the amygdala has been shown to be
involved in apnea, we injected Cre-dependent AAV9 GFP virus in the amygdala of TRAP2 mice
that express Cre only in the activated neurons. Injection of 4-hydroxytamoxifen in these mice
after postictal apnea allowed us to trace only activated anatomic projections from the amygdala
through the brainstem during apnea. We used immunohistochemistry and Neurolnfo software to
create a 3D brainstem reconstruction map of activated brainstem nuclei during postictal apnea.
We found that repeated hippocampal kindling-induced GTCSs also led to fatal postictal apnea.
Mice without GIuA1 subunit of AMPA receptors neither attained nor sustained GTCSs
compared to W.T. littermates. 60% of GluAl K.O. mice remained unkindled despite stimulation,
their seizure threshold was higher (GluAl1 K.O.: 157.10 + 37.65 pA, n = 10 mice; W.T.: 64.00 =
14.70 pA, n = 10 mice; Mann Whitney test, p = 0.022), seizure severity lower (p < 0.05), seizure
duration shorter, and none of them died compared to W.T.s. The experiments mapping neuronal
circuits active during hippocampal GTCSs-induced apnea in TRAP2 mice and sensitivity to
hypoxia and hypercarbia during kindling are ongoing. We propose that neuronal plasticity leads
to seizure-induced apnea.
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Abstract: Rationale: Although epilepsy patients spend minimal time experiencing seizures,
significant physical injury and psychological distress is associated with the unpredictability of
these transient, debilitating events. Despite four decades of EEG-based predictive modeling of
neural features such as LFP band power changes and single neuron firing rates, the transitions
between baseline, pre-seizure, and seizure brain states remain unclear and unpredictable.
Methods: In contrast, our approach uniquely models time-varying epileptic network connectivity
across seizure development to reveal predictable, distinct connectivity states across seizure
development. We analyze intracranial EEG (iEEG) recordings from three patients with drug-
resistant epilepsy, tracking coherence between electrode contacts. High-dimensional connectivity
data is projected into low-dimensional latent space using principal component analysis. Data
points are grouped into stages of seizure development by temporal proximity to seizure, and
clustering of points within and between stages is quantified.

Results: Our results in three subjects demonstrate that within subjects and across multiple
seizures, grouping data points based on temporal proximity to seizure explains significantly more
variance in connectivity state than can be attributed to the temporal dependence inherent to time-
series data (p &It; 0.0001). This suggests that network connectivity evolves through predictable,
distinct connectivity states across seizure development. Specifically, we find that changes in high
gamma band coherence (70-200 Hz) drive the majority of variance and that theta (4-8 Hz) and
alpha (8-12 Hz) coherence optimally separate pre-seizure from baseline states.

Conclusion: Our results characterize a distinct pre-seizure connectivity state, which is separable
from both baseline and seizure states. ldentification of this state could provide a dynamic target
for seizure prediction. Our initial analyses temporally defined stages of seizure development and
assessed whether these temporal stages exhibited significant differences in network connectivity.
Future work will challenge the assumption of our initial temporal grouping, finding optimal
borders of distinct connectivity states in time relative to seizure.
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Abstract: Seizures are common and greatly impact patients’ lives because they are abrupt and
difficult to predict, thus developing biomarkers that can reliably signal seizures’ approaches is of
great interest. Prior work on seizure prediction has focused on monitoring passive changes in
EEG. An alternate strategy is to monitor the response to perturbations, which is based upon
critical slowing from dynamic systems theory. In this study, we forecast seizure retrospectively
in a rat temporal lobe epilepsy model using pre-seizure features associated with critical slowing.
Tetanus toxin (TeNT, 25 ng/ul) was infused into the left hippocampal CA3 of six male Sprague
Dawley rats; three control rats were injected with vehicle alone. Four EEG screw electrodes were
implanted anterior or posterior to the ipsilateral and contralateral hippocampi respectively. From
the second day after TeNT injections, intermittent electrical stimuli (pulse incidence, 0.3 Hz;
pulse length and amplitude: 0.5 & 0.5 ms, biphasic 1.2 mA; 100 pulses in a train, and the inter-
train interval = 5 min) were delivered through the two EEG screws flanking the ipsilateral
hippocampus as a consistent source of perturbations. The first electrographic seizures presented
in the first two weeks after TeNT injections, and the rats remained epileptic for 8 weeks.
Recording and stimuli lasted over 2 months after injections. We characterized several response
features (curvature, point of deflection, spectral band power [1-64 Hz], etc) that were successful
at suggesting that seizure risk was rising in the 0-30 minutes prior to seizures. For each subject,
we built a custom seizure forecasting algorithm through the comparison of features between
interictal periods and pre-seizure periods. We tested how this method could be implemented in
real-time preparation for an online evaluation of seizure risk in the same model of epilepsy.
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Abstract: Background: Temporal lobe epilepsy (TLE) is one of the most common types of
epilepsy, with seizures originating from the hippocampus and is associated with aberrant DNA
hydroxymethylation and glucose hypometabolism. Approximately 5% of glucose feeds into the
Hexosamine Biosynthetic Pathway (HBP), which is a precursor to the glycosylation pathway,
generating the sugar nucleotide UDP-N-acetyl-glucosamine (UDP-GIcNAC) substrate. The O-



GIcNACc Transferase (OGT) and O-GlcNAcase (OGA) catalyze the addition and removal of the
O-GIcNAc moiety at serine and threonine residues, respectively. In the present study, we
investigated whether OGT recruits Ten-Eleven Translocation (TET) proteins, like TET1, to
facilitate the conversion of 5-methylcytosine (5-mC) to 5-hydroxymethylcytosine (5-hmC) at
gene regions associated with chronic epilepsy. We hypothesize that altered TLE associated
glucose metabolism contributes to abnormal O-GIcNAc signaling to TET1 DNA
hydroxymethylation mechanisms in the epileptic hippocampus. Methods: Male Sprague Dawley
rats were injected with saline or 10mg/kg of kainic acid (KA) to induce Status Epilepticus (SE).
Six weeks following SE induction, the hippocampus was sub-dissected out and tissue processed
for TET1 and OGT interactions in nuclear protein extraction. TET1, OGT and O-GIcNAc levels
were detected by western blotting. The physical interaction of TET1-OGT was assessed by co-
immunoprecipitation (co-1P). O-GIcNAcylation of TET1 was determined by succinylated wheat
germ agglutinin (SWGA) assay. Results: Co-immunoprecipitation analysis revealed that
endogenous TET1 complexed with OGT in the hippocampus. Specifically, we found a
significant increase in the ratio of OGT binding to TET1 in the epileptic hippocampus compared
to non-epileptic controls. Furthermore, we observed a significant reduction in TET1 O-
GlcNAcylation levels. Conclusions: Together, these findings indicate an increased association
between OGT and TET1 proteins in the hippocampus of epileptic rats compared to non-epileptic
controls. To our knowledge, this study is the first to demonstrate an endogenous interaction of
OGT-TETL in the epileptic hippocampus suggesting a possible dysregulation in the following: 1)
glucose metabolism, 2) expression/activity of OGT/OGA, 3) cellular stress response or 4) other
epigenetic mechanism influencing the expression of genes involved in HBP. Our future work
will focus on elucidating the observed alterations in TET1-OGT interaction and TET1 O-
GIcNAcylation gene regions in the epileptic hippocampus.
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Abstract: Early life seizures (ELS) can have long-term consequences on cognitive function,
leading to persistent cognitive deficits and intellectual disability. We have previously shown that
ELS elevate neuronal excitability and increase the expression of GluA2-lacking AMPARS. In
addition, ELS can block critical period cortical plasticity, and cause synaptic long-term
potentiation (L TP) deficits in hippocampal CAL. Since the re-appearance of GluA2-lacking
AMPARs play a critical role in aberrant plasticity in the hippocampus after ELS, we investigated
whether a single seizure episode affects specific populations within the hippocampus, and
whether early intervention through antagonism of GluA2-lacking AMPARs can prevent long-
lasting dysfunction in neuroplasticity at adulthood. Using an activity-dependent genetic labeling
transgenic mouse model (FOSTRAP;Ai14), we permanently labeled the ELS-activated neuronal
population by pairing kainic acid with 4-OHT injections at postnatal day (P)10. The ELS-
activated neurons, tagged by tdTomato (tdT+), were assessed at P28-35. A subset of mice
received an intraperitoneal injection of IEM-1460, a GluA2-lacking AMPAR antagonist, at 5
mg/kg, 1 hr post-seizures and 3 more injections every 12 hrs. We found a robust population of
tdT+ neurons in CA1 (93.5 £ 8.9%), and these neurons showed increased inward rectification
consistent with synaptic insertion of GluA2-lacking AMPARs compared with surrounding tdT-
neurons and saline control mice (rectification index, tdT+: 3.58 vs tdT-: 1.84 vs saline: 1.64, p <
0.05, one-way ANOVA), as well as impaired LTP (Kruskal-Willis ANOVA, p <0.05; Dunn’s
post-test, Sal vs tdT+ cells, p< 0.05, and tdT- vs tdT+, p < 0.05), and diminished long-term
depression (LTD; one-way ANOVA, p <0.001; Tukey’s post-test, Sal vs tdT+ cells, p < 0.01,
and tdT- vs tdT+ cells, p <0.001). However, the surrounding tdT- showed robust LTP and LTD,
comparable to the saline controls. Importantly, we found that early treatment with IEM-1460 at
P10 could prevent the GluA2-lacking AMPARSs accumulation onto synapses of tdT+ neurons at
P28-P35 (ELS+IEM vs ELS+Veh, Mann Whitney test, p < 0.05), and at the same time, rescue
LTP (one-way ANOVA followed by Tukey's test, ELS+IEM vs ELS+Veh, p <0.001) and LTD
deficits (one-way ANOVA followed by Tukey's test, ELS+IEM vs ELS+Veh, p < 0.05) in the
CAL neurons. In summary, this study emphasizes the significant role played by GluA2-lacking
AMPARSs in a particular subset of neurons that are impacted by ELS, ultimately leading to
dysfunction within the hippocampal network and emphasizes the need to prioritize preventive
measures in individuals affected by ELS.
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Abstract: While central autonomic cardiorespiratory dysfunction underlies sudden unexpected
death in epilepsy (SUDEP), the specific neural mechanisms that lead to SUDEP remain to be
determined. Here we took an advantage of single cell neuronal Ca2+ imaging and
intrahippocampal kainic acid (KA)-induced chronic epilepsy in 8-10 weeks old male C57BL/6
mice to investigate progressive changes in key cardiovascular and respiratory brainstem circuits
during chronic epilepsy. Experiments were performed in accordance with the European
Commission Directive 2010/63/EU and the UK Home Office Scientific Procedures Act (1986).
Mice were randomly elected from the cage and assigned to injection group (respiratory
retrotrapezoid nucleus (RTN) n=9, cardiovascular rostral ventrolateral medullary (RVLM) n=9
or control n=6). Following induction of status epilepticus (SE), we observed that the adaptive
ventilatory responses to hypercapnia were reduced in mice with chronic epilepsy for 5 weeks
post-SE with its partial recovery at week 7. These changes were paralleled by post-SE alterations
in the chemosensory responses of neurons in the RTN. Neurons that displayed adapting
responses to hypercapnia were less prevalent and exhibited smaller responses over weeks 3-5,
whereas neurons that displayed graded responses to hypercapnia became more prevalent by week
7. Over the same period, chemosensory responses of the presympathetic RVLM neurons showed
no change. Mice with chronic epilepsy showed enhanced sensitivity to seizures, which invade
the RTN and possibly put the chemosensory circuits at further risk of impairment. Our findings
establish a dysfunctional breathing phenotype with its RTN neuronal correlate in mice with
chronic epilepsy and suggests a potential functional non-invasive biomarker test, based on
respiratory chemosensitivity, to identify people with epilepsy at risk of SUDEP.
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Abstract: The reversal potential of GABAA receptors (Ecasa) is dependent upon the chloride
concentrations on both sides of the neuronal membrane. We recently discovered that the
extracellular chloride concentration is non-uniform and half the chloride in bulk cerebrospinal
fluid. We also observed that removal of polyanionic glycosaminoglycans (GAGs) from the
extracellular space, mimicking injury-induced metalloprotease (MMP) activation, results in a
shift toward higher local extracellular chloride concentrations. We used 2-photon Fluorescence
Lifetime Imaging (FLIM) of a custom chloride-sensitive fluorophore constrained to the
extracellular space by conjugation with 10 kilodalton dextran in acute and organotypic cultures
of hippocampal slices. We used slice injury as well as 2-photon photolysis of single neurons
within organotypic slices to model acute brain injuries. Intraneuronal chloride was measured
with the ratiometric reporter Super Chlomeleon. Having discovered that the extracellular
chloride ([Cl]o) between neurons both in vitro and in vivo is only about half that of bulk CSF
chloride, and that digestion of a prominent sulfated GAGs in the brain (chondroitin sulfate) leads
to release of these anionic moieties and a shift to higher chloride concentrations, we next asked
what would happen to [Cl]o when the sulfated moieties of the matrix are freed by endogenous
MMPs after brain injury. We found a strong dependence of [Cl]o vs distance from injury, with
Cl concentration increasing to the ACSF levels near the injured surface of acute slices or
proximity to photolysed neurons in organotypic slices. These changes in [Cl]o should also alter
the neuronal intracellular chloride via the activity of the high-velocity equilibrative membrane
chloride transporters. We compared [Cl]o and intracellular chloride ([CIT]i) in each of these
models, and confirmed results in vivo using cortical window implantation of adolescent mice.
Finally, the release of sulfates and subsequent changes to [Cl]oi should be inhibited by MMP
antagonists. We confirmed that broad-spectrum inhibition using the zinc chelator ZX-1 or the
more specific MMP-2/9 inhibitor SB3CT also reduced [Cl]oi and neuronal volume after injury.
These changes were evident at the cut surface of acute brain slices and in proximity to
photolysed neurons. In conclusion, [Cl]. is partially displaced by sulfates in the extracellular
matrix. Damage to the extracellular matrix following brain injury alters the distribution of
chloride in both the extra- and intracellular spaces. These findings have immediate implications
for the treatment of cytotoxic edema and seizures after acute brain injury.
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Abstract: Genetic mutations that cause hyperactive mTOR signaling in the cerebellum lead to
disrupted cerebellar growth, debilitating motor impairments, and may contribute to the
development of epilepsy. mTOR inhibitors can reduce seizures and prevent behavioral
impairments but are associated with serious side effects. Thus, a critical need for better therapies
to treat individuals with hyperactive mTOR induced motor impairments and epilepsy remains.
Vitamin D has been shown to suppress mTOR signaling and abate seizure severity. However, it
has not been determined if vitamin D can ameliorate the development of motor impairments and
epilepsy induced by hyperactive mTOR signaling. Here, we determine the effects of high dose
vitamin D on cerebellar growth, mTOR signaling, and markers of vitamin D signaling and
metabolism in a mouse model of hyperactive mTOR induced epilepsy and ataxia. Male and
female neuronal subset specific Pten knockout (KO) and wildtype (WT) mice were provided
either a diet supplemented with 20,000 1U/Kg of vitamin D3 or a standard mouse chow
containing 1,500 1U/Kg of vitamin D3 at 4-weeks-old. At 6 weeks, mice underwent testing for
motor performance in the sticker removal, spontaneous activity in a cylinder and rotarod tests.
Motor seizures were recorded during weeks 9 and 10. The cerebellum was weighed and then
analyzed for alterations to vitamin D and mTOR signaling. KO mice exhibited baseline
impairments in expression of the vitamin D receptor, Vdr, and in Cyp24al, a key enzyme in
vitamin D catabolism. KO mice showed increased phosphorylation of AKT, S6 (5240/244) and
S6 (S235/236) in the cerebellum, and were found to have increased cerebellar weight, motor
seizures, and impaired motor performance in all behavioral tasks. S6 (S235/236) was marginally
suppressed by high dose vitamin D. However, no other measures were corrected by high dose
vitamin D and instead led to increased cerebellar growth in WT mice and impaired rotarod
performance in both KO and WT mice. In addition to confirming motor impairments and
describing motor seizures in the NS-PTEN KO mice, we also provide evidence that KO mice
may exhibit intrinsic impairments in vitamin D signaling. Although high dose vitamin D at this
dose had no effect on mTOR signaling, led to increased cerebellar growth in WT mice, and
impaired rotarod performance in all mice, these data may suggest that this dose lies on the far
side of a U-shaped curve of effects, leading to impairments. Future work determining a dose
response curve of vitamin D on neuronal mTOR signaling are expressly needed.
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Abstract: Epilepsy is a neurological disorder characterized by the presence of chronic seizures.
It is a major public health concern because of the economic burden and medical issues it brings
to patients with epilepsy and society. While epileptic seizures can be controlled through
pharmaceutical therapies, approximately 30% of patients with epilepsy can develop refractory
epilepsy, which does not respond to medication. Refractory epilepsy is associated with a higher
risk of sudden unexpected death in epilepsy (SUDEP), the leading cause of mortality in epilepsy
patients. Thus, there is a critical need to develop targeted therapeutics for patients with refractory
epilepsy. Here, we examined the role of mitochondrial Ca?* transport in regulating neural
hyperexcitability and seizures. The mitochondrial calcium uniporter (MCU) is a highly
conserved pore-forming subunit of the MCU complex that mediates Ca?* uptake into the
mitochondrial matrix. Deletion of MCU resulted in impaired Ca?* uptake into mitochondria in
neurons, inhibited mitochondrial Ca?* dysregulation and excitotoxicity in brain mitochondria.
We found that MCU deletion prevents the induction of epileptiform activity by chemo-
convulsant agents in vitro. In a model of maximal electroshock-induced (MES) seizures, global
MCU deletion in mice (CD1 background) produced strong anticonvulsant effects. Furthermore,
neuron-specific deletion of MCU (C57BL/6 background) significantly increased the threshold of
seizure induction, and markedly reduced severity of seizures. When examining the specific roles
of MCU in excitatory and inhibitory neurons, we found that MCU deletion in inhibitory, but not
excitatory, neurons was sufficient to produce a significant anticonvulsant effect. Extensive
behavioral testing did not detect any significant changes in sensory, motor, or cognitive functions
in MCU KO mice. These results indicate that MCU could represent an attractive novel molecular
target for the development of new anticonvulsant therapeutics.
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seizures in a transgenic mouse model of progressive, generalized tonic/clonic epilepsy.
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Abstract: Interleukin-1 (IL-1) is an inflammatory cytokine with neuromodulatory properties in
the CNS. IL-1 expression is increased in both epilepsy patients and animal models of epilepsy,
and exogenous application of IL-1 has proconvulsive properties. Here we test if interfering with
intracellular signaling cascades initiated with IL-1 binding to its type 1 receptor (IL-1R1) will
suppress epileptogenesis and/or alter the severity of the seizures in epileptic mice. We use a
transgenic mouse model of adult-onset, spontaneous epilepsy. The mice overexpress brain
derived neurotrophic factor (BDNF) in the forebrain under the CAM kinase 11 alpha promoter
(TgBDNF). TgBDNF mice develop generalized tonic/clonic seizures (GTCSs) at ~3 months of
age which worsen with each episode. Seizures are elicited via tail lifts and cage agitation only.
GTCSs become more severe as indicated by increased duration of postictal cortical activity
suppression associated with loss of posture/consciousness. In more advanced stages, the mice
expire following a long period of postictal generalized EEG suppression (PGES) resulting in
cardiorespiratory arrest. Here we crossed TgBDNF mouse strain with a strain that lacks IL-1R1
globally to assess the epileptogenesis of the bigenic homozygote offspring. We included IL-1R1
deficient homozygotes as negative controls and TgBDNF mice with normal expression of IL-
1R1 as positive controls. We surgically implanted subdural cortical electrodes on the mice skulls
prior to the first seizure episode (3- channel EEG system, Pinnacle Technology, KS) to record
seizure EEG across four months of seizure assessment weekly. The recordings targeted time
periods of onset, moderate and severe phases of GTCSs progressively. With successive GTCSs,
positive control TgBDNF mice showed progressively heightened severity of seizures as
evidenced by increased duration of PGES associated with loss of posture/consciousness, and
death risk. In contrast, in TgBDNF mice with deficient IL-1R17 the onset of GTCSs were either
delayed or were completely abolished. Moreover, when the TgBDNF mice with IL-1R1
deficiency developed GTCSs, the PGES duration was brief, with rapid recovery to baseline and
did not show dynamic worsening associated with successive GTCS events that is normally seen
in the TgBDNF strain. Negative controls did not develop any EEG epileptiform activity. These
findings implicate a role for IL-1R1 signaling in an animal model of adult-onset GTCSs that
progressively increase in severity with clinical relevance for sudden unexpected death following
generalized seizures.
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Abstract: Organophosphate (OP) nerve agents produce dangerous and sometimes fatal effects
involving perturbation of AChE in the central and peripheral nervous systems. Developing more
effective countermeasures is crucial, as standard therapeutics are often ineffective due to limited
penetration of the blood-brain barrier (BBB). We recently established a rat brain slice assay to
evaluate the efficacy of AChE reactivators in regions involved in seizure generation after acute
exposure to OP-based AChE inhibitors (Thinschmidt et al. 2022). The assay detected
hyperexcitation induced by the AChE inhibitor 4-nitrophenyl isopropyl methylphosphonate
(NIMP) in voltage-clamped basolateral amygdala (BLA) neurons, which was dependent on
activation of M1 muscarinic acetylcholine receptors and was reversed by treating slices with the
AChE reactivator HI-6. In an extension of this work, we established an anesthetized (isoflurane)
rat model that enables recordings of sustained OP-induced respiratory depression and
electrographic seizure-like activity in the BLA following intravenous delivery of NIMP (0.5 -
0.75mg/kg). Field recordings in the BLA and measures of respiratory function were used to
monitor reversal of NIMP-induced seizure-like activity and respiratory depression following
intravenous administration of a non-selective muscarinic antagonist, and a reduction of
respiratory depression following intravenous administration of an AChE reactivator against low
doses of NIMP (0.375mg/kg). However, we found an AChE reactivator could not reverse
seizure-like activity when administered alone using intravenous delivery at doses up to 80mg/kg.
These findings suggest that this assay could be a valuable tool for assessing the efficacy of novel
counteracting agents against OP poisoning. The results align with the compounds' ability to cross
the BBB, as AChE reactivators generally exhibit limited permeability, while atropine readily
crosses the BBB. Comparing in vitro and in vivo data may indicate the ability to cross the BBB
in compounds effective in reversing OP effects both in brain slices and after systemic
administration. Conversely, compounds effective in brain slices but ineffective systemically may
indicate an inability to cross the BBB. While our in vitro model uses exogenous ACh, this assay
enables monitoring of hyperexcitation produced by endogenous cholinergic activity. It includes
intact cholinergic projection pathways and allows monitoring of respiratory rate, providing a
comprehensive assessment of OP-induced effects.
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Abstract: Changes in Tanycytes in Preclinical Epilepsy: Implications for
MetabolicHomeostasisSeizures can induce injury, ectopic neurogenesis, and metabolic
dysfunction andsevere seizures can propagate to the hypothalamus. The hypothalamus has
regulatoryinfluence over important functions including sleeping, cardiorespiration, emotion
andeating. Tanycytes are cells in the hypothalamus that surround the third ventricle andfacilitate
communication between the CSF and local hypothalamic regions to ensuremetabolic
homeostasis. Here, we tested the hypothesis that seizures dysregulatetanycytes in preclinical
epilepsy using Kv1.1 knockout mice, a preclinical model ofspontaneous recurrent seizures. We
used fluorescent immunohistochemistry andrandom systematic stereology to determine changes
along the dorsal-ventral aspect(alpha and beta tanycytes, respectively) and along the anterior-
posterior aspect of thethird ventricle. In preclinical epilepsy, we found a reduction of (i) GFAP, a
marker forall tanycytes (p <0.01); (ii), GLUTZ, a functional marker of glucose transport(p
<0.01); (iii) and BLBP, a functional marker for brain lipid binding (p <0.01). Thesechanges
occurred in specific subtypes along the dorsal-ventral and anterior-posterioraspects of the third
ventricle. The reduction indicates either a reduction in the numberof tanycytes, or an increase in
the neurogenic and proliferative properties of tanycytes.However, we found no difference in
DCX (doublecortin, a marker of neurogenesisand proliferation), suggesting the reduction may be
due to cell death. These changesoccurred in specific regions in preclinical epilepsy, indicating
the changes inmetabolic homeostasis will influence local hypothalamic nuclei and their
respectivefunctions.
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Abstract: Development of long-term non-invasive epilepsy treatments are crucial as more than
one third of patients do not respond to anti-epilepsy drugs (AEDSs) or develop resistance over
time. One class of drug-resistant epilepsies occurs in humans with mutations in the pyridoxal-5-
phosphate oxidase (PNPO) gene. The PNPO protein is involved in conversion of dietary vitamin
B6 into pyridoxal-5-phosphate (PLP), a coenzyme critical for synthesis of neurotransmitters
GABA and dopamine, among others. Severe and rare loss-of-function PNPO mutations can
directly cause neonatal epilepsy. In addition, PNPO was identified as 1 of 16 most significant
epilepsy risk genes, suggesting that some common PNPO variants cannot cause epilepsy by
themselves, but may contribute to epilepsy susceptibility through interactions with other genes or
the environment (i.e., diet). Despite this interesting spectrum of functional consequences, the
mechanism of PNPO contribution to epilepsy has not been well-studied. We generated knock-in
fly (PNAS 119:e2115524119; Hum Mol Genet. 28:3126) and mouse models containing the
human epilepsy D33V and R116Q PNPO point mutations (56% and 16% enzymatic loss-of-
function, respectively). Self-crosses of D33V/+ and R116Q/+ show normal Mendelian ratios at
birth. Homozygous D33V mutants exhibit spontaneous seizures at P15 and require
supplementary PLP feeding for survival. Heterozygotes of both mutant alleles are healthy and
fertile but exhibit increased seizure susceptibility upon flurothyl inhalation, increased
hyperactivity, and impaired spatial learning and memory, especially carriers of the more severe
D33V mutation. These behavioral deficits are correlated with reduced PNPO expression in both
knock-in mice and altered PNPO localization in R116Q knock-in mice. Continuous wireless
IEEG also revealed a prevalence for low frequency cortical activity in heterozygous D33V
knock-in mice, suggesting increased seizure susceptibility at baseline. In-vivo photometry after
viral expression of an extracellular GABA sensor suggested reduced GABA release in mutants.
We aim to use these mice to understand the contribution of PNPO-mediated GABA deficiency
and gene-diet interactions in seizure development, and to develop treatments for this type of
drug-resistant epilepsy.
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Abstract: Developing neurotherapeutics requires appropriate tools to improve the translatability
of preclinical data into clinical outcomes. Recent progresses in “omics” research have enabled to
better understand disease pathophysiology and identified different subgroups of patients within a
same brain disorder. The future of medicine relies on the ability to deliver a more tailored and
personalized medicine to patients. Moving back to preclinical trials, finding the most
translational models that are relevant to these disease subtypes or pathways count among the
most promising avenues to make CNS drug development more effective. In this work, we took
advantage of quantitative electroencephalography (QEEG) to characterize one humanized
transgenic mouse line carrying GABA pathway mutation observed in patients with rare diseases.
EEG recordings were conducted on freely-moving animals (WT, heterozygote and homozygote)
from adult males and females equipped with appropriate electrodes, and quantified offline
(epileptic events and full spectral analysis). We first evaluated the occurrence of epileptic events
in this mouse line. Heterozygote mice showed intermittent epileptic activity, whereas
homozygote mice showed a near continuous epileptic activity, this phenotype being present in
both males and females. The power spectra from the three genotypes differed prominently over a
frequency range from ~4 to ~30 Hz. In particular in the frontal cortex, the spectral power was
graded between genotypes, with lower values in WT animals (both genders) to higher values in
homozygote animals (both genders). The maximum power in most genotypes was in the theta
range, between 4 and 8 Hz. This frequency range was quantified in all animals. A significant
effect of genotype was found (F2,34 = 75.98, p < 0.0001) with no effect of the sex (F1,34 =
0.0001617, p = 0.9899). Paired comparisons indicated that both male and female homozygote
had significantly higher power in the theta range, compared to their WT counterparts. The
difference between heterozygote and WT was not significant. Conclusion: EEG sensitivity
allows dynamic characterization and differentiation of translational humanized models of brain
disorders. The combination of translational preclinical models and EEG represents the next step
in translating preclinical trials into clinical practice, opening the era of precision medicine for
patients.
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Abstract: A mutation in the ASH1L gene is known to be a major risk factor for epilepsy and
autism. 1/3 to 2/3 of all children with an ASH1L mutation has epilepsy. Further, epilepsy and
autism have a 30% comorbidity. Very little is known about how ASH1L causes these seizures.
The ASHIL or “Absent, Small, or Homeotic 1-Like” gene is a histone methyltransferase thought
to methylate lysine 36 (H3K36) and lysine 4 (H3K4) on histone 3, which are essential for
transcriptional initiation and elongation. ASH1L’s absence is thought to enable polycomb
repressive complex-2 (PRC2) to bind to DNA and disrupt expression of genes essential to
normal development. ASH1L haploinsufficiency in our gene-trap mouse model mirrors the
mutations we see in humans, who are observed to always be haploinsufficient for ASH1L when
carrying the mutation. An EEG conducted on the whole brain showed most seizures in
ASH1L9* mice in the C57BL/6J background are isolated in the hippocampus, though some
generalized seizures were present. In this study, we asked if intrinsic properties of neurons in the
hippocampus of ASH1L9* mice can elucidate the mechanism of seizure activity observed in the
EEG. Whole-cell patch-clamp electrophysiology was done on pyramidal neurons in the CA1 of
coronal brain slices of WT and ASH1L%* C57BL/6J mice; allowing us to directly measure the
membrane potential and the amount of current passing across the cell membrane. Preliminary
results showed intrinsic excitability in the hippocampus is increased in ASH1L9%* mice compared
to wildtype mice, suggesting a functional difference in ASH1L haploinsufficient neurons during
development. We find that ASH1L9* mice require significantly less injected current to fire the
first action potential, at approximately 45 picoamps versus 55 picoamps in wildtype mice,
possibly due to premature firing relative to neurons in wildtype mice. We also find that action
potentials fire more frequently in ASH1L* mice than wildtype mice in the same window of
time. Concurrently, we saw that ASH1L9* mice have a normal membrane resistance, resting
membrane potential, and cell capacitance for their age. These results describe a neuronal
phenotype within the hippocampus of ASH1L haploinsufficient mice. We have also shown that
the ASH1L gene trap mouse model recapitulates epilepsy in humans very well. Lastly, the trends
in the intrinsic properties of the CA1 neurons raise the question of whether development in the
hippocampus is disrupted.
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Abstract: Studies show seizure induced aberrant hippocampal neurogenesis contribute to the
development of chronic seizures. Our lab reported that 2-week-old (2w) adult-born granule cells
(abGCs) in the mouse dentate gyrus display elevated Ca?* activity after pilocarpine (pilo)
induced seizures compared to sham. Moreover, this amplified Ca* activity is reduced by
chemogenetic DREADDs/hM4Di silencing in pilo treated mice. The molecular mechanisms by
which elevated Ca?* activity drives aberrant hippocampal neurogenesis and, in turn,
epileptogenesis is unknown. Hence, we hypothesize that early activity in abGCs alters Ca?*
mediated gene expression that promote aberrant maturation, including ectopic migration of
abGCs associated with spontaneous recurrent seizures. RNA-sequencing analysis from FACS
sorted 2w old abGCs after pilo treatment and hM4Di silencing revealed differentially expressed
genes, i.e., gene expression downregulated with pilo treatment and upregulated with hM4Di
silencing, among which Timp3 was one of the most significantly differentially expressed genes.
Because Timp3 is widely reported to regulate migration and invasion of tumor cells by
modifying matrix metalloproteinases, we hypothesized that seizure induced changes in the
expression of Timp3 may play a role in controlling aberrant abGC migration. First, we confirmed
in RNAscope analysis that Timp3 is expressed in abGCs which is downregulated in pilo treated
mice. To determine the role of Timp3 in aberrant abGC development, we used the LXR agonist
T0901317 reported to knockdown its expression. Treatment of mice with T0901317 for 2w
resulted in an increased number of hilar ectopic abGCs and granule cell dispersion. These results
suggest that alterations in Ca®*activity within 2w old abGCs after pilo leads to changes in gene
expression, including Timp3, which could play a role in aberrant migration of abGCs.
Furthermore, our preliminary experiments suggest that T0901317 mediated downregulation of
Timp3 leads to non-convulsive seizures in mice. Our work also demonstrates a new way to
manipulate potential aberrant gene regulatory pathways and define the functional role of our top
candidate gene - Timp3 - in aberrant adult neurogenesis. Future experiments aim to address the
function of Timp3 in generating seizure-like activity by using human embryonic stem cell-
derived cortical and subpallial organoids.
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Abstract: Mutations in the SLC13A5 gene, which encodes a plasma membrane citrate
transporter, result in early infantile epileptic encephalopathy (EIEE25), a neonatal neurological
disorder characterized by multi-focal seizures, severe hypotonia and intellectual delay. Human
genetics has identified commonly occurring deletion and missense mutations that abolish citrate
transport by SLC13AD5, but it is not known how distinct mutations cause disease. To determine
whether missense mutants show features of SLC13A5 deficiency, we embarked on the
characterization of an array of SLC13A5 mutant mice: i) ablation of endogenous Slc13a5 gene
(null), two of the most frequently occurring patient missense mutations- ii) G222R mutation
(equivalent to human G219R mutation), and iii) T230M (mouse equivalent of human T227M
mutation). Our epileptiform electroencephalogram (EEG) analysis indicates that the Slc13a5 null
mouse shows few seizures with abnormal spike activity that is not statistically different from
wild type (WT) control. G222R and T227M mice however display significantly more interictal
spiking activity, with >50% mice showing status epilepticus at 2 and 3 months. This indicates a
disease pathogenesis that is distinct from the absence of SLC13A5. These functional changes are
correspondingly associated with cellular abnormalities that are most significant in G222R,
followed by T230M, including reduced parvalbumin interneurons in CA1 compared with WT
and null. MAG and CC1 oligodendrocytes in G222R and T227M white matter are also reduced
compared with WT and SLC13A5 null, while astrocytes and CAMKII excitatory neurons appear
unaffected across SLC13A5 mutants. Preliminary morphological analysis of cortical neurons
cultured from G222R mice revealed reduced neurite length and branching, suggesting aberrant
development. Recombinant human WT and SLC13A5 T227M mutant proteins are localized at
the plasma membrane of cultured mouse cortical and hippocampal neurons while G219R mutant
protein is primarily detected with GP96 chaperone in endoplasmic reticulum. Similar
observations were obtained in mouse astrocytes and HEK293T cells. These results indicate that



neuronal hyperactivity is differentially regulated by distinct SLC13A5 mutations. Our
observations support the notion that loss of SLC13A5 underlies epileptiform activity, but
specific missense mutations may increase neuronal vulnerability through additional mechanisms
that exacerbate hyperexcitability.
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Abstract: Rationale: Epilepsy is often caused by an initial brain insult that is followed by
epileptogenesis and finally the development of spontaneous recurrent seizures. The details
underlying epileptogenesis remain largely unknown. MicroRNAs regulate mRNA translation and
stability and are often altered in epilepsy. Antagonism of a specific miRNA, miR-324-5p, before
brain insult and in a model of chronic epilepsy has been shown to decrease seizure susceptibility
and frequency. Here we tested the hypothesis that antagonism of miR-324-5p inhibits
epileptogenesis following a brain insult. Methods: We used the intrahippocampal kainic acid
(IHpKa) model to induce status epilepticus and initiate epileptogenesis in 43 wild type male
C57/BI6 mice aged 6-8 weeks. Twenty-four hours after kainic acid injection, we administered a
miR-324-5p (21 mice) or scrambled control (22 mice) antagomir intracerebroventricularly and
implanted cortical surface electrodes for EEG monitoring. EEG data was collected for 28 days
and analyzed for seizure frequency and duration. In addition, we analyzed interictal spike
activity and EEG power at early (days 7-9 post-Ka) and later (days 25-27 post-Ka) stages of the
disease progression. Mouse brain tissue was collected for assessment of dentate granule cell
dispersion and CA1 cell death. The study was exploratory in nature, specifically assessing the
effect of miR-324-5p inhibition during epileptogenesis. Results: IHpKa reliably initiated




epileptogenesis. Histological analysis showed that IHpKa caused hippocampal damage
characteristic of the model in the majority of mice and that the extent of the injury did not vary
based on treatment. EEG analyses showed that antagomir treatment did not affect latency,
frequency, or duration of spontaneous recurrent seizures or frequency of interictal spikes or spike
trains. Antagomir treatment did, however, alter EEG power of specific frequency bands over
time with significant interactions between time and treatment for the absolute power of select
frequency bands: delta, theta, alpha, beta, and gamma 1. Conclusions: Overall, our results
suggest that while miR-324-5p inhibition does not inhibit the development of spontaneous
seizures within the first four weeks after status epilepticus, it may change overall brain
excitability, which could affect seizures and related brain function at later stages of the disease.
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Abstract: Epilepsy is a chronic condition characterized by repeated self-generated seizures.
Epileptogenesis is a dual process whereby seizure thresholds lower to the point where self-
generated seizures are observed as well as the increase in frequency, duration, and severity of
seizures. Epileptogenesis is a serious health problem with no effective treatment. Here we
exploited a new animal model of epileptogenesis that selectively kills GABAergic interneurons
in the dentate hilar area leading to a cascade of events which induces epileptogenesis and dentate
initiated seizures without behavioural status epilepticus and associated lethality. This was done
by injecting the selective neurotoxin: Saporin conjugated with Stabilized Substance P (SSP-SAP)
(0.04 ng/nL) at four longitudinal sites in the hilar region of the rat hippocampus to selectively
ablate inhibitory interneurons. During the same surgery, rats also received chronically implanted
bipolar recording electrodes in the granule cell layer.

The endocannabinoid system dampens neuronal activity and thus may aid in slowing or



prevention of epileptogenesis. Specifically, the CB1 receptor and its endogenous ligands are
found abundantly in the hippocampus and have been demonstrated to modulate temporal lobe
seizures. Young adult Sprague Dawley rats received either the CB1 agonist WIN55 212-2 (2
mg/mL, i.c.v.) or the FAAH inhibitor URB597 (8.3 mg/mL, i.c.v.) or vehicle immediately after
SSP-SAP administration through an indwelling cannula to the lateral ventricle over a 2-week
period via an osmotic minipump. Continuous 24-hour video-EEG was recorded for all rats for a
period of 2-weeks. Afterwards, all brains were extracted and examined for hippocampal sclerosis
(loss of principle excitatory cells and astrogliosis). Epileptiform activity was observed a day after
SSP-SAP administration. Behavioural seizures with associated epileptiform discharges were
typically observed on day 4 through 7, while epileptiform activity continued to occur. The
behavioural seizures were again observed after approximately one month. Our preliminary
results with the WINS55 212-2 and URB597 show reduced number of behavioural and associated
electrographic seizures within the first 2 weeks. Overall, administration of SSP-SAP to the rat
dentate hilar area results in epileptogenesis and a CB1 agonist and FAAH inhibitor both slowed
down its progression.
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Abstract: Seizure disorders are common, affecting both the young and the old. Currently
available antiseizure drugs are ineffective in a third of patients and have been developed with a
focus on known neurocentric mechanisms, raising the need for investigations into alternative and
complementary mechanisms that contribute to seizure generation or its containment.
Neuroinflammation, broadly defined as the activation of immune cells and molecules in the
central nervous system (CNS), has been proposed to facilitate seizure generation, although the
specific cells involved in these processes remain inadequately understood. The role of microglia,



the primary inflammation-competent cells of the brain, is debated since previous studies were
conducted using approaches that were less specific to microglia or had inherent confounds.
Using PLX3397, a selective approach to target microglia without such side effects, we show a
broadly beneficial role for microglia in limiting chemoconvulsive, electrical, and hyperthermic
seizures and argue for a further understanding of microglial contributions to contain seizures.
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Title: Effects of seizures on cardiorespiratory control and mortality in the SSK16- rat
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Abstract: Repeated, uncontrolled seizures put patients at risk for cardiorespiratory failure (CRF)
and Sudden Unexpected Death in Epilepsy (SUDEP). The mechanism(s) leading to CRF remain
unclear and there are no established ways to predict or prevent SUDEP. Humans have a
nocturnal susceptibility to SUDEP, which is thought to occur following generalized tonic-clonic
seizures (GTCS), which then leads to post-ictal EEG suppression, central apnea, bradycardia,
and terminal apnea/asystole. Here we studied seizure-related death events in a rat model
susceptible to audiogenic GTCSs (SSK16 rats) in which we have shown previously that
repeated seizures (1/day for up to 10 days) in this model leads to ictal apnea, progressive post-
ictal respiratory suppression, and increased mortality. We tested the hypothesis that repeated
seizures in SSKCME rats results in CRF that follows a sequence of events like those in human
SUDEP. Male and female SSK°M*67 rats were implanted with a pressure telemeter and housed in
a chronic monitoring plethysmograph to continuously measure breathing, blood pressure (BP)
and heart rate (HR). The rats were exposed to an audio stimulus (2 mins) shortly before the onset
of the dark (active) period to elicit 1 seizure a day for up to 10 days. As shown before, repeated
GTCSs induced ictal apnea/asystole followed by decreased HR, increased BP and ventilatory
suppression. These studies also documented CR dysfunction leading up to seizure-related death
events in this model for the first time. SSX°!67- females had a 14% survival probability (12 of 14



died) when seizures occurred shortly before the onset of the dark phase compared to our
previously reported 88% survival rate (1 of 8 died) throughout the light phase. Characteristics of
these death events included a steady decline in BP with an elevated HR over ~2 hrs post-ictal.
We also noted a breathing pattern (tidal volume and total ventilation below baseline with normal
ventilatory rate) prior to simultaneous terminal apnea/asystole. Our data suggest that repeated
seizures in this model may induce CRF through post-ictal respiratory suppression (tidal volume-
mediated hypopnea) and progressive hypotension leading to death, where time of day for seizure
induction/death likely contributed to a higher mortality rate, particularly in females. This model
may therefore be useful towards the ultimate goal of identifying biomarkers to reduce the risk of
SUDEP in patients with epilepsy.
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Abstract: Evidence shows that maternal prenatal stress may affect early brain development in
the offspring. Our previous results showed that neonates from stressed mothers displayed higher
status epilepticus (SE) severity than control rats. The goal of this study was to evaluate the effect
of maternal restraint stress during pregnancy on neonatal SE-induced brain injury in rats.
Gestational stress was induced by immobilization of pregnant Wistar rats from gestation days 12
to 20, twice a day during two 2 h sessions. Control rats were kept in standard housing conditions.
On postnatal day 7, SE was induced with the lithium-pilocarpine model (LiCl 5mEqg/kg, i.p.;
pilocarpine hydrochloride 320mg/kg, s.c.). 24 h after SE, rats were anesthetized and
transcardially perfused with 0.9% NaCl and 4% paraformaldehyde. Brains were paraffin-
embedded, and coronal sections (10um thickness) were obtained and mounted on gelatin-coated
slides. Neurodegeneration was assessed by Fluoro-Jade C staining. The results showed that
neonates from stressed mothers had higher neurodegeneration scores than control rats in several



brain areas including the motor cortex, CA1, CA2, and CA3 hippocampal fields, the basolateral
amygdala, the ventral and lateral thalamus, and the hypothalamus. Male rats showed more
injured brain areas than female rats. In conclusion, our data suggest that maternal stress during
pregnancy has a negative impact on the offspring favoring seizure susceptibility and
neurodegeneration.
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Abstract: Preclinical research is a vital step in the development of treatment for epilepsy that
aims to reduce seizure burden. Currently, the gold standard for detecting seizures in animal
models is invasive EEG analysis, which is time- and resource-intensive. Non-invasive seizure
screening methods are available but have limited specificity as they rely on movement and other
behavioral measures of seizures rather than the neural activity at the source. This leads to a
higher false positive detection rate when compared to invasive EEG analysis. To reduce this
false positive detection rate, we used the dynamics of seizure onset as captured by piezoelectric
(‘piezo’) motion sensors to create machine learning models for the rodent model of temporal
lobe epilepsy. All tasks performed in this study were approved by the Institutional Animal Care
and Use Committee (IACUC) of the University of Kentucky. Wistar rats (n=24) treated with
lithium-pilocarpine were monitored continuously for several weeks using piezo platforms (Signal
Solutions, LLC) under the cage floor. The recorded signals were processed using a line length-
based algorithm that responds to fluctuations in power to produce an initial set of candidate
seizures. We then manually reviewed video data to label each of these events as true seizure
(rated 3-5 on the Racine scale) or false positive. Normal behavior occurring at the same time in
neighboring cages were extracted as interictal baseline samples. Thirty-second-long segments of



piezo signals centered on the initial event detection times were extracted for 500 random events
of each type (total 1500). Four features representing measures of signal power, variance, and
entropy were computed from each segment from one second windows with a 0.5 second overlap.
Two data-driven dynamical models, one a Long Short-Term Memory (LSTM) neural network,
and the other a Hidden Markov Model (HMM), were fitted to a continuous and discretized
feature vector time series, respectively. The models were trained and tested using a 10-fold cross
validation scheme. Model performance was evaluated in terms of the F1 score - a measure of
accuracy that combines precision and recall - and specificity. Mean F1 scores were 70+1% and
52+3%, while mean specificities were 82+1% and 59+7% for the LSTM and HMM,
respectively. The performance of our models shows that seizure-related movement dynamics
may be consistent enough for seizure detection with greater specificity than simple signal power-
based methods. We plan to compare our models against static classifiers to test whether this
translates into gains in specificity, and to apply them to continuous, chronic data rather than
isolated segments.
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Abstract: Several studies have shown that EEG signals recorded from the brain, like other
dynamical systems, exhibit critical slowing down before critical transitions, such as seizures
(Maturana et al. 2020). Here, we used intracranial EEG data recorded from tetanus toxin rat
model of epilepsy. Tetanus toxin has been shown to induce spontaneous seizures in rodents that
wax and wane over a period of around 6 weeks. The response to periodic electrical stimulation
was recorded along with the background intracranial EEG in six rats (Crisp et al. 2020). We
fitted the parameters of a neural mass model to the background EEG, allowing us to analyze the
response of the model neurons to stimulation and investigate the critical slowing down
biomarker for seizure prediction.The neural mass model developed for this study consists of
three interconnected layers representing a cortical column: layers 2/3, 4, and 5 (Zarei Eskikand et



al. bioRxiv 2022). Each layer contains one population of excitatory neurons and one population
of inhibitory neurons. We employed an Unscented Kalman Filter to fit the connectivity weights
of the model to the background EEG data recorded from rats. Once the connectivity weights
were optimized to fit the background EEG data, we simulated the model and applied stimulation
to the neuronal populations at each layer to observe their responses. The recovery time, defined
as the time from stimulation until the membrane potential returns to 1% of baseline, was
measured. The results revealed that recovery times in the responses of the computational model
fitted to the EEG data were longer during 5 min periods preceding seizures compared to 1 hr
before seizures in four rats. However, for two rats (T4 and T6), opposite results were observed.
Analyzing the EEG recorded in response to electrical stimulation also showed that the recovery
time during the 5 min preictal period was longer compared to the period within 1 hr before a
seizure in the same four rats as the computational model results. Interestingly, for rat T4, the
recovery times were longer within 1 hr before seizures, similar to the computational model
results. On the other hand, the results for rat T6 indicated that the recovery times were longer
during the 5 min preictal period compared to 1 hr before seizures, contradicting the modelling
results.The critical slowing down phenomenon was observed in the EEG data recorded from four
of six rats in response to electrical stimulation. The results of the data-driven model aligned with
these findings in five rats. This study underscores the significance of computational models in
enhancing our understanding of complex neurological disorders such as epilepsy.
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Abstract: Purpose:

Patients diagnosed with various forms of epilepsy, including autoantibody-associated epilepsies
as seen in anti-leucine-rich glioma-inactivated 1 (LGI1) encephalitis, often present with
comorbid sleep disorders. Patients with LGI1-Abs and seizures show reductions in sleep time



and architecture. However, it remains unclear as to when, during the course of the encephalitis,
these sleep disorders develop, as recording patients continuously is difficult. We therefore seek
to use data available from a novel passive-transfer model to quantify changes in resting patterns
in anti-LGI1 encephalitis.

Methods:

Video-EEG telemetry recordings were performed in a passive transfer model of anti-LGI1
encephalitis in P21 Wistar rats using the Neuroarchiver software (Open Source Instruments).
1271 eight-second epochs of wakeful and resting behaviour, defined as the rat being immobile
and having closed eyes for at least 40 seconds, among control-Ab-treated rats (n=5) and LGI1-
Ab-treated rats (n=5) were visually classified. Support vector machines were used to predict the
behavioural state of each rat during each epoch throughout seven days based on the epochs of
hippocampal EEG recordings, with manually labelled classification from video-EEG data being
the gold standard. The accuracy of our predictions was determined systematically by training the
classifier on a random 80% of our labelled data and testing it on the remaining 20%, which was
repeated using 1000 iterations.

Results:

Our receiver operator characteristic (ROC) analysis showed that our classifier yielded an average
accuracy of 83-87%. Our control rats, after the residual effect of the anaesthetic and surgery had
waned, showed clear diurnal variation in total rest time (TRT) per hour with a midday maximum.
Restful behaviour on average lasted over longer consecutive epochs during daytime compared to
the night (p=0.0157). The rodents rested for shorter consecutive intervals than previously
described. However, the polyphasic nature of our rodent model’s rest patterns is congruent with
previous work. Using these quantitative parameters, we tested for statistically significant
differences in total rest time and in the fragmentation and diurnal variation in resting behaviour
between controls and LGI1-Ab-treated rats.

Conclusion:

Our visually labelled behavioural data was sufficient to quantify longitudinal changes in control
rats. This method allows for the quantitative analysis of changes in resting behaviour, which in
future can be applied to quantitatively characterise behavioural state alterations during disease
progression in novel disease models, such as the LGI1-Ab rats.
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Abstract: Rationale: Neurostimulation is increasingly used to treat drug-refractory epilepsies.
Tuberous sclerosis (TSC) is one of the most common single-gene disorders associated with
epilepsy, often complicated by drug-refractory focal epilepsy. The TsclGFAPCKO mouse model
has been developed to better understand the mechanisms and potential treatments of epilepsy in
TSC, including abnormal neuronal growth and seizures. Our group has been using this model to
evaluate the effects of neurostimulation; however, acquiring EEG and EMG data during
neurostimulation trials is difficult due to stimulation artifacts; removing this is critical to evaluate
the effects of neurostimulation on normal brain physiology and seizures.

Methods: A bandpass filter was first applied to the EEG/EMG signal. To isolate the timing of the
stimulation artifact in the EEG/EMG signal, the signal was convolved with a variety of kernels
with trains of different pulse shapes, including sine, uniphasic Dirac, and biphasic Dirac, each
with a kernel width of 30 seconds. After detecting the stimulation artifact, it was removed, and
the residual stimulation artifact signal was quantified. After identifying the kernel shape with the
minimal average residual artifact, the EEG/EMG signal was again convolved using this optimal
shape across a range of kernel widths (10-150 sec) to optimize its width.

Results: For a kernel width of 30 sec, the average duration of the residual stimulation artifact was
1.57 (SD 3.17), 1.44 (SD 3.08), and 1.17 sec (SD 2.79) for the sine wave, uniphasic Dirac, and
biphasic Dirac kernels, respectively. The biphasic Dirac kernel was the most sensitive, with
12,641 detections, followed by uniphasic Dirac (12,598) and sine (12,539). The biphasic Dirac
demonstrated both the lowest average duration of residual stimulation artifact and was the most
sensitive. The average residual stimulation artifact duration for this kernel was minimized when
using a 10-second convolution kernel width.

Conclusions: The most effective combination observed for removing the stimulation artifact in
EEG and EMG signals was found to be a biphasic Dirac convolution with a kernel width of 10
seconds. It is hypothesized to be optimal because shorter kernels overemphasize anomalies,
while larger kernels reduce signal strength. These findings provide valuable insights into
improving the process of EEG/EMG signal cleaning, specifically for removing stimulus artifacts.
These improvements will facilitate the evaluation of the effects of neurostimulation on normal
brain physiology and seizures.

Disclosures: D. Camacho: A. Employment/Salary (full or part-time); Brigham Young
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investigator for a drug study, collaborator or consultant and pending and current grants). If you
are a PI for a drug study, report that research relationship even if those funds come to an
institution.; American Epilepsy Society, Research & Training Fellowships for Clinicians, NIH
5T32GM139799-02, American Epilepsy Society, #980019, Nautilus Clinical Trial,
NCT05147571.
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Abstract: In the central nervous system, mature, myelinating oligodendrocytes differentiate
from oligodendrocyte precursor cells. The precise study of the distinct molecular functions of
this glial lineage is critical for investigating their roles in neurotransmission, plasticity, and
response to brain injury and disease (Levine et al., 2001, Mount and Monje, 2017). Investigation
of this lineage has been limited by a lack of specific and sensitive genetic tools. In particular,
existing Cre-driver mouse lines targeting the oligodendrocyte lineage exhibit off-target
expression in other neuronal and glial cell populations, including motor neurons in Olig2-Cre
(Kessaris et al., 2005) or pericytes in Ng2-Cre (Zhu et al., 2008). Alternatively, inducible
CreERTM lines require the administration of tamoxifen, a hazardous drug whose administration
in neonates may adversely affect development. We used CRISPR-Cas gene editing to generate a
novel mouse line constitutively expressing Cre-recombinase from the locus of Gprl7, a gene
whose expression is restricted to the oligodendrocyte lineage in the postnatal CNS (Chen et al.,
2009). Using crossbreeding with a transgenic reporter mouse line, we demonstrate that Gprl7-
Cre expresses Cre-recombinase in the majority of oligodendrocyte lineage cells and a small
subset of astrocytes (Fig. 1). We compare Gprl7-Cre and Olig2-Cre sensitivity and specificity in
the brain and spinal cord by co-staining for markers of oligodendrocyte, OPC, neuronal, and
astrocytic identity. We will present the results of blinded, automated cell counting from
confirmatory studies to quantitatively compare the specificity and sensitivity between the two
lines (n = 5 animals per genotype, including both males and females). This novel mouse line will
enable sensitive and specific observation and manipulation of oligodendrocyte lineage cells
without temporal induction, allowing improved dissection of their development and function in
health and disease.

Figure 1. Endogenous tdTomato signal (red) and DAPI (blue) staining in a Gprl7-Cre;Ail4
mouse perfused at P20.
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Abstract: Myelin is an insulating sheath that wraps axons and is critical for proper nervous
system function in vertebrates. In the central nervous system (CNS), myelin is made by
specialized glial cells known as oligodendrocytes (OLs). OLs differentiate from OL precursor
cells (OPCs), which are highly proliferative and motile cells that populate the entire CNS in early
development. OPCs display the tyrosine kinase receptor-platelet derived growth factor receptor
alpha (PDGFRa)-that binds to the mitogen PDGF-A. PDGF-A promotes the survival,
proliferation and motility of OPCs. In order to better study the role of PDGF signaling in OPCs
during early development, we used Cre-lox methods to specifically knock out PDGFRa in OPCs.
Using immunohistochemistry and fluorescence imaging analysis, we examined OPC and OL
densities, and myelination throughout the CNS in conditional PDGFRa KOs (PDGFRa cKOs)


http://files.abstractsonline.com/CTRL/F7/F/F92/FFC/A71/4CC/892/CE8/4B0/F2B/B8A/08/g2462_1.jpg

and littermate controls. While the development of oligodendroglia appeared normal across most
of the CNS, we found that certain regions lacked OPCs, OLs, and myelin in PDGFRa cKOs.
These results suggest that PDGF signaling is necessary for complete OPC occupation of the CNS
and we present a novel mouse model for examining the regional absence of oligodendroglia.
Funding: Robert J. and Nancy D. Carney Endowment, P20GM103645
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Abstract: The main function of oligodendrocytes is to assemble and maintain myelin that wraps
and insulates axons in the CNS. Myelin structure, including thickness, was thought to be
extraordinarily stable in adults. Intriguingly, emerging evidence suggests that the thickness of
myelin can be changed dynamically in the adult CNS, contributing to myelin plasticity.
Nevertheless, the mechanisms governing myelin thickness in the adult CNS remain elusive.
Upon ER stress, activation of PERK adapts cells to stressful conditions by phosphorylating
elF2a, which suppresses global protein translation but stimulates certain cytoprotective gene
expression. Interestingly, we found that impaired ERAD in oligodendrocytes via Sel1L knockout
in CNP/Cre; Sel1L'>P1o® mjce does not affect developmental myelination, but leads to late-
onset, progressive myelin thinning in the CNS of adult mice, which is accompanied with PERK
activation and attenuation of myelin protein translation. Using an inducible Sel1L knockout
mouse model (PLP/CreERT; Sel1L'o*1o® mice), we further found that Sel1L knockout in mature
oligodendrocytes leads to PERK activation, attenuation of myelin protein translation, progressive
myelin thinning in the adult CNS. Moreover, we found that PERK inactivation in
oligodendrocytes reverses attenuation of myelin protein translation in oligodendrocytes and
restores myelin thickness in the CNS of CNP/Cre; Sel1L'*1ox* mice. Importantly, using
PLP/Fv2E-PERK mice that allow for temporal activation of PERK specifically in
oligodendrocytes by administration of AP20187, we showed that PERK activation in mature
oligodendrocytes suppressed myelin protein translation and led to myelin thinning but no



oligodendrocyte loss in the CNS of adult mice. Collectively, the findings suggest that the PERK
pathway in mature oligodendrocytes controls myelin thickness in the adult CNS by regulating
myelin protein translation.
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Abstract: C1QL1 protein promotes maturation of oligodendrocytes.Shahnawaz Alam?, Zeynep
M. Altunay?, Joyshree Biswas, Hiu Cheung?®, Robert S. Pijewski!, Alexander D. Schouw?,
Akiko Nishiyamal?, Steve J. Crocker'?, David C. Martinelli*>"
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USA2Department of Physiology and Neurobiology, University of Connecticut, Storrs, CT
06269, USA3The Connecticut Institute for the Brain and Cognitive Sciences (IBACS)Central
nervous system (CNS) myelin is made by a specialized class of glia cell called oligodendrocytes
and is crucial for brain development and cognitive function. Oligodendrocyte precursor cells
(OPCs) have the capacity to regenerate oligodendrocytes and myelin. The mechanism which
underlies the maturation of OPCs into mature oligodendrocytes is poorly understood. Previous
studies have shown that alteration in glia-glia communication may underlie the failure of
remyelination in multiple sclerosis (MS). Multiple members of the C1g/TNF superfamily of
proteins are involved in the regulation of synaptic organization and functions in various brain
regions. C1Q-like (C1QL) proteins bind to the adhesion G protein-coupled receptor GPCR B3
(ADGRB3; a.k.a. BAI3) and act at synapses but its possible role in OPC maturation into
oligodendrocytes has not yet been investigated. Therefore, in the present study, we have
investigated the role of C1QL1 protein in regulating OPC maturation in vitro. To study the
mechanism which underlies C1QL1 influence over OPC maturation, we prepared primary OPC
cultures from neonatal rats via an immuno-panning method. A purified recombinant C1QL1
protein was added to experimental wells. We found that C1QL1 caused a significant increase in
the fraction of OLIG2-positive cells which differentiated into mature oligodendrocytes,



supporting our hypothesis that C1QL1 can promote the maturation of OPCs. We further
investigated if C1QL1 can signal to astrocytes, which express ADGRB3. We found that
application of C1QL1 to primary astrocyte cultures causes astrocytes to upregulate the secretion
of several factors which were previously shown to regulate OPC maturation. Our results suggest
that C1LQL1 can cause an increased fraction of OPCs to mature into oligodendrocytes, and that
this may involve C1QL1 signaling to astrocytes.Supported by: Department of Defense, Multiple
Sclerosis Research Program (Grant:13212139), Award number: W81 XWX-21-1-0707/A
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Abstract: Oligodendrocytes produce myelin, a lipid rich membrane that wraps neuronal axons in
the central nervous system to provide them with metabolic and trophic support and allow for
faster action potential propagation. Developmental myelination requires precise spatial and
temporal regulation that likely involves communication between oligodendrocytes and neurons,
and it is essential for normal nervous system function. In the mature brain, neuronal activity
promotes oligodendrocyte progenitor cell (OPC) proliferation, differentiation, and myelination.
To test how neuronal activity modulates OPC differentiation in the early developing brain, we
used designer receptors exclusively activated by designer drugs (DREADD:S) to
chemogenetically inhibit or increase activity in post-mitotic Nex-expressing cortical neurons in
young mouse pups. Activation of inhibitory Gi-DREADD by clozapine N-oxide (CNO) in mice
from P2-P8 resulted in reduced cFos expression in DREADD-expressing Nex neurons,
suggesting a reduction of neuronal activity. Unexpectedly, our preliminary data suggest that
chemogenetic decrease of neuronal activity in the cortex during this period caused OPCs to
differentiate prematurely in both the corpus callosum and the cortex. Here we identify gene
expression changes in these cells in response to reduced neuronal activity. Further, we
investigate the molecular mechanisms governing this premature OPC differentiation as well as



the timing of the impact of increased or decreased neuronal activity on oligodendrocyte
maturation.
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Abstract: Abstract: Oligodendrocyte progenitor cells (OPCs) are the only glial cells to form
synapses. Signaling at axo-OPC synapses promotes remyelination by OPCs. The glutamate delta
1 receptor (GluD1) belongs to the delta family of ionotropic glutamate receptors, but it does not
function as a conventional ligand-gated ion channel. Instead, GluD1 is critical for formation
and/or maintenance of glutamatergic synapses. The potential role of GluD1 in OPC regulation
has not been explored. In this study, we investigated the role of GluD1 in OPC-mediated
myelination during basal (development) and pathophysiological (cuprizone-induced
demyelination) settings. Initially, we sought to determine the expression pattern of GluD1 in
OPCs and found a significant colocalization of GluD1 puncta with neuron-glial antigen 2 (NG2,
a OPC marker) in the motor cortex as well as in dorsal striatum. Importantly, we found that the
ablation of GluD1 leads to an increase in the number of myelin-associated glycoprotein (MAG+)
cells i.e., mature OLs in the corpus callosum and motor cortex at P40 without affecting the
number of NG2+ OPCs in these regions, indicating that the loss of GluD1 selectively facilitates
the differentiation of OPCs into OLs but not the proliferation of OPCs. Further, deletion of
GluD1 enhanced myelination in the corpus callosum and motor cortex, as indicated by increased
myelin basic protein (MBP) staining at P40, suggesting that GluD1 may play an essential role in
the developmental regulation of myelination during the critical window period. On the contrary,
in cuprizone-induced demyelination, we observed reduced MBP staining in the corpus callosum
of GluD1 KO mice. Furthermore, cuprizone-fed GluD1 KO mice showed more robust behavioral
motor deficits including shorter latency to fall in rotarod test and hypolocomotion in open field



test. Collectively, our results demonstrates that GluD1 plays a critical role in OPC regulation and
myelination in normal and demyelinating conditions.
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Abstract: In periods of rapid growth and development, myelin-producing glial cells
(oligodendrocytes, OLs) wrap lipid-rich myelin segments around axons, supporting fast
communication across different regions of the brain. White matter increases in frontotemporal
brain regions during adolescence and this corresponds with improvements in executive
functioning, complex cognitive processing, and stress regulation. These functions are impacted
early in degenerative diseases like Frontotemporal Dementia and Alzheimer’s Disease,
suggesting the integrity of white matter tracts interconnecting these regions may be impaired. It
is therefore important to better understand the cellular dynamics of OLs during adolescence and
the temporal and spatial patterns of new myelin formation during this critical developmental
period. A major challenge in the field has been visualizing and tracking de novo myelin sheath
formation. Herein we have successfully distinguished between new and previously formed
myelin using a double transgenic conditional mouse reporter line (NG2-CreERt: Tau-mGFP). By
combining this approach with double/triple immunofluorescent labeling and confocal imaging,
we have discovered that there is rapid differentiation of OLs and formation of new myelin
throughout frontotemporal white matter regions including the forceps minor of the corpus
callosum, the anterior commissure, as well as white matter tracts of the hippocampus and
amygdala. Using CLARITY and light sheet microscopy we generated a 3D map of myelinated
tracts that were formed during adolescence and remain in these frontotemporal regions well into



adulthood at 6 months of age. The cellular dynamics of OLs may change across the lifespan and
affect myelin maintenance and the function of these frontotemporal circuits, leaving these
pathways susceptible to degeneration. These findings could have significant implications for
identifying targets and timelines of therapeutic intervention as individuals age.
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Abstract: Lipids are one of the major components of myelin and contribute to the insulation of
action potentials of nearby axons. These myelinated axons form white matter and act as cables to
propagate information to distinct brain regions (Nave, 2010). Human MRI studies show that
learning and training, such as playing the piano and juggling, lead to structural changes in white
matter (Sampaio-Baptista and Johansen-Berg, 2017; Scholz et al., 2009). In mice, MRI studies
have also found similar structural changes associated with increased expression of myelin-related
proteins (Sampaio-Baptista et al., 2013).Impaired regulation of myelin related protein caused
myelin dis-regulation resulted in motor learning deficits (Kato et al., 2020). Accumulated
evidence suggested that motor learning requires activity-dependent myelination and regulation of
temporal pattern of the neural activity which is essential for effective learning process. However,
it is unclear whether lipid synthesis changes during motor learning and if so, whether this change
contribute to neural populational activity regulation that required for motor learning. Here, we
conducted in vivo two-photon imaging to quantify lipid synthesis changes during a lever-pull
task in the primary motor cortex (M1). Three motor learning phases were examined: early,
middle, and late. Increased movement-related calcium activity amplitudes correlated positively
with both early and late lever-related neural activity. Next, to identify if myelin specific lipids
are altered in response to changes in the neural circuitry associated with motor learning. We
performed MALDI-IMS and LC-MS/MS of the M1 for mice in each phase of motor learning
process, and quantified levels of different sphingomyelin (SM), galactosylceramide (GalCer) and



sulfatide. We showed that the SM are associated with the increase in task-related neural activity
during early stage of learning, while the increase in GalCer is associated with synchrony of
neural activity during the late stage. As GalCer is synthesized from SM via the
galactosyltransferase (CGT) enzyme, we further evaluate its role in triggering or maintaining
motor learning neural synchrony by oligodendrocyte (OLs) specific CGT inhibition using adeno
associate virus induced short-hairpin RNA (shRNA). Finally, inhibition of GalCer synthesis via
OLs specific CGT shRNAI resulted in motor learning impairment. These results suggest that the
myelin lipid synthesis is regulated in a neural activity-dependent during motor learning. This
study will be the key to understanding the mechanisms in neurodegenerative diseases related to
altered lipid synthesis.
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Abstract: Myelin is a specialized, cholesterol-dependent membrane that facilitates neuronal
communication. Loss of myelin in inflammatory demyelinating conditions such as multiple
sclerosis has been linked to local cholesterol biosynthesis disruptions. This suggests that
pathogenic cues may curtail cholesterol production and, conversely, blocking these pathways
may be therapeutic. We previously demonstrated that Protease Activated Receptor 1 (PAR1)
knockout mice show accelerated myelin development and increases in myelin regeneration



across models of demyelinating disease. In this study, we identify that the improvements in
myelin production observed in PAR1 knockouts are linked to increases in key regulators of
cholesterol and lipid biosynthesis. Using bulk RNA sequencing of the spinal cord from P120
adult mice (n=4 PAR+/+ and PARL1-/-; female), we find that PAR1 knockouts show increased
expression (>Log2-FC; FDR<0.05) of the requisite transcripts needed for de novo cholesterol
biosynthesis, including Hmgcs1 and Sqle. Targeted quantitative PCR from the spinal cord of
mice at the peak of myelination (P21), and in early adulthood (P45) (n=3-4/group; male/female)
confirmed increases (p<0.05; One Way ANOVA) in Hmgcs1 in PAR1-/- mice compared to
PAR+/+ controls. Biological pathway analysis of the differentially expressed genes between
PAR1+/+ and PAR1-/- reveals cholesterol biosynthesis, axon ensheathment, and lipid
biosynthesis as the most significantly enriched gene sets. Next, we modeled the impact of PAR1
deletion in acute focal demyelination (lysophosphatidylcholine injection in ventral spinal cord
white matter; n=5-8; male; P70) or chronic demyelination (cuprizone feeding for 6 wk + 4 wk
recovery; n=4-5; male; P70). When challenged with remyelination, Olig2+ PAR1-/-
oligodendrocytes had greater expression of master regulators of lipid and cholesterol
biosynthesis, SREBP1 and SREBP2, compared to wild type mice. In turn, PAR1-/-
oligodendrocytes also showed increases in HMGCSL1, a key enzyme in the cholesterol
biosynthesis pathway. Finally, using GC-MS and LC-MS, we report the differences in total, free,
and esterified cholesterol, and in several lipid species in the whole spinal cord and in the myelin
enriched fraction between PAR1+/+ and PAR1-/- mice (n=3-5; female; P21 and P60). These
results underscore the importance of PAR1 in modulating key factors involved in cholesterol and
lipid biosynthesis in myelin producing cells developmentally and during remyelination in the
adult CNS. Further work targeting this receptor may prove important in restoring cholesterol and
lipid homeostasis to restore myelin in neurological injury and disease.
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Abstract: Synaptic plasticity is considered the primary neural mechanism underlying learning
and memory, but recent research reveals that myelin-forming glia, oligodendroglia, are involved
in many forms of learning. As a result, there have been several reviews on activity-dependent
myelination, which are redundant and targeted to researchers in the myelin biology field. Our
synthesis provides a fresh viewpoint to consider cellular mechanisms of oligodendroglia in
learning and memory but from the reference frame of memory researchers, not myelin
researchers. We integrate such new findings into the established conceptual framework and
nomenclature used by neuroscientists and psychologists in the field of learning and memory. We
show how oligodendroglia and their progenitor cells are involved in information acquisition,
storage, and retrieval, including their involvement in short-term and long-term memory. In
addition to participating in implicit memory, procedural, spatial, and fear memory, current
evidence suggests the involvement of oligodendroglia in declarative memory, working memory,
and the influences of attention, emotion, neuronal excitability, and sleep on memory.
Oligodendroglia contribute to learning by responding to experience-driven changes in neural
impulse activity to optimize the speed of impulse conduction in neural circuits through
modifications of myelin and by influencing synaptogenesis and synaptic function. Participation
of oligodendroglia expands beyond the classical synaptic plasticity to system-wide network
function where precise spike time arrival, coherence, and neural oscillations synchrony are
essential for information processing, storage, and retrieval. By integrating the role of
oligodendroglia and their progenitors into the larger literature of learning and memory, we
illuminate the contribution of oligodendroglia in ways synaptic plasticity alone cannot
accomplish and provide answers to long-standing questions in the field of learning while raising
new questions to help bridge the gap between the two areas of research.

Disclosures: M. Munyeshyaka: None. R. Fields: None.
Poster

PSTRO010. Oligodendrocyte Mechanisms

Location: WCC Halls A-C

Time: Saturday, November 11, 2023, 1:00 PM - 5:00 PM
Program #/Poster #: PSTR010.11/D29

Topic: B.09. Glial Mechanisms

Support: National Science Foundation Graduate Research Fellowship Program NSF
Award #1938059
Spaulding Smith Fellowship
NIH NIAAA R01AA024774
IALS Midigrant
CNS Seed-Bridge

Title: Determine how adolescent alcohol drinking alters corticotropin releasing factor (CRF) and
axonal myelination in the central amygdala in adulthood in male and female mice



Authors: *A. FLORES BONILLA!, S. AKLI? R. SENTHIKUMAR?, B. DE OLIVEIRAZ, A.
RAJVANSHI?, N. AMIRA?, H. N. RICHARDSON?;

1Univ. of Massachusetts, Amherst Neurosci. and Behavior Program, Amherst, MA; 2Univ. of
Massachusetts, Amherst, MA; ®Dept. of Psychological and Brain Sci., Univ. of Massachusetts
Ambherst, Amherst, MA

Abstract: Neural circuits involved in regulating stress responses undergo maturational processes
during adolescence including myelination of axons, and new myelin formation may also be an
adaptive and experience-driven process. Indeed, early life adversity leads to higher functional
connectivity between the prefrontal cortex and central amygdala (CeA) later in adulthood, which
is accompanied by heightened corticotropin releasing factor (CRF) stress peptide in this region.
Alternatively, chronic alcohol exposure reduces myelin and oligodendrocyte gene expression and
CRF peptide levels in the CeA, but these effects may rebound following removal of alcohol. The
goal of the current study was to test the following hypotheses: 1) new myelin is added to CeA
axons following a history of adolescent alcohol drinking, and 2) a proportion of these myelinated
axons contain CRF peptide. We used our inducible transgenic mouse reporter line (NG2CreERt:
Tau-mGFP) to tag and track oligodendrocytes forming new myelin in the CeA following
adolescent binge drinking. Adolescent male and female mice were exposed to 20% v/v alcohol
or water (n=9-11 per group) starting at postnatal day 28 using a modified drinking in the dark
(DID) paradigm for 2 weeks. Cumulatively, mice consumed an average of 38.66 g/kg of alcohol
with an average of 4.16 g/kg/4h per session. Following 2 months of abstinence, mice were
intracardially perfused, and brains were extracted and sectioned. Immunohistochemistry was
used to fluorescently co-label GFP (“new myelin”) and CRF. Our results indicate that myelinated
axons coming into or going out from the CeA is colocalized with CRF peptide expression.
Further analyses will determine if a history of alcohol exposure during adolescence followed by
long-term abstinence is sufficient to induce increase myelination of these CeA axons, which
could lead to changes in stress responsivity.
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Abstract: Peripheral nerves are highly vascularized tissues because of their high metabolic
demands and often run parallel to blood vessels (BVs) in the body. Schwann cells (SCs) are
peripheral neuronal glia that protect nerve fibers and play a crucial role in neuronal support as
well as axon regeneration associated with BVs during peripheral nerve injury. In light of their
ability for repair functions and potential clinical applications, cutaneous SCs are attracting
attention since the skin is an easily accessible tissue and a rich source of SCs. Yet, the
involvement of SCs in skin homeostasis has not been clarified although the importance of
sensory afferent fiber innervation is recognized as crucial for skin homeostasis. In this study, we
aimed to clarify the morphological features and distribution of SCs in human skin to determine
the function of sensory innervation to skin homeostasis focusing on the association of SCs and
the microvasculature. First, we observed the morphology of SCs with nerve fibers and BVs in
skin specimens from humans at various ages. Immunohistochemical staining was performed by
labeling p75NTR for SCs, CD31 for BVs and PGP9.5 for nerve fibers. In the subepidermal area,
thin and densely localized branching of SCs near capillary loops and thicker SCs along with BVs
were observed, and those decreased with age. During our study, we noticed that BVs lost nerve
fiber innervation with age, which may imply that the lack of innervation results in the loss of
BVs. To investigate the involvement of sensory innervation to cutaneous BVs, we used a
humanized skin model in which iPS-derived sensory neurons sprouted into human skin explants.
We found that not only PGP9.5-positive nerve fibers were increased but also p75NTR-positive
cells surrounding the newly sprouted nerve fibers, indicating that nerve fiber sprouting integrated
with the resident SCs in skin explants. Moreover, the nerve sprouting skin model showed that the
CD31-positive structure and NG2-positive pericyte coverage of BVs was maintained. These
results suggest that reconstructed glio-neural complexes are involved in the maintenance of BVs
in skin organ culture. Finally, permeability assays for Human Umbilical Vein Endothelial Cells
(HUVECS) were conducted using monolayer cultures. IL-1p was used for barrier disruption to
assess the effects of SCs on the vascular permeability of HUVECSs. The conditioned medium
showed protective effects on the IL-1p barrier disruption. Our results reveal the detailed
cutaneous SC morphology and distribution in human skin during aging. In addition, we
demonstrate the role of SCs to maintain the BV structure/integrity and contribute to skin
homeostasis.
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Abstract: The cuprizone animal model is widely used to study toxic demyelination and
subsequent remyelination in the central nervous system. Cuprizone, a copper chelator, is
therefore frequently used to model multiple sclerosis as well as other demyelinating and
degenerative diseases. Studies have shown that acute demyelination in the cuprizone model
occurs around 5-6 weeks in various brain regions (corpus callosum and cortex). Our previous
work indicates that cuprizone causes permeability in the blood-brain barrier as early as 3 days,
with subsequent microglial and astrocyte activation before demyelination. Recent studies suggest
that it only takes the first 3 weeks of Cuprizone exposure to cause demyelination at 6 weeks. In
the present study, we aim to understand the dynamics of oligodendrocytes and oligodendrocyte
progenitor cells (OPCs) during Cuprizone treatment at early time points (3 days, 1 week, and 3
weeks) prior to overt demyelination. Mice were treated with 0.3% cuprizone for up to three
weeks sacrificed, brains removed and either fixed and sectioned or immediately frozen on dry
ice. Immunohistochemistry was utilized to stain fixed brain sections after sacrifice for OPCs,
myelin, and mature oligodendrocytes (OLGs) after 3 days, 1 week, or 3 weeks of cuprizone
treatment. The number of cells, the quantity of cell markers, and morphology were gquantified.
QTR-PCR was used to analyze the gene expression of myelin-associated genes (MOG. MBP.
MAG) and PDGFRA. Our results document oligodendrocytes dynamics, and it’s gene
expression profile during short-term cuprizone treatment compared to control
brains.Understanding changes in oligodendrocyte dynamics that precede demyelination is
important for developing methods to prevent or reverse neurological impairment.
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Abstract: White matter injury (WMI) is the most common type of brain injury in preterm infants
(babies born at less than 37 weeks of completed gestation). Preterm WMI has no effective
treatments, and is associated with adverse neurological outcomes, including motor and cognitive
disability and seizures. Oligodendrocytes (OLs) and their precursors (oligodendrocyte precursor
cells, OPCs) comprise the major cell types implicated in preterm WMI, which involves an arrest
of differentiation of OPCs and a reduction in mature OLs and myelin formation. Thus, the OL
lineage is an ideal target for therapeutics aimed at promoting recovery after preterm WMI.
Clemastine is a first-generation antihistamine previously shown to promote OL differentiation,
myelination and motor recovery in animal models of preterm WMI. Clemastine is an excellent
candidate treatment for preterm WMI, but the minimum effective dose that promotes neonatal
brain repair is unknown. Identification of the minimum effective dose would allow for
determination of the target exposure and target plasma levels in future clinical trials in human
neonates. Here, we tested 4 doses of clemastine to determine the minimum effective dose in a
chronic hypoxia model of preterm WMI. Male and female C57BL/6 mice aged P3 to P10
(equivalent to human gestation weeks 23-40) were exposed to 10% oxygen for 1 week,
mimicking a known risk factor for WMI in human neonates. This model recapitulates the
histopathological features and adverse motor outcomes of human preterm WMI. We found that
mice treated with clemastine at 7.5 mg/kg/day and above had significantly increased mature
(CC1+) OLs compared to vehicle-treated animals (p<0.01, n=10-26 mice/condition). Mice
treated with clemastine at 7.5 mg/kg/day and above also displayed significantly increased myelin
(myelin basic protein [MBP] intensity) staining as compared to vehicle-treated animals (p<0.05,
n=10-26 mice/condition). CC1+ OLs and MBP intensity did not differ significantly between
mice reared in normal oxygen and hypoxia-exposed animals treated at a clemastine dose of 7.5
mg/kg/day and above. Lower doses were not effective at promoting myelination after chronic
hypoxia. These results establish the lowest effective dose of clemastine in a mouse model of
preterm WMI, and pave the way for future clinical trials of this medication in neonates.
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Abstract: Multiple Sclerosis (MS) is an inflammatory, demyelinating disorder that damages
oligodendrocytes, resulting in myelin loss and eventual axonal degeneration. While
demyelination occurs throughout the central nervous system (CNS), increasing evidence
suggests that gray matter demyelination is directly correlated with impaired cognitive and motor
dysfunction. Current disease modifying therapies mitigate the frequency of demyelinating
events, but are not thought to promote lesion repair potentially leading to cumulative damage and
functional impairments. There is an unmet need to develop innovative therapeutic approaches
that focus on restoration of function through remyelination. Vagus nerve stimulation (VNS)
drives neuronal activity and plasticity, leading to functional recovery from neuronal injury in
stroke, tinnitus and traumatic brain injury. However, whether VNS can be utilized to drive
myelin repair and plasticity remains unexplored. We applied chronic VNS to mice following
cuprizone-mediated demyelination and used longitudinal two-photon in vivo imaging to examine
the loss and regeneration of oligodendrocytes and myelin in primary forelimb motor cortex over
time. We found that VNS enhances the generation of new oligodendrocytes. Moreover, when
paired with successful reach outcomes, VNS modulates myelin sheath replacement, enhancing
the restoration of the original myelin pattern. Importantly, paired VNS drives long-term motor
functional improvement that correlates with the degree of myelin pattern restoration. Together,
these findings highlight the beneficial impact of VNS on myelin repair and motor function
recovery following demyelination, supporting its potential as a therapeutic approach for
demyelinating diseases.
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Abstract: Senescent glia and neurons that accumulate in the aged brain are associated with
neurological dysfunction. However, the molecular identities of senescent brain cells and their
regional heterogeneity in aging remain poorly understood. We and others previously discovered
that myeloid and oligodendrocyte progenitor cell (OPC) subpopulations in the aged brain harbor
canonical senescence markers. Due to the dynamic roles of OPCs in brain homeostasis,



discovery of senescent identities may illuminate mechanisms of impairment in the aged nervous
system. Here, we investigated whether OPC subpopulations assume senescent cell fates in the
aged brain. We cross-referenced published single-cell RNA-sequencing (SCRNAseq) datasets of
the aged mouse brain to verify that OPCs constitute a significant senescent cell population based
on canonical and candidate marker expression. Then, we analyzed OPC identities in aged white
matter regions through RT-PCR, immunofluorescent (IF) imaging and imaging mass cytometry
(IMC). Analysis of scRNAseq data showed an age-dependent increase in the cell number and
percentage of Cdkn2a+ (p16+) OPCs. Ingenuity pathway analysis of differentially expressed
genes in this OPC cluster revealed an activation of senescence-associated pathways. From the
same transcriptomic data, we identified age-upregulated, OPC-specific candidate senescence
markers and found an upregulation of these factors in aged versus young white matter via RT-
PCR. IF imaging demonstrated an age-associated decrease in the number and density of
PDGFRa+ OPCs in the fimbria of the hippocampus. Aged OPCs were also found in close
proximity to IBA1+ microglia, whereas young OPCs were more distant. Transgenic clearance of
pl6-expressing cells in old p16-INK-ATTAC mice did not rescue the density change but shifted
the interaction profile of old OPCs and microglia towards the young profile. Using IMC, we
observed colocalization of senescence markers with aged OPCs. Overall, these studies describe
region-defined characteristics of aged OPCs and contribute to emerging knowledge of glial
interactions in brain microenvironments. Continued integration of high dimensional data will
enable comprehensive mapping of OPC fates in the aged mouse brain. Future experiments will
also describe the functional consequences of these age-associated changes to inform regenerative
strategies targeting OPCs. FUNDING: SenNet Consortium TDA (UG3CA275669) and
ROOAG058798
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Abstract: The white matter is composed of myelinated axons, which act as cables connecting
different brain regions. Clinically, elderly people and Alzheimer's disease (AD) patients with



white matter lesions showed significant impaired cognitive function. Furthermore, abnormalities
in molecular expression specific to oligodendrocytes (OLs) and their progenitor cells (OPCs)
have been reported in AD pathology, suggesting the pathological association between white
matter abnormalities with impaired cognitive function. However, the detailed causality of OLs
and myelin impairment with cognitive decline is unknown. Here, we aimed to clarify the
dynamic and functional response of OLs/OPCs in aging and AD model mice to elucidate the
functional pathological mechanism for OLs/OPCs to show cognitive decline. We first
investigated functional responses of OLs/OPCs in the white matter of 2-month-old wild type
mice (2M WT) and 6-month-old AD model mice (6M AD) with in vivo Ca?* imaging using two-
photon microscopy. We found that the intensity and latency of Ca?* activity was increased in 6M
AD mice compared to 2M WT mice. In addition, Ca?* activity of OLs/OPCs in 6M AD mice
increased during the motor learning but not associated with learning process. It is unclear
whether these changes in activity are not normal compared to WT, but these results lead us to
consider why learning efficiency was declining despite the increase in Ca?" activity of
OLs/OPCs. To answer this question, we observed the morphology of the OLs/OPCs in 2M WT,
6M WT, and 6M AD mice. We quantified the process domains of OPCs and found that were
reduced in aging and AD pathology. We then measured the number of OLs/OPCs and changes in
expression levels of myelin related protein by immune-histochemistry and protein quantification.
The number of OPCs decreased, while the number of OLs increased in aging and AD pathology.
Furthermore, the expression of myelin basic protein was increased due to the increased number
of OL, suggesting promotion of the myelin sheath repairment. In fact, the ultrastructure of the
myelin sheath analyzed by electron microscope showed that the repair of the myelin sheath was
impaired in 6M AD. These results suggest that, in aging and AD, altered Ca?* activity of
OLs/OPCs occurs to induce myelin sheath repairment, resulting in learning deficit. We anticipate
that these experiments will provide new insights into the mechanisms of cognitive decline in
aging and AD pathology and identify potential therapeutic targets for the future.
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Abstract: Oligodendrocytes (OL) are the myelin-forming cells of the central nervous system
(CNS), facilitating fast neuronal signal transmission by enabling saltatory conduction, as well as
providing metabolic support to the neurons they enwrap. Numerous efforts have been and are
being made to study the physiologic and pathologic characteristics of OLs, and a large
proportion of this research has been done in vitro, with rodent primary OLs. In this study, we
present a new method of primary OL culture, which is a compilation of existing new and old
methods for oligodendrocyte progenitor cell (OPC) isolation, along with suggestions for optimal
media compositions for the proliferation and differentiation of isolated OPCs and OLs. For OPC
isolation, cerebral cortices of postnatal day 1 rats were dissected and dissociated, and the cell
suspension was passed through two sequential steps of density centrifugation in 12% and 6%
Optiprep™ (lodixanol), which yield approximately 1-2*10°cells/brain. Colonies composed of
OPCs (90-95%) and neurons (2-3%) were observed after 5 days of proliferation, and comparison
of OPC proliferation media compositions revealed that DMEM/F12 + 2%B27 + 1% GlutaMAX
+20ng/mL PDGF + 10ng/mL FGF + 10ng/mL EGF produced the best results, a two fold
increase in viable cell number measured by the WST-8 assay compared to other DMEM or
DMEM/F12 based formulas and a 10-fold higher cell number compared to Neurobasal based
formulas. After passaging and redistribution, OPCs were proliferated for and additional 2 days
for stabilization, in the optimal OPC proliferation media without EGF due to its property to
hinder uniform spatial distribution. Differentiation of OPCs to OLs was performed, and
branching MBP+ processes were visible in 45-50% of the cells at day 2 of differentiation which
further developed into web-like sheets of myelin by day 4. Comparison of OL differentiation
media compositions showed that Neurobasal + 2% B27 + 1% N2 + 1% GlutaMAX + 40ng/mL
Triiodothyronine (T3) produced the most morphologically complex OLs as analyzed by the Sholl
analysis. We lastly confirmed the capacity of OLs obtained through our revamped culture
procedure to enwrap neurons and aligned nanofibers. In summary, we present an optimized
method for primary OL culture, improving efficiency of the procedure. We observed robust
proliferation and differentiation of cells, alongside their capability to myelinate structures, which
is the core function of OLs. We also provide suggestions for optimal media formulations at each
stage of the culture/cells for desired results, which are applicable to OLs obtained through
different isolation methods.
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Abstract: Alzheimer’s Disease (AD) is a chronic neurodegenerative disease characterized by the
accumulation of disease associated microglia (DAM) surrounding amyloid beta (AP) plaques.
Previously, we discovered a novel E3 ubiquitin ligase IDOL that serves as a major post-
transcriptional regulator of three brain ApoE receptors in the low-density lipoprotein receptor
(LDLR) family. We showed that both genetic deletion and pharmacological inhibition of IDOL
led to a reduction in the number and size of A plaques and increased expression of genes
associated with DAM phenotype. Here we show acute knockdown of IDOL increases microglial
phagocytosis of AP plaques and the expression of DAM markers, including ApoE and TREM?2.
Additionally, long-term inhibition of IDOL reduced the number and size of AP plaques,
decreased plaque-associated neuritic dystrophy, and improved cognitive function in human APP
knock-in mice. Furthermore, RNA sequencing data shows that LDLR expression is increased in
phagocytic microglia following knockdown of IDOL. These findings suggest that inhibition of
IDOL may serve as a potential therapeutic strategy to delay of the progression of Alzheimer’s
disease.
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Abstract: Alzheimer’s disease (AD) is the most common dementia. Two types of proteins are
usually involved in the disease, amyloid beta (AB) and Tau protein. Amyloid-beta precursor
protein (APP) express in many tissues and concentrated in the synapses of neurons; its
processing could lead to the accumulation of AP. One of the earliest regions affected by AD is
the olfactory system. However, the role of the olfactory system in AD pathophysiology has
remained elusive. This study investigated the relationship between the adenosine A2A receptor
(A2AR), the olfactory system, and AD pathology. A2AR modulates synaptic transmission and



neuroinflammation by regulating neuron and glial cells. The OB mediates olfaction via A2AR
neurons in mice. The olfactory impairment will appear before AD symptoms. Our studies have
shown that the abnormal expression of A2AR appeared before the App accumulation in the
olfactory bulb of AD mice. We further examined the olfactory bulb and striatum expression
patterns of A2AR by immunostaining and western blotting of AD and WT mice. Data showed
that the A2AR expression in AD model mice was higher than in WT mice. The western blotting
results showed that A2AR expression became higher age-dependently when there were no
significant changes in WT mice. In addition, we used caffeine and adenosine as antagonist and
agonist of A2AR in the SH-SY5Y cell line and primary neurons extracted from WT and AD
mice. Results showed that the blockade of A2AR using caffeine could maintain the morphology
of cells when the adenosine could contribute to the morphology changes in the cells. The RT-
PCR results showed that the different concentrations of caffeine would regulate the A2AR
expression. The further co-staining of A2AR and Amyloid B-Protein 1-42(AP1-42) showed that
AP1-42 accumulated near the cells overexpressing A2AR in OB and striatum in AD model mice
but not in WT mice. It will somehow be related to ABi-42 formation, and the pathology needs
further study. In conclusion, our results showed that the A2AR regulation to the AP is similar in
the olfactory system and brain. The A2AR dysregulation in the olfactory system appeared earlier
than in the striatum, and the timely detection of this abnormality could be a new therapeutic
target for AD.
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Abstract: Background: The previous study found that inhibition of Phosphodiesterase 2

ameliorates cognitive impairment in AB1-42 oligomers (ABOs) treated mice through antioxidant
and antiapoptotic pathway. However, whether PDE2 inhibition produces neuroprotective effects
against neuronal damage induced by mild traumatic brain injury (mTBI) in Apo treated neuronal



and glial cells remains unclear.

Methods: HT-22 cells co-cultured with APo-exposed BV2 cells were preteated with PDE2
inhibitor Bay 60-7550 (0.5 uM) for 30 min. The cells were subsequently subject to mild cell-
based TBI (m-CTBI) by cell injury controller 30 min after they were exposed to ABOs at 0.5
uM. The cell death was determined by lactate dehydrogenase (LDH) assay 24 h after m-CTBI.
The levels of cAMP, cGMP and cytokines such as NF-kB and IL-1p were also detected.
Results: The results suggested that m-CTBI induced ABOs-treated BV2 cells lesion, which
caused co-cultured HT-22 cells death as evidenced by increased LDH value in HT-22 cells.
However, pretreated BV2 cells with PDE2A inhibitor Bay 60-7550 protected HT-22 cells against
m-CTBI plus low dose of APOs’ insults. While treated co-cultured cells with either 0.5 uM
APBOs or m-CTBI did not cause HT-22 cells lesion. The further results showed that the
expression of NF-kB and IL-1p was increased in APOs-treated co-cultured HT-22 cells after m-
CTBI. However, these effects were rescued by pretreatment with Bay 60-7550. PKA or PKG
inhibitor H89 or KT5823 prevented this protective effect, suggesting the involvement of
CAMP/cGMP signaling in the effect of Bay 60-7550.

Conclusion: These results provide proof-of-principle for the effectiveness of PDE2A inhibition
on modulation of neuronal inflammation and death with TBI-induced AD progression.

Key words: Traumatic brain injury; phosphodiesterase 2A; Alzheimer’s disease; LDH assay;
neuroinflammation
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Abstract: Multiple studies implicate herpes simplex virus type-1 (HSV-1) as initiators or
accelerators of Alzheimer’s disease (AD) because they increase dementia risk and elicit the same
pathological characteristics seen in AD, including amyloid accumulation, neuroinflammation,



neurodegeneration, and cognitive impairment. In a parallel body of literature, early AD is
characterized by smell loss, amyloid deposition in the olfactory epithelium (OE), and olfactory
sensory neuron (OSN) dysfunction. Previous experiments found the differential gene and protein
expression in the olfactory bulb (OB) and olfactory tract (OT) of familial AD (FAD) individuals
carrying the autosomal dominant presenilin 1 E280A paisa mutation and age-matched controls.
In FAD samples, RNA sequencing showed a transcription profile consistent with (1) viral
infection in the OB; (2) inflammation in the OT that carries information via entorhinal cortex
from the OB to hippocampus, a brain region essential for learning and memory; and (3)
decreased oligodendrocyte deconvolved transcripts, indicating dysregulation of myelination. In
order to understand the consequence of viral infection on olfactory epithelial function, we
infected undifferentiated human olfactory epithelium cell cultures with HSV-1 (MOI=0.00001,
McKrae strain). We found that HSV-1 productively infects the olfactory epithelial cultures by
increasing HSV-1 DNA. Using immunofluorescence, we found that acute HSV-1 infection
elicited a large increase in the expression of B amyloid and cyclic nucleotide-gated channel
subunit 2 (CNGAZ2, a marker of mature olfactory sensory neurons). These findings raise the
possibility that viral infection may disrupt olfactory and downstream hippocampal functions,
contributing to the acceleration of FAD progression.
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Abstract: Inhibition of PDE10 ameliorates cognitive deficits in Alzheimer’s disease by
regulation of neuroinflammationYuging Yan, PhD, Ying Xu, PhD/MD*

Department of Anesthesiology, Rutgers University, the State University of New Jersey, Newark,
NJ 07103

Background: Phosphodiesterase10A (PDE10A) is a dual-substrate enzyme that hydrolyzes both
CAMP and cGMP. The initial findings showed that PDE10A is highly expressed in the striatum
of brain, which led to most of studies focused on psychotic functions and the development of



PDE10A inhibitors for treatment of schizophrenia. Recent studies suggested that high levels of
PDE10A co-localize with synaptophysin in pyramidal neurons in the hippocampus, placing it in
key position to regulate synaptic transmission and learning and memory. Alzheimer’s disease
(AD) is an intractable disease characterized by progressive impairment of the cognitive function
and accompanied by psychiatric disorders. However, the role of PDE10A in regulation of AD
related memory deficits and psychiatric symptoms remains unestablished.

Method: The present study investigated the effects of PDE10A inhibition on cognitive deficits
associated with depression- and anxiety-like behaviors in APP/PS1 mouse model of AD. Chronic
treatment of PDE10A inhibitor MP-10 (6 mg/kg, i.p.) for 3 weeks significantly improved
memory impairment in Novel object recognition (NOR) and Y-maze tests in 8-month of age
APP/PS1 mice. The single cell RNAseq and KEGG analyses were used to further analyze the
cell types and related signal

pathways that were responsible for the amelioration of learning and memory disorder in AD
mice.

Result: The behavioral tests suggested that PDE10A inhibitor MP-10 dose-dependently
improved cognitive dysfunction in 8 months of age APP/PS1 mice, as evidenced by increased
discrimination index in NOR and decreased escape failure in Y-maze tests. The subsequent
single cell RNAseq analysis suggested that 22 cell types in the hippocampus were extracted
among 42 cell clusters. Further enrichment of KEGG analysis suggested that the changes in cell
types and the signaling pathways in AD mice were closely involved in the imbalance of
neuroinflammatory and immunity function. Conclusion: These findings demonstrate that
inhibition of PDE10 plays an important role in AD mice by regulation of the imbalance in
immunity and inflammatory function.

Key words: PDE10 inhibitor, MP-10, Alzheimer’s disease, neuroinflammation, single cells
RNAseq analysis; KEGG analysis.
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Abstract: Alzheimer's disease (AD) is a progressive neurodegenerative disorder characterized
by the accumulation of amyloid plaques and neurofibrillary tangles in the brain. This study
investigates the role of ubiquitin-specific peptidase 15 (USP15) in the development of amyloid



plaque formation by influencing mitophagy in AD. Mitophagy is a selective form of autophagy
crucial for maintaining mitochondrial quality control and cellular homeostasis. Recent evidence
suggests that USP15, a deubiquitylating enzyme, is highly expressed in the brain and may
contribute to the etiology of neurodegenerative disorders. So, enhancing mitophagy has the
potential to prevent tau hyperphosphorylation and improve memory in AD models. To
investigate the role of USP15 dysregulation and mitochondrial dysfunction in AD, we examined
the expression patterns of USP15 in the olfactory bulb and hippocampus, regions more prone to
pathological protein aggregation, using immunostaining in AD model mice. Our findings
revealed USP15 increased expression in the brains of AD model mice and exhibited co-
localization with Ibal and Api-42 in an age-dependent manner in AD mouse models compared to
wild-type mice. Additionally, expression of USP15 is decreasing with aging, which provide the
potential of being a biomarker in preclinical stage of AD. In vitro experiments utilizing SH-
SYS5Ycells treated with urolithin A (UA) showed decreased expression of APi-42 and
USP15.These results suggest that enhancing mitophagy may lead to reduced Ap1-42 and USP15
expression. Subsequently, RNAi-mediated knockdown of USP15 followed by western blotting
demonstrated that the expression of LC3B and Ap1-42 was ameliorated, confirming that
deregulation of USP15 expression can rescue the over-expression of ABi-42 by enhancing
mitophagy. Furthermore, western blotting analysis revealed higher expression of LC3B in AD
model mice, indicating deficient mitophagy. Notably, in wild-type mice, USP15 expression
increased in the presence of aggregated amyloid . These findings suggest an interaction between
USP15 and APi-42 in AD, leading to dysregulation of mitophagy through the induction of LC3B.
In conclusion, USP15 plays a critical role in the development of amyloid plaques in AD by
suppressing mitophagy. Dysregulation of USP15-mediated mitophagy impairment results in
increasing Ap1-42 production, ultimately contributing to the pathogenesis of AD. Further
investigations are warranted to validate USP15 as a potential therapeutic target for AD treatment.
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Abstract: Alzheimer’s disease (AD) is the most common cause of dementia worldwide and
currently lacks disease-modifying therapies. Abnormal accumulation of extracellular amyloid
beta (AP) leads to a cascade of neuropathological changes resulting in gliosis, impaired synaptic
function, neuroinflammation, and neuronal death. Previous work has shown that astrocyte-
specific knockout (KO) of beta-secretase 1 (BACEL), the enzyme responsible for generation of
AP, significantly reduced A pathology in a mouse model of AD. Analysis of differentially
expressed genes from single-cell transcriptomic studies on BACE1 KO astrocytes revealed a
significant upregulation of C-X-C motif chemokine ligand 14 (CXCL14). CXCL14 is a secreted
chemoattractant protein for peripheral immune cells such as monocytes and neutrophils.
Interestingly, genome-wide association studies have identified several single nucleotide
polymorphisms near the CXCL14 gene locus associated with increased risk of AD pathology.
However, the role of CXCL14 in AD and its effect on glial cell function are unknown. A
previous report demonstrated that CXCL14 stimulated phagocytosis in peripheral monocytes
suggesting CXCL14 may enhance phagocytosis in other immune cell types. Here, we investigate
the effect of CXCL14 on microglial function and phagocytosis in vitro. Chamber slides were
plated with 1 x 10* BV2 immortalized microglia overnight and then pretreated with 100 ng/mL
human recombinant CXCL14 or PBS for 2 hours. Next, green pHrodo e. coli bioparticles were
added to each chamber at a final concentration of 100 ug/mL for 1 hour. Cells were then fixed
with 4% paraformaldehyde, counterstained with phalloidin, mounted and cover slipped. Using
confocal microscopy, 10 images (~250 cells) per sample were obtained and analyzed using
ImageJ software quantifying mean raw internal density of bioparticle signal per cell. Sample
means were then averaged per condition. Our results demonstrate that CXCL14 significantly
increased uptake of pHrodo bioparticles in treated cells compared to control (p = 0.002, student
T-test, n = 3). This data suggests that CXCL14 enhances BV2 microglial phagocytosis in vitro
making it a potential target for modulating microglial phagocytosis of Ap in AD.

Additionally, we outline the development of a novel tetracycline-controlled transactivator
CXCL14 overexpression mouse line. We will cross this overexpression mouse line with the
5xFAD mouse line to test the effect of CXCL14 on alleviating AD-related memory deficits and
AD pathology in vivo. These studies could help identify CXCL14 as a novel therapeutic target
for AD.
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Abstract: Alzheimer’s disease (AD) is the most common neurodegenerative disease affecting
our aging population, and it is characterized by the presence of beta-amyloid plaques
extracellularly, and the formation of tau tangles within neurons. Current research focuses on the
extent and manner in which these two pathological hallmarks compromise neuronal health.
However, further evidence has implicated the immune system as another contributing factor to
neurodegenerative disease progression. The brain itself contains various immune cells, of
particular note are microglia, which function to maintain homeostasis within the brain as well as
contribute to neuronal health. Genetic variants expressed primarily in microglia have been shown
to have both negative and positive effects on risk for developing AD, further emphasizing the
importance of this subset of cells on neuronal health. Specifically, a protective genetic variant in
the phospholipase C gamma 2 (PLCG2) gene of microglia was recently discovered in a small
cohort of AD cases. This genetic mutation, P522R, affords protection from AD-related cognitive
decline even in the presence of beta-amyloid plaques. Recent evidence has shown that microglia
with this mutation show an increase in both phagocytosis and inflammatory cytokine secretion.
Although PLCG2 is highly expressed in brain-resident microglia, it is also expressed at lower
levels in peripheral immune cells, including monocytes, B-cells, and natural killer cells.
However, whether the P522R mutation has any effect on these cell types has been largely
overlooked. For this reason, we investigated whether peripheral immune cells carrying this
mutation may al