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Abstract: Neurogenesis is a multistep process that is involved in hippocampal-dependent
cognition and behavior. The tumor suppressor gene phosphatase and tensin homolog deleted on
chromosome ten (Pten) has previously been found to restrict the proliferation of neural
stem/progenitor cells (NSPC) in vivo. In this study, we aimed to provide a comprehensive picture
of how conditional deletion of Pten may regulate the genesis of NSPCs in the adult hippocampal
dentate gyrus and subventricular zone lining the lateral ventricles, using gold-standard markers
and quantification of the neurogenesis process. We quantified proliferating cells (Ki67+),
neuroblasts/immature neurons (doublecortin [DCX+]), and apoptotic (cleaved caspase-3 [CC3+])
cells via stereology in dentate gyrus subregions (subgranular zone [SGZ], outer granule cell layer
[0GCL], molecular layer, and hilus) in male and female mice at 4 weeks (N=6 each) and 10
weeks (N=5-6 each) of age. Our data demonstrate that conditional deletion of Pten in mice
results in a transient and sequential increase in Ki67+ proliferating cells and DCX+ postmitotic
neurons in the dentate gyrus, particularly in males. Specifically, we found that conditional Pten
deletion in males initially increased Ki67+ cell number by 64% in the neurogenic SGZ at 4
weeks of age. These increases were not observed in female Pten” mice. However, by 10 weeks
of age, the increase in Ki67+ cells spread to non-neurogenic dentate gyrus areas, including the
hilus (988% increase), oGCL (273% increase), and molecular layer (150% increase). We also
observed a transient increase (98% increase) in DCX+ neurons in male, but not female, Pten”
mice at 10 weeks of age. In contrast, quantification of Ki67+ cells in the subventricular zone
lining the lateral ventricles revealed a 53% decrease in Pten”" mice compared to wild-type mice
at 10 weeks of age. Together, our results demonstrate that loss of Pten results in age-, sex-,
brain-region dependent increases in adult neurogenesis. Our work is consistent with the literature
showing that Pten serves as a negative regulator of dentate gyrus neurogenesis but adds temporal
and spatial components to the existing knowledge.
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Abstract: Clinical studies have shown that thyroid disorders and alteration of thyroid hormone
production by environmental endocrine disruptors (EDCs), have deleterious effects on
reproduction. By acting in the brain on the hypothalamic component of the reproductive axis,
abnormal levels of thyroid hormones can disturb sex hormones production, oestrus cycles or
puberty onset, possibly leading to subfertility. Moreover, in animal models, endocrine disruptors
and thyroid hormones have been shown to have long-lasting transgenerational effects with the
maternal hormones influencing the development of foetal reproductive functions. Despite clear
evidence of an interaction between the thyroid and reproductive systems, the effect of T3, the
active form of thyroid hormones, on the GnRH neurons controlling reproduction, have been
poorly studied. In this work we investigated how T3 functionally interacts with GnRH neurons
and how abnormal concentration of T3 alters the migration of these neurons during development.
Calcium imaging was used to study the direct effect of T3 on GnRH neuronal activity in an ex
vivo nasal explants model. Acute administration of T3 was found to stimulate the activity of
GnRH cells. Dual labelling of GnRH and thyroid hormone receptors (TR) showed that the GnRH
neurons express both nuclear and membrane receptors. However, the use of an antagonist
specifically blocking the TR nuclear receptors (1-850), didn’t inhibit the T3 stimulatory effect
while blockage of integrin aV/B3 membrane receptors (with cilengitide), prevented the T3-
induced increase in GnRH neuronal activity. During development GnRH neurons migrate from
the nasal placodes into the brain. We found that a 24hr treatment with T3 significatively
increased the migration rate of the GnRH neurons in our ex vivo model. To assess the
transgenerational effect of thyroid disruption on the development of reproductive axis, pregnant
females mice have been treated with methimazole (MMI) during gestation to induce
hypothyroidism. In E13 embryos, treatment with MMI didn’t affect the distribution of the GnRH
neurons along the migration tracks but it significantly decreased the general amount of GnRH
neurons. Other stages of embryonic development will be studied to investigate this effect.
Together these studies are the first to report a direct effect of thyroid hormones on GnRH
neuronal activity, through the integrin aV/B3 membrane receptors and show that T3 can
modulate the migration of GnRH neurons during development. These results will bring new



insights on how thyroid disruption by EDCs or thyroid diseases, especially during foetal
development, can lead to long term reproductive defects.
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Abstract: Radial glial cells (RGCs) are neural progenitors that play an essential role in the
development of the cerebral cortex. With a long basal process that extends towards the pial
surface and apical and basal endfeet, RGCs’ bipolar morphology serves as a scaffold to guide the
radial migration of pyramidal neurons into different cortical layers. Yet, whether and how this
distinct RGC morphology mediates the migration and positioning of interneurons in the
developing cortex is largely unknown. Here, we focus on RGC basal endfeet, a subcellular
compartment that resides in the marginal zone (MZ), one of the prominent routes taken by
tangentially migrating interneurons. To uncover new roles for RGC basal endfeet in interneuron
organization, we examine functions of proteins that we found are highly enriched in endfeet. We
utilize siRNAs to knockdown the RnoGAP ARHGAP11A in mice and through live and fixed ex
vivo and in vivo imaging, observe a significant decrease in RGC branching and basal process
complexity. This disruption in morphology yields fewer interneurons touching the basement
membrane within the MZ, while rescuing the morphology by localizing Arhgaplla to endfeet
restores proper interneuron positioning. Genetic depletion of non-muscle myosin Il heavy chain
A (NM-I1A/MYH?9) from RGC:s largely phenocopies Arhgaplla mutants. Following dynein
cytoplasmic 1 light intermediate chain 2 (Dync1li2) RGC knockdown, we observe an increase in
RGC branching complexity and fewer interneurons within the MZ. In contrast, when endfeet are
detached from the basement membrane in NM-11B (MYHZ10) conditional knockout mice, we



observe a notable increase in the number of interneurons within the MZ. These findings
demonstrate diverse roles for localized proteins in maintaining RGC integrity and non-cell
autonomously mediating interneuron organization in the cerebral cortex. Our ongoing studies
aim to interrogate the mechanism(s) underlying RGC-interneuron interactions, which can deepen
our understanding of the cytoarchitecture of the cerebral cortex.
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Abstract: Lilii Bulbus, the bulb of tiger lily, has anti-oxidant and anti-tumorigenic properties.
However, the effects of Lilii Bulbus on learning, memory, and hippocampal neurogenesis remain
unknown. This study investigated whether water extract of Lilii Bulbus (WELB) affects memory
ability and hippocampal neurogenesis. Behavioral analyses (Morris water maze and passive
avoidance test), immunohistochemistry, cell proliferation assay, and immunoblot analysis were
performed. WELB (50 and 100 mg/kg; for 14 days) enhanced memory retention and spatial
memory in normal mice as well as in scopolamine-treated mice with memory deficits.
Furthermore, the administration of WELB significantly increased the number of proliferating
cells and surviving newborn cells in the dentate gyrus of the hippocampus in normal mice. We
found that WELB has a pro-neurogenic effect by increasing the activation of brain-derived
neurotrophic factor (BDNF)/CAMP response element-binding protein (CREB) and mitogen-
activated protein kinase kinase/extracellular signal-regulated kinase (MEK/ERK) in the
hippocampus. Moreover, we confirmed that WELB (100 and 200 pg/ml) significantly increased
NE-4C and primary embryonic NSCs proliferation. Inhibition/knockdown of MEK/ERK blocked
WELB-induced MEK/ERK phosphorylation and NSCs proliferation. Hence, MEK/ERK
activation was required in WELB-induced NSCs proliferation. Our study demonstrates the first
evidence for WELB promoting hippocampal neurogenesis and memory; pro-neurogenic activity
may enhance brain plasticity, with implications for treating neurodegenerative diseases.
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Abstract: The cerebral cortex is involved in processing higher-order tasks such as thinking,
learning, and understanding sensory input. The development of the cortex is an intricate and
highly regulated process that is susceptible to changes or disruptions to protein expression levels.
One class of enzymes which contributes to the proteostasis of cells are deubiquitinases (DUBS),
which typically remove ubiquitin from targets and save them from degradation. DUBs have not
been well studied in the context of brain development, but some studies have found they can play
important roles in the brain. Our objective is to explore whether the DUB, USP15, plays a role in
cortical development. Using quantitative real-time PCR and immunohistochemistry, we assessed
USP15 expression levels in the developing cerebral cortex of male and female mice from
embryonic day 12 (E12) to postnatal day 21 (P21) (n=3). We found that USP15 is expressed in
the cortex throughout development, peaking at P3 and then reducing into adulthood. To address
USP15 function, we performed in utero electroporation of embryos at E13, and five days later,
neurons with ectopic expression of USP15 showed a significant alteration in their distribution
across the cortex compared to control neurons (n = 7, ¥*=54.4, p<0.0001), suggesting that USP15
impacts how cortical neurons migrate during cortical development. Interestingly, USP15
subcellular localization appears to be different amongst cell populations, with neural precursor
cells having more cytoplasmic USP15 than migrating post-mitotic neurons. Correspondingly,
changes to USP15 nucleocytoplasmic localization altered neuronal migration in the developing
cortex. In conclusion, our study reveals that the nucleocytoplasmic localization of USP15 in
newborn neurons is critical for their proper migration during cortical development.
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Abstract: Puberty is a crucial biological process leading to sexual maturation and reproduction.
Puberty is controlled by the hypothalamo-pituitary-gonadal (HPG) axis, where secretion from
gonadotropin releasing hormone (GnRH) neurons stimulates pituitary gonadotropes to release
follicle stimulating hormone (FSH) and luteinizing hormone (LH), which subsequently activate
the gonads. Any interruption in the development and/or regulation of the components of this axis
may result in short-term or long-lasting dysfunction of reproductive axis such as delayed puberty
and/or infertility. Delayed puberty in boys is defined as the deficiency of masculinization and
increase in the volume of testes (testicular volume <4 mL) in combination with absent or low
sperm count until 14 years of age. Notably, the genetic basis of delayed puberty in humans
remains unknown in majority of the cases. Therefore, whole exome sequencing (WES) of
genomic DNA was carried out on 6 male patients, over 18 years of age, exhibiting failed
puberty. WES with bioinformatics analysis identified non-synonymous variants in 16 genes
expressed along different pathways of the HPG axis which could cause failed male puberty. Out
of 16 genes, 4 genes (IL17RD, SPRY4, GNRHR, FLNA) were previously reported to cause
delayed puberty, 4 genes (NPBWR1, SLC17A6, CACNA1B, CAPRIN2) were expressed along the
HPG axis but no mutations therein were reported to cause delayed puberty and 8 genes (SRRM4,
EFHC1, ERMARD, ATP2B3,BAIAP3, ADCY8, MAPK6, C1ORF86) were novel candidate genes
(Akram et al., 2022). To validate these novel genes, each one must be systematically examined
along the HPG axis and subsequently perturbed in a model system. BAIAP3 (brain-specific
angiogenesis inhibitor I-associated protein 3) was chosen due to its role in neuropeptide secretion
and expression in cells in nasal areas during embryonic development, coinciding with the
migratory route taken by GnRH neurons (Allen brain atlas). Microarray data showed expression
of BAIAP3 increased as GnRH cells stopped migration. STRING analysis indicates connections
of BAIAP3 protein with neuropeptides B (NPB) and W (NPW) and their receptor, NPBWRL1. A
mutation in NPBWRL1 was also identified in this patient. Therefore, to determine the role of
BAIAP3 gene in the HPG axis, expression of the protein will be examined in GnRH neurons as
well as pituitary gonadotropes during pre- and postnatal development. Subsequently, in vivo and
in vitro mouse models will be used to study the effect of WT and mutant/lack of BAIAP3 on the
function of these important components of the HPG axis.
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Abstract: Autism spectrum disorder (ASD) represents a group of neurodevelopmental disorders
with substantial genetic and clinical heterogeneity. We previously reported that disruptive
variants in CSDEL1 increase ASD risk and interfere with neuronal development and synaptic
transmission. However, whether and how CSDEL1 regulates neurogenesis is still unknown. By
analyzing a Csdel conditional (Nestin-cre) knockout mouse model, we revealed that Csdel
knockout results in defective neural progenitor proliferation and differentiation that manifests in
number reduction of neurons in both deeper and upper layers. RNA-seq and CLIP-seq data
implicated that Csdel facilitate the transcription of multiple cell cycle genes including CDKG6.
RIP-gPCR further confirmed that CSDEL1 regulate cell cycle genes by directly binding to the
mMRNA. By introducing BrdU incorporation experiment, we demonstrated that the cell cycles of
neural progenitors were prolonged in Csdel knockout mice. Our findings demonstrated that
Csdel mediates neurogenesis via post-transcriptional regulation of cell cycle network, which
provide new insights into the neurodevelopmental roles of Csdel.
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Abstract: The hypothalamic-pituitary-gonadal (HPG) axis controls reproduction. According to
the World Health Organization, fertility disorders affect millions of individuals worldwide.
Potential dysfunction(s) leading to infertility can occur at one or more levels of the HPG axis.
Within the hypothalamus, Gonadotropin-releasing hormone (GnRH) secreting neurons play a
critical role in integrating extrinsic and intrinsic cues that regulate puberty, fertility, and sexual
behavior. This population of neurons secretes GnRH in a pulsatile manner into the portal
capillary system, activating gonadotropes of the pituitary gland to release luteinizing hormone



(LH) and follicle-stimulation hormone (FSH) which act on the gonads to regulate the
reproductive function. Dysfunction of the GnRH neurons can cause a physiological ‘domino’
effect that subsequently leads to delayed onset of puberty, infertility, and other reproductive
disorders. The secretory behavior of GnRH neurons is not well understood. To clarify how
GnRH is released in a pulsatile fashion, we need to understand the cellular and molecular
mechanisms involved. Thus, to visualize GnRH secretion, we are using an explant model that
maintains many of the characteristic of GnRH cells reported in postnatal mice, including
pulsatile secretion. The paradigm includes loading GnRH dense core vesicles (DCVs) with
Neuropeptide Y - GFP fluorescent cargo using an AAV9 viral vector containing the GnRH-
NPY-hGFP sequence. Preliminary data indicate that the NPY-GFP DCV tag was incorporated
into GnRH cells. High resolution microscopy is being used to verify that expression of the tag is
restricted to DCVs using DCV markers such as chromogranin A and carboxypeptidase E.
Subsequently, we will visualize GnRH DCVs travelling down the axons to their terminals in situ
under basal and kisspeptin (a peptide known to cause GnRH release in vivo) stimulated
conditions. Delineating the mechanisms involved in GnRH neuropeptide secretion will facilitate
our understanding of the physiology of these neuroendocrine cells, as well as provide candidate
genes to screen in patients with reproductive dysfunctions.
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Abstract: Development of the central nervous system (CNS) requires the fine regulation of
neurogenesis and gliogenesis by ventral radial glia (vVRG). In a previous study, we exploited high
resolution RNAscope experiment to investigate the spatio-temporal expression patterns of Anol
during the neurogenic period in embryonic brain. The majority of Anol transcripts was were
highly expressed in Fabp7+ and Sox2+ VRGs of the medial ganglionic eminence (MGE) from
E11.5to E14.5. In the present study, we checked examined whether ANO1 controls VRG fate in



MGE during early- to mid-neurogenic period. A decreased ratio of EdU-positive cells was
observed in Anol-ablated MGE at E14.5. Furthermore, the immunostaining experiments
revealed a the decreased population of GABAergic neurons in the cortex of Anol KO mice at
E18.55 as a consequence. However, the ratio of intermediate progenitors (IP) was shown to be
increased whereas the ratio of RG did not changed in MGE of AnoNO1 KO mice. We therefore
suggestpropose that Anol promotes VRG proliferation. and may switch drive VRG fate to a basal
rather than apical progenitors during GABAergic neurogenesis.
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Abstract: The piriform cortex (PC) is a major cortical processing center for the sense of smell
that receives direct inputs from the olfactory bulb. In mice, the PC consists of three neuronal
layers, which are populated by cells with distinct developmental origins. One origin of PC
neurons is the pool of Dbx 1-expressing neural progenitors located in the ventral pallium at the
pallial-subpallial boundary. Since the precise mechanisms of PC neuron development are largely
unknown, we sought to define the distribution, timing of neurogenesis, morphology and
projection patterns of PC neurons from the Dbx1 lineage. We found that Dbx 1-lineage neurons
are preferentially distributed in layer 2 and enriched in the ventral portion of the PC. Further,
Dbx 1 neurons are early-born neurons and contribute to most neuronal subtypes in the PC. Our
data also revealed an enrichment of Dbx 1-lineage neurons in the ventral anterior PC that project
to the orbitofrontal cortex. These findings suggest a specific association between the
developmental origin of PC neurons and their neuronal properties.

Thando Shabangul,2,3, Hung-Lun Chen2, Zi-hui Zhuang3, Alessandra Pierani4,5, Chien-
Fu F. Chenl,2* & Shen-Ju Choul,2,3*
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Abstract: Activated neural stem cells (NSCs) in the adult rodent subventricular zone (SVZ2)
generate new neuroblasts and oligodendrocyte precursor cells (OPCs). Increased intracellular
levels of Ts - the transcriptional active form of thyroid hormones (THs) - maintain NSC and
progenitor renewal and promote NSC/progenitor commitment preferentially toward a neuronal
fate. However, how regulators of the TH pathway regulate T3 availability in SVZ cells and how
this regulation affects neurogliogenic processes, is less understood. Here, we used adult
Mct8/Dio2 double knockout (Mct8/Dio2 KO) mice to assess the role of the TH transporter
monocarboxylate transporter 8 (MCT8) and deiodinase type 2 (DI02). First, we characterized
which cell types expressed Mct8 and Dio2 in the adult SVZ. Our single-cell RNAseq on
dissected SVZs revealed that absence of both MCT8 and DIO2 dysregulated the SVZ cells’
transcriptome and increased the proportion of neuroblasts. Immunohistochemistry confirmed
increased neuron/oligodendroglial ratios in the adult SVZ. In addition, OPC differentiation into
mature myelinating oligodendrocytes was impaired in the corpus callosum. Ex vivo neurosphere
assay showed increased progenitor proliferation and hampered neuronal migration. Accordingly,
migration of SVZ-generated neuroblasts is impaired along the rostro- medial stream in
Mct8/Dio2 KO, thus modifying the cellular architecture of the olfactory bulbs. The observed
lowered neuronal integration in the olfactory networks was associated with compromising short-
term olfactory memory and discrimination in Mct8/Dio2 KO mice, showing that absence of both
TH regulators functionally impaired SVZ-neurogenesis. In conclusion, MCT8 and DIO2 are
pivotal in adult murine SVZ homeostasis and function. Further elucidating their precise function
offers new targets to manipulate neurogliogenesis in several white matter diseases including
multiple sclerosis and MCTB8-deficiency.
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Abstract: Proper proliferation of neural stem cells (NSCs) during development is essential for
building an appropriately sized cerebral cortex. Defects to these processes can lead to lethal brain
malformations such as microcephaly. Primary cilia play an important role regulating the cell
cycle of these NSCs. Cilia are microtubule-based structures that protrude from the apical
membrane of NSCs into the ventricle. They sense the extracellular environment and regulate
signaling pathways. Moreover, primary cilia assembly and disassembly is coupled to the cell
cycle. Before a cell can re-enter mitosis, the primary cilium needs to be disassembled to release
the centrioles to form the mitotic spindle poles. After mitosis is complete, and during late
cytokinesis (abscission), the primary cilia are reassembled. Cep55 is a scaffolding protein with
an important role in cytokinetic abscission, required for efficient severing of the midbody in the
intercellular bridge. It was also reported to localized to centrosomes. In humans, Cep55
mutations were shown to cause multiple brain malformations. Our previous analyses of Cep55
knockout (KO) mouse brains showed that Cep55 localizes to the center of NSC midbodies, and
promotes ESCRT-III recruitment and the timely disassembly of midbody microtubules. KO
brains display many binucleate cells, but most NSCs can still complete abscission. In the brain,
but not other tissues, cells that fail abscission activate p53-dependent apoptosis. This results in
severe microcephaly, but preservation of normal body size (J. Nsci. 41(15):3344). To better
understand how loss of Cep55 affects NSC proliferation, we asked whether primary cilia of
NSCs were also affected. To address this, we assessed the primary cilia of embryonic cerebral
cortex NSCs. Interestingly, cilia length and the number of biciliated NSCs were affected. In
addition, we noticed enlarged apical endfeet (AE) of Cep55 KO NSCs. To determine whether
these enlarged AE were due to high levels of apoptosis, we blocked apoptosis by breeding
Cep55;p53 double KOs (dKO). However, blocking apoptosis did not rescue the large AE
phenotype, but exacerbated it. Furthermore, the nuclei and cilia of these extra-large AE appear
abnormal. Our data are consistent with Cep55 having an indirect effect on cilia due to its role in



abscission. Through this ongoing experimentation, we hope to gain further insight into how
Cep55 function regulates proper NSC proliferation and brain growth.
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Abstract: Malformation in cortical development disrupts excitatory/inhibitory neural circuits
associated with psychiatric and developmental disorders. One of the key factors of cortical neural
networks is fine regulation of neurogenesis. A variety of researches on embryonic development
have documented important transcription factors and neurotrophic factors. However, there are
still unanswered questions for the role of ion channels in embrogenesis and neurodevelopment.
The recent emerging field of mechanobiology reveals that mechanical cues, such as cytoskeletal
movements, shear stress and the forces exerted by neighboring cells, are regarded as important
regulators for embryonic development. Piezol, a mechanically-activated ion channel, is involved
in NSC fate control and cell migration. However, its functional expression and the role during
embryonic development in vivo remain unexplored. Therefore, to address this question, we
conducted an RNAscope experiment to visualize the location of Piezol with several embryonic
neuronal/glial lineage cell markers. Furthermore, embryonic brain slice calcium imaging was
performed to measure the functional expression of Piezol. Our data demonstrates that Piezol
MRNA is expressed in migrating interneurons and oligodendrocyte progenitor cells during the
embryonic forebrain development.
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Abstract: Brain injury can result in progressive neuronal loss that is exacerbated by the limited
regenerative capacity of the central nervous system. The rostral migratory stream (RMS)
facilitates neuroblast migration from the subventricular zone to the olfactory bulb throughout
adulthood. Brain lesions attract neuroblast migration out of the RMS, but resultant regeneration
is insufficient without intervention. Our lab has biofabricated a “living scaffold” that is
implanted to enhance endogenous neuroblast migration from the subventricular zone to neuron-
deficient brain regions. This approach utilizes the first biomimetic tissue-engineered RMS (TE-
RMS), designed to leverage the brain’s natural mechanism for sustained neuronal replacement
by replicating the native RMS to direct neuroblasts to distal sites of injury. Our previous work
has characterized the structure of the TE-RMS fabricated from both rat and human astrocyte cell
sources. In addition to a promising new strategy for endogenous neuronal replacement, the TE-
RMS is a powerful tool to unlock previously unanswered questions about adult neurogenesis.
Here, we focus on the in vitro applications of the TE-RMS. We report an improved method of
TE-RMS fabrication that has augmented construct survival and stability compared to previous
methods. Specifically, we fabricated TE-RMSs using 4 different custom-designed micro-channel
architectures featuring concave, convex, and orthogonal wall geometries (n=27 per group).
Excitingly, TE-RMSs successfully self-assembled in all 4 channel geometries, demonstrating
that the TE-RMS can form in the presence of various topographical conditions. Fabrication in a
rectangular channel geometry had the highest success rate and therefore this channel shape was
selected for subsequent in vitro studies. We also demonstrate that we can harvest neural
precursor cells (NPCs) from the SVZ of adult male and female rats and culture them as
neurospheres that reliably express stem cell markers. Following loading of SVZ-derived
neurospheres into the end of TE-RMSs, individual neuroblasts migrated out of the neurospheres



and throughout TE-RMSs toward “destination” co-cultures consisting of rat cortical neurons and
astrocytes. Our tissue engineered system allows for the examination of maturation and
integration patterns of SVZ-derived neuroblasts following migration through the TE-RMS and
into destination co-cultures in vitro. Overall, the TE-RMS provides a unique in vitro platform to
examine SVZ neuroblast migration and maturation, providing an avenue to investigate key
chemical and molecular cues in these complex processes.
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Abstract: Cerebral cortex folding represents an important evolutionary mechanism that is
incompletely understood. Present evidence suggests that cortex folding is caused by two cellular
mechanisms: (1) expansion of progenitor cells and (2) divergent radial migration of neurons. We
have previously generated a mouse model (FIrtl/FIrt3 DKO; del Toro et al., 2017) with sulci-
like folding induced by divergent radial neuronal migration without expansion of progenitor
cells. We have used this ‘cell migration’ model to ask if the two folding mechanisms synergize



and whether the expansion of certain types of progenitors leads to qualitatively different cortical
folds. We report that increasing the length of the early cortical stem cell expansion phase by
deletion of fibroblast growth factor 10 (FGF10) in the ‘cell migration” model
(Fgf10/FIrtl/FIrt3™°, we now call Fgf10™©) leads to cortical folding with increased penetrance
and, importantly, with gyrus-like protrusions. Conversely, overproduction of intermediate
progenitors by deletion of centrosomal protein 83 (Cep83) in the ‘cell migration” model
(Cep83/FIrt1/FIrt3™°, we now call Cep83T™<©) leads to cortical folding with increased
penetrance and sulci-like appearance. These results indicate that expansion of progenitor cells
and divergent radial migration of neurons synergize in vivo to induce cortical folding. They
further show that expanding different types of progenitors can lead to qualitatively different
folding, suggesting that the formation of gyri and sulci requires the timely expansion of distinct
progenitors.
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Abstract: Cellular-level histological data still remains the gold standard for studying the
organization of developing human brains. Obtaining histological data from the whole fetal brain
is currently sparse, primarily due to the challenges including the retrieval and acquisition of
high-quality postmortem specimens and the difficulties in the subsequent processing of these
brains due to its high-water content. Employing a technology-enabled high-resolution
multimodal imaging pipeline consisting of postmortem MRI, blockface imaging, and high-



resolution histology, we characterize the developmental patterns of the fetal brain from 13 to 21
Gestational Weeks (GW) (n=5). The whole brain specimens were sectioned in the sagittal plane
at 20um thickness and stained for three series Nissl, Hematoxylin and Eosin and
Immunohistochemistry (IHC). Our histological data, 13-15 GW, shows the appearance of early-
stage sulcal roots, particularly on the mesial surface. We report the well-organized laminar
organization of the sulcal roots, showing the transient developing layers from the ventricular
zone to the marginal zone. We also describe the developing pattern of the radial glial processes
with Glial Fibrillary Acidic Protein (GFAP) IHC, which shows a similar pattern of labeling, to
other regions in the cerebral cortex, that do not have these sulcal roots. We show the progression
of these early sulcal roots into the cingulate sulcus from 13-21GW, mainly due to the changing
size of the lateral ventricles, and the increase in neuropil. Our results show a systematic
progression of the developing brain and the primary sulci from 13-21 GW. The cellular-level
dataset provides valuable comparative data for studying developmental delays and malformation
in the developing human brain.
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Abstract: YIPF5 and SURF4 proteins are crucial for transporting the endoplasmic reticulum and
the Golgi. YIPF5 mutations have been associated with primary microcephaly and neonatal
diabetes. This study investigates the impact of YIPF5 depletion or mutation on cellular migration
in vitro and in vivo. We utilized the IncuCyte system and a wound healing assay to observe
wound density changes over a 15-hour live imaging acquisition period (n=3). We found that

Y IPF5 absence or mutation significantly affected cellular migration. Additionally, we conducted
a proteomic analysis of Immunoprecipitated-Y IPF5 to identify its interaction partners, and
discovered that SURF4 strongly interacts with YIPF5, the finding was validated via WB and
Immunofluorescence (IF).To investigate the influence of YIPF5 on neuronal migration, GFP-



tagged shLuciferase and shYIPF5 constructs were electroporated into E13 mouse embryos. EdU
was injected at E14.5 to label dividing cells, and GFP-expressing neurons were visualized by
immunostaining at E15.5. Cortical sections were treated with the EdU staining kit, and the
distribution of GFP-positive neurons was examined via IF in the cortical plate (CP), three
sections of the intermediate zone, and the Ventricular zone-Subventricular Zone. (n=6).
Quantification of the percentage distribution of GFP-positive-shY IPF5 neurons in each cortical
layer was compared to the shLuciferase control group. Intriguingly, the analysis revealed a
significant increase in the number of YIPF5-knockdown neurons in the cortical plate (CP). This
observation suggests an over-migration phenotype, indicating that YIPF5 depletion leads to
abnormal migration of neurons into the CP. Secretome and cell-surface proteomics analyses
reveal that YIPF5 regulates the ER exit of specific proteins essential for neurodevelopment, cell
migration, and cell adhesion. The insufficient presence of these proteins at the plasma membrane
due to YIPF5 depletion or mutation may contribute to dysregulated neuronal migration and
associated phenotypes, such as microcephaly. The proteomic findings, combined with the in-
utero electroporation experiments, highlight the crucial role of YIPF5 in regulating proper
neuronal migration during cortical development. Our results provide compelling evidence of the
YIPF5-SURF4 interaction and YIPF5"s involvement in neuronal migration. This study
contributes to the understanding of the molecular mechanisms underlying proper cortical layer
formation and emphasizes the potential implications of disrupted YIPF5-SURF4 interactions in
neurodevelopmental disorders associated with aberrant neuronal migration, such as
microcephaly.
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Abstract: Autism spectrum disorder (ASD) is a highly heritable, heterogeneous
neurodevelopmental disorder affecting 1 in 36 children in the US, with a male-to-female
prevalence ratio of 4:1. The cerebral cortex, particularly the prefrontal cortex, which mediates
social cognition and language, is abnormally enlarged in up to 20% of young patients with ASD
who have the most severe symptoms, but normalizes by early adulthood. However, it is unclear
to what extent macrocephaly or megalencephaly itself contributes to ASD. Recently, we have
developed a unigue mouse model of ASD with macrocephaly and social deficits by knocking in
an ASD-associated point mutation in the abnormal spindle-like microcephaly-associated
(ASPM) gene, a major determinant of brain size, particularly in the prefrontal cortex. Aspm
knock-in (K1) mice show excessive embryonic neurogenesis with increased progenitor
proliferation and cortical thickness resulting in macrocephaly between embryonic day 14.5
(E14.5) and postnatal day 10 (P10). Interestingly, macrocephaly normalizes around P50, similar
to the time course of macrocephaly in human patients with ASD. Aspm KI mice also exhibit
reduced density of inhibitory synapses at P10, which normalizes at P50. Importantly, male KI
mice show deficits in the social novelty test, whereas female KI mice do not, suggesting sex-
specific effects. We are currently investigating transcriptional abnormalities at the single cell
level and behavioral abnormalities (e.g. ultrasonic vocalizations, cognitive flexibility) in Kl
mice. In summary, we are rigorously testing the hypothesis that excessive embryonic
neurogenesis is sufficient to induce at least some ASD-like behaviors in male mice by disrupting
transcription, cell composition, and synaptic connectivity.
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Abstract: Zebrafish have eyes similar to humans making them a useful model organism for
studying vision. However, zebrafish are different in that they are able to regenerate their optic
nerve after injury. Measuring vision in people who have communicative ability is achieved using
eye charts. Fish cannot use an eye chart, so we utilize the optokinetic response (OKR) that is
present in virtually all vertebrates to determine if a zebrafish has eyesight. The OKR is observed
by monitoring eye movement in response to moving visual stimuli. By injuring the optic nerve



on a zebrafish we can track its regeneration by measuring the return of its OKR. Recorded videos
of the OKR are then analyzed manually or by using DeepLabCut. Using the optokinetic response
provides insight into the functional process of regeneration, whereas previous work has focused
on the anatomical process. Additionally, it allows us to access regeneration in individual animals
over time, unlike histological methods that require sacrificing the animal for a single timepoint.
Moreover, we have designed an entire setup to measure the OKR in adult and larval zebrafish
that is 3D printed and relies on open-source software. This will allow us to scale up more easily
and potentially use this in classroom labs as well. Understanding the functional regeneration in
zebrafish will aid in developing treatment for humans with optic nerve injuries.
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Title: Role of axonal G3BP1 granules in regeneration-challenging situations
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Abstract: Axonal mMRNAs are translated into new proteins after neurotrauma and these new
proteins are needed for regeneration. We previously showed that the stress granule protein
G3BP1 serves as a mRNA storage depot in axons and slows axon growth after injury.
Exogenously expressing the acidic domain of G3BP1 disassembles axonal G3BP1 granules and
accelerates PNS axon growth. A cell-permeable peptide (CPP) consisting of G3BP1 amino acids
190-208 triggers rapid disassembly of axonal G3BP1 granules and promotes axon growth in
culture. Here, we show that the 190-208 CPP increases axon regeneration and acutely improves
NMJ reinnervation when applied 2 d after nerve crush. G3BP1 granules are also seen in CNS
axons, including in the spinal cord. Following spinal cord transection, injured reticulospinal



axons will grow into the permissive environment of a peripheral nerve graft (PNG) but halt
growth upon reaching the distal cord. AAV transduction of reticulospinal neurons with the
G3BP1 acidic domain accelerates growth within the PNG. Similarly, AAV transduction of
retinal ganglion cells with G3BP1 acidic domain increased axon regeneration following optic
nerve crush, indicating that G3BP1 granules attenuate CNS axon regeneration. Surprisingly,
injecting the 190-208 CPP into the proximal transected spinal cord triggered sprouting-type
growth within a PNG. In contrast, injecting 190-208 CPP directly into the graft promoted axon
growth across the distal interface back into the spinal cord. Finally, returning to the PNS,
treatment with the 190-208 CPP did not increase regeneration in chronically injured sciatic nerve
axons. Together with the sprouting response in reticulospinal neurons, this raises the interesting
possibility that response to the 190-208 CPP, which triggers G3BP1 granule disassembly in
acutely injured axons, is context-dependent and possibly influenced by the environment of the
injured axon.
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Abstract: Retinal ganglion cells (RGCs) are a critically important retinal neuron type connecting
the retina with the brain, and because the adult mammalian retina has minimal to no regenerative
capability, irreversible visual impairment results from RGC injury or death. In this study, we
aimed to identify a method to induce RGC development from endogenous retinal progenitor
cells. In vivo postnatal electroporation of a set of candidate developmentally-expressed
transcription factors induces development of RGC-like cells outside the window of endogenous
RGC development. These induced RGCs represent a population distinct from endogenous RGCs.
When forced to express this set of developmental transcription factors, retinal progenitors to first
produce induced RGCs, then sequentially produce later retinal neuron types, uncoupling real
time from developmental time. Induced RGCs express programs of genes characteristic of
RGCs, and not of late-born retinal neurons or progenitors. Axons of induced RGCs progressively
extend from the optic nerve, reaching visual targets in the thalamus and midbrain, but these
projections are not maintained. Overall, we aim to understand the generation and development of
new RGCs from existing cells intrinsic to the retina, which could enable restoration of vision in
blind patients.
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Abstract: Trauma and neurological disorders strongly limit neuronal regenerative capacity and
give rise to irreversible loss of function in the adult mammalian CNS. The molecular interaction
between axonal growth inhibitors (AGIs) derived from myelin debris and glial cells such as
Nogo protein and its receptor, Nogo receptor-1 (NgR1) is major obstacle preventing neuronal
repair in injured CNS. Therefore, blockade of the molecular interaction between AGIs and NgR1
is beneficial therapeutic target for CNS regeneration. Lateral olfactory tract usher substance
(LOTUS) contributes to axonal tract formation in the developing brain and axon regrowth in the



injured adult brain as an endogenous NgR1 antagonist. Additionally, LOTUS enhances synapse
formation and memory. Thus, LOTUS functions as a potent neuronal agent by inhibiting NgR1
functions. However, the expression level of LOTUS is drastically decreased after CNS injury
and declines along with aging. Therefore, suppression of down-regulating LOTUS expression
and supplementation of LOTUS can be effective to maintain “healthy” CNS environment, but
how LOTUS expression is regulated remains elucidated. Herein, we examined molecular
mechanism of regulation in LOTUS expression and found that brain-derived neurotrophic factor
(BDNF) increases the expression level of LOTUS in cultured hippocampal neurons. Exogenous
application of recombinant BDNF increased LOTUS expression approximately 50% at both
mMRNA and protein levels in cultured hippocampal neurons on days in vitro 7 (DIV 7).
Pharmacological inhibition with K252a, a tropomyosin-related kinase B (TrkB) inhibitor,
blockade of TrkB with decoy protein and gene knockdown of TrkB siRNA suppressed BDNF-
induced increase in LOTUS expression. Further pharmacological analysis of the TrkB signaling
pathways revealed that BDNF increases in LOTUS expression through mitogen-activated protein
kinase (MAPK) and phosphatidylinositol 3-kinase (PI13K) cascades. Furthermore, treatment with
c-AMP response element binding protein (CREB) inhibitor partially suppressed BDNF-induced
LOTUS expression. Finally, neurite outgrowth assay in cultured hippocampal neurons from
wild-type mice and lotus-deficient mice revealed that BDNF-induced up-regulation of LOTUS
promotes neurite outgrowth by antagonism for NgR1. Our findings suggest that BDNF may act
as a positive regulator of LOTUS through TrkB receptor. We propose that increase of LOTUS
expression by BDNF may be a beneficial therapeutic strategy for CNS injury as it is expected to
be synergistic with axon growth-promoting effects of BDNF.
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Abstract: The therapeutic potential of cell transplantation for spinal cord injury (SCI) is
frequently compromised by poor survival of grafted cells. Biomaterial-based scaffolds may



support cellular engraftment in the inhospitable microenvironment of the injured spinal cord. We
have previously demonstrated that injection of a thermosensitive injectable hydrogel can bridge
cystic cavities accompanied by the formation of extracellular matrix (ECM) in the lesion
epicenter that would otherwise become tissue defects following SCI. We initially expected that
hydrogel-induced bridging effects would be highly conducive to graft survival. However, E14
spinal cord-derived neural stem cells (NSCs) delivered as a complex with the hydrogel barely
survived the transplantation with frequent graft failures. We hypothesized that the mechanical
properties of the hydrogel may be crucial to regulate the survival of NSCs transplanted within
the hydrogel complex. Transplantation of NSCs with a varying percentage of hydrogel in the
injured spinal cord showed a concentration-dependent increase in the areas of NSC grafts and
engraftment rate in vivo, demonstrating that modulation of hydrogel mechanical stiffness can
improve the survival of transplanted NSCs. To elucidate the molecular mechanisms underlying
stiffness-dependent increase in graft survival, we established an in vitro culture system where
NSCs were grown on hydrogel substrates with different stiffness ranging from 0.2 to 25 kPa.
NSCs cultured on a rigid substrate showed an increase in the spreading area and cellular
perimeter in a stiffness-dependent manner, indicating an improvement in cellular adhesion. This
was accompanied by a significant increase and decrease in the percentage of living and dying
cells, respectively. Moreover, NSCs cultured in a softer environment exhibited a compromise in
cellular membrane elasticity and intracellular calcium oscillation, all of which were dependent
on actin polymerization. We almost demonstrated that mechanical forces derived from substrate
rigidity may be converted into biochemical events via mechanosensitive channels in the plasma
membrane. Future studies will be carried out to determine whether mechanosensitive channels in
NSCs with stiffer hydrogel are necessary for successful engraftment in the injured spinal cord.
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Abstract: Alzheimer’s disease (AD) is a degenerative brain disease that leads dementia
diagnoses and impacts 6.2 million Americans 65 and older. Current treatments are limited, and
neither stop the pathology of progressive beta-amyloid and tau accumulation, nor the neuronal



damage and loss. Microglia dysfunction has been implicated as a major contributing factor of
AD, worsening neuronal loss and tau pathology. Yet healthy microglia show neuroprotective
functions like regeneration, inflammatory response suppression, and reversal of behavioral
deficits. Our aim is to develop a novel approach for a renewable source of young microglia. We
hypothesize that targeting microglial genes for deletion in the embryo will create a niche to
generate exogenic microglia-like cells, and these cells, in turn, recapitulate primary healthy
microglia. Blastocyst complementation (BC) with pluripotent stem cells (PSCs) and targeted
gene-edited embryos will be used to generate exogenic microglia-like cells.

Because the HHEX gene is involved in liver, forebrain, and hematopoietic system development,
it is an early microglia development target gene, as microglia are derived from an early wave of
hematopoiesis. PU.1 is important in hematopoietic and myeloid cell development. PU.1 deficient
mice lack circulating monocytes, tissue macrophages, and parenchymal microglia in the brain.
We engineered the loss of HHEX and PU.1 gene expression in early mouse embryos and
performed intraspecies BC of HHEX and PU.1 KO embryos with eGFP-labeled PSCs to rescue
microglia development.

In blastocysts, loss of HHEX gene results in a homozygous KO and heterozygous rate of 25.6%
and 26.8%, respectively. Intraspecies BC of HHEX KO embryos led to the formation of
microglia-like cells derived from both the eGFP-labeled donor-derived cells and host. We also
observed a proportion of perivascular macrophages generated from the eGFP-labeled donor-
derived cells. Loss of PU.1 gene resulted in a homozygous and heterozygous KO rate of 28.6%
in PU.1, and a homozygous KO rate of 66.7% and heterozygous KO rate of 16.7%, using two
different constructs respectively. These results demonstrate that young microglia-like cells and
perivascular macrophages can be generated via BC methods. However, the generation of the
perivascular macrophages shows that HHEX may not be specific enough to only produce
microglia, therefore PU.1 may be a more specific gene target.
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Abstract: Central nervous system (CNS) has a limited capacity to repair and restore itself from
the damage, however, CNS can contain it through reactive gliosis. Several strategies have been
proposed to promote regeneration using cell therapy. Olfactory ensheathing cells (OECs) or
Schwann-like cells can promote CNS reparation, but it is difficult their obtention and purification
for cell therapy. Thus, we use a model based on bone marrow-mesenchymal stem cells (BM-
MSC) differentiated into a phenotype Schwann-like cells (BM-MSCdif). Schwann cells express
the glial fibrillary acidic protein mRNA isoforms f (GFAPB), and GFAPS isoform is
characteristic of precursor cells. Therefore, we characterized the mRNA isoforms of GFAPf and
GFAPS between three conditions: 1) primary cultures of OEC and 2) BM-MSC of adult Wistar
rats; and 3) MSC cells exposed to olfactory ensheathing cells-conditioned medium (BM-
MSCdif) to determine their possible use as a cell therapy. In our results, as we expected OEC
with spindle-like morphology expressed CD73, p75 and GFAP; BM-MSC with fibroblast-like
morphology showed CD90, CD73, p75, and GFAP; and BM-MSCdif showed spindle-like
morphology and expressed CD73, p75 and GFAP by immunocytochemistry. In addition, all
three cell types expressed GFAPPB and GFAPS isoforms by end point PCR and RT-gPCR.
Finally, we observed the diffuse granulated distribution of GFAP in the three cell types studied
by immunocytochemistry. These data suggest that exist a possible morphological and molecular
relationship in BM-MSCdif with OECs. Findings about GFAP and its isoforms are expressed in
BM-MSC reveal the possibility to study the role of this cytoskeletal protein in neural
regeneration processes.
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Abstract: Central nervous system (CNS) projection neurons in mammals fail to regenerate
damaged axons and restore connections with appropriate targets following injury. Consequently,
disruption of these axons by either stroke or traumatic injury results in irreversible loss of
function and subsequent neuronal cell death. For example, retinal ganglion cells (RGCs) are the



major CNS projection neurons of the eye and are responsible for the relay of visual information
to the brain through the optic nerve. Stroke or traumatic injury of RGC axons in the optic nerve
results in blindness and progressive RGC cell death. Modest regeneration of CNS axons has been
achieved by manipulation of neuronal intrinsic and extrinsic factors. However, currently there
are no therapeutics available that can repair the CNS circuits damaged by such injuries. The
failure of CNS neurons to regenerate their long-distance axons remains an important unmet
clinical problem. Here, using bioinformatic analysis of single cell RNA-seq-profiled RGCs, we
predicted extra-axonal environment molecules that could interact with the axons and regulate
their growth. We then tested the effects of these molecules on adult RGCs, which otherwise
survive poorly and do not grow long axons in culture. We found that one of these molecules
(identity masked due to proprietary information) enabled a subset of axotomized adult RGCs to
survive for a long period and stimulated long-distance axon growth in a permissive culture
environment. Next, we synthesized a recombinant variant of this molecule, and found that its
targeted delivery promoted axon regeneration after optic nerve crush injury in vivo. Thus, this
recombinant molecule presents a novel potential therapeutic for neuroprotection and axon
regeneration treatments.
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Abstract: Retinal ganglion cells (RGCs) are central nervous system (CNS) projection neurons,
which do not regenerate axons severed in optic neuropathies, such as those resulting from optic
nerve trauma, ischemia, and glaucoma. Several factors that are developmentally regulated in
RGCs were discovered to contribute to their failure to regenerate the injured axons. No clinical
treatments exist to date that could help patients with such axonal injuries. Thus, the failure of
RGC and other CNS long-distance axons to regenerate after injury remains a major unmet
problem. Here, we bioinformatically analyzed small-RNA-seq datasets, which we generated
using RGCs purified from different stages of development, in order to identify developmentally-



regulated microRNAs (miRNAs). Then, we investigated the roles of the identified miRNASs in
RGC survival and axon regeneration after optic nerve injury, using a well-established mouse in
vivo model of optic nerve crush (ONC). The RGCs were pre-treated with intravitreally injected
AAV?2 vectors, which either upregulate or knockdown the candidate miRNAs. Two weeks later,
ONC was performed and RGC survival and axon regeneration were evaluated two weeks after
injury. We found several novel miRNA targets, which either promoted or inhibited RGC survival
and axon regeneration. We then proceeded to test the identified novel miRNA-regulators of RGC
survival and axon regeneration in a long-term assay, in which the extent of neuroprotection and
axon regeneration was evaluated at 6 weeks after ONC injury. By this time-point after ONC,
most RGCs usually die. However, for a few of the tested miRNA targets we found many-fold
increase in RGC survival, and also detected axons that regenerated through the optic nerve, optic
chiasm, and entered the optic tract. Thus, the identified novel miRNA-regulators of RGC
survival and axon regeneration present potential therapeutic targets for treating optic
neuropathies and glaucoma, as well as axonal injuries in other white matter tracts of the CNS.
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Abstract: Transplantation of donor neurons has emerged as an advantageous approach to
repopulate neuron circuitry in the context of neuronal disorders. Yet, how to guide neurons to re-
innervate appropriate brain targets is not clear. This is particularly challenging in the context of
neurodegenerative diseases in the visual system because of the long-distance that axons from



retinal ganglion cells (RGCs) must traverse to reinnervate retinorecipient areas in the brain. To
provide insight into cues that may guide RGC axon re-innervation, we aim to elucidate axonal
pathfinding and synaptic connectivity pathways by reconstructing visual circuits in human
induced-pluripotent stem cells (hiPSCs)-derived RGCs (hiPSC-RGCs). We first asked whether
cultured hiPSC-RGCs can segregate their dendritic and axonal compartment in a partitioned
microfluidic device connected by microgrooves. We found hiPSC-RGCs neurites successfully
segregated into dendrites and axons, with marginal overlap between the dendritic and axonal
markers MAP2 and SMI-312. Over the course of maturation, hiPSC-RGCs axons grew and
crossed into the axonal chamber and exclusively expressed SMI-312. These data suggest that
hiPSC-RGCs are able to polarize their dendrite and axon compartments properly. To study
postsynaptic neuronal connectivity in the brain, we then co-cultured hiPSC-RGCs with mouse
primary lateral geniculate nucleus (LGN) and suprachiasmatic nucleus (SCN) neurons, two
major retinorecipient regions. We are currently examining whether co-culture improves neurite
maturation by quantifying synapse density in hiPSC-RGCs neurites. Finally, we are extending
our study to reconstruct visual circuits in a multi chamber microfluidic device to determine
whether RGC axons connect specificity with LGN or SCN neurons. Together, our data suggest
that an in vitro model of primary visual system connectivity can be used to inform synaptic
specificity pathways. Such results will facilitate the future development of strategies that may
improve neuronal transplantation therapies.
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Abstract: Transplantation therapy using Schwann cell has been focused on specifically in
central nervous system (CNS) disorders such as spinal cord injury. Oligodendrocytes comprise
myelin sheath in the CNS, whereas Schwann cells comprise it in the peripheral nerve system.



However, Oligodendrocytes express Myelin-associated inhibitor such as NOGO, MAG and
OMgp against axonal regeneration. Thus, instead of oligodendrocytes, transplantation of
Schwann cells to the injured CNS has been expected to contribute to myelination, axonal
regeneration and remodeling of the CNS, accompanied by the expression of neurotrophic genes
without expression of inhibitory molecules mentioned above. Histone acetylation is a potent
epigenetic modification that is related to transcriptional regulation. Histone acetylation typically
promotes gene expression. Thus, inhibition of histone deacetylases (HDACSs) enhances histone
acetylation globally, promoting gene expression. Pharmacological treatment using HDAC
inhibitors (HADCIs), which can enhance acetylation levels and increase anti-inflammatory and
neurotrophic gene expression in the CNS, is expected to be a potential CNS conditioning method
for neurorehabilitation. Therefore, targeting combined therapy of Schwann cell transplantation
with pharmacological treatment using HDACI, we examined the effects of sodium butyrate
(NaB), an HDACI on the gene expressions related to myelination, neuroprotection, neurotrophic
function in addition to apoptosis in Schwann cell. Rat Schwann cells were cultured in the
medium with NaB at different concentrations of 0, 0.1, 1.0, 5.0, 10.0 and 50mM for 24h,
followed by the evaluation of cell viability. Subsequently, total RNA were collected from treated
cells and cDNA was reverse-transcribed from isolated mRNA. Gene expression of neurotrophic
factors (BDNF, GDNF and IGF-1), myelin-associated proteins (MBP and MPZ), and apoptosis
marker (caspase-3) were assayed using real time PCR. Treatment with high concentration of
50mM NaB increased expression of caspase-3 and BDNF, and decreased cell viability.
Meanwhile, treatment with lower concentration of 5.0mM NaB could increase IGF-1 expression,
whereas 1.0mM NaB could increase the expressions of GDNF, MBP and MPZ, indicating that
treatment with lower concentration of NaB could enhance myelin-associated protein and
neurotrophic factors without apoptotic signaling. Altogether, this study suggests that it is
important for transplantation therapy using Schwann cells to find a minimal and appropriate dose
of HDACI enhancing beneficial gene expression related to myelination and neurotrophic
function.
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Abstract: Central nervous system (CNS) projection neurons such as retinal ganglion cells
(RGCs) do not spontaneously regenerate axons disrupted by injury or disease. RGC axons can be
irreversibly damaged in optic neuropathies, which could be caused by optic nerve trauma, stroke,
or glaucoma, and lead to loss of vision. Neuronal developmental capacity to grow long axons
declines sharply after birth, and several factors that are themselves developmentally-regulated in
RGCs were found to underlie the regenerative failure. No clinical treatments exist to date that
could help patients with axonal injuries in the CNS to regenerate damaged circuits. Here, we
identified a micro-RNA (miRNA, identity masked due to proprietary information) using small-
RNA-seq of embryonic and mature purified RGCs, and investigated its role in RGC survival and
axon regeneration after optic nerve injury, using a well-established murine in vivo model of optic
nerve crush (ONC). We confirmed small-RNA-seq prediction of developmental-downregulation
of the candidate miRNA by quantitative-PCR (gPCR), and also found that it is further
downregulated in RGCs after ONC. Then, we pre-treated the RGCs with intraocularly injected
AAV2 vector, which expressed either the candidate miRNA-mimic or a scramble sShRNA
(control), and performed ONC. At 2 weeks after injury, we evaluated the effects of the treatment
on RGC survival and axon regeneration. We found that experimentally upregulating this miRNA
promoted both RGC survival and axon regeneration. In order to characterize the mechanisms
through which this miRNA elicited neuroprotection and promoted axon regeneration, we
analyzed by bulk-mRNA-seq adult RGCs treated with AAV2 expressing miRNA-mimic or a
scramble shRNA (control), and compared to bulk-mRNA-seg-analyzed transcriptome of purified
embryonic and postnatal RGCs. These analyses led to the identification of a subset of genes,
which were downregulated after treatment and whose levels were also upregulated during RGC
maturation, consistent with developmental downregulation of the miRNA. Using miRNA target-
prediction bioinformatic tools, several of these developmentally-upregulated genes were also
predicted to be direct targets of the miRNA. Along with the genes downregulated by the
treatment, we also found upregulated genes, which were presumed to be downstream of the
MRNAs downregulated by the miRNA-mimic treatment, and were enriched for mitochondria-
associated biological processes. Thus, a novel miRNA-regulator of RGC development and
mitochondria-associated biological processes is a promising candidate for therapeutic
neuroprotection and axon regeneration.
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Title: Delivery of axon guidance gene-targeted siRNA nanoparticles via dual-degradable
hydrogels improve cell proliferation of transplanted neural stem cells after spinal cord injury
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Abstract: Neural stem cells (NSCs) derived from embryonic spinal cord are excellent candidates
for cellular regeneration of lost neural cells after spinal cord injury (SCI). Semaphorin 3A
(Sema3A) is well known that it is implicated in the major axon guidance of growth cone as a
repulsive function during the central nervous system development, yet its function in the NSC
transplantation therapy for SCI has not been investigated. Here, we first report that embryonic
spinal cord-derived NSCs significantly expressed Sema3A in the SCI environment, which can
inhibit cell proliferation after transplantation. Knockdown of Sema3A by delivering siRNA
nanoparticles via dual-degradable hydrogels significantly induce to increase cell survival and
neuronal differentiation of the transplanted NSCs after SCI. Of note, knockdown of Sema3A
increase synaptic connectivity of transplanted NSC in the injured spinal cord. Moreover,
extracellular matrix molecule and functional recovery were significantly improved in the
Sema3A-inhibited rats compared to those in the NSCs transplanted-only rats. These findings
show the important role of Sema3A in NSC transplantation therapy, which may be considered in
future cell transplantation therapy for SCI.
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Abstract: Maternal immune activation (MIA) by viral, bacterial, or parasitic infection that
results in hospitalization enhances the risk in offspring for neurodevelopmental disorders
including autism spectrum disorders (ASD). During cerebral cortical development, neural
progenitors first proliferate along cerebrospinal fluid (CSF)-filled ventricles and then
differentiate into neurons and glia cells that form the cerebral cortex. The choroid plexus (ChP),
an epithelial structure located in each brain ventricle, regulates CSF production and composition
including by secreting instructive cues and nutrients for proper brain development and provides a
critical brain barrier that help protect that brain from peripheral insults. Previously, our lab found
that MIA in mice leads to a pro-inflammatory cytokine state in the embryonic CSF and
accumulation of macrophages at the embryonic ChP. This led us to speculate that ChP-mediated
nutrient secretion into the CSF is also perturbed in MIA and we tested this by thorough
characterization of the changes in mouse embryonic CSF metabolome following MIA.
Leveraging the quantitative power of liquid chromatography-mass spectrometry, we performed
untargeted metabolomics and profiled MIA-induced changes in the embryonic CSF. This
revealed elevation of glucocorticoids and kynurenine pathway related metabolites in embryonic
CSF, validated by subsequent targeted metabolomics analyses. The kynurenine pathway is
known to be associated with several neuropathologies, and its elevation following inflammation
is in accordance with previous findings in adult CSF. Glucocorticoids, among the most
prescribed drugs for the treatment of immune and inflammatory disorders, are known for their
anti-inflammatory and immunosuppressive effects, and commonly repress the expression of
cytokines in macrophages. Currently, we are interrogating the functional roles of glucocorticoids
and kynurenine pathway metabolites on embryonic brain development. Our in-depth
characterization of the mouse embryonic CSF should reveal mechanistic insights regarding
causative abnormalities in CSF composition and inform future interventions / therapeutic
strategies during MIA.
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Title: Strategies for the rescue of cellular and behavioral deficits in a NEXMIF-dependent
mouse model of Autism spectrum disorder
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Abstract: We previously confirmed that loss of the X-linked gene NEXMIF results in Autism
spectrum disorder (ASD) and intellectual disability. To study the neurobiological function of
NEXMIF and its implication in ASD, we generated NEXMIF knockout (KO) male mice which
display significant neuronal deficits and autism-like behaviors. As a proof-of-concept study, we
utilized postnatal reintroduction of NEXMIF and its downstream genes as a strategy for rescuing
the impaired cellular and behavioral phenotypes in KO mice. We find that injection of a
NEXMIF lentivirus into KO mouse brains at postnatal day 1 (P1) rescues NEXMIF and synaptic
protein expression, reduces anxiety, and improves preference for social novelty and novel object
recognition memory by P30. Additionally, reintroduction of Filipl, a top gene transcriptionally
regulated by NEXMIF, rescues impaired dendritic outgrowth in NEXMIF knockdown cortical
neurons, indicating that gene reintroduction may serve as a rescue strategy in loss of NEXMIF
conditions. Comparable to the majority of human female cases, our NEXMIF heterozygous
(HET) female mouse model also shows autism-like behavioral impairments and defects in
neuron morphology. During X chromosome inactivation (XCI) in early development, Xist RNA
accumulates on the future inactive X chromosome (Xi), leading to its silencing. Because
NEXMIF is an X-linked gene, random XCI results in mosaic NEXMIF expression in the HET
brain: some neurons express wild-type (WT) NEXMIF, while other neurons completely lack
NEXMIF (KO) and retain a silenced copy of WT NEXMIF on the Xi. Therefore, the silenced
NEXMIF copy in the KO neurons of HET mice could potentially be expressed via X-
chromosome reactivation. Indeed, we demonstrate that potent DNA methylation inhibitors can
successfully reactivate NEXMIF from the Xi in cultured WT and HET female mouse cortical
neurons. Moreover, injection of the inhibitors into WT and HET female mouse brains at P1 is
sufficient to increase cortical NEXMIF expression by P15, which is still evident at P30. Overall,
these findings lay the groundwork for further research aimed toward investigating the therapeutic
potential of gene reintroduction and reactivation techniques in NEXMIF-dependent ASD.
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Title: Maternal Fmrl deficiency dysregulates offspring sociability and oxytocinergic signaling in
the VTA
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Abstract: Impaired social interaction is a core dimension of neurodevelopmental disorders.
Neuropeptide oxytocin (OXT) signaling in the VTA is critical for mediating rewarding aspects
of social behavior. Specifically, OXT modulates activity of VTA dopamine neurons whose
projections to the NAc bidirectionally modulate duration of social interaction. The mouse model
of Fragile X Syndrome (FXS) exhibits abnormal sociability, and our research suggests that this
phenotype is programed in part by maternal Fmrl deficiency. We’ve reported that
haploinsufficiency of maternal Fmrl (Fmr1*") is sufficient to induce hypersociability in
genetically normal (wild-type (WT); Fmr1*¥) male offspring, indicating developmental
sensitivity to maternal FMRP levels. We’ve also reported that intranasal (IN) OXT
administration increases sociability in WT controls, but not in hypersocial mice, actually
decreasing social interaction in WT mice from FMRP deficient dams. Here, we asked whether
maternal FMRP-programmed sociability is associated with dysregulated OXT signaling in the
VTA. We found that IN OXT increases VTA cfos expression and sociability in control mice,
confirming that IN OXT modulates activity in this brain region. Interestingly, blocking VTA
OXT receptors (R) with a highly selective antagonist prior to IN OXT administration failed to
block OXT-mediated increase in social interaction. Rather, it mimicked it - intra-VTA
administration of the antagonist increased social interaction time and decreased avoidance of a
novel conspecific. We then administered OXT directly into the VTA and found that, like IN
administration, intra-VTA OXT increased sociability and decreased avoidance in WT control
mice, but failed to modify sociability in maternal FMRP-programmed mice. Varying doses of
atosiban, another OXTR antagonist, blocked OXT-mediated effects on sociability in WT control,
but had no effect on social behavior in maternal FMRP-programmed WT mice. We found no
differences across groups in the number of OXT+ neurons in the PVN nor in the number of PVN
neurons innervating the VTA. A semiquantitative fluorescence in situ hybridization analysis of
OXTR gene expression in dopaminergic and GABAergic neurons of the VTA also revealed no
differences across groups. In sum, our data shows that the lack of oxytocin-induced effects on
sociability in maternal FMRP-programmed mice is not mediated by altered OXT innervation of
the VTA or OXTR expression in this region. Rather, it suggests that dysregulated oxytocinergic
signaling is mediated by a functional deficit in OXTRs, although we cannot yet exclude the
possibility of an arginine vasopressin receptor-mediated effect.
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Title: Mcp-1 signaling disrupts social behavior by modulating brain changes and microglia
morphology
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Abstract: Autism spectrum disorder (ASD) is a disease characterized by reduced social
interaction and stereotypic behaviors and related to macroscopic volumetric changes in
cerebellar and somatosensory cortices (SPP). Epidemiological and preclinical models have
confirmed that a proinflammatory profile during fetal development increases ASD susceptibility
after birth. Here, we aimed to globally identify the effect of maternal exposure to high-energy
dense diets, which we refer to as cafeteria diet (CAF) on peripheral and central proinflammatory
profiles, microglia reactivity, and volumetric brain changes related to assisting defective social
interaction in the mice offspring. We found a sex-dependent effect of maternal exposure to CAF
diet or inoculation of the dSARN mimetic Poly (I:C) on peripheral proinflammatory and social
interaction in the offspring. Notably, maternal exposure to CAF diet impairs social interaction
and favors an increase in anxiety in male but not female offspring. Also, CAF diet exposure or
Poly (I:C) inoculation during fetal programming promote peripheral proinflammatory profile in
the ASD-diagnosed male but not in females. Selectively, we found a robust accumulation of the
monocyte chemoattractant protein-1 (MCP-1) in plasma of ASD-diagnosed males exposed to
CAF during fetal development. Biological assessment of MCP-1 signaling in brain confirms that
systemic injection of MCP-1-neutralizing antibody reestablished social interaction and blocked
anxiety, accompanied by a reduction in cerebellar lobule X (CbX) volume and an increase
volume of the primary somatosensory (SSP) cortex in male offspring. These data highlight the
contribution of diet-dependent MCP-1 signaling on volumetric brain changes and microglia
morphology promoting ASD-like behavior in male mice.
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Title: Altered excitatory/inhibitory balance in the prefrontal cortex of a mouse model of autism:
from neuronal excitability to cerebellar modulation in vivo.
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Abstract: Autism spectrum disorders (ASD) are characterized by altered social interaction and
repetitive behavior and are supposed to affect prefrontal cortex and cerebellum. IB2 KO mice
provide a good ASD model, since the human 1B2 orthologous gene is usually co-deleted with
SHANKS in the Phelan-McDermid syndrome. Here, we characterized the prelimbic cortex (PrL)
activity and its control by cerebellar stimulation in IB2 KO and WT mice. In vivo single unit
(SU) recordings of putative PrL pyramidal neurons were performed to characterize spontaneous
activity and responses to electrical stimulation of the cerebellar dentate nucleus (DN) under
urethane anesthesia (in 13 KO and 15 WT SUs). IB2 KO SUs showed lower basal frequency
(KO=0.7+0.1Hz, WT=1.1+0.1Hz; p=0.03) and a reduced response to DN stimulation (KO=-
2.520.3sp/bin, WT=-3.5£0.3sp/bin; p=0.06). Local superfusion of dopaminergic D1 and D2-like
receptor blockers (SCH23390 and Sulpiride) either decreased or increased the basal firing rate,
compatible with the heterogeneous distribution of D1/D2-like receptors in PrL pyramidal
neurons, with no significant differences between WT and KO. The interplay between the
GABAergic and dopaminergic systems was evident in the correlation between the effects of
GABA-A (with SR95531) and D1/D2-like receptors blockade, that was investigated by
sequentially blocking D1/D2-like and GABA-A receptors. Importantly, inhibition block had a
stronger impact on KO than WT, both on basal firing rate (KO=417+£128%, WT=157+53%;
p=0.04) and on responses to DN stimulation (KO=420+118%, WT=165+68%; p=0.005). Since



the blockade of inhibition revealed an hyperexcitability of IB2 KO pyramidal neurons, ex vivo
experiments were performed to get deeper insight on neuronal and local microcircuit changes.
Voltage sensitive dye imaging in acute PrL slices revealed an increased excitatory/inhibitory
(E/) balance in KO, characterized by larger excitation cores (KO=399+41um, WT=246+28um;
p=0.02) with little lateral inhibition in PrL columns. Accordingly, whole-cell patch-clamp
recordings of layer V pyramidal neurons showed a significantly increased excitability of KO
neurons, an upward shift in the frequency/intensity plot (KO=11.2+1.2Hz, WT=4.7£2.2Hz,
p=0.03), and a larger inward current density. While the experimental assessment of D1/D2-like
and GABA-A receptors functions ex vivo is ongoing, our preliminary results suggest that PrL
neurons hyperexcitability might be compensated in vivo by mechanism boosting inhibitory
modulation. Further investigations are warranted to investigate the balance between primary and
compensatory changes in the PrL of IB2 KO mice.
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Title: The role of autism-associated postsynaptic density SHANK2 protein in modulating
novelty-induced arousal transitions
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Abstract: Organisms strategically use internal states and external information to execute
differential behaviors and state transitions depending on specific contexts. Arousal states, in
particular, are known to be essential for survival and adaptation in response to sensory input,
emotional burden, physiological needs, and changes in the environment. Although previous
studies have suggested that the anterior cingulate cortex (ACC) maintains sustained arousal in
novel environments and is involved in attentional-state switching, the mechanisms by which
neural ensembles and molecular networks mediate arousal states are not well understood.
SHANK? is a scaffolding protein located at the postsynaptic density of excitatory neurons that is
involved in synaptic regulation through the formation and stabilization of synapses during
development. SHANK?2 is predominantly expressed in the cortex with high expression in the
ACC. In this study, we sought to investigate the role SHANK2 plays in modulating novelty-
induced arousal using the Shank2 complete knockout mouse model with a deletion of exon 24
(Shank2Ae24). To assess novelty-induced arousal, we developed a modified behavioral paradigm



where mice are challenged with a Novelty-Habituation-Novelty scheme. We found that most
mice, regardless of genotype, extensively explore an object on the first day of exposure.
Shank22¢*"- mice spend significantly more time exploring and interacting with the object after
initial and repeated exposures. These data suggest that Shank22<2*"- mice have an increased
arousal response to novelty and a persistent interest in familiar objects. Yet, this response is not
due to a long-term or short-term memory impairment since Shank22°**-mice have a normal
novelty recognition index at both a 5min and 24h recall. Due to the role of the ACC in
modulating novelty-related behaviors and arousal, we sought to remove Shank2 from this region
using the Shank?2 conditional knockout line (SHe241%). Our preliminary data suggest that ACC-
Cre mice have an increased arousal response toward a novel object evidenced by significantly
more time spent exploring the object and an increased number of interactions. Taken together,
our data suggest that Shank2 in the ACC may play an important role in achieving an appropriate
arousal response toward novelty. Future work using fiber photometry and circuit manipulation
techniques to evaluate 1) how the lack of Shank2 affects the neural dynamics of the ACC and 2)
how Shank2 might mediate appropriate novelty-induced arousal state transitions.
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Title: Amantadine Has Efficacy to Reduce Restrictive-Repetitive Behavior in BTBR Mice
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Abstract: The goal of this study was to determine if the drug amantadine, usually used to control
some viral infections and dyskinesia in Parkinson's disease, would have any efficacy to reduce



the restrictive-repetitive behaviors characteristic of autism spectrum disorders (ASD). Males of
the inbred strain BTBR typically bury lots of marbles relative to male C57BL/6J but this
behavior in females is less well characterized. The study hypothesis was that sub-chronic
amantadine treatment would be more effective than acute treatment, and higher doses would be
more effective than lower doses to reduce marble burying. Mice, both male and females, were
used as subjects, and the drug was injected daily at a dose of 50 or 150 mg/kg for 6 days. These
doses resulted in steady state serum levels of (mean = S.E.M.) 260 * 58 and 693 * 40 ng/ml
amantadine, respectively. Ten each male and female mice per dose of amantadine were tested for
marble burying on Day 1 and again on Day 6. On Day 1, male BTBR buried more marbles than
female BTBR mice, but on Day 6 this difference was not evident because control females were
burying more marbles. In both males and females, amantadine at a dose of 150 mg/kg/day
reduced marble burying significantly relative to the control treated groups. Overall, amantadine
may be useful to ameliorate restrictive-repetitive behaviors that occur in autism and other
psychiatric disorders, a purpose different from its current use to reduce dyskinesia.
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Title: Modulation of the maternal gut microbiome with probiotics during pregnancy prevents
autism-like phenotypes in environmental and idiopathic mouse models
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Abstract: Disruption of the maternal gut microbiome during pregnancy is associated with
adverse neurodevelopmental outcomes. We previously showed that maternal high-fat diet
(MHFD) in mice induces gut dysbiosis and social dysfunction in male and female offspring
across two generations (F1, F2), and that supplementation of offspring drinking water with
Limosilactobacillus (L.) reuteri upon weaning rescues social dysfunction and selectively
remodels the female gut microbiome by promoting expansion of short-chain fatty acid (SCFA)-
producing taxa. We hypothesized that targeted remodeling of the maternal gut microbiome
during pregnancy would improve neurobehavioral outcomes in offspring born to obese dams.
We therefore developed a maternal probiotic cocktail (MPC) consisting of seven
immunomodulatory taxa and administered it to maternal regular diet (MRD) control and HFD-
fed dams during pregnancy and lactation. Antenatal targeting of the maternal gut microbiome
was sufficient to restore neurotypical social behavior of male and female MHFD + MPC lineage
offspring (F1) compared to MHFD lineage offspring, demonstrated by restored sociability and
preference for social novelty in Crawley’s three-chamber assay, and increased number of
contacts and interaction times in the reciprocal social test for MHFD + MPC male and female
offspring, respectively. Importantly, probiotic treatment of MRD controls displayed normative
behavior. Metataxonomic 16S rRNA gene amplicon sequencing of stool collected from MHFD
and MHFD + MPC lineages revealed few changes in alpha diversity, suggesting that MPC
produces functional changes that prevent the onset of autism-like phenotypes in offspring born to
HFD-fed mice. Thus, we performed metabolomics of dam and offspring serum and stool,
revealing significant fold changes in the MHFD + MPC lineage compared to the MHFD lineage
including changes in bile acids, carbohydrate utilization, and fatty acid synthesis and
metabolism. Collectively, these results suggest that increasing biosynthetic potential for SCFAs
through probiotic supplementation results in an improved serum metabolome, and that
therapeutic targeting of the maternal gut microbiome may represent a promising strategy to
lower neurodevelopment risks associated with in utero environmental exposures including
infection, overnutrition, and particulate matter. We are currently testing the efficacy of a
maternal probiotic in genetic and idiopathic mouse models for ASD. Our results link the
maternal lineage to instability of descendant microbial communities and maladaptive social
behavior and highlight the interaction between host genetics and host microbiota.
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Abstract: The circuitry that underlies Pavlovian fear conditioning has been suggested to undergo
marked changes during brain development. During rodent late pre-weaning and early post-
weaning period, these changes include alterations in several molecular mechanisms underlying
synaptic plasticity and neuron morphology. The contactin-associated protein-like 2 (CNTNAP2)
is a neurexin, which has been associated with neurodevelopmental disorders, synapse formation
and stabilization. It is highly expressed in the limbic circuitry, including the amygdala and the
hippocampus. Therefore, it is feasible that CNTNAP2 differentially affects fear learning or fear
memory recall during brain development. To explore this possibility, we tested Pavlovian fear
conditioning in 18-day-old (P18) wildtype (Cntnap2*/*) mice and Cntnap2 deficient (Cntnap2™)
littermate controls. We then tested cue-evoked freezing and its persistence in the same cohort of
mice using mixed effects linear regression analyses. P18 Cntnap2”’- mice didn’t differ
significantly from their Cntnap2*/* littermates during fear conditioning. However, knockout
mice performed significantly worse on cue-evoked freezing 24 hrs. after training. Interestingly, 1
to 2 weeks later, the persistence of cue-evoked freezing in Cntnap2*/* mice declined more than
in Cntnap2”’- mice, largely eliminating the genotype difference, and suggesting that although
memory was initially impaired in the Cntnap2”- mice, it may be more stable. Previous studies
suggested CNTNAP?2 is involved in spine stability in adult animals. Therefore, one potential
explanation for our results might be genotype differences in spine stability which is a future
direction for investigation. Together these data provide the first evidence for CNTNAP2
dependent effects on Pavlovian fear conditioning early during development.
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Abstract: Loss of function mutations in genes encoding lysine methyltransferases responsible
for trimethylation of histone 3 on lysine 4 (H3K4me3), H3K4me3 readers and demethylases are
associated with a range of neurodevelopmental conditions, including autism spectrum disorder
(ASD) and intellectual disability (ID). KDM5B mutations have been reported in patients with
ASD, ID and developmental delay. Many of the ASD-associated mutations identified in KDM5B
are within or around the catalytic domain of the protein, implicating H3K4me3 demethylase
activity in ASD pathogenesis. We hypothesized that a deficiency in the demethylation activity of
KDM5B will lead to a dysregulated H3K4me3 epigenome, abnormal neurodevelopmental gene
expression and ASD-like behaviours in mice. We obtained a mouse line, Kdm5bAARID/AARID 'yyjith
a deletion of exons 2-4, resulting in reduced KDM5B protein with a complete loss of
demethylase activity. Homozygous mice exhibited increased brain-to-body weight ratios,
suggesting neurodevelopmental defects. To investigate the in vivo function of the protein in the
developing brain, H3K4me3 levels were measured in the neocortex of postnatal day 5 (P5) mice
by western blot. H3K4me3 levels were significantly increased, compared to wildtype (WT)
littermates. Next, we investigated whether homozygous mice showed ASD-associated
behavioural phenotypes. We observed reduced ultrasonic vocalizations in juvenile mutant mice.
Adult mice did not show differences in socio-communicative or anxiety behaviours, but mutant
mice displayed increased repetitive behaviours and reduced performance on the accelerating
Rotarod. High resolution structural MRI revealed volumetric alterations in adult mutant mice
compared to WT littermates . Finally, we confirmed by RNAseq that the increased H3K4me3
levels observed in KAm5hAARIDIAARID mice resulted in altered gene expression in the neocortex.
The top biological pathways affected in mutant samples included developmental and signalling-
associated genes. In conclusion, our results indicate that the lack of KDM5B demethylase
activity leads to altered levels of H3K4me3, neurodevelopmental phenotypes and dysregulated
gene expression in the neocortex.
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Abstract: Autism spectrum disorders (ASDs) include a wide range of developmental disorders
that share a core of neurobehavioral deficits manifested by abnormalities in social interactions,
deficits in communication, restricted interests, and repetitive behaviors. Several reports showed
that mutations in different high-risk ASD genes, including SHANK3 and CNTNAP2, lead to
ASD. However, the underlying molecular mechanisms have not been deciphered, and no
effective pharmacological treatment has been established for ASD. Recently, we reported a
dramatic increase in nitric oxide (NO) levels in different ASD mouse models. NO is a
multifunctional neurotransmitter that plays a key role in different neurological disorders.
However, its functional role in ASD has not yet been fully investigated. Here, we conducted a
multidisciplinary comprehensive study using cellular and mouse models, as well as clinical
samples and human iPSCs to investigate the role of NO in ASD. Our study showed that treating
wild-type mice with an NO donor led to an ASD-like phenotype, which has been confirmed
biochemically and behaviorally. High levels of nitrosative stress biomarkers were found in the
cortex and the striatum of both the Shank3 and Cntnap2 ASD mouse models. Pharmacological
intervention with a neuronal NO synthase (nNNOS) inhibitor in both models reversed the
molecular, synaptic, and behavioral ASD-associated phenotypes. These findings were validated
in primary neuronal cultures as well as genetically in Shank3 and nNOS double-knocked down
human SHSYS5Y cells. Importantly, treating iPSC-derived cortical neurons from patients with
SHANK3 mutations with the nNOS inhibitor showed similar therapeutic effects. Clinically, we
found a significant increase in nitrosative stress biomarkers in the plasma of low-functioning
ASD patients, compared with typically developed volunteers. An innovative mass spectrometric
method, SNOTRAP, was utilized to identify the S-nitrosylated proteins to identify NO-mediated
post-translational modifications in the clinical plasma samples. Bioinformatics revealed that the
complement systems as well as the synaptic and neuronal development processes were enriched
in the ASD group. This novel work reveals that NO plays a significant role in ASD development.
Our important findings will open future and novel directions to examine NO in diverse mutations



on the spectrum as well as in other neurodevelopmental disorders and psychiatric diseases.
Finally, it suggests a novel strategy for effectively treating ASD.
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Abstract: The KCND2 gene encodes the Kv4.2 voltage-gated potassium channel that forms the
somatodendritic subthreshold A-type current (Isa) important for regulating membrane
excitability, repetitive firing, action potential backpropagation, and signal integration and
processing. A missense mutation in KCND2 (Kv4.2/\VV404M) was identified in patients with
early-onset epilepsy, autism, and global developmental delay (Lee et al, 2014; Zhang et al,
2021); however, a direct link between the V404M mutation and the disease phenotype has not
been firmly established. To investigate the potential role of the V404M mutation in disease
etiology, we generated heterozygous V404M knock-in C57BL/6J mice using CRISPR
technology and observed their development and behavior in comparison against age-matched
and sex-matched wild-type controls (male and female: wild-type, n=5 each; V404M, n=4 or 5
each). The V404M heterozygotes exhibit marked mortality during early development (~50%
mortality), decreased body weight of males (25-30%), and a myriad of behavioral changes. In the
open field assay, V404M mice display notable anxiety with hyperactivity (increased moving
time: male, p < 0.01; female, p < 0.01) (greater distance traveled: male, p = 0.03, female, p <
0.01) and prominent thigmotaxis (increased margin time: male, p < 0.01; female, p = 0.05). In a
conditioned fear (CF) assay, 24 hours after two rounds of training, V404M mice show little to no
freezing response to the same environmental context (male, p = 0.035; female, p = 0.01) and



reduced response to the cued tone (male, p=0.01; female, p = 0.01). In a Morris’s water maze
(MWM) assay, after four days of training mice were tested for their ability to remember the
location of the hidden platform. In the MWM probe trials, V404M mice display thigmotaxis with
undirected search behavior and spend less time in the platform zone compared to wild-type mice
(male, p = 0.05; female, p < 0.01). Finally, male V404M mice show significantly reduced
interest in social interactions in 3-chamber Crawley test (decreased partner cup time, p = 0.02).
In conclusion, our results indicate that the V404M mutation produces a spectrum of behavioral
changes in mice that likely have important implications for understanding the human disorder.
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Abstract: Significant progress has been made in understanding the genetic basis of
neurodevelopmental disorders (NDDs), which are chronic, childhood-onset conditions that affect
cognition, communication, and behaviour. These disorders are among the most severe from a
public health perspective, and it is hoped that further research will lead to new therapeutic and
intervention strategies. However, there are still significant gaps in our understanding of the link
between genotype, neurobiology, and clinical phenotype, which means that new models are
needed to advance our understanding. Rhesus macaques (Macaca mulatta) have been extensively
used for preclinical neurobiological research because of their remarkable similarities to humans
in neurobiology and sophisticated social and cognitive behaviours that cannot be captured by
other experimental animals. Consequently, nonhuman primates offer the opportunity to
understand the neurobiology of NDDs. We used the macaque Genotype And Phenotype (MGAP)
resource (v2.0), which consists of 2,054 macaque genomes, to examine patterns of evolutionary
constraint in known human neurodevelopmental genes. Residual variation intolerance scores
(RVIS) were calculated for all annotated autosomal genes (N=18,168) and Gene Set Enrichment
Analysis (GSEA) was used to examine patterns of constraint across the neurodevelopmental
genes. We demonstrated that the patterns of constraint across autosomal genes are positively



correlated in humans and macaques (Pearson’s product-moment correlation = 0.42, P = 2.2e-16),
and those genes implicated in autism spectrum disorder (ASD), epilepsy, intellectual disability
(ID) and schizophrenia (SZ) all exhibit significant constraint as evidenced by both GSEA and
their significant over-representation among the top 2% constrained genes. Moreover, a small
number of key NDD genes that are highly intolerant to mutation in humans showed no evidence
of similar intolerance in macaques (CACNA1D, CNTNAP2, MBD5, AUTS2 and NRXN1). The
presence of pathological mutations in NDD genes among macaques, and the evidence of similar
constraints in these genes to humans, provide a strong rationale for further investigation of
genotype-phenotype relationships in nonhuman primates. This highlights the importance of
identifying phenotypic behaviours associated with clinical symptoms, elucidating the
neurobiological underpinnings of neurodevelopmental disorders, and developing primate models
for translational neuroscience research to advance approaches for precision medicine and gene
therapy interventions.
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Abstract: Intractable self-injurious behaviour (SIB) is common in children with Autism
Spectrum Disorder (ASD) with limited treatment options. Severe SIB is associated with physical
injury, distress, repeated hospitalizations and reduced quality of life for children and their
caregivers. Deep brain stimulation (DBS) - a neurosurgical procedure that involves implantation
of electrodes and delivery of electric current into specific brain targets to therapeutically alter
neural function - is an emerging treatment option for severely affected children. SIB is thought to
result from dysfunctions in structures along the fronto-limbic-striatal network, thus, targeting
these areas with DBS may reduce the severity and/or frequency of SIB. Neuromodulation within
the fronto-limbic-striatal network has been successful in alleviating symptoms of SIB; however,
the neural underpinnings of this treatment are poorly understood. Preclinical studies are required
to better understand its mechanisms of action. The inbred BTBR T+ Itpr3tf/J (BTBR) mouse
strain is commonly used for investigations of ASD as these mice display distinctive phenotypic



traits that constitute a reliable face-validity for modeling SIB and ASD. Notably, they exhibit
excessive repetitive self-grooming; a behaviour that is comparable to SIB. To explore the effects
of DBS of the fronto-limbic-striatal network on SIB and autism-relevant phenotypes, we used the
BTBR mouse model of ASD and administered chronic high-frequency stimulation via implanted
electrodes. Animals were tested for: 1) excessive self-grooming, 11) general locomotion and
anxiety (open field test), I11) socialization (three-chambered social approach test), and 1V)
repetitive behaviour (marble burying test). Neurocircuitry influenced by DBS of the fronto-
limbic-striatal network was assessed using high-resolution magnetic resonance imaging. The
chronic DBS treatment reduced injurious self-grooming and repetitive behaviours. Using
deformation-based morphometry and MAGeTbrain (Multiple Automatically Generated
Templates Brain Segmentation Algorithm) pipelines, we observed distinct volumetric changes
along the neurocircuitry involved in regulating SIB. These preclinical results with mouse models
of ASD provide insights into the plasticity induced by chronic high-frequency stimulation of the
fronto-limbic-striatal network and has high translational potential.
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Abstract: The earliest diagnosis of autism spectrum disorder (ASD) dates back for over several
decades. Nevertheless, the etiology of ASD development is still poorly understood, given its
complexity as a multi-symptomatic behavioral disorder. Some transgenic mice models, such as
the Cntnap2 knockout (KO) mice, have exhibited ASD-like phenotypes in animal sociability
paradigms, imparting valuable insights on ASD pathophysiology. This may provide an



opportunity for identifying detectable protein-based biomarkers, which may contribute to the
development of early-onset ASD diagnostic methods. Herein, we performed an integrated
approach for analyzing blood and brain proteomes from Cntnap2 KO mice and/or patients
diagnosed with ASD. Furthermore, functional enrichments and protein-protein interactions
(PPIs) were determined through gene ontology (GO) and pathway analysis. 91 common
differentially expressed proteins (DEPs) were determined between the proteomes obtained from
Cntnap2 KO mice and ASD patient blood. GO and pathway analysis revealed that hemostasis-
related mechanisms were highly enriched in these DEPs. Comparison of the hemostasis-related
proteome subset obtained from blood with published cortical proteomes of Cntnap2 KO mice
revealed that Filamin-A (FLNA) and Transferrin (TRF) were commonly upregulated and 4F2
cell-surface antigen heavy chain (SLC3A2) was commonly downregulated across the datasets.
Mutations and/or dysregulations in genes that code FLNA, TRF, and SLC3A2 were previously
found to potentially result in adverse neurodevelopmental consequences. Previous studies
showed that mutations in Flna may influence SHANKS3 (SH3 and multiple ankyrin repeat
domains 3), whose mutation may also result in ASD-like phenotype in mice, while abnormal iron
metabolism due to Trf dysregulation was found in autistic children. Reports describing the
deletion or mutation of Slc7a5 (solute carrier transporter 7a5), which encodes LAT1 (large
neutral amino acid transporter 1) that can heterodimerize with SLC3A2, revealed ASD-like
phenotypes in both mice and humans, including the detection of Slc3a2 genetic variants in ASD
patients. Further studies are currently underway that are geared towards the validation of these
DEPs in other ASD animal models by correlating their expression levels with ASD-like
phenotypes. Overall, our preliminary findings may further support the probable roles of neural
and peripheral mechanisms associated with hemostasis, amino acid transport, and iron
metabolism in the occurrence of ASD, rendering FLNA, SLC3Az2, and TRF as potential
biomarkers for early-onset ASD diagnosis.
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Abstract: BACKGROUND: Germline PTEN mutations are commonly associated with PTEN
Hamartoma Tumor Syndrome (PHTS), characterized by benign tumor-like malformations in the
body. PHTS exhibits high rate of neurological comorbidities, including ASD, however the
relevance of neuronal PTEN mutations in PHTS remains unclear. In this study, we: 1) generate
Synapsin-1¢r¢;PTEN"" (Syn-PTEN KO) mice, 2) characterize this line's development, including
survival and transcriptomic analyses, 3) generate and characterize Syn-PTEN KO mouse primary
neuronal cultures, and 4) treat with Everolimus to test for phenotypes rescue.

METHODS: We crossed PTEN"" and Synapsin-1°" to generate Syn-PTEN KO mice. We
measured body weight, brain:body weight ratio and survival of the resultant litters in all
genotypes (HOM, HET, WT). Everolimus (3mg/kg, IP) was administered to HOM mice starting
at P7, 3x/week. Western blot and RNA-seq were performed on brain tissue. Primary neuronal
cultures were dissected from E18.5 pups and firing activity parameters were measured at
baseline and post-treatment using the MEA system. Immunostaining for
Synapsin1/PSD95/MAP2 expression was performed to quantify synapses in vitro.

RESULTS: We found significant reduction in body weight and lifespan and increased
brain:body weight ratio in HOM mice compared to HET or WT control. Everolimus improved
lifespan but not weight of HOM mice. HOM neuronal cultures showed increased weighted mean
firing

rate and number of bursts compared to HET or WT controls. This network hyperactivity
phenotype was partially rescued with everolimus. Synapsinl and PSD95 were significantly
increased on MAP2 neurites in HOM neurons, and were rescued upon everolimus treatment.
RNA-seq revealed ~600 differentially regulated genes in HOM mice compared to control. Gene
ontology analyses indicated myelin and extracellular matrix (ECM) are amongst the major
subclasses of upregulated genes. Immunostaining confirmed significant increase in myelin and
perineuronal nets in HOM mice.

CONCLUSION: We successfully generated a novel neuronal-specific PTEN knock-out mouse
model. Syn-PTEN KO mice exhibited profound neurological and molecular pathology
culminating in premature lethality. Everolimus only partially rescued these phenotypes. Primary
HOM neuronal cultures demonstrated hyperactive firing properties as well as excitatory synaptic
marker increase, and both were partly rescued by Everolimus. Our data suggests that mTOR
inhibition only provides partial rescue of PTEN pathology, likely due to downstream targeting.
Alternative approaches targeting upstream of mTOR might be tested in the future.
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Abstract: Autism spectrum disorder (ASD) is a neurodevelopmental disorder that manifests as
impairments in social interactions, and restricted repetitive patterns of behaviors, interests, or
activities. According to 2020 CDC estimates, U.S. reported ASD diagnosis in 1/36 children. The
ability to identify therapeutic strategies to target the disease relies heavily on the existence of
animal models that capture the disease phenotype. The BTBR T+ Itpr3tf/J mouse has been
proposed as an idiopathic model of ASD. We compared male BTBR and C57BL/6J mice
(n=12/group) aged 8-10 weeks, on a battery of behavioral tests (open field, Y-maze, self-
grooming, reciprocal social interaction, marble burying) and using in vivo 1H-magnetic
resonance spectroscopy (MRS). Memantine, a therapeutic agent proposed for the treatment of
core symptoms of ASD, with previously demonstrated efficacy in this model was used as a
reference compound.

Our findings revealed no significant differences in activity measures during the Open field assay,
between the BTBR and C57 mice. In the Y-maze test for spatial reference memory, vehicle
treated C57 mice displayed increased preference for the novel arm relative to the familiar arm, an
outcome that was not observed for BTBR mice. In the self-grooming assay, the BTBR mice
spent more time grooming compared to C57 mice. During social interaction test that quantified
both social and non-social behavior, no clear deficit in social behavior was observed for BTBR
mice. Among nonsocial behaviors, exploration was higher in vehicle treated BTBR mice
compared to their C57 counterparts. Self-directed grooming in the presence of conspecific, was
lower among vehicle treated, BTBR individuals relative to C57 mice. In the marble burying test,
memantine treated BTBR mice buried fewer marbles compared to their vehicle treated
counterparts. MRS data captured the model phenotype for BTBR mice that displayed higher
levels of glutamine, glutamate + glutamine, glucose, phosphocreatine, creatine +
phosphocreatine but lower lactate levels compared to C57 individuals. Among BTBR mice,
positive control memantine attenuated glucose levels, caused GABA to decrease, further reduced
the lactate levels, and increased glutamate + glutamine levels, relative to the vehicle treatment.
Altogether, the BTBR mice expressed deficit in short-term spatial memory, increased self-
grooming and altered behavior in social contexts compared to C57 mice. In addition, striatal
MRS showed alterations in several metabolites. Behavioral phenotypes observed in BTBR mice
capture a subset of the key deficits of ASD and can prove to be a useful model for identification
of therapeutic interventions.
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Abstract: Synaptic connections in the brain consist of the presynaptic axon, the postsynaptic
dendrite and the ensheathing astrocytic process. Astrocytes are morphologically complex, non-
neuronal cells that play critical roles in synapse assembly, maturation and function. Many autism
risk genes encode proteins that play critical roles in regulating the formation, maturation and
function of synaptic connections in the brain, yet the underlying molecular mechanisms of
autism are poorly understood. SH3 and multiple ankyrin repeat domains 3 (SHANKS3) encodes
different isoforms, including Shank3 deltac and Shank3b that stand as a prominent candidate in
autism spectrum disorder. RNA sequencing of mouse and human brains revealed expression of
SHANKS3 gene in both neurons and astrocytes. Previous studies have shown that the loss of the
Shanka3 deltac isoform does not affect the size of astrocyte domains or cell body size in the
hippocampus. However, the impact of eliminating the Shank3b isoform on astrocyte maturation,
particularly within the cortical circuit, has not been clearly understood. Here, using electron
microscopy and immunohistological assays we identified the developmental trajectory of
astrocytes in auditory and somatosensory cortices of Shank3b KO mice. Our preliminary data
obtained from Shank3b KO mice indicates a notable increase in the cell body density of
astrocytes, particularly in layers 4 and 5 of the auditory and somatosensory cortices. These
findings are observed both in adult mice as well as during the critical period of development.
Furthermore, the sholl analysis conducted on the astrocytes reveals that the maximum increase in
distal processes, leaflets, occurs at a distance of 200 nm from the soma. This indicates that the
structural complexity of astrocytes and their perisynaptic territories, as reflected by the number
of processes intersecting, is significantly altered in the absence of the Shank3b isoform. Taken
together, these findings suggest that the elimination of the Shank3b isoform may indeed have an
impact on the maturation of astrocytes within the cortical circuit, specifically in the auditory and
somatosensory cortices.
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Abstract: Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by
restrictive behaviors and social deficits. BTBR T + Itpr3tf/J (BTBR) mice exhibit traits, such as
poor social interaction and repetitive behaviors, with face validity to the diagnostic criteria for
autism. At the cellular level, ASD is believed to be associated with oxidative stress, which leads
to inflammation. Sulforaphane (SFN), a chemical derived from cruciferous vegetables, has been
shown to have neuroprotective effects based on its antioxidant and anti-inflammatory properties.
The purpose of the current study was to determine the effects of SFN on core symptoms of ASD
and comorbidities, such as anxiety, hyperactivity, and impaired memory, in BTBR mice. We
found that in the marble-burying task, BTBR mice buried significantly more marbles compared
to controls (C57BL/6 [BI6]), revealing a repetitive behavior phenotype of the BTBR strain,
which was attenuated by self-administration of 50 mg/kg of SFN. Additionally, BTBR mice
exhibited increased hyperactivity on the Y-maze based on a significant increase in the total
number of entries compared to the BI6 mice, which was ameliorated with SFN treatment. Lastly,
SFN treatment increased social interaction in BTBR mice on the three-chamber task but
decreased sociability for the BI6 strain. However, BTBR mice treated with vehicle did not
significantly differ from BI6 mice suggesting they did not exhibit a sociability deficit, contrary to
prior findings. We investigated the effect of SFN treatment on autistic-like behaviors and
comorbidities in BTBR mice. Our results provide support for the efficacy of SFN treatment on
repetitive behaviors and hyperactivity, but it is unclear whether SFN treatment will improve
sociability based on the results from this study. BTBR mice did not exhibit impaired sociability
on the three-chamber task, however, SFN treatment increased sociability in BTBR mice while
decreasing sociability in BI6 mice. Future studies will need to examine additional measures of
sociability to confirm these findings, however, it is possible that BTBR mice may exhibit some,
but not all, autistic-like behaviors to make it a suitable model of ASD.
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Abstract: The current study aims to identify the developmental trajectory and mechanisms of
genotype- and sex-dependent differences in auditory sensitivity and temporal processing in the
PTEN-deletion (phosphatase and tensin homolog missing on chromosome 10) mouse model of
autism spectrum disorder (ASD). ASD is currently diagnosed in approximately 1 in 44 children
in the US and encompasses a wide array of debilitating symptoms, including sensory deficits.
Sensory deficits early in development may lead to the broader symptomology in adolescents and
adults with ASD, including abnormal language development. Auditory temporal processing is
crucial for speech recognition and language development and deficits are hypothesized to cause
language impairments in ASD. The mechanisms underlying sensory deficits may show sex-
dependency. PTEN has sex-dependent interactions through its regulation of estrogen receptor o
(ERa) and is also an ASD-linked gene, providing the opportunity to test whether and how sex-
differences in sensory processing abnormalities may arise during development in an ASD model.
We recorded epidural electroencephalography (EEG) signals from the frontal (FC) and auditory
(AC) cortex in developing and adult Nse-cre PTEN mice, which removes PTEN in specific
cortical layers (layers 111-V) and the dentate gyrus. Temporal processing is measured using a
gap-in-noise-ASSR (auditory steady state response) stimulus paradigm. The experimental
manipulation of gap duration and modulation depth in the syllabic range of speech allows us to
measure cortical entrainment to rapid gaps in sounds. We quantified temporal processing using
inter-trial phase clustering (ITPC) values that account for phase consistency across multiple
trials. The results show sex differences in resting power distribution in young mice (p21).
Female, but not male, PTEN KO mice have increased beta power. This abnormal power
distribution remains throughout development in females. Both male and female PTEN KO mice
show diminished ITPC in their gap-ASSR responses in the AC and FC compared to control mice
at all ages tested. These deficits become more prominent in adult (p60) mice, with KO mice
having increased absolute resting and sound evoked power but significantly decreased ITPC
compared to controls. These data suggest that auditory temporal processing deficits in PTEN
ASD model mice are present from an early age and may contribute to abnormal development of
speech recognition and language function in ASD. Future studies will include targeted treatments
to gain insight into underlying mechanisms, critical windows of treatment and potential
treatments in PTEN model mice.
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Abstract: Transglutaminase 2 (TG2), a member of the transglutaminase family, plays a keyrole
in several disorders including cancer progression, celiac and cardiovasculardiseases, among other
conditions. It has been also suggested that TG2contributes to several brain disorders including
neurodegenerative diseases andCNS injury, due to its ability to crosslink proteins into insoluble
aggregates.Although recent reports support that TG2 plays a role in neural development, thisis
still under investigation. In the Drosophila melanogaster genome there is onlyone
transglutaminase (TG) gene which might be responsible for all actionsplayed by this enzyme
family in other animals. In this exploratory research wehave asked whether flies deficient in TG
expression exhibit behavioralphenotypes which could be linked to CNS structural alterations.We
studied behavioural phenotypes in flies globally deficient in TG expression -Tg%'44 and Tg-
CRIMIC mutants- or bearing a neuron specific deficiency for theTG enzyme. Female and male
flies at different ages (3-5 and 8-10 days aftereclosion) were studied.Our data show that TG
homozygous mutant animals exhibit reduced lifespan ascompared to heterozygous and control
flies. TG mutant animals exhibit impairedstartle-induced climbing behaviour, while they show
reduced locomotion whenthey are allowed to freely-move in a behavioral arena alone. TG
mutant animalsalso exhibit increased centrophobism, which reflects anxiety. Additionally, the
TGmutant flies exhibit reduced interaction time with their peers, which suggestasocial
behavior.These behavioral phenotypes are accompanied by modifications in fly brainanatomy,
evidenced by structural changes in the mushroom bodies, an importantassociation area in the fly
brain.In conclusion, our data support that TG is a relevant enzyme in brain formationand
operation.Supported by Fondecyt 1231556 (JMC).
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Abstract: Autism Spectrum Disorder (ASD) is a heterogenous group of neurodevelopmental
disorders that is characterized by impairments in social interactions, communication, and the
presence of stereotypic behaviors. ASD affects 1 in every 36 children in the United States and is
four times more prevalent in boys than in girls. Both genetic and environmental factors converge
on deficits in the GABAergic system, suggesting that inhibitory interneurons might be
particularly susceptible and contribute to ASD pathophysiology. Several studies, including our
own, have demonstrated that 10-20% of mothers of a child with ASD harbor brain-reactive
antibodies (IgG). One target of these antibodies is Caspr2, a protein involved in neural
development and synaptic transmission, and present in up to 40% of mothers with anti-brain
antibodies and an ASD child. We have developed a model in which female mice are immunized
with Caspr2 and harbor endogenous polyclonal anti-Caspr2 IgG throughout gestation. Male, but
not female offspring, display ASD-like behaviors and exhibit brain abnormalities including a
reduction in the GABAergic parvalbumin interneurons (PV) in the cortex and hippocampus. We
did not observe changes in the total GABAergic, nor in somatostatin interneurons suggesting that
exposure in utero to anti-Caspr2 1gG selectively affects PV interneurons. The reduction in PV
interneurons in Anti-Caspr2 male mice cannot be explained by a reduction in progenitors or
altered migration as number of proliferating cells in the medial ganglion eminence (MGE) and
the number of migratory interneurons were similar between Control and Anti-Caspr2 mice.
Single nucleus transcriptomics of hippocampal GABAergic interneurons revealed significant
alterations in gene pathways that are associated with neural transmission and CNS development.
Furthermore, immunofluorescent imaging of synaptic protein expression in these mice revealed a
reduction of perisomatic inhibitory synapses onto CAl pyramidal neurons. We next sought to
understand how these deficits in PV interneurons might affect neural activity in the
hippocampus. We implanted multi-electrodes in Anti-Caspr2 male mice targeted to the CA1
region and calculated relative power in the gamma band. Anti-Caspr2 male mice exhibited a
significant increase in mid and high gamma oscillations compared to Control mice. Since PV
interneurons contribute to hippocampal network synchrony, and dysregulation of these cells is a
proposed mechanism underlying ASD; ongoing studies are focused on the trajectory of PV



interneuron development and the effect of exposure in utero to anti-Caspr2 IgG on the intrinsic
physiology of PV interneurons.
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Abstract: Intellectual disability (ID) and Autism Spectrum Disorder (ASD) are highly
heterogenous neurodevelopmental disorders that are thought to affect early brain development.
Previous research has identified CC2D1A loss of function (LOF) as a cause of 100% penetrant
ID, and highly penetrant ASD. Existing mouse models of Cc2d1a LOF rely on the conditional
knockout (cKO) of Cc2dla within specific cell types after birth due to early postnatal lethality of
global knockouts (KOs). But cKO models have limited translatability to patients with CC2D1A
LOF due to conditional and postnatal removal of the gene.

Our lab generated a mouse line tagged with both the V5 and HA epitope tags to improve
endogenous CC2D1A detection but found that the tags lead to protein degradation. Homozygous
CC2D1A-V5-HA mice (Cc2d1aV>HA) bypass postnatal lethality with a ~86% reduction of
CC2D1A but did not recapitulate any of the ASD/ID-like behavioral deficits seen in cKOs. To
investigate this phenotypic expression threshold, we generated a mouse line with severe
haploinsufficiency (~92% protein reduction) of Cc2dla by breeding a Cc2d1a KO allele with
c2d1av>HA to obtain Cc2d1a’V®"A compound heterozygous (compHET) mice. These mice are
viable and show no gross motor or sensory deficits. Behavioral analysis on a pilot cohort of male
and female Cc2dla compHET mice suggests male-specific deficits in sociability, social novelty
preference, and spatial memory. While male-specific deficits have been seen in Cc2dla cKOs
before, these compHET males show a trend toward more severe social and cognitive deficits.
Immunoblot analysis on the hippocampus and cortex of these males suggests CREB activation
deficits different from those seen in previous Cc2d1la cKO models. While previous research on
cKOs has implicated the PKA/CREB pathway, compHET males did not show changes in PKA



activation or CAMP levels. Instead, compHET males had decreased ERK1/2 and CaMKI|I
activation in the cortex as well as reductions in CaMKI|I activation in the hippocampus.

This preliminary, but growing data, suggests this severe developmental reduction of Cc2dla in
the mouse has unique neuronal mechanisms driving the ASD/ID-like phenotypes. The
investigation of this model can help us better understand some of the mechanisms driving ASD
and ID in CC2D1A LOF patients.

Disclosures: A.T. Heller: None. A. Bhattacharya: None. S.S. Rauf: None. M. Manzini:
None.

Poster

PSTR248. Autism: From Genes to Behavior and Neural Function
Location: WCC Halls A-C

Time: Monday, November 13, 2023, 1:00 PM - 5:00 PM

Program #/Poster #: PSTR248.24/B30

Topic: A.07. Developmental Disorders

Support: Roy J. Carver Charitable Trust

Title: Gestational influenza A virus disrupts downstream maternal and fetal immune profiles in a
dose- and time-dependent manner

Authors: *A. OTERO!?, R. GONZALEZ-RICON!?, I. CHALEN3, A. ANTONSON3;
ZNeurosci. Program, 3Animal Sci., *Univ. of Illinois Urbana-Champaign, Urbana, 1L

Abstract: Epidemiological studies link neurodevelopmental disorders (NDDs) with exposure to
maternal viral infection in utero. The hypothesized mechanism governing this link comes from
animal models that initiate maternal inflammation with a non-pathogenic viral mimic to induce
an acute immune response. These studies indicate that maternal intestinal T helper 17 (TH17)
cells are activated to produce interleukin (IL)-17, and this pro-inflammatory cytokine is
implicated as a major driver of fetal brain abnormalities. Priming of Tn17 cells is also observed
following respiratory influenza A virus (IAV) infection; however, whether these Tn17 cells
might be driving fetal brain abnormalities during gestational 1AV infection has never been
examined. We aim to determine how 1AV infection during pregnancy impacts maternal intestinal
immune cells and if IAV-mediated activation of these cells is sufficient to result in aberrant brain
development. To test our hypothesis, we inoculated pregnant C57BL/6NTac mice on gestational
day (GD)9.5 with H3N2 IAV strain X31. Maternal serum, lungs, and intestine, placentas and
fetal brains were collected on GD11.5 and 16.5, two- and seven-days post inoculation (dpi) to
evaluate peak innate and adaptive immunity, respectively. Pregnant dams received 10* TCIDso
X31 (X31hi; n=12, n=10), 103 TCIDso0 X31 (X31mod; N=14, n=9), or a mock-inoculation with
saline (control; n=13, n=10) across three identical replicates per end point. Lung histopathology
scores, viral expression, and inflammatory genes were upregulated in a dose- and time-dependent
manner. Respiratory 1AV infection led to colonic shortening at both time points despite no
detection of virus in the intestine. Morphological changes were accompanied by upregulation of



Tnl7 cell gene markers in the intestine at the high viral titer only. This includes genes encoding
RORyt and IL-6, indicating priming of naive T cells into Tu17 cells. Flow cytometric analyses of
intestinal TH17 cells at 2 and 7 dpi revealed a complex dose-dependent phenotypic shift.
Placental immune transcripts were altered in a dose-dependent manner, demonstrating possible
sequestering of adaptive immune cells and recruitment of neutrophils at the maternal-fetal
interface. Immunohistochemistry revealed no changes in fetal microglial colonization patterns or
proliferative capacities at GD11.5. Ongoing studies will analyze the fetal brain at GD16.5. So
far, our data show that a higher infectious dose of gestational IAV is necessary to induce
downstream immune changes, confirming the use of live pathogens in NDD modeling to
evaluate the complete immune response and improve translation to the clinic.
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Abstract: Autism spectrum disorder (ASD) is a neurodevelopmental disorder which often
results in cognitive deficits, including that of spatial learning. Over 100 genes increase
susceptibility to developing ASD. One such gene, SCN2A, codes for the alpha subunit of voltage
gated sodium channel Nav1.2, a protein critical for action potential back propagation. Loss of
function mutations in SCN2A are highly penetrant for ASD, with up to 50% of patients
diagnosed. Yet, much remains unknown about which brain regions are impaired by SCN2A loss
and how subsequent activity changes drive ASD-related behaviors. To address this knowledge
gap, we assessed spatial learning and whole-brain activity in mice haploinsufficient for Scn2a
(Scn2a*) and tissue-specific Scn2a-conditional floxed (Scn2a™*) mutants. Consistent with prior
work, Scn2a* mice exhibited a spatial learning deficit. Whole-brain light-sheet imaging for
cFos (a neural activity marker) in Scn2a*";FosGFP mice revealed hypoactivity in 31 brain areas,
which were enriched in cortical areas implicated in spatial learning. We thus used an Emx1°¢'®
driver to reduce Scn2a in excitatory pyramidal neurons of cortex and hippocampus, and this
recapitulated the learning deficit and neural hypoactivity in 15 cortical areas. We hypothesized



these 15 regions act as a spatial learning network. By comparing the pattern of Cre
recombination in Cre driver lines which restrict reductions in Scn2a to cortical layers and
hippocampus to spatial learning, we excluded hippocampus and instead implicated perirhinal
cortex as a potential causal node for the spatial learning deficit. As Scn2a loss may impair the
neuronal depolarization needed for long-term potentiation (LTP), a correlate of learning, we
measured theta-burst LTP in cortical and hippocampal specific conditional mutants for Scn2a.
The presence of spatial deficits co-associated with LTP impairments in perirhinal cortex but not
hippocampus. Further, by chemogenetically increasing depolarization in cortical pyramidal
neurons of Emx1©"¢;Scn2*"- mice, we normalized activity within the 15 cortical regions, restored
perirhinal cortex LTP, and rescued learning. We implicated perirhinal cortex as crucial for
spatial learning by selectively reducing Scn2a in perirhinal cortex, via stereotaxic injection of
Cre virus, which impaired learning, and, vice versa, selectively increasing perirhinal cortex
activity of h(M3Dg™*;Scn2a*"- mice rescued spatial learning. This research identifies a critical
locus in cases of Scn2a haploinsufficiency that may be targeted to improve learning deficits in
ASD and, perhaps, other neurodevelopmental disorders.
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Abstract: Pitt-Hopkins Syndrome (PTHS) is a rare form of autism spectrum disorder (ASD)
characterized by developmental delay, breathing abnormalities, seizures, lack of speech, and
distinctive facial features. PTHS is caused by de novo mutations in TCF4, a key transcription
factor that orchestrates multiple neurodevelopmental programs. Previous studies using PTHS
mouse models showed dysregulation in the density and maturity of oligodendrocytes which
resulted in myelination deficits, however, confirmation of these phenotypes in a human context
is currently lacking. Here, we have studied a collection of induced pluripotent stem cells (iPSCs)
from PTHS patients, which harbor various types of disease-causing mutations in TCF4 that result



in the expression of putative dominant-negative proteins or haploinsufficiency. To determine if
patient-specific mutations in TCF4 result in dysregulation of the OL lineage we first
differentiated iPSC using a two-dimensional oligodendrocyte differentiation protocol. We
observed that PTHS patient cell lines show a reduction in the expression of mature
oligodendrocytes genes, which is consistent with phenotypes observed in mouse models of
PTHS. In addition, using a previously described three-dimensional differentiation protocol that
generates human oligodendrocytes (hOLS), we observed a significant variation (p=0.0103 for
Genotype interaction, two-way ANOVA) in the diameter hOLS derived from PTHS that appears
specific to patients harboring mutations expected to result in TCF4 haploinsufficiency. Together,
these results suggest that TCF4 is a critical regulator of OL development and therefore predicts
myelination deficits as a potential pathophysiological mechanism underlying
neurodevelopmental abnormalities in PTHS.
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Abstract: Repeated high-dose cocaine abuse results in drug addiction in humans demonstrating
loss of control for drug use concurrent with gradual increase in drug intake, intense craving, and
withdrawal symptoms. In preclinical studies, high-dose cocaine intake can be modeled by
extended-access cocaine self-administration in rodents (LgA, 6hr daily). The persistent
propensity to relapse during abstinence is often associated with drug-related cues and has been a
significant barrier to the treatment of addiction. Addiction studies suggest that glutamatergic
signaling has an important role in cocaine addiction, particularly in drug seeking and relapse.
Hence, significant effort has been invested to harness glutamatergic mechanisms for treatment of
cocaine addiction. However, this research has not yet resulted in an FDA-approved treatment.
The goal of the present research project is to investigate the role of group 1 metabotropic
mGIul/5 receptors (MGIuR1/5) in regulation of cocaine intake and seeking. Male Sprague-
Dawley rats were trained to self-administer cocaine (FR1; 1.0 mg/kg/200ul/inf) during either 2hr
(ShA) or 6hr sessions (LgA) for 14 days. Subsequently, animals remained in the home cage for
3, 10, or 60 days. Following abstinence period, rats were tested for cocaine seeking under



context-primed extinction condition after systemic administration of either saline or an
mGIuR1/5 antagonist [JNJ16259685 (0.015 mg/kg, sc) or MTEP (3 mg/Kkg, ip)]. Systemic
blockade of mGIuRS5 during short abstinence periods (3 or 10 days) reduced drug-seeking only in
ShA rats without affecting LgA animals, while mGIuR1 blockade was effective in both treatment
groups at both withdrawal times. However, systemic blockade of either receptor led to a
significant reduction in drug-seeking after a long abstinence period (60 days) in both ShA and
LgA treatment groups. While intracerebral infusion of MTEP (3 pg/side) after 10 days of
abstinence into either NAcore or NAshell leads to a decrease in drug-seeking in ShA rats,
inhibition of NAshell mGIluR1 does not block drug seeking. Interestingly, inhibition of mGIuR5
in NAcore or NAshell following 10 days of abstinence was not effective in reducing drug-
seeking in LgA rats. Data suggest that high-level cocaine intake produces a transient intake-
dependent plasticity in NA mGIuRb5, but not in mGIuR1 function. Moreover, our data point to
both NAcore and shell as anatomical substrates contributing to selective modulation of mGIuR5
function in LgA rats. These observations suggest that systemic activation of mGIuR5, during
early abstinence period may ameliorate the persistent drug craving present during prolonged
periods of abstinence.
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Abstract: Multiple neuronal functions require decentralized processes including activity-
dependent localized protein synthesis. However, how local protein synthesis drives the dendritic
remodeling is still elusive. Kinesin superfamily proteins (KIFs) are microtubule-based motor
proteins that transport various types of cargos to a specific area where they function, even to the
distal neurites if necessary. This intracellular transport system is essential for neuronal
morphogenesis, function, and survival. KIF17 and KIF5A are abundantly expressed in neurons
and have been suggested to transport NMDAR and AMPAR in neuronal dendrites, respectively.



Calcium-calmodulin-dependent protein kinase Il (CaMKII)-dependent phosphorylation of KIF17
triggered by NMDAR-mediated activity regulates its capacity for binding/release of NR2B-
containing vesicles, and acute increase in intracellular Ca* through NMDAR regulates the speed
of AMPAR transport. Thus, we hypothesized that KIF17 and KIF5A might be functionally
regulated by NMDAR-mediated neuronal activity. Here, we show that KIF17 is rapidly degraded
by the proteasome and subsequently synthesized at dendritic shafts in an NMDAR-mediated
activity-dependent manner. Accompanied by the degradation of KIF17, its transport is
temporarily dampened in dendrites. We also report that activity-dependent local KIF17 and
KIF5A synthesis driven by its 3' untranslated region (3'UTR) occur at dendritic shafts, and the
newly synthesized KIF17 moves along the dendrites. Furthermore, hippocampus-specific
deletion of Kifl7 3'UTR disrupts KIF17 synthesis induced by fear memory retrieval, leading to
impairment in extinction of fear memory. These results suggest that the regulation of the
transport by KIF17 and KIF5A is driven by the single dendrite-restricted mechanism including
local protein synthesis that underlies cognitive flexibility. This model could help further
understanding how a single dendrite serves as the computational unit for the memory process.
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Abstract: Ketamine exerts rapid and sustained antidepressant effects via mechanisms involving
sustained alteration of glutamatergic signaling, yet the immediate effects of ketamine on
presynaptic function are poorly understood. Dissecting this effect is particularly difficult because
of the ketamine-induced neuronal circuit potentiation which occurs via alteration of postsynaptic
glutamate receptors. To unequivocally isolate the presynaptic mechanisms of ketamine and rule
out potential neuronal network effects, we here used direct presynaptic recordings at a bona-fide
cerebellar synapse in the intact brain tissue where the cell soma was removed. We performed 238
presynaptic recordings in 5 independent blinded experimental datasets and found that ketamine
has a prominent direct effect on presynaptic release. We show that ketamine induced an
enhancement of presynaptic release by approximately 30% within 30 minutes. The enhancement
of release was sustained for at least 30 minutes after ketamine washout. Comparative



experiments with MK-801 revealed no effect on presynaptic function indicating that NMDA-
receptors blockade in itself does not enhance presynaptic release. Further mechanistic analysis
indicated that the ketamine-induced enhancement of presynaptic release is due to an increase in
both calcium influx and the number of presynaptic release sites. Our results thus show that
ketamine potentiates glutamate release via direct presynaptic mechanisms.
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Abstract: Silica nanoparticles (SiO2-NPs) have been widely used in biomedical applications and
directed to enter the circulatory system; however, little is known about the potential adverse
effects of SiO2-NPs exposure on the blood-brain barrier (BBB) transport systems that support the
critical barrier function between the central nervous system (CNS) and the peripheral circulation.
This study investigated whether SiO2-NPs disrupt the transport systems expressed by BBB cell
components. First, we evaluated the cytotoxic effect of SiO2-NPs endothelial (HBEC) and
astrocyte (U-87MG) cell lines. Transport kinetics was measured, and the exposure effect of
SiO2-NPs on glutamate transport activity was evaluated in both cell lines. Exposure of cell lines
to different SiO2-NPs concentrations (0.4, 4.8, 10 y 20 pg/ml) and times (3 and 6 hours) resulted
in no changes in cell viability. We found that the radio-labeled D-aspartate ([*H]-D-Asp) uptake
is sodium-dependent, at least in part, and downregulated by its own substrate (glutamate).
Furthermore, SiO2-NPs exposure on endothelial and astrocytes decreases [°H]-D-Asp uptake at
different concentrations (2.4, 4.8, 6.4 y 10 pg/ml). Interestingly, a decrease in the transporter
catalytic efficiency, probably linked to a decrease in the affinity of the transporter was detected
upon SiO2-NPs exposure. These results demonstrate that SiO2-NPs could disrupt BBB function
and can help to understand the effects of air pollution on the CNS.

Disclosures: F.R.E.D. Sanchez: None.

Poster

PSTR249. Glutamate and Acetylcholine Transmission
Location: WCC Halls A-C



Time: Monday, November 13, 2023, 1:00 PM - 5:00 PM
Program #/Poster #: PSTR249.05/B37
Topic: B.01. Transmitters, Transporters, and Other Signaling Molecules

Support: NINDS R0O1 NS113499
NINDS NS113499-S1
NINDS NS100706
NINDS F99 NS134140-01

Title: Kir4.1 channels shape astrocyte membrane potential and modulate glutamate uptake:
implications for traumatic brain injury

Authors: *J. GARCIA!, M. ARMBRUSTER?, C. DULLA?, D. K. MULKEY?, S. NASKAR?,
Tufts Univ. Grad. Program In Neurosci., Boston, MA; 2Univ. Connecticut, Univ. of Connecticut
Physiol. & Neurobio., Storrs Manfld, CT; 3Tufts Univ. Sch. of Med., Tufts Univ. Sch. of Med.,
Boston, MA

Abstract: Glutamate, the primary excitatory neurotransmitter in the central nervous system, is
essential for normal brain function. In the healthy brain, once released from neurons, glutamate
is transported into astrocytes by the excitatory amino acid transporters (EAATS) GLT-1 and
GLAST. Previously, using iGluSnFr-based glutamate imaging and electrophysiology in the
healthy adult mouse cortex, we have shown that glutamate uptake slowed up to threefold
following bursts of neuronal activity. We suspect that this occurs because neuronal activity
generates action potentials, causing focal increases in extracellular potassium ([K*]e). This
increase in [K*]e drives local astrocyte depolarization, causing voltage-dependent inhibition of
EAATS and prolonging extracellular glutamate transients. We hypothesize that EAATS drive
uptake while Kir4.1 shapes activity-dependent slowing of glutamate. In this study, | employed
the controlled cortical impact (CCI) model of TBI in mice. TBI affects over 60 million people
worldwide and multiple studies show that glutamate levels are increased in the human brain after
TBI, as well as in animal models and in patients are associated with increased mortality. Three
days after CCI | found significantly elevated glutamate decay time constants and increased peak
glutamate response in acute cortical slices. This effect was decreased 7 and 14 days after injury.
The slowing of glutamate uptake was largely similar in the healthy and injured brain for all time
points. IHC and single-cell RNA sequencing data show significantly decreased levels of
astrocyte-specific GLT1 and GLAST that return to sham levels 7 and 14 days after injury.
Interesting Kir4.1 expression remains largely unchanged for all time points. Additionally, using a
Kir4.1"" mouse model and an astrocyte-specific Cre-virus | have conditionally and focally
knocked out Kir4.1. Previously, using Genetically Encoded Voltage Indicators (GEVI), we
reported report large, rapid, focal, and pathway-specific depolarizations in peripheral astrocyte
processes (PAPs) during neuronal activity. We have shown blocking Kir4.1 using Ba?* increases
activity-induced PAP depolarization and overexpression of Kir4.1 decreases activity-induced
PAP depolarization. | utilized GEVIs, to enable the measurement of Vm at PAPs. Conditional
knockout of Kir4.1 resulted in a significant increase in GEVI AF/Fo, suggesting that Kir4.1-
medicated K* influx helps minimize activity-dependent PAP depolarization. We are currently
expanding our work to include single-cell patch-clamp and glutamate imaging to further
investigate the direct effect of potassium buffering on glutamate dynamics.



Disclosures: J. Garcia: None. M. Armbruster: None. C. Dulla: None. D.K. Mulkey:
None. S. Naskar: None.

Poster

PSTR249. Glutamate and Acetylcholine Transmission

Location: WCC Halls A-C

Time: Monday, November 13, 2023, 1:00 PM - 5:00 PM

Program #/Poster #: PSTR249.06/B38

Topic: B.01. Transmitters, Transporters, and Other Signaling Molecules
Support: NIH Intramural Research Program

Title: Redox-dependent activation of protein kinase C and neurotransmitter transporter
trafficking

Authors: *S. RADHAKRISHNANl, S. G. AI\/IARAZ;
INatl. Inst. of Mental HIth., Bethesda, MD: 2NIMH, NIMH, Bethesda, MD

Abstract: Plasma membrane neurotransmitter transporters clear neurotransmitters from the
extracellular space and play a key role in regulating neuronal signaling. The neuronal excitatory
amino acid transporter 3, EAATS3, is essential for glutamate clearance and modulation of
glutamatergic tone. EAATS3 also transports cysteine into the cell where it serves as a rate-limiting
substrate for the synthesis of glutathione, a key neuronal antioxidant. EAAT3 mutations are
associated with several neuropsychiatric disorders such as schizophrenia and obsessive-
compulsive disorders that may be due to its role in glutamate or cysteine transport. The activity
of plasma membrane transporters can be altered by changes in transport kinetics, expression
levels and trafficking to and from the plasma membrane. Using surface biotinylation assays and
radiolabeled glutamate uptake studies, we confirmed that activation of protein kinase C (PKC)
can increase cell surface localization of EAAT3 in Neuro2A cells and mouse primary cortical
neurons, as previously reported in other cell lines. Redox-triggered mechanisms can influence
signaling through PKC by altering the catalytic properties or the subcellular
compartmentalization of various PKC isoforms. This suggests a mechanism whereby EAAT3
trafficking could be modulated by cellular redox stress and PKC activation to increase cysteine
import. We observed that oxidizing agents such as hydrogen peroxide can enhance PKC
activation and surface expression of EAATS3 in both EAAT3-transfected Neuro2A cells and in
primary cultures of mouse cortical neurons. To further understand the specific subcellular
localization of this PKC activation, we targeted the genetically-encoded fluorescent PKC sensor,
CKAR to lipid raft and non-raft membrane using a Lyn Kinase and KRAS targeting motif,
respectively. The activation of PKC with hydrogen peroxide caused an increase in PKC
activation at the non-raft membrane but did not cause a significant increase near the lipid raft.
This PKC activation was reversed with the pre-application of a PKCB8 selective inhibitor. We
also observed that pre-application of a PKC6 selective inhibitor reduced a PMA-mediated
increase in glutamate uptake in EAAT3-transfected Neuro2A cells. From previous research, we
know that EAAT3 associates with non-raft membranes suggesting that this targeted PKC



activation could be relevant to understanding the redox mediated increase of EAAT3 at the
membrane. Taken together our observations suggest specific subcellular localization for the
redox mediated activation of EAAT3 trafficking to the membrane and the potential involvement
of the PKC8 isoform in regulating EAATS3.
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Abstract: The cystine/glutamate antiporter system Xc, is expressed on glial cells of the central
nervous system (CNS) as well as cells related to the immune system. Imported cystine serves as
building block for glutathione, while exported glutamate can modulate glutamatergic
neurotransmission and alter the excitotoxic threshold in the CNS. We recently showed that xCT
deletion (specific subunit of system xc") results in lifespan extension as well as protection against
age-related hippocampal dysfunction, memory loss and exacerbated inflammatory responses.
Given the influence of blood-borne factors on brain aging, and given that exposure to low-grade
peripheral inflammation seems to be sufficient to induce impaired neurogenesis and cognitive
function, we hypothesized that the absence of system xc on the cells of the peripheral immune
system alone might be sufficient to obtain the beneficial effects seen in xCT”- mice.

We generated chimeric mice in which system X" is exclusively present on or absent from the
peripheral immune cells, by performing bone marrow transplantations (BMT). Adult (8w) male
Ly5.1 mice and xCT”~mice underwent BMT with either xCT wild type (xCT**) or xCT"- donor
BM from 14-16w old male mice. At 6 and 14 months post-BMT, mice were tested in a battery of



behavioral tests to evaluate locomotor function, memory, anxiety- and depressive-like behavior,
after which mice were sacrificed to evaluate neuroinflammation and -degeneration. Hippocampal
neurotransmission was analyzed through slice electrophysiology experiments at 15 months post-
BMT.

Although we did see aging effects on the behavior of the mice for both recipient groups, the
genotype of BM cells did not induce major changes in hippocampal neurotransmission or spatial
memory in both recipient groups. Moreover, aging induced an expected increase in number of
microglia and cortical thinning in all groups, without any striking differences induced by the lack
of XCT on immune cells. It should be noted, however, that the performance of irradiated xCT"
mice, independent of the BM genotype, is overall poor compared to Ly5.1 recipient mice as well
as to our previous observations in XCT”" mice, suggesting an increased sensitivity for irradiation
induced (brain) damage.

So far, we can conclude that the absence of XCT exclusively on the cells of the peripheral
immune system is not sufficient to protect mice against age-related cognitive decline and/or
neuroinflammation nor is the presence of XCT exclusively on immune cells sufficient to induce
either of these characteristics.
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Abstract: System Xc’, a cystine/glutamate antiporter with XCT as specific subunit, is mainly
expressed in the brain and on cells of the immune system. XxCT has been proposed as a promising
target to reduce (neuro)inflammation but its specific function on immune cells remains unclear.
To study the involvement of immune cell XCT in the protective effects against LPS-induced
neurological dysfunction that we previously observed in xCT” mice, we first optimized a
protocol to generate bone marrow (BM) chimeras. Using 2x550cGy total body irradiation (TBI),
we obtained a robust and stable model reaching near complete BM replacement with maximal
survival. Since long-term consequences of TBI and bone marrow transplantation (BMT)
performed on healthy adult mice have been poorly studied, contrary to the consequences of
radiation on the juvenile body and brain, we next characterized the effects of the procedure on
the overall health and brain of C57BL/6 mice. We found a persistent decrease in weight along
with long-term impact on locomotion after TBI/BMT. Although the TBI/BMT procedure did not
lead to mood disturbances 2- or 16-months post BMT, long-term spatial memory of the
irradiated mice was impaired. While altered memory function after irradiation has been linked to
neurodegeneration and neuroinflammation, we did not observe this at the timepoints we
investigated. Yet, higher levels of hippocampal 1gG in aged BMT mice suggest an enhanced age-
related increase in blood-brain barrier permeability, potentially contributing to the observed
memory deficit. Thus, although overall health of the mice did not seem to be impacted by TBI
and BMT, TBI-induced impairment of locomotion and spatial memory could bias the behavioral
read-out obtained from mouse chimeras with different genetic backgrounds that might display
altered susceptibility to radiation-induced damage. Finally, we injected lethally irradiated Ly5.1
mice with xCT~ or xCT** BM cells with a sublethal dose of LPS (5mg/kg) and found that mice
lacking XCT only on their immune cells already recovered from LPS-induced hypothermia
within 24h, contrary to xCT** BMT mice. Moreover, preliminary findings show that
neuroinflammation was slightly attenuated in xCT”- BMT mice one week post LPS injection as
observed in the expression of pro-inflammatory cytokines and microglia activation in the
hippocampus. However, while some minor beneficial effects of lacking xCT on immune cells
could be seen during the LPS challenge, it seems that targeting XCT in the brain is required to
reach significant protection against (neuro)inflammation.
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Abstract: While targeting of XCT, the specific subunit of the cystine/glutamate antiporter system
Xc', has been reported to have cytotoxic effects on tumor cells, most of the studies ignore the
possible involvement of this antiporter in cancer-related (neurological) comorbidities. Cachexia,
a metabolic disorder characterized by loss of muscle mass and anorexia, as well as depression are
frequently associated with (pancreatic) cancer and are both related to peripheral and central (in
hypothalamus and hippocampus, respectively) inflammation. As xCT is also present in the brain
and on immune cells, thereby modulating glutamatergic neurotransmission, behavior and
inflammatory responses, we studied the impact of genetic XCT deletion in a murine pancreatic
cancer model, not only on tumor growth but also on (neuro)inflammation, cachexia and mood
disturbances. We used male mice with genetic deletion of xCT (XCT) and wildtype xCT**
littermates, as well as Ly5.1 males that were sublethally irradiated and transplanted with bone
marrow (BM) originating from xCT*"* or xCT”mice. xCT knockout Panc02 cells -generated
using CRISPR/Cas9- were injected intraperitoneally in mice. To assess cachexia, food intake and
muscle mass were assessed. Anxiety-like behavior was analyzed using the open field test, and
the tail suspension test and forced swim test were performed to assess depressive-like behavior.
Tumor XCT deletion resulted in a significant reduction of tumor burden, while only targeting
XCT in the host had reduced benefit. Yet, the latter was sufficient to attenuate the tumor-related
increase in systemic inflammation and immunosuppressive regulatory T (Treg) cells. This effect
was only partly mediated by xCT on the immune cells, as we could only observe a reduced Treg
population -and not reduced inflammation or tumor growth- in BM chimeras with specific
immune xCT deletion. Besides affecting peripheral inflammation, xCT deletion in the host or
tumor differentially modulated neuroinflammation. Hypothalamic inflammation was reduced in
mice grafted with xCT deficient tumors, in line with improved cachexia parameters, whereas
hippocampal inflammation was slightly attenuated by XCT deletion in the host, and was
accompanied by reduced anxiety- and depressive-like behavior in tumor-bearing xCT”- mice
compared to xCT*"* mice. Taken together, targeting XCT in pancreatic cancer has beneficial
effects on systemic and central inflammation, leading to attenuated cancer-related comorbidities.
Novel and specific XCT inhibitors will thus have added beneficial effects in the central nervous
system, beyond direct growth inhibition of pancreatic tumors.
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Abstract: Astrocytic excitatory amino acid transporter 2 (EAAT2) playsa major role in
removing the excitatory neurotransmitter L-glutamate (L-Glu)from synaptic clefts in the
forebrain to prevent excitotoxicity.Polyunsaturated fatty acids such as docosahexaenoic acid
(DHA, 22:6 n-3)enhance synaptic transmission, and their target molecules include EAATS.
Here,we aimed to investigate the effect of DHA on EAAT2 and identify the key aminoacid for
DHA/EAAT? interaction by electrophysiological recording ofL-Glu-induced current in Xenopus
oocytestransfected with EAATS, their chimeras, and single mutants. DHA transientlyincreased
the amplitude of EAAT?2, but tended to decrease that of EAAT1, anotherastrocytic EAAT. Single
mutation of leucine (Leu) 434 to alanine (Ala)completely suppressed the augmentation by DHA,
while mutation of EAATL1 Ala 435(corresponding to EAAT2 Leu434) to Leu changed the effect
from suppression toaugmentation. Other polyunsaturated fatty acids (PUFAS) (docosapentaenoic
acid,eicosapentaenoic acid, arachidonic acid, and a-linolenic acid) similarlyaugmented the
EAAT?2 current and suppressed the EAAT1 current. Finally, ourdocking analysis suggested the



most stable docking site is the lipid crevice of EAATZ2, in close proximity to the L-Glu and
sodium binding sites, suggestingthat the DHA/Leu434 interaction might affect the elevator-like
slide and/or theshapes of the other binding sites. Clustering of accessible conformations ofDHA
in water indicated the probability of U-shaped DHA is highest, which wasconsistent with the
structure suggested by the docking study. Collectively, ourresults highlight a key molecular
detail in the DHA-induced regulation ofsynaptic transmission involving EAATS. Ref) Takahashi
K, Chen L, Sayama M, Wu M, Kato Hayashi M,Irie T, Ohwada T, Sato K. Leucine 434 is
essential for docosahexaenoicacid-induced augmentation of L-glutamate transporter current. J
Biol Chem. 2023Jan;299(1):102793. doi: 10.1016/j.jbc.2022.102793. Epub 2022 Dec 9.
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Abstract: The brain accounts for roughly 20% of bodily metabolic demands, with the majority
being accounted for by neuronal energy consumption for processes such as synaptic
transmission, which has been reported to be more metabolically demanding than spike
generation. Energy substrates necessary for these processes are delivered by the vasculature, but
the impact of synaptic and spiking activity on blood supply has not been fully characterized.
Insight into this relationship may be relevant to understanding brain metabolism in both normal
and diseased brain states. In this study, we investigated the role of synaptic and spiking activity
on local vascular changes in awake mice using fluorescent markers for extracellular glutamate
(n=7) and intracellular calcium (n=3), respectively. Simultaneous measurements of vascular
changes were obtained using hemoglobin absorption or fluorescent tracers as vascular agents.
Low- and high-resolution imaging experiments were conducted during whisker stimulation and
ongoing resting state conditions. Under lower resolution wide-field imaging, whisker stimulation
produced a mean increase of 0.25% in glutamate signal and 2.91% in neuronal calcium signal
relative to baseline. Under high-resolution two-photon imaging, the mean increase in glutamate
fluorescence was 5.67% and was 28.93% for neuronal calcium fluorescence. These fluorescent
responses to a single whisker puff exhibited mean decay time constants of 26.8 ms for glutamate



and 36.9 ms for calcium by wide-field imaging, with similar results using two-photon
microscopy. Robust vascular changes were observed for all experiments. To determine the
contribution of synaptic and spiking activity on vascular changes, we used a linear convolution
model to predict vascular changes from these neural events. Explained variance (R?) analyses
were performed, and it was determined that the glutamate signal tended to be a better predictor
of the evoked hemodynamic response when compared to the calcium signal. These findings
suggest that synaptic glutamate activity may be more correlated with and predictive of cerebral
blood flow changes than spiking activity, which could have implications in many
neurodegenerative diseases associated with synaptic or vascular dysfunction.
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Abstract: Background: Repetitive transcranial magnetic stimulation (rTMS) alleviates
symptoms of major depressive disorder (MDD) and other psychiatric disorders but the
neurobiological mechanisms of its clinical efficacy remain to be fully determined. Growing
evidence from proton magnetic resonance spectroscopy (*HMRS) studies suggests that rTMS
alters the balance of excitatory and inhibitory neurometabolites.

Methods:Eligible studies that quantified Glutamate (Glu), Glutamate/Glutamine (GIx), or
GABA levels before and after administration of rTMS were sourced from PubMed, MEDLINE,
Psychlnfo, Google Scholar, and primary literature following PRISMA guidelines. Data were
pooled using a random effects model, Cohen’s d effect sizes were calculated, and moderators
were assessed. It was hypothesized that rTMS would increase glutamatergic neurometabolite
concentrations at the rTMS target (DLPFC) and downstream regions. Results: Within-subjects
data from 229 cases encompassing 42 neurometabolite effects (k) were included. Real rTMS in



clinical responders (N=151; k=28 effects) increased glutamatergic neurometabolites (d=0.20
[95% CI:0.04,0.35], p=0.01). No change was seen clinical non-responders (N=54 participants;
k=7; d=0.48 [95% CI:-0.44,0.34], p=0.81) or sham rTMS participants (N=25 participants; k=7,
d=0.033[95% CI:-0.34,0.40], p=0.86). Glu was significantly increased in downstream regions
after rTMS (k=8, d=0.29 [0.013,0.58], p=0.04). Effect size was associated with the number of
rTMS pulses patients received (p=0.05). Conclusions and Relevance: Clinical rTMS is
associated with a small, distributed, and dose-dependent increase in glutamatergic
neurometabolites, suggesting that rTMS may improve psychiatric symptoms by inducing
synaptic plasticity and altering neurometabolism. Future studies should explore target and
downstream effects, investigate behavioral implications of neurometabolite changes, and
leverage ultra-high field MRI techniques for improved spatial resolution.
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Abstract: Basal forebrain cholinergic neurons (BFCNSs) are distributed throughout the base of
the forebrain and send widespread projections throughout the brain. These neurons have been
found to be critical in coordinating neuronal activity to promote attention and facilitate learning.
While previously regarded as a uniform cluster of cells, growing evidence supports the assertion
that subsets of BFCNSs uniquely participate in cognitive behaviors. In addition, we have found
region-specific vulnerability across cholinergic axonal arbors, where some projections
deteriorate far sooner and to a much greater degree than others. Several factors could contribute
to this heterogeneity across BFCN subpopulations including birthdate, projection target and gene
expression profiles. Understanding the factors underlying BFCN diversity is critical to
understanding the role of acetylcholine in cognition and its vulnerability in cognitive decline. In
these studies, we first asked if cholinergic neurons could be distinguished by unique gene
expression profiles, and second, whether any functionally unique clusters were specifically
vulnerable across lifespan. Given the sparsity of BFCNs throughout the basal forebrain, a
detailed classification of this population has been challenging thus far. To overcome this, we
used a genetic strategy where cholinergic nuclei were specifically labeled with a nuclear



membrane targeted GFP. Using FACS, we isolated nuclei from dissections of the full anterior to
posterior extent of the basal forebrain and enriched for cholinergic nuclei based on GFP
expression. Libraries were prepared using 10X Chromium technology and sequenced using the
Illumina sequencing platform. Our preliminary dataset included over 30 thousand GFP-captured
cells in young male and female mice. After standard QC, we filtered our results toward ChAT-
expressing nuclei. We performed clustering analysis to reveal several distinct cholinergic neuron
clusters, representing far more diversity across the basal forebrain than initially hypothesized.
Identified clusters include those highly NGFR and LHX8 expressing with varying Zic4
expression (which denotes septal and non-septal lineages) and some unexpected populations with
low NGFR expression. Using Seurat, we identified biomarkers for each of our isolated
cholinergic neuron clusters. Ongoing analyses investigate the patterning of these clusters
spatially across the basal forebrain and the selective vulnerability of these subpopulations with
age.
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Abstract: Acetylcholine is essential for proper development and function of the mammalian
brain. Cholinergic innervation is provided by projections of the basal forebrain cholinergic
neurons (BFCNSs), which send axons to diverse structures throughout the brain. BFCNSs are often
subdivided into anatomically defined populations. Those located in the medial septum and the
vertical limb of the diagonal band of Broca (MS/vDB) send projections to several target regions
essential for learning and memory such as the hippocampal/subicular complex and the entorhinal
cortex. Characterizing the role of MS/vDB cholinergic projections to the ventral subiculum is of
particular interest, as it is one of the primary outputs of the hi