When citing an abstract from the 2021 annual meeting, please use the format below.

[Authors]. [Abstract Title]. Program No. XXX.XX. 2021 Neuroscience Meeting Planner.
Chicago, IL: Society for Neuroscience, 2021. Online.

2021 Copyright by the Society for Neuroscience all rights reserved. Permission to republish any
abstract or part of any abstract in any form must be obtained in writing by SfN office prior to
publication.



Digital Abstract Session

P001. Proliferation

Program #/Poster #: P001.01

Topic: A.01. Neurogenesis and Gliogenesis
Support: ROIMHI113257

Title: Temporal medio-lateral patterning of neurogenesis in the thalamus: new developmental
insights from MacBrainResource, a macaque brain resource

Authors: *T. SPADORY, A. DUQUE, L. D. SELEMON;
Neurosci., Yale Univ. Sch. Med., New Haven, CT

Abstract: Maternal injections of *H-thymidine during gestation in the non-human primate have
been used to determine the time of neurogenesis for various brain areas. Seminal analyses of two
caudal thalamic nuclei revealed overlapping periods of neurogenesis in the lateral geniculate
nucleus (E36-E43) and the pulvinar (E36-E45) (Rakic, 1977; Ogren and Rakic 1981). Here we
examine neurogenesis in the rostral thalamus with focus on two higher order relay nuclei, the
mediodorsal (MD) and the anterior (ANT) that have been implicated in the pathology of
schizophrenia. The search function of MacBrainResource (macbrainresource.org) identified
archived cases (N=12) of *H-thymidine-labeled slides (Collection 1) with maternal injection
dates ranging from embryonic day 25 (E25)-E50 and postnatal sacrifice dates. Slides containing
the rostral thalamus were scanned on an Aperio ScanScope at 20X magnification. Digital files
(svs) of these scans were transferred to a MicroBrightField system, and Stereo Investigator
software was used to map *H-thymidine labeled neurons within a contour that encompassed the
entire rostral thalamus. In Adobe Illustrator, brain mappings (tif files) were superimposed onto
closely corresponding sections from the online BrainMaps macaque atlas to facilitate analysis of
the nuclear distribution of the label. Our novel analytic approach, i.e. mapping the entire rostral
thalamus, uncovered topographic patterning in the temporal progression of neurogenesis in the
thalamus. At E30, *H-thymidine labeled neurons were located in a compact medial band; by E38,
labeling was more laterally and diffusely distributed, and at E40-E43 thalamic labeling
predominated ventrolaterally. Peak neurogenesis in the MD spans E30-E43 and in the ANT
occurs during a similar time frame (E31-E43). Because the time of neurogenesis represents a
period of heightened neurodevelopmental susceptibility to prenatal insult, determining when
neurons in the MD and ANT are born may provide insight into the etiology of
neurodevelopmental pathologies such as schizophrenia. Moreover, discovery of a previously
undetected temporal mediolateral patterning of neurogenesis in the thalamus advances our
understanding of the sequentially staggered generation of thalamic nuclei.
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Title: Effects of astakine and serotonin on adult neurogenesis
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Abstract: Neurogenesis, the generation and integration of neurons into brain circuits, occurs
throughout the lives of numerous organisms, ranging from mammals to crustaceans. Unlike
mammals, the first-generation precursor cells in crayfish, which are housed in a neurogenic
niche, are not self-renewing but rather are replenished by the immune system. Previous studies
have shown that hemocytes (blood cells) are attracted to the niche and can differentiate into
neurons. To better understand the link between the immune and the nervous systems, the
influences of the neurotransmitter serotonin and the cytokine astakine on neurogenesis were
tested. 1) Increased levels of 5-HT result in an attraction of hemocytes to the neurogenic niche,
and also stimulates the expression of astakine in hemocytes. 2) Astakine then encourages the
release of semi-granular cells, a particular type of hemocyte thought to be responsible for
renewing the niche precursor cells. 3) Adoptive transfer experiments have shown that labeled
hemocytes transferred from donor to recipient crayfish are found in recipient neurogenic niches
and generate offspring that express appropriate neurotransmitters. 4) Further, exposure of
recipient crayfish to increased serotonin levels increases the incorporation of donor hemocytes
into recipient niches. With this knowledge, we designed an experiment to test whether serotonin
and astakine serve as links between the immune and nervous systems. In adoptive transfer
experiments, hemocyte donors are treated with astakine to provide maximal numbers of labeled
hemocytes for transfer to recipient crayfish, and recipients are treated with serotonin. We
hypothesize that these treatments will result in higher hemocyte counts in donor crayfish and
more cells in the neurogenic niche compared to controls.
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Title: Developmental exercise effects on adulthood brain and behavior

Authors: *K. H. GEHM, E. C. PEREZ, L. LEASURE;
Univ. of Houston, Houston, TX

Abstract: Sedentary behavior is an increasing concern in Western nations, particularly for
children and adolescents. Aerobic exercise has many positive effects on brain plasticity, and
research on early life positive stimulation (environmental enrichment) demonstrates lifelong
brain benefits. But whether early life exercise benefits carry over into adulthood remains largely
unexplored. Exercise conditions the stress circuitry without harmful psychological stress. The
hippocampus, part of the stress circuitry, is a site of neurogenesis, a form of structural plasticity
that is increased with exercise. In the hippocampal dentate gyrus (DG), there is a pool of
quiescent (BLBP+) stem cells capable of dividing in response to a stimulus such as stress or
exercise. This project assessed long-term effects of adolescent exercise: 1) whether it buffers the
behavioral and cellular effects of chronic stress in adulthood, 2) whether a history of exercise
increases neurogenesis after reintroduction of exercise in adulthood. Beginning at 5 weeks of
age, male and female Long Evans rats voluntarily ran for 2hr daily, 5d/week for 6 weeks.
Females were matched to male running distance. All rats then rested for 6 weeks, and then half
underwent 10 consecutive days of chronic restraint stress (2hr/day). Rats were then tested in the
open field and elevated plus maze, and then sacrificed 24hr post-stress for quantification of
proliferating quiescent stem cells (Ki67+/BLBP+). Another group of rats exercised for 3 weeks
(5d/week) after the rest period and were sacrificed immediately after the last exercise session for
quantification of newly generated neurons (DCX+ cells). Chronic restraint stress increased
anxiety-like and depressive-like behavior in males only. Males with a history of exercise escaped
more quickly (although not significantly) from the restraint tube. Interestingly, in both sexes,
brain size was increased by a history of exercise. Cellular quantification of BLBP+/Ki67+ cells
in the DG demonstrated that stressed males had fewer proliferating stem cells compared to non-
stressed males, regardless of exercise history. Again, females did not show any change.
Quantification of DCX+ cells after the reintroduction of exercise in adulthood is ongoing. We
conclude that adolescent exercise may impact stress-related behaviors, but not cellular changes
in adulthood in response to chronic stress. Increased escape behavior suggests that coping
strategies may be altered by exercise history in males. Additionally, given brain size increase,
research on other structural elements of the brain that may be enhanced by a history of exercise
is needed.
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Title: D-cysteine is an endogenous regulator of neural progenitor cell homeostasis in the
mammalian brain

Authors: *E. R. SEMENZA, M. M. HARRAZ, M. M. GADALLA, S. H. SNYDER, R.
ROYCHAUDHURI,
The Solomon H. Snyder Dept. of Neurosci., Johns Hopkins Univ. Sch. of Med., Baltimore, MD

Abstract: The D-stereoisomers of amino acids are increasingly recognized as important
signaling molecules in the mammalian central nervous system. However, the D-stereoisomer of
the amino acid with the fastest in vitro spontaneous racemization rate, cysteine, has not been
examined. Using high-performance liquid chromatography and a stereoisomer-specific luciferase
assay, we establish the presence of endogenous D-cysteine in the mammalian brain. We identify
serine racemase, which generates the NMDA receptor co-agonist D-serine, as a candidate
biosynthetic enzyme for D-cysteine. Levels of D-cysteine are enriched over twentyfold in the
embryonic mouse brain compared to the adult. Treatment with 1 mM D-cysteine reduces the
proliferation of cultured mouse embryonic neural progenitor cells (NPCs) by approximately 50%
as assessed by Ki-67 expression and 5-ethynyl-2’-deoxyuridine incorporation. This effect is not
shared with D-serine or L-cysteine. The antiproliferative effect of D-cysteine is associated with a
dose-dependent inhibition of Akt and corresponding activation of the transcription factor
FoxO3a, which is negatively regulated by Akt. Accordingly, D-cysteine treatment enhances the
expression of FoxO3a target genes including the cyclin-dependent kinase inhibitors p21¢®! and
p27%P! which mediate cell cycle exit, and the pluripotency factor Sox2, which is essential for
the maintenance of NPC identity. Collectively, these phenotypes resemble the quiescent state
adopted during the late embryonic stage by the subset of NPCs that persist throughout life as
adult neural stem cells and suggest that D-cysteine may function to prevent premature exhaustion
of the NPC pool. Finally, we perform an unbiased screen for D-cysteine-binding proteins in
NPCs by immunoprecipitation with a D-cysteine-specific antibody followed by mass
spectrometry. This approach identifies myristoylated alanine-rich C-kinase substrate (MARCKS)
and its relative MARCKSL1 as putative D-cysteine-binding proteins. Together, these results
establish the existence of mammalian D-cysteine and implicate it as an endogenous regulator of
neural progenitor homeostasis in the developing brain.

Disclosures: E.R. Semenza: None. M.M. Harraz: None. M.M. Gadalla: None. S.H. Snyder:
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Title: The transcription factor CLAMP is required for neurogenesis inDrosophila melanogaster.

Authors: *M. A. TSIARLI'Z, A. M. CONARD!, L. XU!, E. NGUYEN!, E. N. LARSCHAN/;
'Dept. of Mol. Biology, Cell. Biol. and Biochem., Brown Univ., Providence, RI; ?Neurobio.,
Harvard Med. Sch., Boston, MA

Abstract: Neural stem cell (NSC) differentiation is controlled by cell-intrinsic and external
signals from the stem cell niche including niche surface glia (SG). However, the mechanisms by
which transcription factors drive NSC differentiation within the niche remain largely unknown.
Here, we show that the transcription factor, Chromatin-linked adaptor for MSL proteins
(CLAMP) is required for NSC differentiation. CLAMP promotes transcription of genes involved
in stemness, proliferation, and glial development and represses transcription of genes involved in
neurogenesis and niche survival. Consistent with transcriptional changes, CLAMP promotes
NSC proliferation and SG production. Furthermore, glial-specific knock-down of clamp causes
similar phenotypes to c/lamp null mutants. CLAMP motifs are present at many target genes
including the glial-determining gene, glial cells missing, and Notch, a key regulator of
neurogenesis. Collectively, our results suggest that CLAMP regulates a transcriptional program
which drives NSC proliferation and differentiation via cell-intrinsic and niche-dependent
mechanisms that involve niche glia.

Disclosures: M.A. Tsiarli: None. A.M. Conard: None. L. Xu: None. E. Nguyen: None. E.N.
Larschan: None.
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Title: Prenatal Maternal T Cell Activation with Staphylococcal Enterotoxins Induces Postnatal
Behavioral and Microglial Alternations in Mouse Offspring
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Abstract: Maternal immune activation (MIA) during pregnancy has been shown to perturb
normal neurobehavioral development. Recently, we found that maternal responses to
Staphylococcal enterotoxins A (SEA) and B (SEB), induce deviations in normal offspring
behavior. These toxins induce pronounced T cell proliferative and cytokine responses. To
determine if genetic background influences the postnatal consequences of T cell activation, we
used two strains of pregnant female mice (C57BL/6 and BALB/c). Pregnant mice (N=4-
6/treatment) from each strain received saline, SEA or SEB (200 pg/Kg) on embryonic day 12.5
(E12.5). By 2hr, enterotoxin treatment induced increased maternal IL-2, IL-4, IL-6 and IFNy
levels, but no changes in IL-17A. Moreover, in additional studies in C57BL/6 pregnant females
challenged with SEA or Saline (N=4/treatment) at E12.5, SEA-selective T cell expansion and
cellular expression of IL-2 and IFNy were increased by 48hr, suggesting that T cell responses to
SEs are active over several days of embryonic development. Further experiments involving
postnatal behavioral assessments of male and female juvenile offspring from SEA/SEB
challenged mothers revealed strain-dependent differences in social behavior, in that BALB mice
showed an increase, while C57BL/6 mice showed a decrease in social investigation. Both strains
showed delayed spatial learning (using the Morris water maze). SEA treatment of pregnant
C57BL/6 mice on E12.5 impaired acquisition of the water-based radial arm maze in male and
female offspring. To determine if these behavioral effects were associated with changes in
postnatal microglial density and morphology, pregnant C57 wildtype mothers mated with
cx3cr1&Pe® males were given SEA or Saline on E10.5, E12.5 or E14.5. Quantitation of microglia
across postnatal days P7-P30 were initiated in the hippocampus and prefrontal cortex. For P30
offspring of E10.5 injected mothers, SEA offspring (N=9), when compared to Saline offspring
(N=9), had more microglia (p<0.05) in the CA1, CA3 and dentate gyrus (DG) of the
hippocampus, and the prelimbic and infralimbic areas of the prefrontal cortex. At P15, SEA
offspring (N=7) were significantly elevated only in the DG, compared to saline offspring (N=6).
Offspring from E12.5 SEA-injected mothers did not show significant changes in microglia
numbers. These data suggest that the gestational timing of SEA challenge can cause a postnatal
deviation in the population dynamics of microglia in a brain region-specific manner. This might
affect synaptic development and other characteristics of neuronal function. Analyses are ongoing
to assess microglial morphological parameters.

Disclosures: M. Nissenbaum: None. R. Glass: None. N. Fox: None. S. Steigman: None. D.
Prado De Maio: None. L. Covey: None. J.E. Pintar: None. H. Zhang: None. A. Kusnecov:
None.
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Authors: *A. HURST, H. HARDER, L. HANUS, C. SEARLES, A. Z. MURPHY;
Neurosci., Georgia State Univ., Atlanta, GA

Abstract: Individuals exposed to opioid drugs in utero tend to have deficits in long-term
learning and memory. Cognitive disorders have been previously shown to have cellular
manifestations in the dentate gyrus of the hippocampus. Gestational morphine exposure may
cause alterations in dentate gyrus development resulting in long term cognitive disorders. With
the recent increase in infants born with an opioid use disorder, information on how gestational
opioid exposure affects brain development is essential. To model the effects of gestational
morphine on hippocampal development, we used an early life morphine exposure paradigm.
Experimental male and female rat pups on the first day of life (PO) were given 2 subcutaneous
injections of morphine (2 mg/kg) spaced 6 hours apart. Since the rat dentate gyrus forms
postnatally, morphine injections on PO should expose the pups to morphine at the onset of
dentate gyrus formation. Male and female rats were sacrificed at P7, P14, or adulthood (P 60-
100) and the dentate gyrus was assessed immunohistochemically for neuroblast proliferation and
microglial colonization using antibodies targeting PCNA, doublecortin, and Ibal. Differences
were detected in the number of proliferating cells and microglia numbers in morphine exposed
rats, suggesting a cellular developmental delay. To determine the impact of early life morphine
on microglia activation, adult rats received an injection of lipopolysaccharide (LPS) (250 ug/kg;
1.p.). Brains were collected 6 hours post-LPS and histologically analyzed for number and
morphology of proliferating cells, microglia, and presence of young neurons in the dentate gyrus.
Animals exposed to morphine neonatally show differentially reactive microglia, alterations in the
number of proliferating cells, and differences in young neuron maturation when compared with
controls. Information from this study can be used to infer the consequences of in utero morphine
exposure in humans.

Disclosures: A. Hurst: None. H. Harder: None. L. Hanus: None. C. Searles: None. A.Z.
Murphy: None.
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Abstract: Excessive consumption of high fat and high sugar (HFHS) foods can cause weight
gain and obesity, reduce adult hippocampal neurogenesis, and impair learning and memory. We
examined whether two interventions known to boost hippocampal neurogenesis, aerobic
exercise, or the diabetes drug metformin, can reverse HFHS diet-induced cognitive impairment
in male and female mice. To study the impact of exercise, mice were fed either an HFHS diet
(n=32) or a control diet (n=32) for 28 days and randomly assigned to either running wheel access
(n=16/diet group) for 3 hours, 5 days a week, or no access (n=16/diet group). To study the
effects of metformin, mice were fed either an HFHS diet (n=40) or a control diet (n=40) and
administered metformin (200mg/kg, i.p.; n=20/diet group) or saline (n=20/diet group) for 28
days. Memory was then tested on a spontaneous location recognition (SLR) task, shown to be
sensitive both to the consumption of a high sugar diet and changes in hippocampal neurogenesis.
During a sample phase, mice explored an arena containing identical landmarks in 3 locations
arranged in a triangular formation. After 3 hours, memory was tested by assessing the extent that
mice can discriminate and remember the locations presented during sample. Cognitive load was
varied across 3 conditions under which the similarity of the to-be-remembered locations was
manipulated parametrically: dissimilar (ds-SLR), similar (s-SLR), or extra similar (xs-SLR).
Following SLR, brain sections were immunohistologically examined using doublecortin as a
marker of neuroproliferation (DCX+ cells). A two-way ANOVA was used to analyze each
measure of interest by sex. HFHS diet led to impairments in memory under s-SLR & xs-SLR
conditions. In contrast, control-fed mice spent more time exploring the novel location during ds-
SLR and s-SLR conditions. Mice that exercised exhibited enhanced memory and novelty
exploration during xs-SLR. Both exercise and metformin reversed cognitive decline in HFHS-
fed mice tested on ds-SLR and s-SLR. Interestingly, both exercise and metformin enhanced
performance in xs-SLR in female mice fed an HFHS diet. However, the relationship between
exercise- and metformin-induced increases in neurogenesis, and cognitive improvement, was not
straightforward. Physiologically, exercise and metformin reduced HFHS diet-induced weight
gain and adiposity. Our results indicate that exercise and metformin can reverse diet-induced
cognitive impairment in a hippocampal-dependent task, but the neural mechanism by which
metformin improved memory may not be associated directly with increased neuroproliferation.

Disclosures: O. Ghosh-Swaby: None. A.C. Reichelt: None. T.J. Bussey: None. L.M.
Saksida: None.
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Authors: *A. BHADURI, C. SANDOVAL ESPINOSA, M. OTERO, U. EZE, A.
KRIEGSTEIN;
Univ. of California San Francisco, San Francisco, CA

Abstract: The human cortex is organized into distinct functional areas with unique physical
structure, connectivity, and function relevant to human cognition and perception. How these
cortical areas emerge, and when they are specified, have long been of interest as the timing and
mechanism of arealization has important implications in the etiology of neurodevelopmental
disease, modeling of cortical structures, and comparison of developmental cell types across
species. To characterize the emergence of human cortical arealization, we performed single-cell
sequencing on 14 individuals across 6 emerging cortical regions. These data validated previous
observations that early specification exists in establishing frontal and occipital identities, and
additionally highlight the role for presence or absence of occipital gene signatures in regulating
radial glia and early neuronal spatial identities. We also observed a large number of differentially
expressed genes within radial glia, noting that the area-specific gene signatures for each cortical
region are substantially remodeled across differentiation and maturation events. Comparisons of
this dataset to adult datasets across cortical regions highlighted some similarities, though
substantial changes appear to exist between area-specific gene signatures during developmental
periods and adult time points. To validate the patterns we observed in our profiling data, we used
an adaptation of sequential fluorescent in situ hybridization (FISH) methods in conjunction with
automated probing and high content imaging to produce a snapshot spatial atlas across cortical
regions. This approach validated the strong frontal to occipital exclusion patterns in our data and
identified new clusters based upon the FISH signal. This dataset provides a valuable resource for
understanding the identity and development of distinct human cortical regions.

Disclosures: A. Bhaduri: None. A. Kriegstein: None. C. Sandoval Espinosa: None. U. Eze:
None. M. Otero: None.
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Abstract: Cascades of transcription factors (TF) in neural stem cells are responsible for
generating the enormous diversity of cells types in nervous systems, from flies to humans.



However, the gene-regulatory mechanisms that establish and maintain these cell fates in
postmitotic neurons and instruct their specific morphology, connectivity and physiology remain
unclear. The Drosophila optic lobes provide an excellent model system to address these
questions with around 200 morphologically distinct neuronal types whose connectome has been
almost completely characterized. In order to understand the cell-type specific transcriptional
programs employed at different stages of neuronal differentiation, we have generated a very
large single-cell RNA sequencing atlas spanning all stages of optic lobe development (Ozel,
Simon et al. 2020, Nature). We found that unique combinations of 113 TFs, which are strongly
enriched in homeobox proteins, are sufficient to define each of the 175 optic lobe neuronal types
in our dataset (median: 8 TFs per cell type) throughout development as well as in adults. We
hypothesized that these TFs represent terminal selectors that are activated in each neuron
immediately after their birth and function as top-level regulators of their cell-type specific gene
expression throughout their life. Accordingly, we show that modification of these TF ‘codes’
with knock-down and ectopic expression experiments in postmitotic neurons is sufficient to
induce complete in vivo transdifferentiation between neuronal types. We identified a bistable
loop formed by the mutually repressing TFs Mef2 and Aop in closely related transmedullary
neurons. This ensures that transformations between them are all or none, with no intermediate
phenotypes. We also performed computational network inference analysis using the Inferelator
pipeline to understand the downstream effectors of these terminal selectors. This revealed that
terminal selectors interact with other TFs that are transiently activated in response to extrinsic
signals at specific time points to activate the cell-type specific cell-surface molecules and other
effectors that instruct distinct morphological features and the synaptic partners of each neuron.
Our results provide a unified framework of how specific fates are maintained in postmitotic
neurons, and reveal the regulatory mechanisms that ensure the robustness of these cell fate
choices. They open up new avenues to understand synaptic specificity through gene regulatory
networks.

Disclosures: M. Ozel: None. C. Skok Gibbs: None. R. Bonneau: None. C. Desplan: None. 1.
Holguera: None.
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HATTEN';
'The Rockefeller Univ., New York, NY; Univ. of Pennsylvania, Philadelphia, PA

Abstract: Developing neurons undergo a complex series of dynamic, morphological changes to
become highly specialized, polarized cells that relay information within brain circuitry. These
transitions are accompanied by changes in chromatin conformation and gene expression.
However, the epigenetic mechanisms that control neuronal differentiation and maturation are
largely unknown. Using mouse cerebellar granule cells (GCs) as a model, we studied changes in
epigenetic modifications during key stages of neurodevelopment: neuronal progenitor
proliferation (postnatal day 7, P7), postmitotic neuron migration (P12) and synaptogenesis (P21).
Importantly, observed epigenetic changes were correlated with changes in gene expression to
assess their potential impact on the transcriptome. For each stage of development, we
investigated specific histone modifications and bivalency using a combination of chromatin
immunoprecipitation with sequencing (ChIPseq) assays for H3K4me3, H3K9me3, H3K27me3,
H3K36me3 and H3K27ac, and imaging of a fluorescent H3K4me3 and H3K27me3 bivalency
probe in GCs in ex vivo cerebellar slices. Chromatin accessibility was further assessed using an
Assay for Transposase-Accessible Chromatin using sequencing (ATACseq). Accompanying
changes in gene expression were evaluated using RNA sequencing. We found that specific
changes in the distribution of histone modifications and their combinations are associated with
gene expression changes that accompany cell cycle exit and neuronal maturation. In addition, we
identified developmentally regulated histone bivalency at genes involved in GC proliferation and
synaptogenesis. Visualization of bivalent chromatin domains using the fluorescent bivalency
probe in GCs in ex vivo cerebellar slices revealed developmental stage specific differences
between progenitors and differentiated GCs. Furthermore, by studying the distribution of histone
modifications associated with cell identity, as well as enrichment of transcription factor motifs at
developmentally regulated enhancers, we identified novel transcription factors predicted to be
required at different stages of GC development. In conclusion, we present a comprehensive
characterization of the epigenomic landscape and identification of novel mechanisms that
regulate neuronal development in a specific, developing CNS neuron type in vivo.

Disclosures: K. Mitlik: None. E. Govek: None. M.R. Paul: None. E. Korb: None. C.D.
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Title: —Single-cell transcriptomic atlas of the developing human hypothalamus reveals gene
regulatory networks driving neuronal diversity

Authors: *B. R. HERB!, H. GLOVER?, A. BHADURI?, A. CASELLA!, T. L. BALE', A. R.
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Abstract: The hypothalamus is critically important for regulating many autonomic, metabolic,
and behavioral traits, yet a comprehensive understanding of neuronal subtypes and their
development in the human brain is lacking. Here, we characterized the prenatal human
hypothalamus by sequencing the transcriptomes of 56,278 single-cells from 12 individuals,
spanning gestational weeks 4 through 25. Clustering these cells revealed a temporal trajectory
from proliferative stem cell populations in first trimester samples to maturing excitatory and
inhibitory neurons and glia in the second trimester. Sub-clustering of 11,349 post-mitotic
neurons revealed 42 neuronal subtypes. Gene regulatory network modeling predicted
transcription factors (TFs) that may be responsible for neuronal development and lineage
differentiation within distinct hypothalamic nuclei. A merged analysis with paired samples from
the cortex and ganglionic eminences (GE) revealed two distinct neurogenesis pathways
emanating from a common progenitor pool, one unique to cortex and another shared between GE
and hypothalamus. This study greatly expands the number of genes that potentially play a role in
hypothalamus development, which will allow researchers to consider additional gene candidates
in neurodevelopmental or neuroendocrine disorders. Indeed, we found significant association
between GWAS candidate genes for circadian regulation (morningness) and schizophrenia, both
previously linked to hypothalamus function, to specific neuronal subtypes expressing these target
genes during development. Together, these results provide the first comprehensive
transcriptomic view of human hypothalamus development at cellular resolution.

Disclosures: B.R. Herb: None. H. Glover: None. A. Bhaduri: None. A. Casella: None. T.L.
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Title: Novel genetic features of human and mouse Purkinje cell differentiation defined by
comparative transcriptomics.
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P. L. FAUST?, L. STALBOW!, Y. FANG!, M. E. HATTEN!;
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Abstract: Comparative transcriptomics between differentiating human pluripotent stem cells
(hPSC) and developing mouse neurons offers a powerful approach to compare genetic and
epigenetic pathways in human and mouse neurons. To analyze human Purkinje cell (PC)
differentiation, we optimized a protocol to generate hPSC-PCs that formed synapses when
cultured with mouse cerebellar glia and granule cells and fired large calcium currents, measured
with the genetically encoded calcium indicator JRGECO1a. To directly compare global gene
expression of hPSC-PCs with developing mouse PCs, we used translating ribosomal affinity
purification (TRAP). As a first step, we used Tg(Pcp2-L10a-Egfp) TRAP mice to profile actively
transcribed genes in developing postnatal mouse PCs, and used metagene projection to identify
the most salient patterns of PC gene expression over time. We then created a transgenic Pcp2-
L10a-Egfp TRAP hESC line to profile gene expression in differentiating hPSC-PCs, finding that
the key gene expression pathways of differentiated hPSC-PCs most closely matched those of late
juvenile, mouse PCs (P21). Comparative bioinformatics identified classical PC gene signatures
as well as novel mitochondrial and autophagy gene pathways during the differentiation of both
mouse and human PCs. In addition, we identified genes expressed in hPSC-PCs but not mouse
PCs and confirmed protein expression of a novel human PC gene, CD40LG, expressed in both
hPSC-PCs and native human cerebellar tissue. This study therefore provides the first direct
comparison of hPSC-PC and mouse PC gene expression and a robust method for generating
differentiated hPSC-PCs with human-specific gene expression for modeling developmental and
degenerative cerebellar disorders.
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Abstract: Long-noncoding RNAs (IncRNAs) are defined as an RNA transcripts of length 200nt
or longer with no protein coding potential. While functions for individual IncRNA transcripts
remain largely unresolved, recent evidence has revealed critical roles for specific IncRNAs in
both development and disease. The largest diversity of IncRNA expression in any somatic tissue
is found within the mammalian central nervous system. As such, IncRNA biology has become a
focus of neurodevelopment and neurodegenerative studies. Here, we characterize the mouse
IncRNA Pantr2 and describe its function in the regulation of radial glia differentiation and
neurogenic potential through interactions with the RNA binding protein Elavl1/HuR. Previous
work has demonstrated that ablation of Pantr2 results in microcephaly and cortical mislamination
in our knockout mouse model. This phenotype arises, in part, from a significant reduction in
intermediate progenitor cells in the absence of Pantr2. Here we conduct an ATAC-seq study and
identify regions of significant chromatin accessibility changes in Pantr2 knockout cortical
neurospheres. We specifically identify an upstream regulatory element of the gene Rgcc with
significant differential accessibility which contains a binding motif for the transcription factor
Nfix. Single cell RNA sequencing analysis indicates that Pantr2 knockout-derived cortical
neurospheres express both Nfix and Rgcc at significantly increased levels compared to wildtype
controls, implicating these genes as downstream effectors of Pantr2 activity. We further test this
association by demonstrating the ability for the Pantr2 transcription to function ectopically in
Neuro2a (N2a) cells. N2a cells over-expressing Pantr2 exhibit significantly lower levels of both
Nfix and Rgce upon stimulation to differentiate. Moreover, a reduction in the percentage of
differentiating Pantr2 overxpression N2a cells were observed in G2/ M phase of the cell cycle
indicating a potential cell cycle block at M phase. Ex vivo analysis indicates ectopic expression
of Nfix is sufficient to induce Rgcc expression in N2a cells and that expression of these two
genes slows the progression of M phase. A block in M phase is consistent with the observed
differentiation defect in the cortex of developing Pantr2 deficient mice. To confirm these results
in vivo, in utero electroporation was used to demonstrate that ectopic expression of Nfix and/or
Rgcc phenocopy the Pantr2 KO mice. Our results indicate that both Nfix and Rgcc are sensitive
to Pantr2 RNA expression levels and that changes in the expression of these two genes
recapitulates the Pantr2 KO phenotype.
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Abstract: Devastating brain disorders affect more than one billion people worldwide. In spite of
recent large-scale initiatives in neuroscience there are very few effective cures for neurological
and neuropsychiatric disorders. A variety of studies have already highlighted differences
between human brain development and that of other mammals.

Using high-resolution volume rendering of 3D confocal data sets from a Zeiss LSM 710
microscope we have examined the initial stages of neurogenesis in the forming neural tube and
emerging trigeminal, otic, pituitary placodes and olfactory placodes. Human embryos from
Carnegie stages (CS) 10-12 (29-31 days post-conception) were obtained from the Human
Developmental Biology Resource UK. The rostral end of the neural tube, which becomes the
future telencephalon, closes at CS 11. We found bipolar TU-20-positive neurons scattering
through the several regions of the early cephalic epithelium adjacent to the forming neural tube.
Such cells, not seen in other mammalian species, delaminate from the epithelium to coalesce
within the forming mesenchyme. Our discovery of the the first neurons migrating into the optic
cup from diencephalon at CS11 and the first neurons of the human presumptive cortex at CS12,
raises important questions on the origin and role of these unique neuronal populations in human
brain development. That can be clarified only by research on tissue currently unavailable to the
scientific community because of the difficulties of getting tissue obtained by termination of
pregnancy during the formation of the neural tube at CS 8-11, and the limitations of the “14-day
rule” on human embryo research in vitro. For a number of reasons, including being able to
trace the origin of the first neurons in the human brain, a new policy is needed for the use of
human embryos created through in vitro fertilisation. Such a policy should seek to maximize best
use of donated embryos, which currently get discarded even before the formation of the neural
plate, leading to unnecessary waste of precious tissue. The 14-day limit on embryo research
should be re-examined considering the latest knowledge of the scientific and medical opportunity
costs entailed by such a restriction.

As an alternative to the 14-day rule, we propose extending the limit to CS11. Such an extension
based on wide public consultation, is essential if we are to understand how the structure that
makes us human begins to form.
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Abstract: Neurons have a high metabolic demand with the brain accounting for 20% of total
body energy consumption. Most neuronal cell culture media contain energetic substrates in
excess to ensure this demand is met. We investigated whether media with physiologic (e.g.
BrainPhys™) or supraphysiologic (e.g. Neurobasal™) glucose levels supported the metabolic
requirements and sustained activity of primary neurons in high-density cultures. E18 rat cortices
were dissociated into single-cell suspensions and plated in NeuroCult™ Neuronal Plating
Medium supplemented with NeuroCult™ SM1 Neuronal Supplement (SM1) in 96-well
microelectrode array (MEA) plates. After 5 days of incubation, cultures were transitioned to
BrainPhys™ (BP) with SM1 by performing half-medium changes every 2 - 3 days for up to 8
weeks. Increasing levels of glucose were added to BP, ranging from 2.5 to 25 mM final
concentration. Cells were also cultured in high-glucose media (Neurobasal™ [NB] and
Neurobasal™ Plus [NBPlus]) following the supplier’s protocols. Before each half-medium
change, media were collected for glucose measurements using a YSI Biochemistry Analyzer.
Spontaneous neuronal activity was recorded three times weekly using the Axion Biosystems
MEA system. Neuronal activity was first detected in BP-cultured neurons around day 9, with
mean firing rate (MFR) recorded at 3.1 + 0.3 Hz (mean + SEM, n = 3). The activity of neurons in
NB remained low throughout culture, with < 1.3 Hz of MFR recorded over time. For NBPlus-
cultured neurons, activity was not detected until day 14 at 1.6 = 0.3 Hz and increased to 8.6 = 2.3
Hz on day 18, but dropped significantly to 2.1 = 0.9 Hz on day 24 (mean = SEM). MFR was
maintained below 2.7 Hz thereafter and decreased to 0.8 + 0.3 Hz on day 54 (mean + SEM). The
same “peak and drop” activity pattern was also observed in BP when MFR dropped to 0.05 +
0.02 Hz (mean + SEM) around day 14. Glucose measurements of media on day 14 showed that
glucose was depleted in BP but not in NB and NBPlus. With 12.5 mM glucose added to BP,
MFR was measured at 3.8 = 1.5 Hz on day 14, 3.1 + 0.4 Hz on day 28 (mean = SEM), and
maintained at this level until the end of culture, with 3.3 + 0.9 Hz recorded on day 54 (mean +
SEM). Notably, both NB and NBPIus had higher levels of glucose throughout culture but both
displayed lower activity than BP after week 4. Glucose supplementation in BP at a higher (but
not hyperglycemic) level was the only condition that could support neuronal activity in long-
term culture. These data demonstrate that BrainPhys™ is not only optimized for energetic
substrates but its performance can be further enhanced by supplementation with glucose to meet
higher metabolic demands of electrically active neurons in vitro.
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Title: Hypoxia-inducible factor 1 alpha promotes peripheral nerve myelination
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Abstract: Schwann cells (SCs) generate myelin sheath in the peripheral nervous system (PNS),
and their differentiation plays an important role in PNS myelination. Mature SCs are formed via
a stepwise differentiation during development from neural crest cell-derived SC precursors to
immature SCs and pro-myelinating SCs, followed by myelinating/non-myelinating SCs.
Characteristic expression of genes, including several transcriptional factors, have been described
in each developmental stage. However, underlying mechanisms of SC differentiation remain
unclear. Recent studies have shown that hypoxia-inducible factor-1 alpha (HIF-1a) plays a role
in myelination in the central nervous system. Here, we investigated the role of HIF-1a in PNS
myelination. We found that HIF-1a can be stabilized in nuclei of SCs cultured under hypoxia
(1% O2). Culturing in hypoxia or overexpression of HIF-1a bearing mutation to be resistant to
proteasomal degradation resulted in upregulation of myelin related gene expressions in SCs. By
immunohistochemistry, HIF-1a was localized in S100B-positive SCs in murine sciatic nerve
during development. HIF-1a expression in protein level was higher during development than in
adulthood in mice, while HIF-1oo mRNA expression was almost constant. Moreover, HIF-1a
stabilizing drug that inhibits prolyl hydroxylation was able to upregulate myelin protein
expression and promoted myelination in culture. Transient hypoxic incubation also facilitated in
vitro myelination. These finding suggest that HIF-1a induces SCs differentiation and promotes
PNS myelination during development.
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Abstract: Interlaminar astrocytes (ILAs) are a cortical astrocyte subtype that have a soma in
layer I and long interlaminar processes that run perpendicular to the pia into deeper cortical
layers. We previously performed a comparative study of ILAs in 46 species of therian mammals.
We described rudimentary ILAs with short GFAP" processes confined to layer I, and fypical
ILAs with long GFAP" processes exiting layer I and extending into deeper cortical layers. We
found that ILAs are present in all mammals, and what makes them special in primates is their
highest number and highest morphological complexity.ILAs have been described in postnatal
animals, but exactly when they appear during development has not been determined. We studied
ILA developmental origin and differentiation of ILAs in prenatal and postnatal cortex by
analyzing GFAP" and S100b" ILAs in fixed postmortem brains of mouse, rhesus macaque,
chimpanzee and human. We found that ILAs are present in the prenatal brain and increase in
number and morphological complexity throughout development. We compared the expression of
specific markers in ILAs across development in mouse and macaque and found some similarities
in protein expression by mouse rudimentary ILAs and macaque typical ILAs, but noted key
differences that may indicate distinct functions across species. These data provide new
information on ILA astrogenesis and function in the developing cerebral cortex.
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Title: Gene expression of the glutamate transporters GLAST in glial cells of larvae, postalarvae,
and adults of the Pacific sea biscuit Dendraster excentricus
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Abstract: Echinoderms are a phylum within marine invertebrates characterized by having a
pentaradial secondary symmetry. Marine invertebrates are strategic study models for biological
sciences, helping to understand the functioning of the nervous system for the diagnosis and
treatment of neurological disorders. Similarities have been found between invertebrates and
vertebrates in their nervous system, which is made up of two main types of cells: neurons and



glia, whose nerve cells have similarities in biochemistry and functionality. Although the presence
of glial cells in echinoderms has already been demonstrated, it is not yet known at what point in
larval development these cells begin to develop. Considering this, the present work aims to
analyze larval and adult tissue of the Mexican Pacific sea biscuit Dendraster excentricus to know
the expression of GLAST transporters at each stage of larval and postlarval development. These
information let us know in which stage these organisms have functional glial cells. Dendraster
excentricus sea biscuit is a common echinoderm on the shores of the Pacific Ocean. Adult
organisms of D. excentricus were collected from the Punta Banda estuary in Baja California,
Mexico. Larvae cultures were carried out and larvae with four, six or eight-arms, competent and
metamorphosed larvae, were collected. Quantitative PCR was carried by triplicate with each of
the developmental stages, as well as with adults, to measure GLAST gene expression; ribosomal
18S housekeeping gene expression was measured too as internal control. Results showed
statistically significant differences in GLAST expression between sea biscuit development stages
and adults. The higher relative expression of GLAST was observed in adult samples, followed by
the expression in both metamorphosed and six-arms larvae. Low expression of GLAST was
detected in larvae with four- and eight-arms, besides in competent larvae. Based on these results,
it seems that glia cells in the sea biscuit Dendraster excentricus are present from the six-armed
stage. As was reported for other echinoderms, the nervous systems of adult organisms of D.
excentricus present functional glial cells. Knowing the development and functional
characteristics of a simpler nervous system is important to implement techniques that lead to the
identification and development of new treatments for neurodegenerative diseases.
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Abstract: Proneural genes encode basic-helix-loop-helix transcription factors that promote
neural stem cell (NSC) differentiation in the developing nervous system. In the embryonic



neocortex, proneural genes Neurogl and Neurog?2 are redundantly required to specify a
glutamatergic neuronal identity. Paradoxically, our lab previously found that Neurogl tampers
the pace of early-stage neurogenesis when co-expressed with Neurog?2. In the present work, we
observe precocious depletion of NSCs in Neurogl”-;Neurog2”’ but not in NeurogI~ or Neurog2-
/- single mutant control cortices. Therefore, the aim of this study is to test the hypothesis that
Neurogl and Neurog? operate together to maintain the neocortical NSC pool. We utilize a novel
split-Cre system to examine only those NSCs that co-express Neurogl and Neurog2, generating
two new knock-in lines, Neurogl CCreX! and N2NCreX!, in which the C- and N-terminal regions
of Cre are knocked-in to Neurogl and Neurog?2 loci, respectively. When both genes are co-
expressed, functional full-length Cre is re-constituted. By crossing Neurog! CCreX!;N2NCreX!
mice with a Rosa-ZsGreen reporter line, we performed long-term lineage tracing of double-
positive NSCs throughout embryonic corticogenesis and into the postnatal period. Neurogi-
Neurog?2 co-expressing cells give rise to neurons throughout the deep and superficial layers of
the cortical plate, and to cells that populate the entire neocortex and thalamus in postnatal day
150 brains. To assess the functional requirement for Neurogl-Neurog?2 cells in NSC pool
maintenance, Neurogl CCre®';N2NCreX! mice are now being crossed to Rosa-DTA mice in which
cell death is achieved by the expression of Diphtheria toxin fragment A only in double-positive
NSCs. With these studies, we aim to determine whether NeurogI-Neurog?2 co-expressing cells
have a unique role in maintaining the neocortical NSC pool.
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Title: Sox2 reveals a stem cell potential in the human fetal subplate
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Abstract: Human neocortical organization is established by orchestrated spatio-temporal
histogenetic and neurogenetic processes regulated by differential gene expression. During fetal
corticogenesis, critical step happens in the proliferative ventricular (VZ) and subventricular



(SVZ) zone, where neurons are born from stem cells and other progenitors. SOX2 is a
transcription factor responsible for upholding the identity of neural stem cells, therefore
represents a key player during corticogenesis. The aim of our study was to identify stem cells
and cells with proliferative capacity in the human non-proliferative, synaptic subplate during
midgestation, by utilizing double labelling immunofluorescence on postmortem human fetal
material. Interestingly enough, our results show shifts in the SOX2 expression pattern from
proliferative zones at midgestation. Furthermore, during the late mid-fetal period, SOX2 was
sparsely distributed throughout the subplate, whose neurodevelopmental role remains elusive.
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Abstract: Background: Purinergic receptors have been attributed with developmental functions
including gastrulation and neural differentiation. Upon activation, P2 purinergic receptors trigger
intracellular calcium transients controlling cellular processes. Huntington’s disease (HD) is a
genetic neurodegenerative disease caused by the loss of GABAergic neurons (GABANs) from
the basal ganglia and the symptoms onset start around the third decade of life spam. Thus recent
studies propose that the disease actually starts much earlier, and HD is a neurodevelopmental
disease. For clarifying this correlation, we induced GABAN differentiation of neural stem cells
derived from a HD patient and recorded the intracellular calcium oscillations during the process
of differentiation and compared to ATP-promoted response and cell death rates. Methods and
results: First of all, P2Y2 receptor stimulation along differentiation of mouse embryonic stem
cells increases the efficacy of GABANS differentiation (2745 vs 42+2.2, n=3) by boosting the
frequency of spike-like calcium oscillations. Using a technique that couples the imaging of
alterations in cytosolic calcium concentration by Fluo4-AM (calcium imaging) and Ascl-1 or
Neurogenin 2 by luciferase activity (stable transfected cells with Ascl-1 or Ngn2 promoter-
protein fusion to luciferase reporter construct), we observed the effectiveness improvement was
due to prolonged expression of Ascl-1. In view of that, we investigated HD-NPC and control
NPC differentiation patterns. HD-NPCs differentiated from patient iPS cells did not reveal any



spike-like oscillations, while they showed increased cell death / apoptosis rates when compared
to the healthy donor (30£8.3 vs 8.64+4.1, n=3), despite of caspase3/7 activation. Moreover, HD
NPCs challenged with ATP showed higher amplitude of cytosolic calcium transients if compared
to the healthy donor (4.2+0.4 n=51 vs 2.4+0.06 n=35). Blockade of intracellular calcium
mobilization by P2Y?2 receptors using thapsigargin could not prevent cell death. Thus, NPC
differentiation status was changed, by decreasing the pool of undifferentiated NPCs when
calcium oscillations were blocked, indicated by nestin expression detected by flow cytometry
(90.7+1.1vs 48.4+10.4, n=3). Conclusion: Altogether these data suggest that P2Y?2 receptor
activation or inhibition modulates spontaneous calcium oscillations during neural differentiation
and consequently changes the expression pattern of Ascl-1, thus controlling the cell fate decision
to GABAergic neurons. This process is altered in HD patients’ cells, compromising the pool of
NPCs during early nervous system development.
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Abstract: It is known that the quiescent neural stem cells in the adult sub ventricular zone (SVZ)
are maintained through notch signaling. There are also reports in adult rodent cortex that show
activation of Notch-1 receptor only in the activated neural stem cells and not in the quiescent
state. Previous reports from our lab have show that Notch receptor independent Hes-1 (NIHes-1)
expression is responsible of maintaining the embryonic neural stem cells in the developing
embryonic neocortex (Dhanesh et.al., Cerebral Cortex, (8)27, 2017, 3943-3961). Reading the
above two reports together we hypothesized that NIHes-1 could be responsible for maintenance
of the quiescent neural stem cell in adult SVZ.To prove this we generated a plasmid construct
that expressed GFP upon activation of NIHes-1. This plasmid construct was electroporated into
adult mouse SVZ. Further, to show the quiescent nature of the neural stem cells we injected
BrdU into E14 pregnant mouse. The pups that were delivered we allowed to grow for 2-3
months. The quiescent neural stem cells in the SVZ was identified by the fragmentation if BrdU.
The neural stem cells with minimum fragmentation were considered as quiescent since they had
undergone minimum number of cell division. Whereas, cells that have highly fragmented BrdU



was considered as actively proliferating cell. All animal experiments were approved by the
Institutional Animal Ethics Committee (IAEC) of Rajiv Gandhi Center for Biotechnology and
carried out as per CPCSEA guidelines. Our results showed the existence of both notch dependent
(NDHes-1) and NIHes-1 expression in adult SVZ. Out of this a majority of quiescent neural stem
cells with unfragmented BrdU in the SVZ also showed GFP expression (NIHes-1 expression).
Further interpretation of the data showed the embryonic origin of the quiescent neural stem cells
in adult SVZ. These observations showed that the quiescent neural stem cells in the adult SVZ is
of embryonic origin and is maintained through NIHes-1 expression.
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Abstract: Quiescence is a cellular state characterised by reversible cell-cycle arrest and
diminished biosynthetic activity that protects against environmental insults, replicative
exhaustion and proliferation-induced mutations. Entry into and exit from this state
controls development, maintenance and repair of tissues, plus in the adult central nervous
system, generation of new neurons and thus cognition and mood. Cancer stem cells too can
undergo quiescence, which confers them resistance to current therapies. Despite clinical
relevance, quiescence lacks understanding and is defined functionally given lack of
molecular markers. Inhibition of the Target of Rapamycin pathway is a common
denominator of quiescence across species and cell types. This pathway integrates diverse
signals towards control of metabolism and cytoskeleton, and lowered pathway activity in
quiescence ensures decrease of the most resource-intensive cellular process of protein
synthesis. Here, we combine Drosophila genetics and a mammalian model to show that
altered nucleocytoplasmic partitioning and nuclear bias of a fraction of polyadenylated
RNAs are novel evolutionarily conserved mechanisms of quiescence regulation. Moreover,
we observe widespread decreased in intron retention in the transcripts that accumulate in
the nucleus upon quiescence induction. Altogether, we propose that alterations to mRNA
export and differential subcellular partitioning of transcripts are novel and
underappreciated mechanisms to inhibit protein translation in quiescent cells, whilst likely
priming them for quick reactivation in response to appropriate cues.
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Abstract: Neural stem cell-based therapies show great promise for treatment of ischemic stroke
and neurodegenerative diseases. While spontaneous neurogenesis occurs post-injury, this process
is transient and inadequate for repair of significant damage. Identifying targets for therapeutic
intervention that could increase and prolong endogenous neural stem cell (NSC) response could
significantly diminish or reverse accumulated damage. Here we identify the N-terminal
methyltransferase NRMT1 as a novel regulator of NSC proliferation and differentiation. N-
terminal methylation by NRMT 1 regulates protein/DNA interactions and plays a role in many
cellular processes, including DNA damage repair, mitosis, proliferation, transcriptional
regulation, and protein stability. Our previous generation of a constitutive NRMT1 knockout
(NRMT17") mouse demonstrated that its loss results in sensitivity to DNA damaging agents,
severe developmental abnormalities, and premature aging phenotypes. As accumulation of DNA
damage and appearance of premature aging phenotypes often precede or accompany
neurodegeneration, we began to more specifically examine how NRMT1 loss affects neural
pathology and cognitive behaviors. We find that NRMT 17~ mice have postnatal enlargement of
the lateral ventricles, significant reduction of striatal and corpus callosum volume, age-dependent
hippocampal neurodegeneration, and short- and long-term memory impairments. Interestingly,
these morphological and behavioral abnormalities are preceded by a significant increase in Sox2
positive (Sox2+) NSCs and Doublecortin positive (Dcx+) neuroblasts, indicating that early
misregulation of the NSC pool may be altering postnatal neurogenesis and impeding replacement
of aged or damaged neurons in NRMT1”" mice. This is the first work showing a role for NRMT1
in neural development, neurodegeneration, and NSC regulation.
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Abstract: Bone marrow-derived mesenchymal stromal stem cells (BM-MSC) exert regenerative
potential due to their paracrine activity and the modulation of the microenvironment of injured
tissues. Activity occurs due to the capacity of these stem cells to release soluble factors with
trophic activity. Studies have revealed the potential of the BM-MSC to promote regeneration of
Peripheral Nervous System (PNS), but gaps are present regarding the behaviour of MSCs in the
injured tissue microenvironment. In this study, we investigated the role of BM-MSC trophic
activity through indirect co-culture with different neural tissue explants. BM-MSCs were
obtained from bone marrow of male Wistar rats and characterized by their morphology
immunolabeling (CD90). The indirect co-culture of BM-MSC was performed under different
conditions based on the following explants: skin, sciatic nerve, cerebral cortex and spinal cord,
during 48 hours. BM-MSCs co-culture conditioned medium was analyzed by Enzyme-Linked
Immunosorbent Assay (ELISA). The viability and proliferation of BM-MSCs were evaluated by
LIVE/DEAD assay and by selective markers. BM-MSCs in indirect co-culture showed no
difference in cell viability, but the morphology of cells in co-culture with cerebral cortex and
spinal cord fragments were altered. BM-MSCs culture density increased when exposed to
fragments of both spinal cord or sciatic nerve when compared to fragments of cerebral cortex.
Cell proliferation of BM-MSCs, evaluated by immunocytochemistry, showed no significant
difference between conditions. Conditioned medium was evaluated for the presence of VEGF
(Vascular Endothelial Growth Factor) and showed a small increase of VEGF levels when BM-
MSCs were co-cultured with Central Nervous System (CNS) tissues. Moreover, we observed
alterations in cytoarchitecture of BM-MSCs co-cultured with cerebral cortex fragments, by actin
filaments stain. In conclusion, BM-MSCs exposed to CNS tissue fragments altered their
morphology as well as VEGF expression, indicating that the interaction with these tissues may
be modulating the behaviour of MSCs.

Disclosures: I. Santos: None. M.B. Da Silva: None. R. de Melo Reis: None. V. Ribeiro-
Resende: None.

Digital Abstract Session

P008. Postnatal Neurogenesis: Molecular Mechanisms
Program #/Poster #: P008.01

Topic: A.02. Postnatal Neurogenesis

Support: NIH grant R35NS116843

Title: Single-cell RNA-sequencing reveals discrete steps in the transformation of developmental
precursors to adult neural stem cells

Authors: *A. M. BOND, D. JIMENEZ-CYRUS, G.-L. MING, H. SONG;
Univ. of Pennsylvania, Philadelphia, PA

Abstract: The dentate gyrus region of the hippocampus is one of only two regions in the adult
mammalian brain where substantial levels of neurogenesis occur throughout adulthood.



Quiescent adult neural stem cells in the subgranular zone of the dentate gyrus occasionally
become reactivated in adulthood to generate new neurons which integrate into the existing
network and contribute an added layer of plasticity to the hippocampus. Previously, our lab
showed that embryonic neural stem cells which contribute to developmental cytogenesis in the
dentate gyrus transition into quiescent adult neural stem cells, suggesting that a common lineage
of neural stem cells contributes to developmental and adult neurogenesis. However, the
molecular mechanisms regulating this developmental transition remain completely unknown.
Here we used single-cell RNA-sequencing of Hopx" dentate gyrus progenitors across multiple
stages of early postnatal development in mice to identify the molecular cascade associated with
the transformation of developmental precursors to quiescent adult neural stem cells. We discover
that early postnatal dentate gyrus neural stem cells exist in multiple heterogeneous states, and we
identify a trajectory of cycling neural stem cells as they transition into a quiescent state. We also
discover that dentate gyrus precursors gradually acquire an adult-like state after they exit cell
cycle. This suggests that the developmental transition consists of two sequential steps: first
precursors exit cell cycle to enter a quiescent state and then precursors acquire an adult-like state
throughout a quiescence maturation period. We further identify transcription factor networks
associated with each stage of the transition and biological processes that change over the course
of the transition. Collectively, our work identifies molecular and cellular mechanisms associated
with the transformation of developmental precursors to quiescent adult neural stem cells, and
serves as a foundation for future studies investigating mechanisms that regulate formation of the
adult neural stem pool.
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Abstract: Medulloblastoma is uniquely sensitive to DNA damage-inducing therapies with
conventional treatment resulting in an 80% 5-year survival rate. By researching the apoptotic
pathways that make treatment effective in some and how those pathways contribute to resistance
in others, we can identify therapies that reduce the need for toxic radiation and chemotherapy. In
cerebellar development, Sonic Hedgehog (SHH) signaling drives proliferation of cerebellar
granule neuron progenitors (CGNPs), but hyperactivation leads to SHH-subgroup



medulloblastoma, making up 30% of medulloblastoma cases. In differentiated cerebellar
neurons, where SHH signaling is low, the polycomb repressive complex 2 (PRC2) silences target
genes by trimethylating H3K27 residues in regulatory regions. SHH signaling upregulates target
genes by displacing the PRC2 and removing H3K27 trimethylation marks via the
JIMID3/KDM6B demethylase complex.Based on its divergent roles in proliferating and
differentiating cells, the PRC2 has varying effects in different tumors. We deleted Eed, a
component of PRC2, in SHH medulloblastoma tumors in mice to see its effects on tumor
development. While Eed deletion reduced proliferation and tumor size at postnatal day 12 (P12),
the mice had poorer survival. This study aimed to elucidate how cell cycle dynamics are altered
in Eed-deleted medulloblastomas by performing fluorescence-activated cell sorting (FACS).We
bred Math1-Cre;SmoM2 mice, which develop tumors by constitutively expressing Smoothened
allele (SmoM2) in a CGNP-specific manner (Math1+ population), with EedloxP/loxP mice. The
resulting Math1-Cre; SmoM2;EedloxP/loxP (Eed cKO) mice developed tumors in which Eed
was deleted. We then dissociated tumor tissue from 6 Eed cKO, 5 Eed het, and 5 control tumor
mice at P12 as well as 3 Eed cKO, 4 Eed het, and 4 control tumor mice at P18. We subsequently
stained for pRB, EdU, and FX cycle violet before performing FACS. We then measured the
percentage of total cells in GO, G1, S, G2, and M; we also measured the percentage of cells that
were in each of G1, S, G2, and M out of the total number of pRB-positive cells. Based on these
quantifications, we found that at P12, there are more cells exiting the cell cycle, but of the ones
that remain, they are cycling faster than in control tumors. By the time the mice reach P18, they
are not significantly different from control tumors. Thus, we hypothesize Eed deletion slows
tumor growth in early development, but the tumor later develops resistance to cause decreased
survival. Our goal is to better understand how SHH signaling regulates target gene expression in
order to identify novel therapeutics for SHH-driven medulloblastoma.
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Abstract: Background and Objective: The dentate gyrus of the hippocampus contains stem and
progenitor cells that generate new neurons throughout the mammalian lifespan via neurogenesis.
Our group and others have demonstrated that certain key members of the autophagy pathway are
required for adult neurogenesis. This work specifically determines if and how Beclinl, a key
member of the autophagy pathway involved in the initiation of the autophagosomes, dynamically
maintains adult hippocampal neurogenesis

Methods: This project uses an inducible transgenic mouse model of Beclinl deletion from adult
nestin-expressing hippocampal neural stem cells and progeny to perform in vivo lineage tracing.
Neurogenesis and cell cycle was measured using a variety of assays, including
immunohistochemistry, flow cytometry, and neurosphere assay. Furthermore, 10x genomics
single-cell RNA sequencing and machine learning were used to identify unique transcriptional
changes associated with the removal of Beclinl-dependent autophagy.

Results: Beclinl-null neurogenic cells had a significant reduction in autophagic flux in vivo as
measured using mCherry-EGFP-LC3 retroviral labeling. Two weeks after removal of Beclinl the
number of proliferating neural stem cells and progenitor cells was reduced, which led to a
significant reduction in adult-generated NeuN-expressing neurons by one month. Single-cell
RNA-sequencing of wildtype and Beclinl-null cells revealed the dynamic role of Beclinl in
driving the activation and proliferation of adult neural stem and progenitor cells by regulating
cell cycle and differentiation.

Conclusions: Beclinl-mediated autophagy is essential for adult hippocampal neurogenesis with
transcriptional profiling of Beclinl-null cells supporting Beclinl as a regulator of proliferation
that is essential for the coordination of the life-long addition of adult-generated dentate gyrus
neurons.
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Abstract: Medulloblastoma is the most common metastatic pediatric brain cancer and can arise
from cerebellar granule cell progenitors. Granule cell progenitors undergo a period of high
proliferation during cerebellar development. We hypothesize that this high level of proliferation



will necessitate robust DNA repair mechanisms to avoid an accumulation of mutations during
this crucial period in development. Over seventy percent of children that have mutations in the
tumor suppressor BRCA2 develop medulloblastomas before the age of five. Thus, we
hypothesize that BRCA2 will be necessary to preserve genome stability in granule cell
progenitors during postnatal cerebellar development and prevent medulloblastoma formation.
The main aims of this study are to investigate how the loss of BRCAZ2 affects cerebellar
development and induces mutations that lead to medulloblastoma. We have been able to observe
tumor formation within two to three months of age in BRCA2-deficient mice have analyzed
these tumors through RNA and whole-genome sequencing, identifying the overexpression of
genes important in DNA repair and the protection of replication. We have developed primary
cell culture of medulloblastoma cells as well as ex vivo slice culture of tumor tissue to validate
the role of these genes in providing a selective advantage for these tumor cells. We have also
adapted methods to study DNA replication fork behavior and chromosomal abnormalities for
granule cell progenitors as well as primary medulloblastoma cells. We will be able to use tools
developed in the field of DNA repair and replication to provide a novel characterization of how
mutagenesis occurs in granule cell progenitors and leads to tumor formation in childhood brain
cancer.
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Abstract: Recent reports indicate that lateral inhibition plays a powerful role in selecting which
dentate gyrus (DG) neurons are recruited during memory formation. This raises the question of
whether developmentally-born and adult-born DG neurons have distinct roles for inhibition,
particularly in vivo when neuronal ensembles are selected during memory encoding. To address
this we combined chemogenetics and immunohistochemistry for BrdU+Fos to silence and
measure activity in developmentally and adult-born neurons as rats learned a spatial water maze
task. Specifically, retrovirus was injected into the DG of male rats at 6 weeks of age to express
the inhibitory DREADD receptor, HM4Di, in neurons born in adulthood. The same rats were
also injected with BrdU to label developmentally or adult-born neurons. At 10 weeks of age rats
were injected with either the HM4Di agonist CNO or vehicle, then trained in the water maze. We
found that silencing a subset of adult-born neurons (aged 4 weeks) increased activity levels in the



developmentally-born neuron population. However, silencing adult-born neurons did not affect
activation in other adult-born neurons within the DG, suggesting limited interaction amongst the
adult-born population. As well, we have examined activation of interneurons (PV+ and SST+)
within each treatment group to determine if silencing neurons at different ages impacts
downstream activity in inhibitory interneurons. Our recent findings implicate PV+ interneurons
in the modulatory subcircuit between neuron populations within the DG.
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Abstract: Adult neurogenesis in the dentate gyrus (DG) of the hippocampus is involved in many
physiological functions such as learning and memory, as well as neurological disorders such as
Alzheimer’s disease and age-related cognitive decline. Most of the neurogenesis quantification
and manipulation studies are done on rodents soon after they reach sexual maturity (around
postnatal day 40), which is routinely used as an approximation of an adult-like stage of
development. Such studies however do not provide much insight into long-term contribution of
newly generated granule cells (GCs) to hippocampal function and disorders later in life, which
underscores the need for more studies regarding neurogenesis in the adult brain across different
ages. Additionally, hippocampal neurogenesis undergoes dynamic changes throughout life and is
affected by numerous intrinsic and extrinsic factors that make studying this process in vivo
challenging. Here, we show the neurosphere culture system that was developed to isolate neural
progenitor cells from the subgranular zone of DG of adult mice (>8 months) and to differentiate
them to mature GCs in vitro. These studies would allow us to systematically examine the
phenotypical and molecular properties of cells in transit. We were able to successfully isolate
and establish multiple stable neurosphere cell lines from adult wild-type mice and compare them
to neurosphere cell cultures derived from the young (<3 months) animals. We found that the
dynamics of neurosphere growth derived from the young and the adult animals were different.
Neurospheres from the adult brain were consistently smaller in diameter than the ones from the
young brain over the course of two weeks in culture. Differentiation of neural progenitors within
neurospheres was studied in monolayer assay, where dissociated neurospheres were grown on an
adherent substrate. Morphological and molecular marker analysis demonstrated that



neurospheres from young and adult brains generate mature hippocampal GCs in the cell culture
environment within 21 days by the markers Prox1 and NeuN. Additionally, neural progenitors
from neurospheres from both age groups are multipotent as immunocytochemical staining
confirmed differentiation to astrocytes and neurons in monolayer assay. Overall, this approach
for isolating and propagating neural progenitor cells from DG of the adult brain offers a novel in
vitro model of adult neurogenesis and can serve as a platform for investigating important
biological questions regarding the development and differentiation of hippocampal GCs
generated throughout adult life.
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Abstract: RESEARCH OBJECTIVE/RATIONALE: Jordan’s Syndrome is a rare,
neurodevelopmental intellectual disability (ID) caused by de novo missense mutations in protein
phosphatase 2 regulatory subunit b’delta (PPP2R5D). PPP2R5D encodes a regulatory subunit of
protein phosphatase 2A (PP2A) and is involved in the proper development of and signaling
between neurons. Advancements in neuronal disease modeling provide a starting point of
investigation to elucidate the molecular underpinnings of PPP2R5D-related ID. The overall goal
of this project is to evaluate four common variants of Jordan’s Syndrome patient-derived
fibroblasts that have been reprogrammed into iPSCs, differentiated into neural progenitor cells
(NPCs), as well as differentiated to neurons to establish developmental alterations at the cellular
and molecular levels. METHODS/RESULTS: The most common PPP2R5D variant—
E198K—and its isogenic control were grown and cultured as induced pluripostent stem cells
(iPSCs). RT-qPCR was performed to evaluate gene expression of PPP2R5D and western
blotting was performed to semi-quantify protein expression. At the cellular level,
immunocytochemistry was used to characterize morphology through differentiation from iPSC to
neural stem and progenitor cells and mature neurons using antibodies targeting proteins



expressed in each cell type. Because PP2A is a negative regulator of AKT, we are also
evaluating how downstream targets of the PI3K/AKT/mTOR signaling cascade is impacted by
PPP2R5D variants. A comparison between multiple causative variants and their isogenic controls
will determine how PPP2R5D influences cellular, molecular, and developmental function.
CONCLUSIONS: The data obtained from this characterization of PPP2R5D variants and their
isogenic controls in addition to identifying how downstream targets of PI3K/AKT/mTOR
signaling cascade is impacted by these variants would be an important step toward development
of biomarkers and could provide us with therapeutic targets for individuals diagnosed with this
rare neurodevelopmental disorder.
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Abstract: Copy number variations (CNVs) are often the cause of multiple neurodevelopmental
diseases, among them there is Smith-Magenis syndrome (SMS; MIM 182290, incidence
1/15,000) which is linked to interstitial deletions in the 17p11.2 chromosome region spanning
around 75 genes. Among them, RAII is considered the causative gene of the disease because its
nucleotide mutations reproduce almost all SMS clinical features. SMS is a disorder characterized
by dysmorphic craniofacial features, brachydactyly, hypotonia, developmental delay and sleep
abnormalities. Most individuals present a moderate range of intellectual disability; however, the
substantial deleterious behaviours leads to altered adaptive function and a lower perceived
cognition. Autistic spectrum disorder has been reported in as many as 90% of SMS subjects.
Little is known about RAI1 molecular function and its role in neural development. This gap of
knowledge is likely due to limited availability of patient-derived cell models that recapitulate



disease and lack of information of the pathogenetic mechanisms underlying RA/1
haploinsufficiency. METHODS: We obtained two fibroblast lines from two SMS patients, one
carrying point mutation in R4/ gene (RAI1-S399P40fx), the other carrying the canonical SMS-
CNV (RALII del). In order to avoid confounding effects due of the loss of several genes occurring
in the CNV, and rather to identify which neurodevelopmental features are specifically altered by
the loss of RAII, Neural Stem Cells where generated upon RAI1-S399P40fx fibroblast
reprogramming into induced Pluripotent Stem Cells (SMS-hiNSCs). RESULTS: Both fibroblast
lines showed a loss of nuclear RAII, altered cell proliferation and enhanced cell death. Gene
expression analysis showed a series of dysregulated genes. We produced SMS-iPSCs and
differentiated them into SMS- hiNSC in order to evaluate how the truncated form of RAI1 might
influence the cell fate, the proliferation and differentiation pattern of these cells in vitro. The
SMS-hiNSCs were transplanted into immunodeficient mice and differentiated in vitro: our
results showed that hiNSC cells carrying RAI1 mutation showed a low ability to differentiate,
compared to the control lines consistent with the SMS phenotype.iste!
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Abstract: Among the hundreds of In recent years, genetic variants associated to autism, studies
have identified tens of autism susceptibility genes. Among them the chromodomain helicase
DNA-binding 8 (CHDS) is is one of the most frequently mutated bona fide causative genes
leading autism-associated gene. While the accompanying macrocephaly CHDS
haploinsufficiency leads to autism accompanied by macrocephaly, implicatesying cortical
development abnormalities in CHDS autism, however, itsthe function of the human CHDS in
human brain development remains unexplored. Here we employecombinedd human cerebral
organoids and single cell sequencingtranscriptomics to studydefine the effect of ASD-linked
CHDS mutations in aon human cortical developmenting brain model. We found thatWe found



that while wild type cerebral organoids recapitulate well the sequence of events of human brain
development, CHDS haploinsufficiency causes a major disruption of-mutant samples show
abnormalneurodevelopmental trajectories. with In particular, we report that CHDS§-mutantions
lead to an accelerated generation of inhibitory neurons and a delayed production of excitatory
neurons alongside the ensuing protraction of the and an accelerated generation of inhibitory
neurons. The delayed generation of excitatory neuron, and consequent sustained proliferation
phase. This imbalance, leads to a significant cerebral organoids enlargement of cerebral
organoids aligned to, resembling the macrocephaly observed in patients with CHD8 mutations.
Furthermore,By adopting an isogenic design of employing patient- specific mutations and a
mosaic cerebral organoids, we model we show a define genotype-phenotype relationships and
uncover their that the abovementioned phenotypes are governed by cell-autonomous nature
defects. Finally, our resultsdata assign different CHDS§-associateddependent molecular defects to
particular cell types, pointing to abnormal ribosomal biogenesis and alternative splicing as
specifically affected in, respectively, suggesting that inthe radial glial and mature cells CHDS
mutations are associated with abnormal ribosomal biogenesis while in neuronal compartments.s
By identifying linking temporally restricted with cell-type specific effects of human CHD8
mutations, our study uncovers transient developmental slopes as reproducibilereproducible
endophenotypes for neurodevelopmental disease modelling.they are linked to alternative splicing
defects. Al together, our study reveals that CHDS8 mutations lead to transient molecular defects in
a cell type-specific manner, thus impacting the normal course of human cortical development.
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Abstract: Human cytomegalovirus (HCMV) is a beta herpesvirus that upon infection during
pregnancy can cause severe congenital birth defects including microcephaly, vision loss, and
hearing loss. Currently, no approved treatment options exist for managing in utero infections.
Our previous work has shown that HCMV infection in undifferentiated human induced

pluripotent stem cell (iPSC) derived neural progenitor cells (NPCs) and iPSC derived cortical



organoids have changes in calcium signaling. Following infection using GFP-expressing HCMV,
NPCs and organoids exhibited reduced baseline calcium levels and were unresponsive when
evaluated 5 days post infection. To extend these studies, we have determined that it is feasible to
conduct RNA sequencing on different NPC populations within an infected organoid labeled with
GFP to understand how the infection impacts the transcriptome. These studies were again
conducted using a GFP expressing HCMVTB40e strain. Which creates unique cell populations
of varying viral load that can be sorted via FACs sorting and then sequenced. Our studies
demonstrate that HCMV infection significantly impairs neural function and several
developmental pathways. Interestingly, these developmental gene targets are significantly
downregulated in all sorted populations within the infected organoid regardless of viral load.
Many of these gene targets fall into the basic helix loop helix transcription factor family which
performs crucial roles in neurodevelopment. Specifically, downregulation is observed in the
NeuroD/Hes1 pathway which controls neural progenitor cell proliferation and differentiation.
Additionally, from our RNA seq results we were able to identify, map, and quantify the
expression of HCMV viral genes within our sorted infected organoid populations. In an attempt
to understand what viral proteins and genes are responsible for the transcriptomic changes
observed, we conducted additional experiments using a modified HCMV virus that allows us to
control immediate early (IE) gene expression. These IE genes are demonstrated regulators of
fibroblast gene expression, but little is known at this time about their involvement in NPC gene
regulation. We found that on their own these genes were not responsible for developmental gene
downregulation, so they must interact with other viral genes to cause these effects.
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Abstract: Endocrine disrupting chemicals (EDC) are compounds interfering with the human
hormonal system. A growing body of evidence correlates early life EDC exposure with human
disorders, but the triggered molecular events remain unknown. As opposed to previous studies



focusing on single compounds, we interrogated the impact of the EDC mixture associated to
neurodevelopmental adverse outcomes, in the Selma epidemiological study. We integrated the
pregnancy cohort results with in vitro exploration of the molecular effects of EDC exposure in
human cellular systems. We used two complementary models that transcriptionally resemble the
early stages of brain development: 1) human fetal primary neural stem cells, and ii) 3-
dimensional cortical brain organoids differentiated from human pluripotent stem cells. These
models underwent both acute and chronic exposure to several EDC mixture dilutions, including
the environmental concentration. Transcriptomic analysis highlighted differentially expressed
genes that are significantly enriched for gene ontology categories related to epigenetic
regulation, cell proliferation and neuronal maturation. Moreover those results were confirmed by
immunofluorescence assays on cortical brain organoids. We also showed how key genes related
to different hormonal pathways are affected by EDC exposure and finally that among the EDC
dysregulated genes there is significant enrichment for genes with genetic causative role for
autism spectrum disorders. In conclusion we showed that real life relevant EDC mixture affect
gene networks linked to neurodevelopmental disorders, a finding that should guide EDC policy
regulators.
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inflammation and neuronal injury in brain organoids
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Abstract: Brain disorders associated with exposure to Plasmodium falciparum (Pf) infection
during fetal stages of life are responsible for significant morbidities, mortalities and disabilities
globally. Exposure to malaria in pregnancy leads to significant rates of developmental sequelae
in newborns but the factors mediating the brain injury during brain development are unclear.
Previous in vitro studies showed that increased erythrocyte destruction during parasite
multiplication release heme and histidine rich protein II (HRPII) into maternal/fetal circulation
which disrupts the placental trophoblasts and exposes fetuses to the deleterious factors. Elevated
plasma HRPII antigen, widely used as a marker of Pf infection for diagnosing malaria, correlate



with malaria severity and mortality. Previous attempts to assess HRPII-induced brain injury in
2D cell cultures and murine experimental cerebral malaria, did not adequately recapitulate the
direct effects of hemolysis and HRPII on brain development, inflammation, and neuronal injury.
However, the HRPII effects was attenuated by infusion of Neuregulinl (NRG1), a
neuroprotective factor. We used 3D brain cortical organoids to model the HRPII-induced brain
neuronal damage associated with fetal exposure to Pf infection. We hypothesized that HRPII will
induce brain inflammation and reduced neuronal viability that can be attenuated by NRG-1. We
assessed the direct effects of HRPII on organoid growth, and brain injury (BDNF) marker
expression. We tested the role of NRG-1 and its receptor ErbB4 in attenuating HRPII effects. For
rigor and reproducibility, we utilized flow cytometry, immunohistochemistry, western blot and
gene arrays to investigate neuronal apoptosis and brain organoid inflammation (CXCL10, Ang2
and Angl) in response to exposure to HRPII during brain organoid development. Our results
show that exposure of brain organoids to physiologically relevant concentrations of HRPII
during malaria infection compromised their structural architecture and altered expression of
cleaved caspase 3 as well as key astrocyte, neuron, and microglia marker genes. Pro-
inflammatory factors including CXCL10 and its receptor CXCR3, as well as the ratio of
Ang2:Angl were elevated. The HRPII effects were mediated by toll-like receptor signaling and
were attenuated by NRG-1 via an ErbB4 mediated pathway. In conclusion, our brain organoid
model has enabled us to investigate the role of HRPII in malaria-induced fetal brain damage and
dysfunction as well as the attenuating effects of NRG1.
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Abstract: Purpose: Human cerebral organoids (COs) have yielded significant discoveries
regarding developmental biology, disease mechanisms and pharmacological responses in the
central nervous system. Here, we intend to establish cerebral organoids suitable for modeling
brain development and neuroregeneration based on somatic cells that are isolated noninvasively.
Methods: The development of such organoids began with the collection of urinary epithelial
cells (UECs) from human urine samples, followed by reprograming them into induced




pluripotent stem cells (hUEC-1PSCs), which were further used for the generation of COs. To
comprehensively characterize the cellular and molecular features of our COs, we examined
samples at different developmental time points in vitro. To check their survival ability and the
neuroregenerative potential, the COs were implanted into immunodeficient mouse brains and
further examined.

Results: The hUEC-iPSC-developed COs exhibit normal development with neurogenesis and
maturation of neuronal cells forming brain layers. These COs produce neurotropic and anti-
inflammatory factors that are presumably critical for neurogenesis and neural repair. Several
metalloproteases that may facilitate cell migration and microenvironment rearrangement are also
present. After transplantation into the mouse cerebrum, vascularization quickly develops in the
implanted COs, suggesting their viability and ability to interact with the environment.
Conclusions: Our work begins to reveal the promise of generating personalized COs from cells
that are isolated from urine samples. With further adaptation, this human CO platform could
form a unique and personalized model for the investigation of neural development and facilitate
the innovation of novel therapies for treating neurological diseases.

Disclosures: J. Hu: None. V. Lin: None. Y. Wang: None.
Digital Abstract Session

P010. Advances in Pluripotent Stem Cell Techniques
Program #/Poster #: P010.02

Topic: A.03. Stem Cells and Reprogramming

Support: NIH Grant ROIMH106056
NIH Grant U01DA048279-01
NIH Grant RO1 DA04788

Title: Efficient production of pure midbrain dopaminergic neurons from human iPS cells by
lineage-promoting transcription factors

Authors: *S. POWELL', C. O'SHEA!, I. PRYTKOVAZ, K. DOBRINDT', R. ELAHI, S.-M.
HO?, P. A. SLESINGER?, S. AKBARIAN®, K. BRENNAND!;

!Psychiatry, 2Neurosci., *Icahn Sch. of Med. at Mount Sinai, New York, NY; “Professor, Dept. of
Neurosci., °Psychiatry, Icahn Sch. of Med. At Mount Sinai, New York, NY

Abstract: Dopaminergic neurons are critical to many motor, motivational, affective, and
cognitive systems in the brain and are dysregulated in several disease processes. Derivation of
dopaminergic neurons from human induced pluripotent stem cells (hiPSCs) enables isogenic, in
vitro modeling of both typical neurodevelopment and disease biology. Current techniques for
generating hiPSC-derived dopaminergic neurons yield heterogenous cell populations with
variable purity, have inconsistent reproducibility across donor lines and labs, and require
extended maturation to achieve functional maturity. We report the efficient production of
relatively homogenous induced dopaminergic neurons (iDANs) from hiPSC with lineage-



promoting transcription factor reprogramming combined with chemical selection. Throughout
the technique, iDANs (n=5 donors; 3 female, 2 male) showed a gradual development of neuronal
morphology and expressed key marker genes at markedly higher levels than in hiPSC at two
weeks in vitro (WIV2), with some genes showing further increases in expression at WIVS5. By
WIV3, iDANSs consisted of cells that stained ~90% positive for Tyrosine Hydroxylase across five
donors with at least two replicate staining experiments each. Immunocytochemistry followed by
confocal microscopy confirmed pervasive expression of several additional marker genes. We
observed a dramatic maturation-dependent increase in dopamine synthesis from WIVO0 to WIV3
by ELISA. Electrophysiologic recordings of individual neurons from two donors (n=15-18 cells
each) at WIVS5 revealed that iDANs possessed hallmark functional properties of in vivo midbrain
dopaminergic neurons, including a-type potassium currents, slow-rising after hyperpolarization
potentials, tonic sub-threshold oscillatory activity, and spontaneous burst firing (~1 Hz). Finally,
transcriptome analysis with RNA-seq of isogenic (n=2 donors; 1 female, 1 male) hiPSC, iDANS,
and induced GABAergic and glutamatergic neurons found that iDANs widely express genes
involved in midbrain dopaminergic neuron functional identity and specifically expressed genes
identified from previous scRNA-seq studies. For these reasons, iDANs may serve as a vital
source of relatively homogenous, functionally mature neurons that can be generated reproducibly
across multiple donor lines for modeling normal and disordered biological processes.

Disclosures: S. Powell: None. C. O'Shea: None. I. Prytkova: None. K. Dobrindt: None. R.
Elahi: None. S. Ho: None. P.A. Slesinger: None. S. Akbarian: None. K. Brennand: None.

Digital Abstract Session

P010. Advances in Pluripotent Stem Cell Techniques
Program #/Poster #: P010.03

Topic: A.03. Stem Cells and Reprogramming

Support: IR21NS093540-01
The Renate, Hans, and Maria Hofmann Trust

Title: Human pluripotent stem cell modeling of the ATOH1 lineage reveals a heterochronic shift
in transcriptional regulators in the developing human cerebellum

Authors: *H. BEHESTI, A. KOCABAS, D. E. BUCHHOLZ, T. CARROLL, M. E. HATTEN;
Rockefeller Univ., New York, NY

Abstract: Brain development is regulated by conserved transcriptional programs across species,
but little is known about divergent mechanisms that create species-specific characteristics.
Among brain regions, the cerebellum is now recognized to contribute to human cognitive
evolution having a broad range of non-motor cognitive functions in addition to motor control.
Emerging studies highlight the complexity of human cerebellar histogenesis, compared with non-
human primates and rodents, making it important to develop methods to generate human
cerebellar neurons that closely resemble those in the developing human cerebellum. Here we



report a rapid and simple protocol for the directed derivation of the human ATOH1 lineage, the
precursor of all excitatory cerebellar neurons, from human pluripotent stem cells (hPSC), and
strategies to decrease culture variability; a common limitation in hPSC studies. By Translational
Ribosome Affinity Purification (TRAP)-seq, the ATOH1 lineage most closely resembled human
cerebellar tissue in the second trimester. Unexpectedly, TRAP-seq identified a heterochronic
shift in the expression of RBFOX3 (NeuN) and NEUROD1, which are classically associated
with differentiated neurons, within granule cell progenitors (GCPs) in the human external
granule layer. This molecular divergence may provide the mechanism by which the GCP pool
persists into year two post birth in humans, but only lasts for two weeks in mice. Our approach
provides a scalable in vitro model of the human ATOHI lineage that yields cerebellar granule
cells within 48 days as well as a strategy for identifying uniquely human cellular and molecular
characteristics.
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Abstract: Cellulose based materials are being studied extensively for applications in the
biomedical field due to its abundance, amenability and biocompatibility. We created novel,
stable TEMPO cellulose materials utilizing the TEMPO/NaOCl/Oxone® (KHSOs) with
microwave irradiation method. We further tested these TEMPO cellulose materials as an
extracellular matrix substratum to support in vitro neural stem cell (NSC) differentiation into
neurons/oligodendrocytes (ODCs). Rat NSCs harvested at E14 (embryonic day 14) were
propagated and differentiated on a TEMPO cellulose-coated culture surface in neuron-favoring
conditions for 7 days. At day 7, immunocytochemical staining was performed to determine the
percentage of cells positive for neuronal marker BIII tubulin and astrocytic marker GFAP (glial
marker glial fibrillary acidic protein) relative to the total cell count. About 33% and 25% of
NSCs differentiated into neurons and astrocytes on TEMPO cellulose substratum, respectively,



comparable to the traditional poly-D-lysine surface. Separate batches of NSCs were propagated
for 10 days on the TEMPO cellulose surface under ODC-favoring culture conditions. By Day 10,
about 70% and 30% of NSCs differentiated into Rip (receptor interacting protein)+ ODCs and
GFAP+ astrocytes, respectively, similar to those on the precursor micron cellulose surface.
These results indicate that TEMPO cellulose is a viable material supporting stem cell survival
and differentiation in vitro.
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Abstract: Our species is characterized by an immense diversity in neurological and
psychological traits that partially originates from differences in the behaviors of cells present
during the earliest stages of brain development, including neural progenitor cells (NPCs). We
currently know little about the role of genetic variation on the cellular and molecular
mechanisms underlying NPC diversity given the rarity of manipulatable human brain tissue and
inefficiencies with conventional stem cell-derived NPC induction methods. Here, we describe a
novel in vitro culture system that captures the influence of genetic diversity on specific NPC
phenotypes on a large scale. Stem cell-derived NGN2-accelerated Progenitor cells (SNaPs) are
human dorsal telencephalic NPCs created through a highly reproducible 48-hour induction
protocol. We pooled SNaPs generated from dozens of unique donors into a shared culture
environment known as a “village-in-a-dish,” which enabled high-throughput and unbiased cell
line comparisons under conditions that minimize technical noise. We then processed our SNaP
villages through new whole genome (“Census-seq”) and scRNA-seq (“Dropulation’) analytical
pipelines to reveal dramatic differences across cell lines in proliferation dynamics and gene
expression. We detected around 900 expression quantitative trait loci (eQTL), including a single



nucleotide polymorphism in the promoter of the antiviral /FITM3 gene. To assess functional
impact, we infected a SNaP village with the neurotropic Zika virus and discovered that this
IFITM3 SNP could explain one-third of the variation in viral susceptibility across cell lines. Our
work uncovers the impact of genetic diversity on certain neurodevelopmental processes and
establishes a blueprint for future endeavors seeking to do the same.
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The transplantation of neural stem cells holds promise for improving function in the damaged
brain. After transplantation, however, transplant-derived cells can be greatly reduced in numbers.
There is growing evidence that supporting cell types may be required to facilitate the success of a
transplant in contrast to transplanting pure populations of cells. Specifically, there is evidence
that neovascularization may be critical for transplant cell survival. As in the fetus where
vascularization must match the physiological demands of each growing tissue, vascularization of
neural cell transplants might also need to occur rapidly to promote neuron survival,
differentiation, and function. Here we test the hypothesis that combining vascular and neuronal
precursors improves engraftment by transplanting mixed embryonic neocortical cells into adult
mice with neocortical strokes. Our studies with transplants of dissociated embryonic 12.5
forebrain cells into the young adult neocortex of unaffected and stroke-affected male and female
mice show that transplants generate large grafts (up to 15 mm?®) containing upper and lower
cortical neuron identities. The neurons are often arranged in pseudo-layers, which can project to
appropriate host targets and become synaptically integrated. Grafts also formed donor-derived




vessels that anastomosed with host vessels to perfuse blood. To show that donor-derived vessels
are integrating with the host circulation, we used an intravenous fluorescent dye to confirm
fusion with host vessels. Graft size increased with the proportion of total vasculature that came
from the donor, with the contribution of donor-derived vessels within the graft increasing as a
function of distance from the graft-host border. Interestingly, graft size was also greater when
cells were transplanted at stroke sites than when transplanted in uninjured neocortex, suggesting
that stroke sites are especially conducive to donor-derived vascularization of the graft. We
observe that within transplants on the stroke- affected side, blood vessels primarily develop from
donor-derived cells, in contrast to the control side. Indeed, excluding vascular cells from the
donor cell population strictly limited graft size. Thus, inclusion of vessel-forming vascular cells
with NSCs is required for more efficient engraftment and ultimately tissue repair.

Disclosures: J.E. Krzyspiak: None. J. Yan: None. P.J. Lituma: None. P.E. Castillo:
None. K. Khodakhah: None. J. Hebert: None. S. Zukin: None.

Digital Abstract Session

P012. Regeneration: CNS

Program #/Poster #: P012.01

Topic: A.04. Transplantation and Regeneration

Support: The Health and Medical Research Fund (HMRF), Food and Health Bureau, Hong
Kong Special Administrative Region Government (Ref. No.: 07181356)
National Natural Science Foundation of China (NSFC) (Ref. no.: 81971149)

Title: Bioactive compounds induce long-distance axon regeneration for functional restoration
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Abstract: In central nervous system (CNS), the hostile extrinsic microenvironment and limited
intrinsic regenerative capacity of adult neurons remained major obstacles for successful axon
regeneration after injuries. By contrast, adult peripheral neurons are capable of regenerating their
injured axons. However, the slow rate of regeneration (1-2mm/day) significantly limited the
regain of motor functions as the regenerated axons fail to reinnervate their distal targets largely
due to chronic denervation. Therefore, there is an urgent need to search for bioactive compounds
which enable long-distance axon regeneration for clinical meaningful functional restoration.
Wolfberry (Lycium barbarum) is a widely used traditional Chinese medicine known to exhibit a
broad range of neuroprotective effects in various neurological disorders such as glaucoma and



spinal cord injury. In this study, we first demonstrated that Lycium barbarum polysaccharides
(LBP, major bioactive constituent of wolfberry) promoted sensory and motor functional
restoration after severe peripheral nerve injury (PNI). In CNS, intravitreal injections of LBP
induced robust axonal regrowth 14 days after optic nerve crush (ONC) injuries. In an attempt to
screen for bioactive small molecules that recapitulated the transcriptional change induced by
LBP in peripheral neurons, we successfully identified two FDA-approved small molecules which
promoted axon regeneration in both PNS and CNS. Similar to LBP, these two small molecules
markedly enhanced the intrinsic growth capacity of axotomized dorsal root ganglion neurons in
vitro. The distal extent of in vivo sensory axonal regrowth was also increased in mice treated
with both small molecules 3 days after PNI. More importantly, we confirmed that both FDA-
approved small molecules could facilitate long-distance axon regeneration after CNS injuries.
While only limited axons can regenerate across the lesion in vehicle-treated mice, mice treated
with both small molecules displayed remarkable axon regeneration 14 and 28 days after ONC.
Some axons could even regenerate along the entire length of optic nerves and reached the optic
chiasm 28 days after ONC in mice treated with these small molecules. In both time points, only
20% of RGCs were survived in vehicle-treated controls, which was dramatically increased in
mice treated with both small molecules. Taken together, our study demonstrated the therapeutic
potential of LBP and two FDA-approved small molecules in promoting axon regeneration after
injuries. Further study is required for optimizing the dosage of these bioactive compounds in
order to improve the clinical outcomes after nervous system injury.
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Abstract: Peripheral nerve injury (PNI) primes the peripheral neurons to an active growing state
via reactivation of a transcription program that recapitulate some of cellular processes for robust
axonal outgrowth during developmental stage. These neurons are capable of regenerating their



injured axons at an extremely slow rate (i.e. 1-2mm/day) after PNI. However, patients with
proximal PNI, such as brachial plexus injuries, usually have poor clinical outcome even after
immediate surgical repair after injury. Since long-distance axon regeneration is required for these
patients, the regenerated axons fail to form functional synapses at the motor end plates largely
due to chronic denervation. In contrast, the neurons in central nervous system (CNS) have
limited intrinsic regenerative capacity, and virtually no axons can regenerate across the lesion for
target reinnervation after CNS injuries. This leads to permanent loss of motor functions in
patients with CNS injuries such as spinal cord injury and optic neuropathy. There is an urgent
need to develop new therapeutic strategy to promote axon regeneration and functional recovery
after injuries to our nervous system. Previously, we identified basic helix-loop-helix (bHLH)
protein as a key regulator for successful axon regeneration. Overexpression of bHLH induced
robust axonal regrowth, and accelerated sensory and motor functional recovery after PNI. Here,
we tested if overexpression of bHLH could also induce robust axon regeneration after CNS
injuries. Two weeks before optic nerve crush injuries, adeno-associated virus (AAV)
overexpressing bHLH (i.e. AAV-bHLH) was intravitreally injected to the injured eye for
transduction of bHLH in retinal ganglion cells (RGCs). The extent of axonal regrowth and the
survival of RGCs was assessed at days 14 and 28 post-injury, respectively. Strikingly, we
observed a marked increase in axon regeneration with increased RGC survival in AAV-bHLH-
treated mice 2 and 4 weeks after optic nerve crush injury, respectively. In particular, some of the
regenerating axons could even reach optic chiasm in AAV-bHLH-treated mice 4 weeks after
injury. By combining bHLH overexpression with Pten deletion, a gene manipulation known to
promote CNS regeneration, we successfully detected reliable eye-evoked local field potentials in
superior colliculus (SC) upon optical stimulation in injured RGCs 6 weeks after injury,
suggesting that a considerable amount of regenerating axons could reinnervate to distal brain
target at SC. Screening of small molecules identified bioactive compounds that induce
transcription program recapitulating the growth-promoting effects by bHLH overexpression.
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Abstract: Although adult mammalian retinal ganglion cells (RGCs) lose the ability to regenerate
injured axons, this loss can be partially reversed by factors expressed in cells of the innate
immune system. Stromal cell-derived factor 1 (SDF1), one of the key factors mediating the
effects of intraocular inflammation on optic nerve regeneration, is produced by infiltrative
macrophages and acts synergistically with oncomodulin (Ocm), which is expressed by
neutrophils and macrophages)!. Here we report that regeneration induced by SDF1 treatment
arises from distinct populations of non-aRGCs. Using Kcngd-GFP mice (Kcng4-Cre:STOP™/x
GFP) in which aRGCs express GFP, we found that, with SDF1 treatment (via AAV2-monomeric
SDF1, AAV2-mSDF1), GFP" axons (from aRGCs) were seen proximal to the injury site but
failed to extend beyond this point. Thus, the regenerating axons do not arise from aRGCs. This
result contrasts sharply with the effects of Pten inactivation, in which growing axons are GFP*
and thus from aRGCs?. When combined, treatment with AAV2-mSDF1 and AAV2-shPten
induced high levels of regeneration, although most regenerating axons were GFP negative, and
thus again not from aRGCs. By examining the survival of different RGC subtypes, we found that
SDF1, either alone or combined with Pten inactivation, did not change the percentile of surviving
aRGCs, ipRGCs and 00-dsRGCs among the total surviving RGC population after optic nerve
injury. This is also different from another treatment (Sox11 overexpression) that stimulates non-
aRGC regeneration but is toxic to aRGCs?. Our study demonstrates that the RGC subtypes that
are stimulated to regenerate are treatment-specific. SDF1-induced regeneration is non-aRGC
based, and when combined with Pten inactivation, which otherwise targets aRGCs, SDF-1
enhances strong regeneration from non-aRGCs. Thus, the regenerative RGC subtypes are not a
simple addition of two pools of regenerating RGC subsets. These findings may help uncover
important interactions among signaling mechanisms in RGCs. References 1. Y. Yin et al.,
Annual Meeting, SfN, San Diego, CA, 2018. 2. X. Duan ef al., Neuron 85, 1244-1256 (2015). 3.
M. W. Norsworthy et al., Neuron 94, 1112-1120 e1114 (2017).
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Abstract: Injured central nervous system neurons display limited axon regeneration. There is a
pressing need for new experimental models that can mimic human-specific features and for
strategies that can enhance axon regeneration of mature human neurons. To address these issues,
we developed an approach to investigate the dynamics of injured human cortical synaptic
networks using donor-derived cells transplanted into the mouse brain, intravital structural and
functional longitudinal imaging and laser microsurgery. Being able to follow the fate of
individual fluorescent axons over time in vivo, we have been able to observe unequivocal human
axon regeneration occurring as early as 6-hours post-injury, with axons reaching and growing
past the lesion site at 3 weeks post-transplantation. Most immature human axons (~ 70%) were
able to regenerate past the lesion site within 24-hours, while fewer regenerated as early as 6-
hours post-lesion (~12% of all regenerating axons). In contrast to mouse cortical axons,
regenerating human axons followed their original trajectories. The maximum regrowth observed
was ~2 mm over 7 days. Importantly, the proportions of regenerating axons significantly
decreased with maturity of grafted human cortical neurons at 3 months post-transplantation. In
addition, mature non-regenerating human axons progressively retracted over 7 days in vivo. To
investigate the role of neural activity in regulating intrinsic human axon regenerative capacity,
we measured axonal calcium signals before and after injury in regenerating and non-regenerating
human cortical neurons, using the activity-dependent sensor GCaMP6s and an activity-
independent cell-filling reporter tdTomato. Mapping calcium responses to human axonal injury
at single-cell-resolution in vivo revealed significantly higher pre-lesion activity levels of mature
regenerating human axons compared to mature non-regenerating and immature human axons.
Ongoing experiments are aimed at using non-invasive temporal interference stimulation
technology to enhance regeneration fractions of mature human cortical axons. Overall, this
experimental system recapitulates many important features of the physiological axon response to
injury, including proximal axon fragmentation, the loss of regeneration potential with maturity,
progressive die-back and retraction of mature human axons from the injury site, as well as
sprouting and branching. Together, these data establish a new in vivo model and method to study
human cortical axon regeneration in vivo.
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Title: Targeting mitochondrial dynamics as a therapeutic intervention to promote axon
regeneration
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Abstract: Axon regeneration is an energy-demanding process which involves active
polymerization of actin and tubulin (building blocks of microtubule) at the barbed end of a
growth cone for proper axon elongation. After a peripheral nerve injury (PNI), axonal transport
of mitochondria markedly increases in the regenerating axons to fulfil the increased energy
demand at distal axons. In contrast, the axonal mitochondrial transport was significantly
impaired after spinal cord injury (SCI; a form of CNS injury), leading to limited extent of axonal
regrowth in SCI. This suggests that active mitochondrial transport plays a pivotal role in
successful axonal regrowth after injuries. In the current study, we first examined the
mitochondrial transport in peripheral neurons overexpressing a human heat shock protein 27
(hHsp27), a known regeneration-associated gene to promote axonal regrowth after PNI. In
hHsp27-overexpressing neurons, we observed an increased number of mitochondria at the most
distal axons with increased mitochondrial size. Kymograph analysis revealed a marked increase
in the velocity of axonal mitochondrial transport in these neurons compared with the wild-type
controls in the same culture. Blockade of axonal mitochondrial transport using Ciliobrevin D
completely abolished the growth-promoting effects of hHsp27 overexpression in cultured dorsal
root ganglion (DRG) neurons. Next, we tested if a bioactive small molecule known to promote
mitochondrial fusion could recapitulate the growth-promoting effects of hHsp27 overexpression
via modulation of mitochondria dynamics. In line with our hypothesis, this small molecule
markedly enhanced mitochondrial clustering at the distal axons of axotomized DRG neurons,
and promoted mitochondrial fusion (as indicated by larger mitochondrial size) via up-regulation
of mitochondrial fusion proteins Opal and Mfn2. Also, this small molecule markedly enhanced
axonal mitochondrial transport in cultured DRG neurons via up-regulation of the molecular
machineries for both anterograde and retrograde axonal transport. Remarkably, this small
molecule markedly enhanced the intrinsic growth capacity from axotomized DRG neurons, and
accelerated the in vivo axonal regrowth after PNI. Taken together, our study shed new light for
the development of mitochondria-based therapy to orchestrate mitochondria dynamics which
enable long-distance axon regeneration for target reinnervation and functional recovery after
PNS injuries. Further study is required to examine if modulation of mitochondrial dynamics
using this small molecule could also induce long-distance axon regeneration after CNS injuries.
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Title: Pathogenic GRM7 mutations associated with neurodevelopmental disorders impair axon
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Abstract: Metabotropic glutamate receptor 7 (mGlu7) is an inhibitory heterotrimeric G protein-
coupled

receptor that modulates neurotransmitter release and synaptic plasticity at presynaptic terminals
in the mammalian central nervous system. Recent studies have shown that rare mutations in
glutamate receptors and synaptic scaffold proteins are associated with neurodevelopmental
disorders (NDDs). However, the role of presynaptic mGlu7 in the pathogenesis of NDDs
remains

largely unknown. Recent whole-exome sequencing studies in families with NDDs have revealed
that several missense mutations (c.1865G>A:p.R622Q; c.461T>C:p.1154T;
c.1972C>T:p.R658W and ¢.2024C>A:p.T675K) or a nonsense mutation (c.1757G>A:p.W586X)
in the GRM7 gene may be linked to NDDs. In the present study, we investigated the mechanistic
links between GRM?7 point mutations and NDD pathology. We find that the pathogenic GRM7
[154T and R658W/T675K mutations lead to the degradation of the mGlu7 protein. In particular,
the GRM7 R658W/T675K mutation results in a lack of surface mGlu7 expression in
heterologous cells and cultured neurons isolated from male and female rat embryos. We
demonstrate that the expression of mGlu7 variants or exposure to mGlu7 antagonists impairs
axon outgrowth through the MAPK-cAMP-PKA signaling pathway during early neuronal
development, which subsequently leads to a decrease in the number of presynaptic terminals in
mature neurons. Treatment with an mGlu7 agonist restores the pathological phenotypes caused
by mGlu7 [154T but not by mGlu7 R658W/T675K due to its lack of neuronal surface
expression.

These findings provide evidence that stable neuronal surface expression of mGlu7 is essential for
neural development and that mGlu7 is a promising therapeutic target for NDDs.
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Abstract: Jeopardized genetic and environmental factors such as the disruption to the mTOR
signaling pathway and prenatal stress are hypothesized to lead to the development of
schizophrenia. Researchers Lee and colleagues observed decreased levels of DPYSL2 in the
prefrontal cortex and hippocampus of rats exposed to prenatal stress. DPYSL2 is important for
axonal outgrowth, cell differentiation, and promoting proper microtubule assembly in humans.
The C. elegans homolog of DPYSL2, UNC-33, is also important for proper axonal formation
and elongation. The purpose of this study is to monitor the effects of environmental stress, using
the stressor of high temperatures, on the expression of GFP driven by the unc-33 promoter.
Preliminary studies from our laboratory have shown that neuronal GFP expression driven by the
unc-33 promoter is reduced at high temperatures. Herein we present results from a novel thermal
tolerance curve investigating the gradual effect of increasing temperatures on GFP expression
driven by the unc-33 promoter. To this end, C. elegans hermaphrodites were incubated at various
temperatures until they reached an L2/L3 stage. Using confocal microscopy, the head of C.
elegans hermaphrodites was imaged to determine the GFP expression in the nerve ring and glial
cells. The analysis of the quantification of thirty nematodes per condition shows that GFP
expression in neurons decreases as temperature increases. While the neuronal expression is
reduced due to this high temperature, glial expression is increased. This study provides insight
into the role that high temperature has on regulating the expression of neuronal unc-33, one of
the molecular players shown to be negatively impacted by prenatal stress in rats and by
polymorphic variations in patients suffering from Schizophrenia.
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morphological development in vitro
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Abstract: The brain’s extracellular matrix provides key structural and functional support to
neurons and glial cells. Hyaluronan is a glycosaminoglycan sugar, and a major component of the
developing brain’s extracellular matrix. Hyaluronan metabolism is regulated by the family of
hyaluronan synthases (HAS1-3) and hyaluronidases (Hyal1-5, SPAM1, CEMIP, and TMEM2),
which synthesise and degrade hyaluronan, respectively. Hyaluronan has a wide range of
functions including both structural and functional, and in particular can activate signaling
pathways important for non-neuronal cell growth. However, a specific role for hyaluronan in
controlling neuronal development remains unclear. Herein, we examined the expression and
function of hyaluronan, HASs, and Hyals in developing hippocampal neurons in vitro.
Dissociated hippocampal neuron cultures (<5% glial cells) were generated from Sprague Dawley
rat embryos (E18) and collected at 1-21 days in vitro (DIV). Cultures were fixed for
immunocytochemical localisation studies. Live-cell images were acquired with a Nanolive 3D
Cell explorer, a holographic tomographic microscope that resolves lamellipodia, transient early
developmental structures associated with cell motility and neurite outgrowth. Cultured cells
exhibited robust mRNA (RT-qPCR) and protein (immunocytochemistry) expression of HAS2-3,
Hyall-3 (but not HAS1, Hyal4, 5, SPAM1, or CEMIP), and hyaluronan, from (DIV) 1 to 21
(n=4 independent cell cultures per time-point). Pharmacological HAS inhibition with 4-
methylumbelliferone (4-MU), or Hyal inhibition with L-ascorbic acid 6-hexadecanoate
(VCPAL), altered early neuron morphological development, and both treatment groups had
significantly reduced lamellipodia number and area, and filopodia numbers at DIV2 compared to
controls (n=10 cells for each treatment condition from 4 independent cell cultures). HAS
inhibition also increased primary neurite number and average neurite length compared to
controls, as well as an increase in axonal outgrowth from 24h in culture (n=10 cells for each
treatment condition from 4 independent cell cultures). Conversely, Hyal inhibition reduced
primary neurite number (DIV3) and average neurite length (DIV2 & 3). These data suggest that
hippocampal neurons can endogenously metabolise hyaluronan, and that neuronally-regulated
hyaluronan metabolism is important for the early stages of morphological development,
including growth cones and neurite outgrowth.
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Abstract: The auditory brainstem contains extremely precise circuitry responsible for
determining sound source location based on interaural differences in sound arrival time. We
previously showed that the apoptotic protease caspase-3 is necessary for development of the
auditory brainstem projection from chick nucleus magnocellularis (NM) to nucleus laminaris
(NL). Inhibition of caspase-3 prior to the period of developmental cell death in auditory
brainstem nuclei resulted in NM axon mistargeting. However, the mechanisms by which
caspase-3 facilitates the formation of the NM-NL projection are not known. To this end, we
characterized proteins cleaved by caspase-3 in the chick auditory brainstem. Embryos were
treated with intraventricular injection of the caspase-3 inhibitor z-DEVD-fmk or vehicle solution
on embryonic days 9 and 10. Brainstems were harvested and subjected to proteomic mass
spectrometry. Peptidomes were filtered for peptides likely generated by in vivo caspase-3 activity
based on two criteria: the peptide terminated in a caspase-like cleavage site (i.e. with a C-
terminal aspartate or glutamate residue) and was present in vehicle-injected brainstems but
absent in caspase-3-inhibited brainstems. Proteins with at least one such peptide were considered
likely auditory brainstem caspase-3 (ABC3) substrates. We generated an IceLogo of the ABC3
consensus cleavage site and found that the resulting tetrapeptide sequence N-terminal of the
scissile bond (DHRD) bore some similarity to that of the canonical caspase-3 consensus site
(DEVD). However, the substitution of “EV” with “HR” suggested a systematic change in the
usual substrate preference of caspase-3. We used functional annotation enrichment analysis to
determine whether ABC3 substrates with “HR” cleavage sites were associated with a specific
protein category disproportionately targeted by caspase-3 activity. Compared to the background
of all ABC3 substrates, substrates with an H or R at the same position as the consensus sequence
were enriched for the the GO term “structural constituent of cytoskeleton.” The observed
consensus sequence therefore reflects a shift toward cleavage of cytoskeletal proteins, which are
essential for axon guidance and synapse formation, suggesting a specialized, non-apoptotic
function for caspase-3 in auditory brainstem circuit formation.
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Title: Microtubules as a determinant of DRG axon asymmetry and regenerative capacity
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Abstract: In dorsal root ganglion (DRG) neurons a single axon bifurcates into a peripheral and a
central branch with different functions and properties. Whereas the peripheral DRG axon
regenerates, the central DRG axon only gains regenerative capacity after lesion to the peripheral
axon -conditioning lesion (CL) effect. We have previously shown that a CL induces a global
increase in axonal transport that extends to DRG central axons, supporting their regeneration. To
further understand the mechanisms underlying central-peripheral DRG asymmetry and the
conditioning lesion effect, we analyzed the microtubule (MT) cytoskeleton of DRG axons. By
live imaging of DRG explants from Thy1-EB3-GFP mice, we observed that MT dynamics is
asymmetric in the DRG, with central axons displaying a more dynamic cytoskeleton.
Importantly, peripheral axon injury, but not central axon injury, decreased MT dynamics in both
peripheral and central axons, leading to a more stable MT cytoskeleton following injury. While
the severing enzymes spastin and katanin control MT dynamics by destabilizing MTs, Tau binds
to MTs increasing their stability and protecting them from the action these enzymes. We
observed that in the DRG central branch the expression of katanin and spastin is dramatically
increased, while the expression of Tau is higher in the DRG peripheral branch. Our results
suggest that Tau in the DRG peripheral branch protects MTs from the action of severing
enzymes and, consequently, increases the stability of this DRG branch. We next investigated if
spastin is a specific regulator of DRG MT dynamics and axonal transport asymmetry, by
crossing a spastin knock-out mice with either the Thy1-EB3-GFP mouse or Thyl-MitoRFP
mouse. We observed that in the absence of spastin loss of asymmetry of MT dynamics occurs in
DRG axons as well as disrupted mitochondria axonal transport, particularly in central axons.
Finally, in vivo, the absence of spastin led to decreased regeneration of DRG peripheral axons
following sciatic nerve crush and DRG central axons following a conditioning lesion. In
summary, our results support that spastin is a specific regulator of MT dynamics in DRG neurons
underlying their central-peripheral asymmetry, being an essential enzyme for optimal axon
regeneration to occur.
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Abstract: Proper regulation of the cytoskeleton is essential for neurodevelopment. Cytoskeleton
associated proteins integrate extra- and intracellular signals to influence actin and microtubule
dynamics in the developing neuron. These cytoskeleton dynamics are necessary for later circuit
integration and brain development, but many of the proteins involved and mechanisms have yet
to be elucidated. Neuron Navigator 1 (Navl) is a microtubule +TIP protein highly expressed
during brain development. Nav1 is necessary for neuritogenesis, but the underlying mechanisms
are relatively unknown. Using RNAi and knockout strategies in primary neurons and cell lines,
we find that Nav1 is important for coordinating the cytoskeleton of the cell periphery for proper
cell morphogenesis. This includes an unexpected role in regulating F-actin in the growth cone, as
well as a novel role in regulating actin-membrane coupling. These data highlight the importance
of Navl in cell morphogenesis, as well as reveal new roles of this +TIP protein in regulating
actin and plasma membrane behavior.
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Abstract: Ubiquitination is a type of posttranslational modification (PTM) that involves the
covalent attachment of Ubiquitin (Ub) to various substrates. This PTM controls several cellular
processes, which include proteasome-dependent substrate degradation. Ub conjugation requires
the activity of three enzymes: A Ub activating enzyme (E1), Ub conjugating enzyme (E2), and
the Ub ligase (E3). RBR (RING-Between-RING) is an E3 ligase subfamily which includes HOIP
(HOIL-1-Interacting Protein), which is a subunit of LUBAC (linear ubiquitin chain assembly
complex). HOIP contains an LDD (Linear ubiquitin chain Determining Domain) that transfers
the Ub chain to the N-terminus of its target substrate and is involved in the catalytic activity and
specificity of linear ubiquitin chain assembly. Linear ubiquitination promotes inflammation and
regulates cell death, but there is no evidence for its role in the nervous system. Here, we show
that the RNF216 E3 ligase isoform TRIAD3A (the most abundant isoform in the brain) has an
amino acid sequence that shares homology with the LDD of HOIP. Deletion of this sequence
decreases TRIAD3A autoubiquitination. Moreover, deletion of this domain alters the localization
of the protein in primary hippocampal neurons, reduces dendritic complexity and alters dendritic
spine morphologies. Our findings suggest that the Triad3A hypothetical LDD might act
independently of its RBR domain to regulate hippocampal neuron development via
ubiquitination of unique substrates.
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Abstract: Preterm birth increases a child’s risk of brain injury and is associated with reduced
cortical growth and poor neurodevelopmental outcomes. However, brain injury is seldom



diagnosed immediately. Diffusion tensor imaging (DTI) is a magnetic resonance imaging (MRI)
model used clinically to identify preterm brain injury. Although, DTI parameters lack cellular
specificity. Neurite Orientation Dispersion and Density Imaging (NODDI) is a type of diffusion
MRI that aims to provide greater specificity than DTI for assessing the cellular components
contributing to diffusivity changes. However, the histological correlates of NODDI parameters in
the brain remain unclear, but are important for detecting the origin and evolution of preterm
brain injury. Herein, we examined the histological correlates of NODDI parameters during
normal brain development. Sprague Dawley (SD) rats were euthanized at postnatal day (PND) 1,
3,7, 14,21, and 35 (n=10, per age, male and female). Brain tissues were processed for Golgi-
Cox staining (n=5 per age) or fixed for ex-vivo MRI analysis (n=5 per age, using an actively
shielded 9.4T/31cm magnet). Data were fitted with the NODDI toolbox (Matlab) and spatially
normalised DTI. MRI tissues were processed for immunohistochemistry (microtubule associated
protein 2, glial fibrillary acidic protein), and cellular process density was calculated via the
Spaceball method (radius =7.5um, Stereoinvestigator software). Dendritic morphology was
assessed in Golgi-Cox tissue via manual tracing (Neurolucida software), on a Zeiss Axio Imager
M2 upright microscope. In both the motor (M1-M2) and somatosensory (S1HL-S2) cortices, the
DTI parameter fractional anisotropy progressively decreased from PND1-PND7, while the
NODDI parameter orientation dispersion index progressively increased from PND1-PND14.
Both values plateaued thereafter. The DTI parameter mean diffusivity increased from PND1-
PND3 and then decreased from PND3-PND7, while the NODDI parameter neurite density index
decreased from PND1-PND3 and then increased from PND3-PND?7. Histologically, there was a
progressive increase in all dendritic complexity measures in the motor and somatosensory
cortices from PND1-PND21. Correspondingly, dendritic density decreased at PND3. These data
suggest that while MRI measurements may reflect changes in dendritic morphology and density
with development, there may be other contributing factors to developmental cortical anisotropy.
Nevertheless, NODDI may provide a novel technique for assessing cortical pathology in
preterm-born infants.
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Abstract: Brain-Derived Neurotrophic Factor (BDNF) is broadly expressed in many circuits of
the central nervous system (CNS). It binds TrkB and p75 to trigger different signaling pathways,
including ERK1/2 and PI3K-mTOR, to induce dendritic growth and synaptic plasticity. When
binding to BDNF, TrkB and p75 are endocytosed to signaling endosomes to continue signaling
inside the cell. Whether BDNF/TrkB-p75 signaling endosomes in axons are regulating long-
distance signaling in cell bodies to modify neuronal morphology is unknown. Here, we studied
the functional role of BDNF signaling endosomes in long-distance regulation of dendritic growth
using compartmentalized cultures of rat and mouse cortical neurons derived from p75°!
knock-out or TrkBF¢!%* knock-in mice. By applying BDNF to distal axons, we showed the
capacity of axonal BDNF to increase dendritic arborization in cell bodies. This process depended
on TrkB activity, but not p75 expression. In axons, BDNF/TrkB co-localized with Rab5
endosomes and increased active Rab5. Also, dynein was required for BDNF long-distance
signaling, consistent with sorting and transport of signaling endosomes. Using neurons derived
from TrkBF®'®4 knock-in mice and the INM-PP1 inhibitor, we were able to demonstrate that
TrkB receptors activated in the axons by BDNF, were required in the neuronal cell body to
increase TrkB activity and phosphorylation of CREB. Also, we were able to visualize endosomes
containing activated TrkB. PI3K activity was not required in the axons for dynein dependent
BDNF responses. However, dendritic arborization induced by axonal BDNF signaling required
both nuclear CREB and PI3K activation in cell bodies. Consistently, axonal BDNF increased
protein translation in cell bodies and CREB and PI3K and mTOR activity were required for this
process. Altogether, these results show that BDNF/TrkB signaling endosomes generated in axons
allows long-distance control of dendritic growth coordinating both transcription and protein
translation. Our results suggest a role of BDNF-TrkB signaling endosomes wiring circuits in the
CNS.
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Title: Molecular and cellular functions of the PP2A serine/threonine phosphastase in dendritic
diversification
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Abstract: Uncovering the molecular mechanisms that regulate dendritic diversification is
essential to understanding the formation and modulation of functional neural circuitry. However,
the molecular mechanisms by which this is achieved remain incompletely understood. Studies in
Drosophila multidendritic (md) sensory neurons reveal that the Cut homeodomain transcription
factor regulates cell-type specific dendritogenesis through cellular pathways that converge on
cytoskeletal architecture. Neurogenomic and phenotypic analyses identified the highly conserved
PP2A serine/threonine phosphatase complex as a downstream effector of Cut. The PP2A
complex is composed of a catalytic subunit encoded by microtubule star (mts), a scaffolding
subunit encoded by PP24-29B and one of four alternate regulatory subunits encoded by
widerborst (wdb), twins, well-rounded (wrd) and CG4733. Mutant analyses of mts and PP2A4-
29B reveal severe reductions in dendritic arborization with wdb functioning as the relevant
regulatory subunit in Class IV (CIV) md sensory neurons. In contrast, mutations in mts and
PP2A4-29B leads to increased dendritic complexity via de novo filopodia formation in Class I
(CI) md sensory neurons. Mechanistically, while Mts and PP2A-29B are also part of the
STRIPAK complex with Cka as the regulatory subunit, our data indicate that the PP2A and
STRIPAK complexes function in parallel to regulate dendritic architecture. Live imaging reveals
that mts mutations leads to microtubule (MT) destabilization. In addition, dynamic EB1::GFP
imaging of MTs reveals Mts is required to maintain dendritic MT polarity. In contrast to its
effect on MTs, mts knockdown leads to F-actin reorganization with a proximal shift towards the
soma. Loss of mts leads to significant reductions in dendritic localization of organelles including
mitochondria and satellite Golgi outposts in CIV neurons, while in CI neurons, mts mutants show
increased Golgi outpost trafficking along the dendritic arbor. Further, mts mutant neurons exhibit
defects in neuronal polarity as revealed by Golgi outposts appearing in the proximal axon
whereas in controls Golgi outposts are primarily restricted to the soma and at satellite locations
on dendrites. Furthermore, in m¢s mutants selective markers of dendritic and axonal
compartments are detected in the opposing compartments. At a regulatory level the B-tubulin
subunit 85D represents a common PP2A target across these md neuron subtypes. Collectively,
these studies provide novel insights into the functional roles of the PP2A phosphatase in
promoting dendritic diversity.

Disclosures: S. Bhattacharjee: None. E.N. Lottes: None. S. Nanda: None. G. Ascoli:
None. D.N. Cox: None.

Digital Abstract Session
P015. Dendritic Growth and Branching
Program #/Poster #: P015.05

Topic: A.05. Axon and Dendrite Development



Support: NIH Grant MHO81254
Title: Mir-9 regulates the structure of spiny neurons in Area X of zebra finches

Authors: *H. JARRELL, Z. HUANG, Z. SHI, Y. DING, X. LI;
Neurosci., LSUHSC, New Orleans, LA

Abstract: Area X, the avian basal ganglia, plays important roles in song related sensory-motor
learning and performance in zebra finches. We have recently shown that the expression of
miRNA miR-9 is regulated in Area X during song development and overexpression of miR-9 in
Area X of juveniles leads to impairments in vocal learning and vocal performance. We have also
shown that miR-9 regulates FOXP2 (a gene associated with speech and language development)
and many FOXP2 downstream genes that have been associated with neuronal structural
plasticity. These observations prompted us to examine miR-9’s role in modulating neuronal
structure in Area X. We made a lentiviral vector that expresses miR-9 and a fluorescent marker
mCherry, and stereotaxically injected the lentivirus into the Area X at 25-30 days old juveniles.
We sacrificed the animals at 60 days and 100 days of age, imaged virally labeled neurons, traced
neuronal dendritic structure, and quantitatively analyzed neuronal dendrite and spine structure.
We report that miR-9 overexpression in juvenile Area X reduces dendrite length and complexity
of spiny neurons. miR-9 overexpression also reduced spine density of these spiny neurons. In
addition, miR-9 downregulates DARPP-32, a molecule for dopamine signaling. These
impairments are long lasting and persist into adulthood. Together, these results provide strong
evidence for miR-9’s roles in regulating basal ganglia neuronal structure. As the basal ganglia is
key to many neurological and psychiatric disorders, dysregulation of miR-9 may contribute to
these disorders.

Key words — basal ganglia, Area X, medium spiny neurons, dendrite, spines, zebra finches
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Abstract: In the mammalian brain, the dentate gyrus of the hippocampus uniquely generates
new neurons throughout the lifetime of the animal (adult neurogenesis). Adult-born granule cells
undergo a period of maturation during which their membranes are more excitable and inputs
from neurons in the medial enthorinal cortex (via medial perforant path) can more easily induce
long-term potentiation of synaptic responses. This previously described “critical window” exists
between approximately four- and six-weeks of cell age. Whether signaling from the other major
cortical input to the dentate gyrus—the lateral enthorinal cortex via the lateral perforant path—
undergoes the same timecourse of maturation remains unknown. We measured synaptic
responses to stimulation of lateral perforant path axons at adult-born granule cells between three-
and thirty-weeks old. Surprisingly, we find that long-term potentiation of synaptic responses
matures over an extended timecourse, with a peak at around 15-weeks of cell age. Cells between
4- and 6- weeks of age are more likely to experience long-term depression of lateral perforant
path inputs than are older cells. We find that facilitation of transmitter release increases over a
similar timecourse as long-term potentiation. Furthermore, the magnitude of long-term
potentiation could be predicted by either the starting level of facilitation or by the reduction of
facilitation (increase in release probability) after induction of the potentiation. Therefore, these
data suggest that an increase in presynaptic release probability at lateral perforant path synapses
is the major mechanism of long-term potentiation, and that this plasticity is more prominent at
inputs onto older neurons.
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Abstract: Rationale: Excitatory GABA is a crucial developmental cue that guides perinatal
neuronal migration, synaptogenesis, and circuit formation. However, maturing neurons typically
switch to hyperpolarizing responses through onset of KCC2 expression. We investigated how
indefinitely-prolonged excitatory GABA responses in cortical interneurons (INs) adversely affect
cortical circuit development using an IN-specific KCC2 knockout (KO).

Methods: We created the KO by crossing the IN-specific DIx5:cre-IRES-eGFP and the KCC2*
lines. We measured seizure susceptibility by latency to onset of flurothyl-induced GTC seizure.
We recorded sIPSCs using whole-cell voltage clamp in layer 5 (L5) pyramidal neurons in acute
brain slices. We used immunohistochemistry and epifluorescence/confocal imaging to visualize
expression of KCC2 and GABAA receptor subunits al-5, and IN distribution by DIx5-driven



reporters and somatostatin (SST)/parvalbumin (PV) antibodies. Experiments focused on P12-14
barrel field.

Results: KO mice exhibit abnormal neurological development, including: spontaneous seizures,
a 45% faster onset of flurothyl-induced seizures, reduced body weight, and late postnatal
mortality, but normal gross and histological anatomy of organs, including feeding structures and
the brain. We observed the earliest cortical KCC2 expression in L5 INs, as early as E16-18 in
wild-type mice. We expected these cells to be the most affected by loss of KCC2, and indeed
found a 30% increase in density of INs specific to L5. However, we observed that the INs and
inhibitory synapses of KO appear normal in many aspects: distribution of immature DIx5+ INs,
frequency of L5 principal cell sSIPSCs, and GABAA receptor subunit expression.

We postulated that the effects of KCC2 loss might be specific to IN subtypes, which in L5
consist mainly of SST and PV INs with distinctly different circuit functions and developmental
sequences. We found opposing changes in densities of these subtypes: a 12% increase in L5
density of SST INs in KO, but a decrease in PV IN density in L2-4 and L6.

Conclusions: Cortical INs are vital in regulating neuronal excitability and circuit function, and
improper GABAergic excitation of INs underlies genetic and acquired epilepsies. Our data show
that loss of KCC2 in developing INs causes failure to thrive and promotes seizures, which may
be a result of altered IN distribution. To determine the underlying causes, we are now
investigating (1) the early distribution of INs in the KO that precedes the changes in SST/PV
distribution, and (2) whether GABAergic responses are anachronously excitatory in maturing
INs in KO.
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Title: Vasp ubiquitination regulates actin dynamics and neuronal morphogenesis
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Abstract: In neurons, filopodia are critical for neuritogenesis, axon guidance, and dendritic
spine formation. Defects in these processes can result in improper synaptic connectivity,
neurodevelopmental disorders, and psychiatric syndromes. The actin polymerase VASP localizes
to the filopodial tip complex and influences actin dynamics. Previously, the Gupton lab showed



VASP transiently co-localizes with the E3 ubiquitin ligase TRIMO at the filopodial tip. TRIM9
was required for the reversible, non-degradative ubiquitination of VASP and this modification
was associated with decreases in growth cone filopodia number and stability. Although the
dynamic actin cytoskeleton and VASP are also appreciated to play important roles in the
postsynapse, it is not known how VASP activity is regulated in dendritic filopodia and the
maturing dendritic spine. Here we show VASP, TRIM9 and ubiquitinated VASP (VASP-Ub)
localize to the PSD following differential centrifugation, suggesting a role for VASP-Ub in
dendritic spines. Cultured murine cortical neurons overexpressing VASP or VASP-KR (a non-
ubiquitinatable construct) exhibit no significant changes in dendritic filopodia number. Although
the guidance cue netrin promotes synaptogenesis, neurons overexpressing VASP or VASP KR
demonstrated a decrease in dendritic filopodia number following netrin treatment. To understand
this puzzling result, we are currently utilizing live cell imaging to quantify the lifetime of these
filopodia. Ongoing work is also examining 77im9 deletion, as well as VASP and VASP-KR
overexpression, on dendritic spine number, maturity, and synaptic plasticity. Future work will
explore the mechanistic impact of ubiquitination on actin-VASP interactions through in vitro
biochemical reconstitution assays.
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Abstract: Mutation of the receptor tyrosine kinase Kit is associated with rare cases of
intellectual disability and with autism spectrum disorder, suggesting that Kit is important for
brain development. Kit Ligand (KL) promotes the development of Kit expressing cells in the
body periphery; KL may also act in the brain to influence Kit+ neuron development. In human
and rodent brains, KL and Kit are differentially expressed in synaptically coupled neurons. This
complementary expression is consistent with a role for KL/Kit in circuit formation, but this
model has not been tested. In both human and mouse brains, Kit expression is highest in
cerebellar molecular layer interneurons (MLIs), while cerebellar KL is restricted to Purkinje cells



(PCs). In development, MLIs migrate to and synapse upon PCs. This MLI maturation happens
largely postnatally in the mouse and is experimentally accessible. We therefore sought to test the
hypothesis that target-derived (PC) KL attracts Kit+ cells (MLIs) to migrate and form synapses.
This was accomplished through in vivo manipulations of KL, followed by analyses of MLI
migration and of MLI:PC synapses. Leveraging a mouse expressing eGFP under the Kit
promoter, we could observe the normal migration and morphology of Kit expressing MLIs. By
conditional knockout, we found that PC KL was not necessary for normal MLI migration.
However, by ectopic expression of KL, we found that KL was sufficient to attract and arrest MLI
migration. We therefore investigated, instead of acting in an all or none fashion, whether KL
influenced the local strength or specificity of MLI:PC synapses. By viral transduction, we
sparsely overexpressed or knocked out KL, from PCs. By patch clamp electrophysiology, we
found that increasing or decreasing PC KL caused a corresponding change in GABAergic input
from MLIs. This suggests that PC KL levels may act as a rheostat controlling MLI synapse
strength and/or number. This role was not relegated to neurons natively expressing KL; ectopic
expression of KL in cerebellar Golgi cells induced MLIs to sprout axon collaterals to invest KL+
Golgi cells. Having established that modulating KL levels in a postsynaptic cell is sufficient to
change input from Kit+ MLIs, we are now investigating whether presynaptic Kit is required for
normal synapse formation. Our long-term goal for this project is to elucidate the molecular
biology through which KL/Kit signaling elicits synapse formation, not only to inform normal
development, but to understand neurodevelopmental disorders in which Kit is implicated, and to
investigate whether the synaptogenic potential of Kit signaling may be leveraged therapeutically.
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Abstract: 3D cultures aim to recapitulate the complex microenvironment found in vivo and to
bridge the gap between traditional 2D cell culture approaches and in vivo animal models.
Because of the complexity of the brain, there is a need to develop reliable 3D networks that also
provide access to cellular compartments for measurements and manipulations.



Compartmentalized chips made of cyclic olefin copolymer (COC) provide a consistent and
reliable platform to compartmentalize neurons and create assessable co-culture model systems.
Among different matrices for culturing neurons in 3D, the Matrigel® matrix provides a
promising environment for growing neurons, because of its richness in structural proteins found
in the brain, such as laminin and collagen. Dissociated neurons from E18 rat combined cortex-
hippocampus tissue were grown within the Matrigel® matrix in two compartment COC chips for
12 days in-vitro (DIV). Confocal z-stack images of fluorescently labeled neurons within the
chamber demonstrate healthy neuron growth and development in 3D pattern. Neurons in 3D
cultures that were retrograde labeled with GFP G-deleted rabies virus show increase in dendritic
spines compared to 2D controls. In summary, we successfully modeled 3D neuron cultures
within compartmentalized chips. These 3D cultures show an increase in dendritic spine
formation and suggest a possibility to promote neuronal maturation. Further our results suggest
that establishing 3D neuron cultures within these compartmentalized microfluidic devices
provides a novel method to visualize the somatodendritic compartments while specifically
performing targeted drug manipulations to axons extending into the axonal compartment in 2D.
This method helps to develop highly organized in vitro assays to mimic and treat brain disorders.
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Abstract: Dendritic spines develop from highly dynamic, filopodia-like protrusions arising from
the dendritic shaft; here we present recent data from our lab demonstrating that the ATP-release
channel protein pannexin 1 (PANX1) regulates mouse cortical neuron dendritic protrusion
dynamics and dendritic spine density. Cultured cortical neurons lacking PANX1 exhibited
increased dendritic spine density and formed larger cortical neuron networks. PANX1 was
enriched in cerebral cortex synapses and its expression levels were downregulated during the
critical period for synapse formation in the mouse sensory cortex. Panx1 knockout (KO) mice
exhibited increased cortical neuron dendritic spine density in situ (layer 5 sensory cortex
pyramidal neurons) and in vitro, establishing, in part, the mechanism underlying PANX1
regulation of neuronal networks. To determine whether changes in stability of developing
dendritic protrusions contributed to the increased spine density observed in Panx1 KO cortical
neurons, we next developed new methods to measure dendritic protrusion dynamics at 10 days-
in-vitro (DIV10). To improve the detection of dendritic protrusions, we transfected neurons with
a fluorescent membrane tag (mCherry-CD9-10). This approach resulted in a ~34% increase in
the detection of dendritic protrusions when compared to a cytoplasmic fluorescent label (EGFP).
Additionally, we confirmed that Panx1 KO led to higher density of dendritic protrusions, while
transient expression of PANX1-EGFP in wildtype and Panx1 KO neurons resulted in a
significant decrease in dendritic protrusion density. Moreover, using live cell microscopy, we
acquired z-stack images of dendritic segments over a period of 10-minutes (1 frame every 5
seconds). We found that dendritic protrusions in Panx1 KO neurons are more stable, while
transient expression of PANX1-EGFP significantly increased the overall movement and turnover
of dendritic protrusions. Altogether, these new findings confirm and expand our understanding of
PANXI1 regulation of neuronal development and suggest that PANXT1 regulation of dendritic
spines is mediated, in part, by modulating dendritic protrusion dynamics in neurons. This work
has been published in eNeuro at https://www.eneuro.org/content/6/3/ENEURO.0503-18.2019
and https://doi.org/10.1523/ENEURO.0079-20.2020.
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Abstract: The Sez6 family consists of Sez6, Sez6L, and Sez6L.2. Its members are expressed
throughout the brain and have been shown to influence synapse numbers and dendritic
morphology. They are also linked to various neurological and psychiatric disorders. All Sez6
family members contain 2-3 CUB domains and 5 complement control protein (CCP) domains,
suggesting that they may be involved in complement regulation. We show that all Sez6 family
members inhibit C3 deposition by the classical and alterative pathways with varying degrees of
efficacy. For the classical pathway, Sez6 is a strong inhibitor, Sez6L.2 is a moderate inhibitor,
and Sez6L is a weak inhibitor. Using Sez6L2 as the representative family member, we show that
it specifically deactivates C3 convertases by accelerating the decay or dissociation of the C3
convertase components. Sez6L2 also deactivates C3 convertases of the alternative pathway by
serving as a cofactor for Factor I to facilitate the cleavage of C3b. However, Sez6L.2 has no
cofactor activity toward C4b. In summary, the Sez6 family are novel complement regulators that
inhibit C3 convertases.
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Abstract: In the developing auditory system, spontaneous activity generated in the cochleae
propagates into the central nervous system to promote circuit formation. Effects of peripheral
firing patterns on spontaneous activity in the central auditory system are not well understood.
Here, we describe wide-spread bilateral coupling of spontaneous activity that coincides with the
period of transient efferent modulation of inner hair cells from the brainstem medial
olivocochlear system. Knocking out a9/a10 nicotinic acetylcholine receptors, a requisite part of
the efferent pathway, abolishes these bilateral correlations. Pharmacological and chemogenetic
experiments confirm that the efferent system is necessary and sufficient to produce bilateral
coupling. Moreover, auditory sensitivity at hearing onset is reduced in the absence of pre-hearing



efferent modulation. Together, our results demonstrate how afferent and efferent pathways
collectively shape spontaneous activity patterns and reveal the essential role of efferents in
linking otherwise independent streams of bilateral spontaneous activity during the prehearing
period.
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Figure 4. Chemogenetic manipulations can suppress or enhance bilateral coupling in vivo
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Abstract: ABSTRACT

Osmotic equilibrium and membrane potential in animal cells depend on concentration gradients
of sodium (Na") and potassium (K") ions across the plasma membrane, a function that is
catalyzed by the Na,K-ATPase alpha subunit. In vertebrates, four paralogous genes, ATP1A1-4,
encode distinct alpha subunit isoforms (as-a4), three of which (a;, a2, as) are expressed in the
brain, and two (a7, a3) predominantly in neurons. The a3 isoform, encoded by ATP1A3, is critical
to neuronal physiology, and a growing spectrum of neurological diseases are associated with
ATPI1A43 pathogenic variants, with ages of onset ranging from early childhood to adulthood.
Here, we describe ATP1A43 variants encoding dysfunctional a3 subunits in children affected by
polymicrogyria, a developmental malformation of the cerebral cortex characterized by abnormal
folding and laminar organization. To gain cell-biological insights into the spatiotemporal
dynamics of prenatal ATP1A43 expression, we established a transcriptional atlas of ATP1A43
expression during cortical development using mRNA in situ hybridization and transcriptomic
profiling of ~125,000 individual cells with single-cell RNA sequencing (Drop-Seq) from various
areas of the midgestational human neocortex. We find that fetal expression of ATP1A3 is
restricted to a subset of excitatory neurons carrying transcriptional signatures of neuronal activity
and maturation characteristic of the developing subplate. Furthermore, by performing Drop-Seq
on ~52,000 nuclei from four different areas of an infant human neocortex, we show that ATP1A43
expression persists throughout early postnatal development, not only within excitatory neurons
across all cortical layers, but also and more predominantly in inhibitory neurons, with specific
enrichment in fast-spiking basket cells. In addition, we show that ATP1A43 expression, both in
fetal and postnatal neurons, tends to be higher in frontal cortical areas than

in occipital areas, in a pattern consistent with the rostro-caudal maturation gradient of the human
neocortex. Finally, we discover distinct co-expression patterns linking catalytic o subunit



isoforms (47P1A41,2,3) and auxiliary isoforms (47P1B1,2,3), suggesting the ATPase pump may
form non-redundant, cell-type specific a-3 combinations. Together, the importance of the
developmental phenotypes and dynamic expression patterns of A7P1A3 point to a key role for a3
in the development and function of human cortex.
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Abstract: Sensory experience during a critical period is typically thought to be crucial for
development of neural circuits. However, our previous work on critical period plasticity in the
visual pathway showed that Syrian hamsters do not require visual experience and that
spontaneous activity is sufficient for visual receptive fields (RFs) in superior colliculus (SC) to
refine. Instead, early (P33-P40) visual experience is necessary to stabilize RF size in adulthood
via a BDNF-TrkB dependent mechanism. Without this early TrkB activation, RFs of dark-reared
(DR) hamsters begin to enlarge around P60, due at least in part to a reduction in lateral inhibition
from local GABAergic interneurons. Our pharmacological assays also suggested reduced
GABAA receptor function in visually deprived animals. Visual perception assays revealed that
RF re-enlargement significantly reduces the visual processing abilities of DR hamsters, but
treatment with a TrkB agonist during the critical period rescued normal visual ability. In this
study, we sought to identify the possible postsynaptic changes that could underlie RF re-
enlargement in SC of DR adults and explain how reduced TrkB activation affects visual
function. Using western blotting, we tested whether light exposure during the early critical
period stabilizes adult RF size by affecting the composition or anchoring of GABAA receptors
(GABAAR). We predicted that dark rearing would interfere with the maturation of GABAAR
subunit composition, resulting in a higher a2/al (immature/mature) subunit ratio. We also
considered that the a5/al (extrasynaptic/synaptic) GABAA receptor subunit ratio in DR hamsters
might be higher than normal, resulting in reduced synaptic inhibition. We then studied gephyrin
and PSD-95 because reduced synaptic accumulation of these scaffold proteins could reduce the



stability of synaptic GABAAa and glutamate receptors (NMDAR and AMPARs). Alternatively,
dark rearing could reintroduce a juvenile chloride pump (lower NKCC1/KCC2 ratio), reducing
the overall inhibitory effect of GABA. Lastly, we tested whether dark rearing results in an
immature NMDAR composition (higher NR2B/2A ratio), slowing the decay kinetics of
NMDARSs in previously formed synapses in SC, thus expanding the correlation window. We
found no significant differences in levels of these proteins in SC between DR and normal
animals. Our results rule out several alternative explanations for the loss of GABAAa receptor
function identified by our earlier work, and support reduction in presynaptic GABA rather than
postsynaptic alterations as the primary explanation for the loss of RF stability in DR animals.
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Abstract: Vertebrate neural development is a dynamic process that is shaped by complex spatial
and temporal interactions between cells. These interactions influence the trajectory of
development to determine the final structure of the brain, which in turn underlies its functional
capacity. Protocadherins (pcdhs) are homophilic cell adhesion molecules that are critical
effectors during development. Additionally, pcdhs are both causative and risk genes for various
neurodevelopmental disorders including autism spectrum disorder, schizophrenia, and epilepsy.
In this project, we investigated the effect of the loss of Pcdhla on neural development and brain
organization at the local circuit level. To accomplish this, we performed whole brain in vivo
calcium imaging of spontaneous neuronal activity in wild type and pcdhla mutant zebrafish
larvae over the course of the first developmental week. This time window represents a critical
period of circuit assembly and structural maturation. We analyzed these data with graph theory
to evaluate the network development using the principle that neurons that fire together are
physically connected. This approach allowed us to quantitatively compare wild type and mutant
networks over time. We observed that pcdhla mutants display increases in several complex
network measures like clustering, transitivity, and assortativity, and decreases in modularity.
These specific alterations suggest that pcdhla mutants have an altered developmental trajectory
and pattern of connectivity than wild type controls, although they do not show any overt
morphological defects. This could be the result of increased neurogenesis as well as
dysregulation of synaptogenesis at the local circuit level. We are currently investigating the



cellular roles of Pcdhla that may contribute to the altered network phenotypes we observed.
Ultimately, we theorize that pcdhs influence brain architecture by locally regulating and
coordinating developmental processes. Our long-term goals are to determine the molecular and
cellular mechanisms of pcdhs in order to better understand how they guide brain development
and how their loss of function leads to disease.
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Abstract: A traumatic event can form an indelible fear memory trace and behavioral therapy for
post-traumatic stress disorder (PTSD) is limited by the restricted adult brain plasticity level.
Parvalbumin-expressing GABAergic interneurons (PV) are characterized by their highly
complex axon, contacting hundreds of neurons. In adults, their somas are surrounded by a
matrix-like structure, the perineuronal nets (PNN). Decreasing PV inhibition or digesting the
PNN are sufficient to foster adult brain plasticity. However, the molecular mechanisms that
regulate PNN are not well understood. To enhance adult brain plasticity and increase fear
extinction retention, we studied PNN formation around PV somata. Activity-regulated and
synaptic plasticity-associated genes are controlled by the chromatin acetylation level. We
generated conditional PV_Cre,; Hdac2"'** mouse line (cKO) and found that adult mice show
enhanced fear memory extinction retention, along with reduced PNN around PV cells in
prefrontal cortex (PFC) and basolateral amygdala, but not in somatosensory cortex. Drop-Seq
analysis, followed by RNAScope in situ hybridization, in the PFC yielded the acan gene, which
encodes for the aggrecan protein, as a PNN component specifically expressed by PV cells. We
confirmed the reduced aggrecan agglomeration around PV cells in the cKO PFC which was then
rescued by Cre-dependent viral overexpression of Hdac2. Further, we show that a single
injection of a novel Hdac2 inhibitor, before extinction training, is sufficient to increase fear
extinction retention in WT adult mice, and concomitantly reduce acan expression and destabilize
PNN in PFC. Altogether, our work supports a model in which PV cells and PNN play a pivotal
role in brain plasticity and suggests that modulation of either Hdac2, or the acan gene, along
with therapy could improve PTSD treatment.
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Abstract: Parvalbumin (PV)-positive GABAergic interneurons constitute the majority of inter-
neurons in the cortex and play a key role in the function and synchronization of cortical
networks. Alterations in PV-interneuron connectivity, especially in the medial prefrontal cortex
(mPFC), have been found in different psychiatric disorders. We have previously shown that the
expression of the p75 neurotrophin receptor (p75SNTR) regulates the time course of PV cell
synapse maturation in a cell-autonomous fashion. Here, we show that p75SNTR removal in
postnatal PV cells affects the connectivity and physiology of PV interneurons and mPFC
function in PvCre dependent conditional knockout (cKO) mice. We first analyze the effect of
p75NTR removal on the efferent and afferent connectivity of PV cells. We quantified putative
perisomatic synapses formed by PV cells, identified by the juxtaposition of PV and gephyrin, a
post synaptic scaffolding protein of GABAergic synapses. Both the density of PV+gephyrin+
puncta and the percentage of perisomatic PV puncta showing juxtaposed gephyrin were
significantly increased in mPFC but not in visual cortex of cKO mice. Analysis of putative
glutamatergic synapse density on PV cell somata is ongoing. An important indication of PV cell
maturation is the appearance of specialized extracellular matrix structures called perineural nets
(PNN5s) around the soma and primary dendrites of mature cortical PV cells. p75 cKO mouse
show a significant increase in the number of PV cells encircled by PNN, as revealed by WFA
staining, in mPFC but not visual cortex. These mice also show deficits in attentional set-shifting
task, a measure of attention and cognitive flexibility in mPFC, and in extinction of fear
memories, both of which rely on mPFC function. Moreover, extracellular recordings in the cKOs
show that p75 removal induces an increase in y activity, an oscillation dependent on PV cells, in
the mPFC of anesthetized mice. Taken together, our data suggests that p7SNTR expression in
postnatal PV cells play a role in their connectivity specifically in mPFC function.
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Title: Phospholipid scramblase Xkr8 is required for developmental axon pruning
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Abstract: The mature brain connectome emerges during development via the extension and
pruning of connections. Glial cells have been identified as key players in the phagocytic
elimination of neuronal synapses. However, our understanding of pruning has been hampered by
a lack of knowledge about the neuronal eat-me signals and associated transduction systems
involved. Here we identified Xk-related protein 8 (Xkr8), a phospholipid scramblase, as a key
factor for the pruning of axons in the developing mammalian brain. We found that
phosphatidylserine scrambling is upregulated during synaptic pruning and preferentially found
exposed on synaptic structures to promote microglia-synapse interactions. Mice lacking Xkr8
showed excess excitatory synapses, increased corticospinal projections and global brain
hyperconnectivity. These data identify phospholipid scrambling by Xkr8 as a central process in
the labelling and discrimination of developing neuronal projections for pruning in the
mammalian brain.
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Abstract: The hippocampal formation codes for spatial memory and navigation. In mammals,
sensory information from cortical areas reaches the layer 2/3 of entorhinal cortex (Ent L2/3) and
then flows to the dentate gyrus granule cell layer (DGC), Ammon’s horn pyramidal cell layer
(CA3 and CA1) before returning to Ent L5 which distributes information to cortical areas. In
development, these functions seem to start around eye opening, when environment exploration
starts (Speed and Dobrunz 2009), but the specific order of maturation is unclear. Here we used
cFOS immunofluorescence (a marker of activation) to assess whether the mature hippocampal
cFOS expression pattern is reached simultaneously among regions, or whether maturation occurs
gradually following the direction of activity through the circuitry or other principles (for
example, following the “rhinal to dentate” neurogenetic gradient). We compared cFos expression
in mouse pups at postnatal day (P) 4, 9, 13 and 17 with adults (n=4 for all ages). All animals
were kept awake for 1-2 hours, then immediately anesthetized and perfused with fixative. The
brains were frozen and cut at a cryostat in 40pm thick sections. Adult mice showed cFOS in Ent
(all layers), DGC, CA1 and CA3. We observed initial cFOS expression in Ent L2 and DGC on
P4, and Ent L3, CA3 and CA1 expression on P9. In DGC, the initial staining was present only at
the border with the molecular layer, where cells mature earlier than in DGC proper (as measured
by decreasing doublecortin expression; Allen Institute for Brain Science 2008). The staining
became distributed throughout the DGC only after P17. An adult-like level of staining was
present in DGC on P9, in CA3 at P13, and CA1 after P17. Initial cFOS was seen in Ent L5 on
P9-P13 and it was not adult-like even at P17. Thus cFOS shows a “maturation” sequence in the
hippocampal formation that roughly follows the activation sequence through the circuitry. This
may indicate a general principle of sequential activity maturation.
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Abstract: There is an increasing body of evidence from both in vivo studies (Varela et al., 2001;
Wang, 2010; Siegel, Donner, & Engel, 2010) and simulated networks (Izhikevich & Edelman,
2008; Noori et al. 2020) that the brain's processing requires synchronization of spike arrival
times. One of the most promising mechanisms suggested to meet this requirement is
compensating myelination, where adaptive levels of myelin insulation reduce longer conduction
delays to synchronize with shorter ones (Salami et al., 2003; Vicente et al., 2008; Seidl, 2014).
This compensation is produced through homeostatic regulation of myelin levels, converging onto
a particular level of myelin for a given phase-locked pattern of stimulation (Domingues et al.
2016, Noori et al. 2020).

We introduce a plausible biological mechanism for the regulation of activity dependent myelin
plasticity, and a computational model of this mechanism which ultimately produces stable,
homeostatic dynamics analogous to voltage-based STDP models. Our model synchronizes
coherently out-of-phase inputs via changes in conduction velocity, and makes predictions about
the proteins, neurotransmitters, and ions involved in adaptive CNS myelin plasticity.
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Abstract: Aberrant functional connectivity (FC) is frequently found in autism spectrum
disorders (ASD), notably correlating with the degree of social impairment (Supekar et al., 2013).
We previously reported that administration of oxytocin (OXT) improves social deficits in mice
lacking an ASD risk gene, Cntnap2 (Penagarikano et al., 2015). Given the ability of OXT to
increase circuit signal-to-noise (Owen et al., 2013), we hypothesized that OXT might exert its
prosocial effects via stimulating socially-relevant brain regions and rescuing potentially present
FC alterations in Cntnap2 KO mice. To test this, we used high field (7T) fMRI to measure brain-
wide BOLD responses and changes to resting-state FC after administering OXT to wild-type
(WT) and Cntnap2 KO mice (n=15/group). In KO mice, we observed significantly lowered mean
FC between regions with established roles in social behavior (e.g. PVN, nucleus accumbens
(NAc), medial prefrontal cortex), and higher mean FC between these and other regions not
typically involved in social functions (e.g. sensory cortices, thalamus; p<0.001 vs WT).
Strikingly, OXT robustly increased the BOLD signal in various social regions, and reversed both
FC phenotypes in these mice (p<0.001), including circuits involving the NAc. To validate these
results, we assessed the brain-wide patterns of neuronal activity with lightsheet imaging of
iDISCO+ cleared brains. In parallel with fMRI results, OXT strongly increased the number of c-
Fos+ cells in several social brain regions in KO mice (e.g. NAc, BNST, insula), but not WT
(p<0.005; n=5/group). Further investigation revealed a lower excitatory synaptic drive in the
NAc of KO mice, latter of which was rescued by local agonist activation of OXT receptors (n=6-
7 cells/group). As OXT axons directly project to the NAc, we next tested whether stimulating the
terminal release of OXT onto the NAc in vivo is sufficient for rescuing the social impairment of
adult KO mice. To do this, we selectively expressed the excitatory opsin ChETA in PVN OXT
neurons (OXT-ChETA), and stimulated the NAc with blue light (457 nm at 30 Hz, 5 ms pulse
width, ~10-15 mW) through bilaterally implanted optic fibers. Our results revealed that adult KO
mice with OXT-ChETA spent a significantly longer time interacting with an unfamiliar juvenile
WT mouse, compared to OXT-eYFP control KO mice (p=0.03; n=5/group), confirming that
increasing endogenous OXT in the NAc is sufficient for reversing the social deficits of these
mice. Collectively, these results suggest that the prosocial effects of OXT in Cntnap2 KO mice
may involve an enhancement of concerted activity across social brain areas, and identify the
NAc as a key area in this process.
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Title: Behavioural and neurochemical responses of oxytocin-receptor-mutant zebrafish to group
and individual social stimulation: support for zebrafish autism model
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Abstract: Autism is a family of neurodevelopmental disorders characterized by social deficits
and abnormalities in brain areas associated with social and emotional behaviour. Autism affects
roughly 1% globally and no effective pharmacological treatments are currently available.
Recently, intranasal oxytocin has shown promise as a potential treatment for social impairments
seen in autism. Oxytocin is a neuropeptide that regulates a wide range of mammalian behaviours
relevant to autism, such as bonding, social recognition, and anxiety. As the mechanisms
underlying oxytocin’s role in improving social function in autistic patients are not well-
understood, animal models with capacity for sophisticated genetic manipulation are necessary.
Zebrafish (Danio rerio) is a highly social vertebrate with phylogenetic conservation in oxytocin
and key neurotransmitter systems and we exploit these features to develop an animal model of
autism. Our aim was to investigate social interaction and neurochemistry in zebrafish mutants
with genetically manipulated oxytocin system. Using adult male and female CRISPR-Cas9-
mutants lacking either of the two zebrafish oxytocin receptor genes, oxtr and oxtrl, we measured
socialization between four fish (same-genotype, n > 20 for each group) in a large open-field (40x
body length). We measured shoaling, group excursions, general locomotion, and specific motor
patterns of mutant and wild-type fish in the large pool. Following stimulation with automated
visual-only social stimulus individually, we also measured the levels of neurotransmitters and
amino acids (dopamine, serotonin, norepinephrine, glutamate, GABA, and glycine) in multiple
brain regions of these mutants using high precision liquid chromatography and compared them
with wild-type control fish. Our data show that zebrafish lacking oxytocin receptors display
social deficits and changes in anxiety-related behaviour, in a receptor-specific and context-
dependent manner. We also found significant differences in neurotransmitter levels in the
measured brain regions (olfactory bulbs and telencephalon, mesencephalon, diencephalon,
cerebellum & hindbrain), indicating a role of oxytocin in regulation of neurotransmitters
associated with social and emotional behaviour. These results suggest that the two oxytocin
receptor play important but distinct roles in zebrafish social behaviour. These findings advance
our understanding of neural mechanisms underlying oxytocin-regulated social interaction in
zebrafish and highlight the potential of future investigation of zebrafish oxytocin system towards
generating better therapeutic treatments for autism.
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Abstract: Dysregulation of the dopamine system has been hypothesized as a factor contributing
to behavioral and cognitive deficits in autism spectrum disorder (ASD) based on the role of
dopamine in processing natural and conditional rewards and social behavior. Previous findings
of social behavioral deficits in a mouse model of conditional deletion of the autism risk gene
Pten in dopaminergic neurons further implicates the dopamine system in ASD-relevant
behavioral phenotypes. PTEN is mutated in approximately 15% of individuals with autism
spectrum disorder and macrocephaly and is a negative regulator of the PI3K-Akt-mTOR
pathway. Signaling through mTOR is a critical effector of neuronal growth and connectivity;
however, the role of dysregulated mTOR signaling in the development of dopaminergic circuitry
underlying social behavior is unknown. We hypothesized dopaminergic neurons in the ventral
tegmental area (VTA) and their projections to the mPFC (an area previously found to be
hyperexcitable in Pten mutant mice) will be increased in germline Pten™” mice, which are a
model of macrocephaly/autism syndrome, due to dysregulated mTOR signaling. To test this
hypothesis, we immunostained VTA and mPFC sections of wildtype and Pfen mutant mice with
anti-tyrosine hydroxylase and phospho-S6, a marker for mTOR activity. Measurements of soma
size and axon fiber density were collected and analyzed blind to genotype. Our findings
demonstrate that the soma of dopaminergic neurons residing in the VTA are enlarged in Pren™"
mice compared to WT controls. Dopaminergic neurons in the VTA also display greater mTOR
activity compared to non-dopaminergic cells in Pten*” mice. Analysis of VTA to mPFC axonal
projections reveals that the distribution of dopaminergic axons in the mPFC is altered in Pten™”
mice, with deeper layers receiving greater axon innervation compared to upper layers. Increased
axon fiber density in deeper layers may drive increased activity in the mPFC in response to
social stimuli, leading to social behavioral deficits. To test this hypothesis, we attempted a rescue
by reducing VTA to mPFC neuronal activity using chemogenetics (DREADDs). Upon reducing
VTA to mPFC neuronal activity, social interaction increased in Pten™” mice. Our findings
suggest Pten mutations drive aberrant dopaminergic projections to the mPFC and decrease social
interactions due to dysregulated mTOR signaling, pointing to a novel candidate
pathophysiological mechanism in macrocephaly/autism syndrome for further investigation.
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Abstract: Autism spectrum disorder (ASD) is characterized by impaired social interaction and
communication and increased repetitive and stereotypical behavior. Neuroimaging shows
functional abnormalities in brain areas involved in temporal processing of ASD patients (Allman
& Meck, 2012, Brain, 135:656-77), and individuals with ASD show deficits in interval timing
(Allman & Falter, 2015, In: Time Distortions in Mind:37-56). Neurexin (Nrxn) genes have been
identified in a wide variety of neuropsychiatric disorders, including ASD, and Nrxnl+/- mice
possess a mutation that disrupts both alpha and beta isoforms of Nrxnl, a gene that is involved in
the structure of synapses (Flaherty et al., 2019, Nat Genet, 51:1679-90). We investigated the
interval timing abilities of the Nrxn/+/- mouse model of ASD in the peak interval procedure with
a 15s target interval. Two-month-old male Nrxnl+/- and C57BL/6] littermate control mice were
trained to obtain sucrose liquid rewards 15s after the onset of a discriminative stimulus (discrete
fixed-interval training) and their timing responses were tested in probe trials that lasted much
longer and reinforcement was omitted. We found that the Nrxn/+/- mice responded earlier than
the control mice on the probe trials, resulting in a leftward shift in their average response curve.
This shift in response is typically seen in animals with hippocampal lesions (Balc1 et al., 2009,
In: Animal models of human cognitive aging:161-201), and is similar to the shift in timing
responses of the 5XxFAD mouse model of Alzheimer’s disease on the same task (Giir et al., 2019,
J Neurosci Res. 97:817-27). No differences were found in measures of temporal differentiation,
response rate, or response amplitude. While a prior study of timing behaviour in individuals with
ASD found a similar leftward response shift (Allman et al., 2011, Am J Intellect Dev Disabil,
116:165-78), another study found no such shift (Doenyas et al., 2019, Autism Res, 12:239-48).
Leftward shifts were also found in a study of a different mouse model of ASD (Acosta et al.,
2018, Eur J Neurosci, 47:19-630). In conclusion, these findings are suggestive of hippocampal
dysfunction in the Nrxnl+/- mouse model of ASD, and add to the growing knowledge of timing
behaviour in ASD.
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Abstract: Recent literature indicates that along with genetic risk factors, there also are perinatal
environmental factors that contribute to the risk of developing Autism Spectrum Disorder
(ASD). These environmental factors are known to activate the immune system, such that
dysregulation of the immune system early in life may have negative consequences on neural
function and the development of appropriate social behavior. Our experiment is designed with
the intent of modeling the multitude of social behavior deficits seen in many neurodevelopmental
disorders, including autism and schizophrenia. We hope to be able to eliminate some of the
questions still present in these disorders. Microglia, which are the immune cells of the brain
when activated, release inflammatory cytokines throughout which in effect “primes” these cells.
The exaggerated cytokine release from the microglia, as well as a second “hit” later in life, alters
neuronal function and leads to behavioral disorders. Our model introduces an immune challenge
to rats on day 4 of life (P4) and then again on day 25 (P25). This result stems from a technique
called a “two-hit model of neuroinflammation," the model that we currently use in our
experiments. Play behaviors such as pouncing, pinning, chasing, and social exploration were
observed and analyzed in juvenile male and female rats. Our previous work shows these play
behaviors for a juvenile dyad consisting of one control animal and one experimental animal
(treated with two-hit model). New data consisting of the same play behaviors and dyad were
scored by looking at behaviors for the experimental animal alone. With this data we can observe
the differences in the participation vs initiation in a play bout with our experimental animals
compared to controls. Our goal is to further understand the impact of the two-hit model of
neuroinflammation on the development and expression of social play behaviors in male and
female juvenile rats. Additionally by looking at this data we can further investigate the
differences present between the sexes. Funding: NIH ROIMH16553 to JMS.
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Abstract: Evidence suggests that microglia, the immune cells of the brain, have an important
role in the development of brain circuits. As a result, activation of the immune system early in
life significantly increases the risk of various neurodevelopmental disorders, including
AutismSpectrum Disorder. Perinatal exposure to infectious pathogens is suggested to be an
environmental risk factor that has a role in activating the developing immune system, and the
subsequent onset of neurodevelopmental diseases. Furthermore, the “two-hit hypothesis of
immune activation” suggests that not just one, but multiple exposure to immune activation
further increases the risk of neurodevelopmental disorders. That is immune activation during
a“sensitive period” of neurodevelopment may result in an exaggerated immune response to
subsequent immune challenges and the onset of behavioral disorders during the juvenile
period.Microglia number and activation profiles differ between males and females during early
development. Thus, males might be more susceptible to the consequences of immune activation
as a result of the two-hit model, thereby leading to a greater prevalence of males diagnosed with
neurodevelopmental disorders. In order to better understand the two-hit model of
neuroinflammation and its effect on the expression of social behaviors in males and females, we
tested the impact of neonatal bacterial infection (E.coli) and a subsequent juvenile immune
challenge (lipopolysaccharide, LPS) on two well established tests of rodent social behavior -
social interaction and social recognition. Using an open-source ImagelJ plugin, MouBeAt,
locomotive behavior; such as total distance traveled, total freezing time, average velocity and
more were examined during these behavioral tests. Preliminary analysis of the data thus far
indicates that the timing (neonatal or juvenile) and nature (E.coli or lipopolysaccharide) of the
neuroimmune activation have a different effect on the expression of locomotive activity in male
and female juvenile rats during a social behavior test.
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Abstract: Autism Spectrum Disorder (ASD) has become increasingly prevalent in recent years,
withthe CDC estimating that it now affects 1 in 59 children. Recent studies have
linkedneuropsychiatric phenotypes of ASD to both genetic and environmental factors,and
amongthem have established a promising link between the gut microbiome and autisms.
Mousestudies for example have highlighted the growing importance of the role of the
gutmicrobiota in ASD, and neurotypical behaviors were rescued in a mouse model of
autismusing the commensal bacteria Bacteroides fragilis, establishing a direct association
betweenthe gut microbiome and ASD. In human subjects, studies comparing the microbiomes
of ASD-affected and neurotypical children found that the former were depleted
ofBifidobacterium spp. and Prevotella spp. and enriched in Clostridium spp,
particularlyClostridium celatum, a non-pathogenic bacterial taxa. In order to establish whether
C.celatum can effectively modulate the ASD phenotype, we investigate the
mechanismsunderlying these effects by using behavioral assays with and without the bacteria in
anautism-like mouse Maternal Immune Activation model. Here we assess anxiogenic
behavior,general activity levels, restrictive and repetitive behavior, and social cognition, and
socialnovelty through the elevated plus maze, open field habituation, marble burying, andthree-
chamber sociability test. In addition, gastrointestinal content has been sampled fromthe
duodenum, jejunum, ileum, and caecum of selected subjects and used to assess thestructure and
diversity of microbial communities of the gut using 16S analysis. Our studyfinds potential
colonization of Clostridium in the mice and evidence for modulation of theanxiogenic phenotype
between mice treated with and without the bacteria.
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Abstract: Autism spectrum disorder (ASD) is highly heritable and associated with alterations in
neuronal connectivity. Genetic studies suggest that there is an overrepresentation of chromatin
regulatory genes associated with ASD. ASH1 Like Histone Lysine Methyltransferase (ASH1L)
is a major genetic risk factor for ASD. ASHI1L methylates Histone H3 on Lysine 36 this histone
modification is proposed to be primarily involved in transcriptional activation. However, how
mutations in ASHI1L lead to deficits in neuronal connectivity associated with ASD pathogenesis
is largely understudied. Using stem cell-derived human neurons, we found that ASHIL
regulates neuronal morphogenesis by counteracting the Polycomb Repressive complex 2 group
(PRC2) catalytic activity. Analysis of changes in chromatin landscape and gene expression by
ATAC seq suggest that ASHIL regulates pathways associated with neurite projection
development, neuronal morphogenesis, and synaptic function. In particular, we find a strong
correlation of our neuronal morphogenesis phenotypes with decreased expression of the
neurodevelopmentally important neurotrophin receptor TrkB. Therefore, we present here a
novel mechanism regulating neuronal morphogenesis that implicates an epigenetic modifier-
ASHIL as a key regulator of the BDNF-TrkB signaling pathway in humans and that might
underlie ASD pathogenesis.
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Title: Neuroinflammation and platelet-endothelial injury with disruption of the blood brain
barrier in a genetic model of autism with GABAergic neuron-specific deletion of Semaphorin 3F
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Abstract: Background: Semaphorin impacts neurogenesis and vasculogenesis and regulates cell
and neurite motility of neurons and endothelial cells. Autism spectrum disorder (ASD) is



associated with neuroinflammation but vascular and blood brain barrier (BBB) involvement is
unclear. We previously reported neuroinflammation, oxidative stress, epileptogenesis and ASD
behavior in GABAergic interneuron-specific DLX5/6Cre+ Sema 3F KO mice. We aimed to
determine whether neuroinflammation and oxidative stress involve platelet-endothelial injury
and BBB dysfunction in this genetic model of ASD.

Methods: We examined the expression and distribution of platelets (CD61), platelet activation
(p-selectin and serotonin) markers, fibrinogen and albumin leakage as an indicator of blood brain
barrier disruption and endothelial injury, in DLX5/6Cre+FF Sema 3F KO mice. Furthermore, we
examined superoxide levels (DHE staining) in the heterozygous DL5/6Cre+F/WT mouse and
whether the excitatory neuron-specific EMX1-Cre+ FF mouse that shows no epileptogenesis,
exhibits similar increases in oxidative markers. We also compared brain weight and
electrophysiological (EEG) changes of both DLX5/6 Cre+FF and EMX1-Cre+FF Sema 3F KO
mice.

Results: Sema 3F deletion resulted in 10% brain weight loss and decreased the alpha and beta
frequency EEG power in the DLX5/6Cre+FF but not in EMX1-Cre+ FF mice. Increased
superoxide was also detected in heterozygous DLX5/6 Cre + F/WT but not in EMX1-Cre + FF
mice. Platelet deposition (CD61) and activation (p-selectin, serotonin, fibrinogen) occurred in
multiple brain regions important in ASD. Finally, along with platelet activation and fibrinogen
accumulation, albumin leakage and uptake suggest BBB deficits.

Conclusions: Electrophysiological changes may underlie increased epileptogenesis and ASD
behavior in DLX5/6Cre+ mice. Additionally, platelet activation, with increased serotonin release
that has previously been associated with the severity of ASD behavioral deficits, as well as
protein leakage suggest that Sema 3F deletion in inhibitory interneurons causes platelet-
endothelial injury and BBB breach, further enhancing neuroinflammation. These observations
may provide some insights into new therapeutic strategies targeting platelet-endothelial
dysfunction and neuroinflammatory pathways to improve symptoms and behavioral deficits
associated with ASD.
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Abstract: The cerebellum has recently been recognized as an important contributor to cognition
and neurodevelopmental disorders such as autism spectrum disorder (ASD). We examine the
role of the predominantly cerebellar gene ASTN2 in cerebellar circuit function and ASD-related
behaviors. Copy number variations in ASTN2 have been identified as a significant risk factor for
ASD, suggesting that ASTN2 mutations lead to altered cerebellar synaptic function. In addition,
we recently reported a family with a paternally inherited intragenic ASTN2 duplication that
manifested a range of neurodevelopmental disorders, including ASD, learning difficulties, and
speech and language delay (Behesti et al, 2018). Our previously published cellular and molecular
studies on mouse cerebellum show that ASTN2 binds to and regulates the trafficking of multiple
synaptic proteins, including Neuroligins, which have been genetically linked to ASDs, and
modulates cerebellar Purkinje cell (PC) synaptic activity (Behesti et al, 2018). To provide a
genetic model to study cerebellar circuit function and the role of the cerebellum in
neurodevelopmental disorders, we generated a novel global 4stn2 knockout mouse line. Our
electrophysiology experiments indicate that P30 mice lacking Astn2 have a decrease in evoked
excitation relative to inhibition in PCs. We found a reduced PC dendritic spine density using
Golgi staining at P21, and a reduction of vGlutl excitatory synapses between granule cells
parallel fibers and PCs via immunohistochemistry at P21 and 6 months old. These results suggest
a specific cerebellar circuit defect in the Astn2 mutants. In addition, we observe motor deficits
and defects in ASD-related behaviors in Astn2 mutants. When compared to wild type littermates,
Astn2”" animals show a marked decrease in the number of calls in separation induced pup
ultrasonic vocalizations (male and female P2-P14 pups), hyperactivity, anxiety, and repetitive
behavior phenotypes in the open field test (male and female 8-12 week old animals), and reduced
sociability and social novelty seeking in the three-chamber test (male and female 8-12 week old
animals). As other findings do not indicate major defects in cerebellar development, we
hypothesize that the behavioral defects we observed relate to defects in the cerebellar circuitry
with underlying changes in synaptic receptor trafficking.
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Title: Characterizing the role of the histone methyltransferase, Ashl1l, in mouse brain
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Abstract: Over 100 genes have been implicated in the genetic etiology of autism spectrum
disorder (ASD). Many high confidence ASD genes are involved in chromatin remodeling,
histone modifications and DNA methylation. Among these is ASH1L (Absent, Small, Homeotic-
Like), which catalyzes histone H3K36 methylation and has a role in activating transcription by
counteracting polycomb repression. ASD patients have been identified with heterozygous
ASHIL variants that are predicted to cause loss of function, and they include premature
termination, frame shifts, and missense variants throughout the protein. While ASHIL is
expressed in a number of regions of the developing and adult brain, its role has yet to be defined.
We hypothesize that gene expression changes caused by Ash 1/ deficiency will alter cortical
development and cause molecular abnormalities in cortical layers. To investigate the role of
Ashll in mammalian neural development and function, we established novel mouse models of
Ashll deficiency with cre-loxP technology starting with the Ash1[m?«(EUCOMM)Hmgu moyse line.
Using FlpO, we generated an allele with loxP sites flanking exon 4, Ash1!". Cre-mediated
excision of exon 4 results in a premature stop codon in exon 5, p.V1693Afs*2, a presumptive
null allele. Using an EIIA-cre mouse line we generated Ash 1] heterozygous null mice (4sh1l")
and confirmed that Ash /"~ mice are underrepresented at postnatal day 14 (p = 0.021).
Preliminary results revealed defects in corpus callosum development at embryonic day 18.5-P0
in Ash1l”- mice relative to littermate controls. We are in the process of histological analysis of
brain development in Ashll”- embryos, including assessments of cell proliferation and death, and
cortical layer organization. Additionally, we used EmxI-Cre®®? to induce cortical-specific
knockouts of Ashl/ and we are in the process of determining gene expression changes via single
cell RNA sequencing on Emx1-Cre®®?; Ash1I"" mouse embryos. By better understanding the
role of Ash 1l in the mouse cortex, we aim to provide insight into the developmental and
molecular pathogenesis of ASD in patients with ASH 1L loss-of-function variants. Well-
characterized Ash 1l knockout mouse strains will be a valuable for future assessment of
therapeutic treatments.
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Title: Structural abnormalities in Purkinje neurons in the Cntnap2 mouse model of autism
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Abstract: The cerebellum has traditionally been associated with motor function, however, there
is increasing evidence of its role in modulating non-motor behaviors, including social cognition,
which has wide implications for disorders such as autism. Indeed, several cerebellar
abnormalities have been found in postmortem brain tissue of individuals with autism, including
reduced number and size of Purkinje cells (PCs). Animal models provide a major avenue to test
the implication of a certain neuropathology in the disorder. In humans, mutations in the
CNTNAP2 gene are associated with cerebellar abnormalities in individuals with autism. To
investigate its potential role in the disorder, in this study, we characterized the neuroanatomical
structure of PCs in a mouse model of autism, knockout for the Cntnap2 gene, which has been
shown to display cerebellar functional abnormalities.We performed biocytin injection upon patch
clamp recordings of PCs in the Crus I region of the cerebellum (an area shown to be involved in
social behavior) in male mice. We then reconstructed the dendritic tree of PCs and performed
Sholl analysis with ImagelJ to study neuronal arborizations. Furthermore, the relative spine
density was also estimated semi-automatically using ImageJ.We found a reduction in PC length
and number of ramifications in knockout mice, indicating a less complexity of neuronal
arborization. This result could be related to an underdevelopment of this region and it could
trigger alterations in the functionality of those cells. Conversely, the density of dendritic spines
appears to be increased in knockout mice, perhaps to counteract that underdevelopment.Further
studies are needed to identify potential functional abnormalities associated with the structural
alterations observed, which will give new insights into the pathophysiology of autism.
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Abstract: Autism Spectrum Disorder (ASD) is a heterozygous disorder marked by social
impairments and varying levels of genetic dysregulation. Some commonly dysregulated genes
including RORA and SHANK3 are modulated by actions at gonadal hormone receptors, making
these genes vulnerable to the effects of endocrine disrupting chemicals. Bisphenol A is a known
estrogenic compound though it is unclear what impact BPA could have on the expression of
hormonally regulated genes due to BPA having distinct mechanisms at nuclear estrogen
receptors. Increased postnatal levels of BPA have been associated with an increased risk of
developing ASD, though it is unclear what role BPA may have in the pathology of the disorder.
Decreased SHANKS3 expression has been seen in children with ASD and has been linked with
social deficits in mice. FOXG1 is implicated in inhibitory neuron differentiation, with increase
expression of FOXG1 resulting in increased inhibitory neurons. The present study aims to assess
whether postnatal exposure to BPA results in dysregulation of these hormonally regulated genes.
Male and female Long Evans hooded rats were dosed from postnatal day 6 to 8 via oral gavage
with either 0, 40, or 400 mg/kg BPA suspended in corn oil. A rt-qPCR was run to determine
relative expression of commonly ASD associated genes RORA, FOXG1, HOMERI1, and
SHANK3. Males exposed to BPA had increased HOMERT1 expression, which was most notable
in the 400mg/kg group. SHANKS3 expression was increased in males exposed to 40mg/kg BPA
but decreased in males exposed to 400mg/kg BPA. FOXG1 expression was increased in males
exposed to 400 mg/kg BPA. These findings suggest a dose and sex specific response to BPA,
where males exposed to 400mg/kg BPA showed the highest level of dysregulation. Males
exposed to 400 mg/kg BPA exhibited dysregulation of FOXG1 and SHANK3, in a similar
pattern as seen in children with ASD.
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Title: Functional analysis of ASD risk genes in zebrafish
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Abstract: Autism spectrum disorders (ASDs) are a group of complex neurodevelopmental
disorders that affect social behavior and communication, and are characterized by the presence of
repetitive, restrictive behaviors. There are still no pharmacological interventions available that
target the core deficits in ASD as much is unknown about the neurobiology of the disorder.
Whole-exome sequencing has recently revealed “high confidence” risk genes associated with
ASD (hcASD), enabling a series of more in depth studies, however our knowledge about the
mechanisms by which hcASD gene disruption alters brain development, remains elusive. The
zebrafish has become an optimal vertebrate model for genetic studies due to its fast development,
transparency of its embryos, availability of efficient methods for generating mutant lines and
tractability for high-throughput analyses. Using CRISPR/Cas9 technology, we have generated
zebrafish mutant lines of ten hcASD genes. To investigate how gene disruption alters basic
sensory processing and sleep-waking activity, we have established a novel behavioral high-
throughput in vivo system. This system is used to assay visual-startle and rest-wake behavior
across the different mutants and in parallel, for the screening of over 750 FDA-approved drugs to
identify their effects on these behaviors. By comparing the effect of these drugs in wild-type fish
to the mutant behavioral profiles, we aim to identify dysregulated pathways in mutants and
potential suppressors of hcASD mutant behavioral phenotypes. Preliminary analyses have
identified a range of behavioral phenotypes across hcASD mutants.. Using these profiles, we are
beginning to identify pharmacological compounds that target these phenotypes and investigate
the mechanisms by which certain phenotypes could be reverted with these anti-correlating drugs.
The identification of phenotypes in the behavioral profile of hcASD zebrafish mutants and the
discovery of new pharmacological suppressors of these phenotypes has the potential for
identifying drug candidates for further investigation in ASDs. RNA-seq analysis of zebrafish
brains during the same developmental stages of behavior profiling, are also being carried for all
mutant lines. The exploration of disrupted pathways, gene expression and upstream regulators
related to these hcASD genes, may elucidate other common molecular players of this complex
neuro disorder.

Disclosures: H. Weinschutz Mendes: None. T. Chen: None. W. Wu: None. J. Elibott:
None. B. Vander Wyk: None. A. Wang: None. E. Hoffman: None.

Digital Abstract Session

P021. Autism: Genetic Models
Program #/Poster #: P021.08

Topic: A.07. Developmental Disorders

Support: NIH Grant
Simons Foundation

Title: Whole-brain activity mapping in zebrafish ASD risk gene models

Authors: *T. CHEN!, H. WEINSCHUTZ MENDES!, D. S. JIN2, B. M. ROONEY, X.
PAPADEMETRIS?#, E. J. HOFFMAN®$;



!Child study center, “Interdepartmental Neurosci. Program, Yale Univ. Sch. of Med., New
Haven, CT; *Dept. of Radiology and Biomed. Imaging, “Dept. of Biomed. Engin., Child study
center, “Dept. of Neurosci., Yale Univ., New Haven, CT

Abstract: Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder that affects
approximately 1 in 54 children in the U.S. Whole-exome sequencing has led to the identification
of at least 100 high confidence risk genes that are strongly associated with ASD. However, the
mechanisms by which the disruption of risk genes alters basic neural signaling during vertebrate
brain development is not well understood. To investigate this, we generated zebrafish mutants in
10 high confidence ASD risk genes in zebrafish using CRISPR/Cas9 and developed a novel
pipeline for the analysis of whole-brain activity in mutants.. Because we found that zebrafish
ASD risk gene mutants lack major structural abnormalities, but display behavioral deficits, we
hypothesized that loss of ASD risk gene function might lead to changes in baseline brain activity.
To analyze this, zebrafish mutant and sibling- or cousin-matched wild-type larvae were fixed at 6
days post fertilization and stained for phospho-ERK (pERK) and total-ERK (tERK), followed by
confocal imaging. ERK is a downstream reporter of calcium signaling, such that pERK stains
only active neurons, while tERK antibodies stains all neurons. Using our pipeline, confocal
images were registered to a standard zebrafish reference brain and mapped onto a zebrafish brain
atlas. This allows us to quantify regional differences in brain size and activity. Our findings show
that zebrafish ASD risk gene mutants display alterations in baseline brain activity affecting
several brain regions, though these patterns were non-overlapping in different mutants. For
example, zebrafish scnllab mutants show significant deficits in baseline activity throughout the
brain, most prominently in the telencephalon, while dyrkla mutants show deficits in the
mesencephalon. These findings suggest that ASD risk gene disruption might differentially affect
baseline brain activity. In future studies, we will perform in vivo functional imaging in zebrafish
ASD risk gene mutants to identify changes in brain activity patterns during behavioral tasks.
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Abstract: Inadequate food consumption during pregnancy can negatively impact fetal brain
development, which is mediated in part by perineuronal nets and microglial cells. Perineuronal
nets are a neuronal specific form of the extracellular matrix which envelop the cell bodies and
proximal processes of predominantly GABAergic interneurons. As specialized macrophages,
microglia clear dead neurons and other cellular debris to maintain CNS health. To study how low
food consumption impacts offspring, adult female CD-1 mice were placed on a calorically
restricted diet before and during pregnancy. Pups produced from this group were compared to
pups born from ad libitum-fed mothers. Perineuronal nets and microglia in pups were visualized
using histochemistry to better understand how maternal caloric restriction impacts offspring
brain development. An open-field paradigm was also conducted in which mice were allowed to
freely explore an arena while locomotor activity was measured. Mice that were calorically
restricted in utero had significantly fewer perineuronal nets compared to non-restricted mice.
There was also a sex difference with female offspring being more affected by maternal caloric
restriction than male offspring. The microglia of prenatally restricted mice were more rammified
compared to non-restricted mice. Female prenatally restricted pups also expressed less
willingness to explore in the behavioral paradigm compared to the control pups. These results
suggest that food shortage may have a degenerative effect on the brain plasticity and anxiety
levels of prenatal offspring. From studying the impact of food restriction in mice, this data can be
used to better understand the effects of inadequate caloric intake on children born to mothers
during times of food shortage.

Disclosures: K.E. Berta: None. S. Lutchman: None. J.C. Brumberg: None.
Digital Abstract Session

P022. Behavioral Outcomes: Animal Models

Program #/Poster #: P022.02

Topic: A.09. Adolescent Development

Support: NSF I0S 1735934
NSF DBI 1906523
NIH R0O1 MH102456
Ford Foundation Postdoctoral Research Fellowship

Title: Sex-specific effects of development on social recognition in rats.
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Abstract: The ability to recognize previously encountered conspecifics is crucial for normal
social interaction. This social recognition ability is well characterized in adults of both sexes but
remains largely unexplored in juveniles. We first determined whether juvenile male and female



rats show similar temporal patterns of social recognition to adults, by testing their ability to
recognize a previously encountered same-sex stimulus rat 30, 60, or 90 min following initial
investigation. Similar to adults, juvenile males showed social recognition 30 and 60 min, but not
120 min, following the initial encounter. Juvenile females, however, did not show social
recognition at any time point tested. We then determined at what age during development social
recognition ability is established in female rats, by testing females as juveniles, adolescents,
young adults, and adults. We found that only young adult and adult females showed social
recognition. This developmental difference in social recognition ability was driven by a decrease
in the amount of time females investigated the previously encountered (familiar) stimulus. Based
on these findings, we hypothesized that social recognition is impaired in juvenile and adolescent
females due to a lack of circulating estradiol. To test this, we administered estradiol benzoate
(EB) 48 hours prior to testing for social recognition in juvenile female rats. EB treatment induced
a preference to investigate the familiar over a novel social stimulus, the opposite behavioral
pattern observed in typical rodent social recognition. Also, EB treatment increased investigation
of the social stimulus during the initial investigation period. Together, this suggests that
additional factors contribute to the lack of social recognition ability in juvenile females. This
may include sex and age differences in activation of the bed nucleus of the stria terminalis, a
brain area implicated in adult social recognition which shows social stimulus-induced activation
in juvenile females, but not males. These findings provide the first evidence of a development-
specific sex difference in social recognition ability. Ongoing work seeks to tease apart the
underlying neurobiological mechanisms by investigating the phenotype of BNST cells activated
following social investigation, as well as the role of ovarian hormones during development on
social recognition ability. Research supported by NSF I0S 1735934 to KEY, NSF DBI 1906523
and NIH RO1 MH102456 to AHV.
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Abstract: The adolescent period is known as a critical stage for brain development and for its
vulnerability to various external influences. In fact, dietary supplementation of omega-3 (n-3)



and exposure to environmental enrichment (EE), defined as housing rodents in larger, more
stimulating cages equipped with toys, running wheels, and more cagemates, have both separately
shown beneficial effects on synaptic plasticity, glucocorticoid receptor (GR) expression, and
anxiety when exposed during the developmental period. However, as of now, no study has
assessed the long-term behavioural and molecular effects of their combined time-limited
exposure. This study aimed at investigating putative synergistic and sex-specific actions of n-3
and EE during adolescence on anxiety-like behaviour and fear avoidance in adulthood. Wistar
rats (n=32 males; n=32 females) aged 23 days old arrived at facility and were assigned to one of
four conditions based on dietary supplementation [fish oil (FO; n-3 (20-31%); eicosapentaenoic
acid (10-15%); docosahexaenoic acid (8-15%)) or control soybean oil (CSO)] and housing [EE
or regular cages (RC)] (n=8/group). Supplementation regimen (0.3 ml/100 g body weight) took
place from postnatal day (PND) 28 to 47 and EE was provided between PND 28-58, after which
all rats returned in RC. In adulthood (PND 90), a modified version of the forced swim test was
used to trigger stress response. The following days, anxiety-like behaviours were assessed using
the Open Field Test (OFT) and Elevated-Plus Maze (EPM - PND 92) and measures of aversive
conditioning memory were obtained with the Y-Maze Passive Avoidance Task (YMPAT) on
PND 94. Brain tissue was collected on PND 97 and immunohistochemistry was used to quantify
GR expression in the CA1 and CA3 hippocampus sublayers. In the OFT, exposure to EE during
adolescence reduced adult anxiety-like behaviours in males having received CSO, in part due to
elevated global activity. Overall, females displayed more anxiety-like behaviours than males. No
significant differences were observed in the YMPAT. In the CA3, females showed elevated GR
expression compared to males, as did CSO- compared to FO-treated groups. These results did
not support adolescent FO exposure to have beneficial effects on delayed anxiety-like
behaviours. Concordant with other studies, females showed heightened emotional/neuronal
response to anxiogenic environments. No treatments affected fear-associated learning. Taken
together, these results provide a better representation of complex, sex-specific, and long-term
effects of adolescent diet-environment interactions on adulthood behaviour and neuronal
function.
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Abstract: The effects of maternal diabetes and diet manipulation have been thoroughly studied
separately. Previous studies have shown that snack intake during pregnancy and lactation further
impair glucose tolerance on hyperglycemic female rats. Nonetheless, there is no evidence of how
diet manipulations may aggravate behavioral and metabolic impairments in the offspring of
hyperglycemic dams. Since maternal metabolism and nutritional status are key factors for a
healthy offspring intrauterine and postnatal development, the aim of the present study was to
investigate the impact of mild hyperglycemia associated with snack intake on offspring behavior
in adolescence. Newborn female Wistar rats were divided into Control (citrate buffer, s.c.) or
STZ (streptozotocin, 100 mg/kg, s.c.) groups. On postnatal (PND) 90, rats from both groups
were mated and subdivided into four groups: females fed with standard chow (Control, n = 22;
STZ, n = 23); and females fed with standard chow plus potato chips and 1.5% sucrose solution
from pregnancy day 0 to lactation day 14 (Control-snack, n = 23; STZ-snack, n = 23). Dams
gave birth naturally and on PND 1, litters were culled to 6 pups (3 males, 3 females). On PND
30, male and female offspring were evaluated in the open field arena and the elevated plus maze,
followed by a glucose tolerance test and a sucrose preference test. All experimental procedures
were approved by the local ethics committee (Protocol number 919). As expected, female
offspring explored more the open field arena, but neither maternal metabolism nor snack intake
impaired exploratory behavior. Maternal snack intake increased open arms entries in the elevated
plus maze in both sexes, as well as the time female offspring spent in open arms. Regarding
sucrose preference, the association between maternal metabolism and snack intake had opposing
effects in male and female, leading to a decreased preference in the former and an increased one
in the latter. Finally, offspring from snack-fed dams, regardless of maternal metabolism, showed
lower glycemic levels during the oral glucose tolerance test. In conclusion, snack intake during
pregnancy and lactation reduced anxiety-like behavior in adolescent offspring and changed
sucrose preference in a sex-dependent way. Further studies will analyze if offspring behavior is
affected by this impaired maternal metabolism in adulthood.
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Abstract: Introduction. This study examined the reliabilities of open-field (OF) locomotor and
anxiety-like behavioral measures in adolescent rats. The OF is an apparatus frequently used in
rodent behavioral studies. Some previous examinations of reliabilities of OF variables exist, but
we expanded the range of variables, examined sex differences and the effects of an immune
stressor (lipopolysaccharide [LPS]) during early adolescence on OF variable reliabilities and
cross-correlations in later adolescence. We predicted that score aggregation would increase
reliabilities across test days, exposure to LPS would decrease reliabilities and/or cross-
correlations and that the effects would be more pronounced in females than in males.

Methods. Long-Evans male (n = 32) and female (n = 32) rats were injected with LPS (200
ug/kg) or vehicle control on postnatal day [PND] 30 and 32. Locomotor and anxiety-like
behaviors were measured in an OF on PND 38-40. The locomotor variables included total
horizontal distance moved (TD), number of horizontal movements (NHM), distance per
horizontal movement (D/HM), vertical time (VT), and number of vertical movements (NVM).
The anxiety-like variables included central duration (CD), central nosepokes (CNP), number of
peripheral to central OF transitions (NT), time per vertical movement (T/VM), and thigmotaxis
ratio (THIG).

Results. High positive correlations were found for both locomotor and anxiety-like behavioral
measures from PND 38 - 40 (range = .401 - .842). These correlations increased substantially
when the data was aggregated across the 3 test days (range = .723 - .945). When cross-
correlations among the aggregated OF variables were examined, the male rats had significantly
reduced correlations for the LPS relative to the vehicle control group for locomotor variables
correlated with NHM. Significant differences were also found for correlations between NHM
and CNP and NT, and D/HM correlated with CD and NT, in the males. In the females there were
significant differences between the vehicle control and the LPS group in THIG correlated with
NVM and CNP as well as TD and NVM.

Discussion. In line with our predictions, aggregation increased the reliability of both locomotor
and anxiety-like behavioral measures. Exposure to LPS decreased the cross-correlations for some
locomotor measures. Contrary to our predictions, LPS related changes were more pronounced in
males than in females. These results suggest that the OF locomotor and anxiety-like behavioral
measures are reliable. However, when rats are previously exposed to an immunogen, such as
LPS, the cross-correlations, especially of locomotor measures in male rats, are reduced.
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Abstract: Adolescence, often characterized as the period encompassing puberty, is a unique time
of neurodevelopment within the medial prefrontal cortex (mPFC). Our laboratory has previously
demonstrated extensive neuroanatomical changes occurring during adolescence in the mPFC.
For example, a significant reduction in neuron and synapse number occurs during adolescence,
and these changes tend to coincide with pubertal onset, suggesting a role for gonadal hormones
in these processes. Recently, we have examined the number of perineuronal nets (PNNs),
components of the extracellular matrix that preferentially surround parvalbumin (PV) expressing
interneurons, during adolescence and have shown that they are significantly downregulated 24
hours after pubertal onset in females (Drzewiecki et al, 2020). Estrogen receptor beta (ERP) is
the prominent ER present in the adult mPFC, and it is highly colocalized with PV, providing a
candidate mechanism for the neural reorganization occurring during adolescence. Several studies
have shown that ERf expression is altered in the presence of estrogens, though the direction of
these effects is region specific (Osterlund et al., 1998; Patisaul et al., 1999). We therefore
examined the expression of Esr2, the gene encoding ERp, during puberty in female rats. Subjects
were observed daily for pubertal onset, marked by vaginal opening. When a female reached
puberty, the rat and an age- and sex-matched, pre-pubertal littermate were sacrificed 24 hours
later. The brains of pre-pubertal and post-pubertal female pairs were processed using RNAScope
to label Esr2 in the mPFC. The motor cortex and striatum were also analyzed to better
understand whether observed changes are unique to the mPFC. In the mPFC, there was a
significant reduction in Esr2 expression, as evidenced by decreased mean fluorescent intensity (p
= 0.04) and fewer fluorescent puncta (p = 0.006) in post-pubertal subjects compared to their pre-
pubertal siblings. Analyses of the motor cortex and striatum are in progress. These results
indicate that ER is present in the mPFC at puberty and estrogen feeds back to decrease its
expression. Estrogen acting at ER} may be involved in many of the neuroanatomical changes at
puberty.
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Abstract: Vicarious stressors can be experienced by witnessing trauma occurring to others and
rodent studies have shown that affective states are shared between a witness and a demonstrator
(the subject directly experiencing the stress) such as fear expression, anxiety-like behaviours, and
HPA-axis activity. In addition, there are opposing findings that suggest that prior stressor
experience in witnesses is required for vicarious stress to occur in rats and mice. In addition,
most studies utilize adult animals however less is known about the effects of vicarious stress
during the juvenile period. The objective of this study was to explore if anxiogenic behaviours
can be induced in juvenile rats that experience vicarious stress and if prior stressor exposure
enhances the effects of vicarious stressor exposure. Juvenile male and female Sprague-Dawley
rats were divided into four witness groups: Control (no experience and no witnessing of
footshocks. n=8-10/sex), Context (experienced, no witnessing to footshocks, n=10/sex), Naive
(no experience and witnessed footshocks, n=10/sex) and Experienced (experienced and
witnessed footshocks, n=10/sex). On post-natal day (PD) 27, Experienced and Context groups
were subjected to ten 1.0 mA footshocks over 12 minutes. On PD 28, both Naive and
Experienced witnesses watched their cagemate endure the same footshock protocol the day prior
from a perforated transparent barrier. Control and Context groups did not watch their cagemate
experience any footshocks. Short-term (24hrs) and long-term (7 days) effects on fear expression
were observed. Social interaction with a novel rat and acoustic startle response was recorded in
early adolescence. Vicarious stress increased fear expression in juvenile male and female rats
that had prior stressor exposure, with no significant sex differences however, the time spent
freezing diminished significantly by the seventh day. In addition, sniffing and following
behaviours were reduced in Experienced witnesses in females and only playfighting was
significantly greater in males. The acoustic startle response at 90db, 105db, and 120db did not
result in any group or sex differences. The significance of this study provides insight as to how
vicarious stress alters fear expression and social interaction and that prior stressor experience is
required in juvenile rats for this to occur.
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Abstract: Fluoxetine (FLX), a selective serotonin reuptake inhibitor, is the first line of
pharmacological intervention in pediatric patients suffering from affect-related illnesses, such as
anxiety and depression. Although the use of this antidepressant treatment has been deemed
efficacious in the juvenile population, the enduring neurobiological consequences of adolescent
FLX exposure are not well understood. Thus, we explored for persistent molecular adaptations in
the adult hippocampus, as a function of adolescent FLX pretreatment. To do this, we
administered daily peritoneal injections of FLX (20 mg/kg/day) to male C57BL/6 mice during
adolescence (postnatal day [PD] 35-49). After a 21-day washout period (PD70), whole
hippocampal tissue was dissected, and subsequent qPCR analysis was ran to assess changes in
the expression of genes associated with neuronal survival. Specifically, we evaluated major
intracellular signal transduction pathways, including the Ras-mitogen-activated protein kinase
(MAPK) and phosphatidylinositide-3-kinase (PI3K)/AKT pathways, as well as several
transcription factors. Our results indicate that adolescent FLX treatment results in a long-term
upregulation of mRNA levels across numerous genes from the ERK, and PI3K/AKT pathways,
along with increases of the transcription factors CREB, AFosB, and zif268. Additionally,
adolescent FLX treatment resulted in persistent increases of transcripts associated with
cytoskeletal integrity (B-actin) and caspase activation (DIABLO), while decreasing genes
associated with metabolism (fucose kinase) and overall neuronal activation (c-Fos). Collectively,
these data indicate that adolescent FLX exposure mediates persistent alterations in hippocampal
gene expression in adulthood, thus, questioning the safety of early-life exposure to this
antidepressant medication.
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Title: Oxycodone Conditioned Place Preference effects on Brain Derived Neurotropic Factor in
the Prefrontal Cortex, Nucleus Accumbens and Cerebellum of Adult male rats.
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Abstract: Introduction: Oxycodone drug-seeking behavior involve alterations in brain-derived
neurotrophic factor (BDNF) levels in the brain. Nonetheless, little information is available about
whether oxycodone preferentially affects the precursor (pro-BDNF) or mature form (mature-
BDNF) of BDNF. Aim: Here, we first assessed drug/reward-seeking behavior after oxycodone
using conditioned place preference (CPP) and then evaluated mature-BDNF and pro-BDNF
levels in the (PFC), nucleus accumbens (NAcc) and cerebellar vermis (Vm) of adult male rats.
Methods: During the CPP, rats were placed and confined to the non-preferred side of the
chamber and given injections of either oxycodone (3mg/kg. SC) or saline (0.9 ml/kg. S.C.) on
alternating days for ten consecutive days; control groups always received saline injections. For
the postconditioning test, rats have access to all CPP chambers for 15 minutes. The time spent in
each comportment was recorded, and an oxycodone-CPP was derived by dividing the total
duration in drug-paired compartment by the total duration in both the drug and vehicle
compartments. Note that a score of 0.5 denoted no preference and a score above 0.5 denoted a
preference for oxycodone. Forty-five minutes after the post conditioning test, rats were
terminated, pro- and mature-BDNF levels assessed. Results: In drug-treated animals, oxycodone
induced CPP and controls exhibit less than 0.5 score preference [F (1, 21) =5.31; p< 0.05)].
Further analysis demonstrated that oxycodone decreased pro-BDNF levels in the NAcc [F(1) =
14.46, p<0.001] and in the PFC [F(1,21) = 34.97, p<0.001], but increases pro-BDNF levels in the
Vm [F(1,21 ) =42.36, p<0.001]. Conclusion: Our results demonstrate that pro-BDNF, in PFC,
NAcc and Vm, is associated with oxycodone drug seeeking properties.
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Abstract: Stress exposure during sensitive periods of development before adulthood has been
associated with increased risks of developing neuropsychiatric disorders. Rodents stress models’
studies have shown that juvenile and adolescent stress exposure has a negative impact on pro-
social behaviours in adulthood and on cognitive functions. Previous research also showed effects
of CB1 receptor antagonism on memory and stress, possibly mitigating pro-social behaviours
and memory in rats exposed to stress immediately prior or during adolescence. This study aimed
to investigate the effects of an heterotypic stress paradigm on prepubescent rats and the short-
term consequences on pro-social behaviours and memory and learning. Male Wistar rats (aged
postnatal day [PND] 30) were randomly assigned to a 10-day heterotypic stress condition or no
stress condition (n = 16 per group). The heterotypic stress consisted of a 10-day paradigm
alternating between two types of stressors from PND30 to PND39. On even numbered days,
animals were stressed using a restrain procedure of 30 min. On odd numbered days, animals
were stressed using the forced swim for 15 min. Following this period, rats were tested in the
social interaction and preference test (SIT and SP) and in the Y-Maze passive avoidance test
(YMPAT). Forty-five minutes prior to each test, half of the stress and no stress groups received
an injection of AM251 (Img/kg; i.p.) and the other half received only the vehicle (n = 8 per
group). A rest period of 48 hours occurred between the SIT and SP, and the YMPAT. AM251-
treated rats showed reduced direct exploration ratio in the SIT than vehicle-treated rats. There
was also an effect of the stress exposure on the direct interaction ratio, animals that were stressed
spending less time proportionally with the stranger rat than the non-stressed animals. Effects on
memory of both stress and AM251 are mitigated.
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Abstract: Adolescent fluoxetine exposure mediates a long-term anxiogenic phenotype and
decreases ERK signaling in the hippocampus and prefrontal cortex of female C57BL/6 mice



Minerva Rodriguez, Francisco J. Flores-Ramirez, and Sergio D. Ifiiguez
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The objective of this study was to evaluate whether juvenile fluoxetine (FLX) exposure induces
long-term changes in baseline responses to anxiety-inducing environments, and if so, whether its
re-exposure in adulthood would ameliorate this anxiogenic-like phenotype. An additional goal
was to assess the impact of adolescent FLX pre-treatment, and its re-exposure in adulthood, on
serotonin transporters (5-HTT) and brain-derived-neurotrophic-factor (BDNF)-related signaling
markers (TrkB-ERK1/2-CREB-proBDNF-mBDNF) within the hippocampus and prefrontal
cortex. To do this, we exposed adolescent female C57BL/6 mice to FLX in their drinking water
(250 mg/1) from postnatal day [PD]-35 to PD49. After a 21-day washout period (PD70), mice
were either euthanized (for tissue collection) or assessed in adulthood on responsivity to the
elevated plus-maze (EPM) or the light-dark box (LDB) tests — behavioral paradigms commonly
used to assess anxiety-like responses in rodents. To evaluate whether FLX re-exposure would
reverse the antidepressant-induced molecular and anxiety-related alterations observed in
adulthood, we reinstated FLX treatment in separate groups of mice (PD70-84). Twenty-four
hours later (PD85) mice were either euthanized (tissue collection) or evaluated on the EPM or
LDB tests. Our results indicate that juvenile FLX history induced a persistent anxiogenic-like
profile, along with decreases in BDNF-signaling markers, but not 5-HTTs or TrkB receptors,
within both brain regions. Interestingly, FLX re-exposure in adulthood reversed the enduring
FLX-induced anxiety-related responses across all behavioral tasks, while restoring ERK?2-
CREB-proBDNF markers to control levels and increasing mBDNF within the prefrontal cortex,
but not the hippocampus. Collectively, the results indicate that adolescent FLX history mediates
neurobehavioral adaptations that endure into adulthood, which are indicative of a generalized
anxiogenic-like phenotype, and that this persistent effect is ameliorated by later-life FLX re-
exposure, in a prefrontal cortex-specific manner.
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Abstract: Ketamine, a non-competitive N-methyl-D-aspartate (NMDA) receptor antagonist,
induces rapid antidepressant efficacy in adolescent treatment-resistant MDD patients. However,
the long-term effects of ketamine exposure during early development are unknown. To address
this gap in the literature, we examined whether adolescent exposure to ketamine and/or vicarious
defeat social stress (VDS; where a rodent witnesses the physical defeat of a conspecific), results
in long-lasting changes in sensitivity to the rewarding properties of cocaine and sucrose in
adulthood using male C57BL/6 mice. Specifically, mice received ketamine (0 or 20 mg/kg) after
each 10-minute VDS exposure for 10 consecutive days during adolescence (Postnatal Day [PD]
35-44). Once mice reached adulthood (PD70), we assessed their behavioral responsivity to
sucrose (1%) on a 2-bottle choice test, or cocaine (0, 5, 10 mg/kg) using the conditioned place
preference test. Our results show that adult mice pre-exposed to ketamine or VDS alone,
displayed an enhanced preference for sucrose and environments paired with cocaine. However,
no long-term differences in these behavioral measures were evident between the groups when
adolescent mice underwent concomitant social stress (VDS) and ketamine treatment.
Collectively, we demonstrate that in the absence of social stress history, adolescent ketamine
exposure increases the rewarding valence of sucrose and cocaine in adulthood.
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Abstract: Our current understanding of litter variability in developmental studies using mouse
models limits the translation and replicability of findings. Higher variance of measures across
litters than within may be attributable to maternal care, intrauterine, and postnatal environment.
Here, we seek to characterize variability across litters through development.

Behavioral assessments (marble burying, prepulse inhibition, and open field tests) were



performed at postnatal day (PND) 38 and 90. T1-weighted magnetic resonance images (MRI;
100 um3 isotropic voxels) were previously acquired on 42 C57bl/6 mice (9 litters: 20F, 22M;
litter 6-7 one sex only) at PND 21, 38, 60, and 90 using a 7T Bruker small animal MRI scanner.
Volumes of 72 brain structures were obtained using the MAGeT brain pipeline. Levene’s test
was used to evaluate within- and between- litter variance per timepoint. Subsequently, principal
components analysis (PCA) was performed across all brain measures to find patterns explained
by the litter-effect. Finally, a partial least squares (PLS) analysis was used to evaluate patterns of
covariance between behavior and anatomy. K-means clustering was used to evaluate grouping of
PCA and PLS results by litters.

Levene’s test revealed significant variability, after multiple comparisons correction in the
thalamus (q < 0.02) at PND38 and for specific prepulse inhibition results (q < 0.04) at PND38
and 90. The first latent variable derived from PLS (var. expl.: 38%, p = 0.01) at PND38 revealed
relationships between specific covariant brain regions (Principal component (PC) 4, var. expl.:
6%) and exploratory behaviors (Figure 1). Clusters corresponding to the number of litters were
found in PC4 and LV1 (n=7; silhouette score: 0.58-0.60).

Factors specific to a litter modulate mouse development. Our results show greater variability
between- than within- litter, mainly in the adolescence period (PND38). Improved analysis
decisions, such as including litter as a random effect in statistical models, should be considered
to better account for this litter-effect.
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Figure 1: Results from PCA and PLS analysis at PND38 A) Behavior and PCs weights/correlation for each variable to LV1, B) Correlation of behaviour and PC scores for LV1, C) Percentage of
contribution (%) of each regions to PC4, D) Distributions of PC4 and LV1 scores by litters. FRP: Frontal pole cerebral cortex, ECT: Ectorhinal area, PERI: Perirhinal area, STRv: Striatum ventral,
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Abstract: The circadian rhythm is strongly implicated in many neuropsychiatric and
neurodegenerative disorders, all of which are associated with altered dopamine (DA)
neurotransmission in the substantia nigra and ventral tegmental area. Progress has been made in
elucidating the circadian rhythm-dopaminergic network and its role in the onset of
neuropsychiatric and neurodegenerative disorders. Previous research suggests that circadian
rhythm transcription factors are responsible for directly regulating the DA phenotype; however,
it is currently unknown what the relationship between the circadian rhythm and dopaminergic
regulators looks like with respect to age and time of day. Using a transgenic mouse model with
Cre recombinase expression under control of dopamine transporter (DAT™) and yellow
fluorescent protein (YFP) Cre reporter and immunohistochemistry techniques, we are able to
differentiate between ‘former’ and ‘current’ DA neurons in the ventral midbrain. Current DA
neurons are identified using tyrosine hydroxylase (TH), the rate limiting enzyme in DA
synthesis; whereas former DA neurons are YFP+/TH- demonstrating that they expressed DAT at
some point in their lifecycle but are not currently synthesizing DA. Previous research in our lab
has revealed that the DA neuron phenotype is regulated by the circadian rhythm, as demonstrated
by significant differences in the number of DA neurons throughout a 24-hour circadian cycle. In
this study, mice transgenic for DAT/YFP were analyzed at postnatal day 0 (P0), P21, P35 and
adulthood (>P70). Each time point included mice taken at subjective dawn (circadian time 0) and
subjective dusk (CT12), excluding PO mice. Results revealed that between P21 and P35, there
was a significant loss of the dopamine neuron phenotype at CT12, as compared to CTO. There
was no statistical difference between P35 and adults at CTO or CT12. This suggests that between
P21 and P35, dopamine neurons begin to transition to a ‘former’ phenotype throughout the
circadian rhythm. Additionally, qRT-PCR data revealed abnormal circadian rhythm gene mRNA
levels at P21. Elucidating the molecular characteristics of these dopamine neurons is crucial to
understanding the biological mechanisms behind the dopaminergic-circadian rhythm network,
which will have future implications in understanding neuropsychiatric and neurodegenerative
disorders.
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Abstract: Extended maternal separation in mammals in early development has been shown to
have lasting negative effects on maturation and sociability, causing long term disruptive effects
on brain structure and individual behavior (Haller et al., 2014; Lundberg et al., 2017). Maternal
contact in the early postnatal period is vital for development. Our goal was to assess if contact
with siblings or proximity to the dam (mother) during repeated separations decreased the lasting
negative effects. Litters were randomly assigned to a separation period of either 180 minutes
(experimental group) or 15 minutes (control group) during postnatal days 1-14 (PND). Within
each litter, rat pups were randomly assigned to either isolation in a cage with a dividing wall
between the pups and the dam, or in the same barrier-type cage without the dam present. Pups
were then assigned to be either alone in isolation or with siblings. Preliminary results showed
that pups separated from the dam for a significantly longer period had lower body weights and
increased signs of discomfort. There were significant gender differences. Females were more
strongly affected by the 180-minute isolation and males were more strongly affected by no dam
present. Behavioral data collection is ongoing. One male and one female rat from each group
(per litter) was tested during adolescence for anxiety-like behavior and sociability. The first
behavioral task (on PND 50) was the elevated-plus-maze (EPM). On PND 55, after a 4-day
break, we conducted open-field testing (OF). On PND 56 rats were placed in the same OF
apparatus with walls inserted to create a three-chamber test of sociability. Experimental rats were
placed in the center chamber and the chamber to either side contained a cage, one empty and the
other with a same-sex, unfamiliar conspecific in it. Social discrimination was assessed by
measuring interactions with the familiar rat and a new stranger rat 24-hours later. The
implications of this study can be applied to scenarios where young children are developing in an
environment where contact with the maternal figure is limited, such as premature infants in the
Neonatal Intensive Care Unit (NICU). If negative long-term effects of maternal separation can be
lessened by having siblings present, it could have major implications for children in foster care
(Turney & Wildeman, 2016). Having the dam present but not accessible could be compared to
parents that use the TV as a babysitter as well as ‘latchkey kids’. This study adds to existing
literature and presents a novel test of sibling separation and dam proximity.
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Abstract: Adolescence is a critical period of brain development in humans as well as in other
mammalian species. The match-mismatch hypothesis of brain development postulates that
certain forms of early life adversity can promote an adaptive phenotype later in life, allowing
individuals to cope with adverse situations in adulthood and contributing to resilience.
Preliminary data from the lab indicate that subjecting adolescent rats to chronic variable stress
(CVS) prevents traumatic single prolonged stress (SPS)-induced enhancement of fear responses
in adulthood, suggesting that early life stress may promote stress resilience under certain
circumstances. SPS causes infralimbic (IL) prefrontal cortex hypoactivity which is thought to
underlie exaggerated fear responses and abnormal fear extinction. Therefore, we tested the
hypothesis that adolescent stress leads to greater prefrontal drive in adulthood, helping to protect
against SPS induced plasticity in the IL cortex. Patch clamp electrophysiology was used to test
intrinsic excitability and firing frequency of IL pyramidal neurons. Our results show SPS-
induced decreases in excitability were prevented by adolescent CVS. Our results suggest that
adolescent CVS increases the excitability of IL pyramidal neurons, leading to greater prefrontal
drive and top-down control when exposed to SPS in adulthood, resulting in resilience to SPS
impairment in extinction of fear conditioning. Our findings hint at potential mechanism of
altered excitability of IL glutamatergic pyramidal neurons towards developmental stress induced
resilience.
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Abstract: Early-life immune activation has been linked to learning deficits commonly associated
with neurodevelopmental disorders such as Autism, ADHD, and Schizophrenia. Microglia, the
immune cells of the brain, are thought to be important for the formation of circuits during
development which underlie learning. The Context Pre-exposure Facilitation Effect (CPFE) is a
fear-conditioning paradigm in which context learning, acquisition of a context-shock association,
and expression of contextual fear are separated across three days. Whereas, in standard
contextual fear conditioning (SCFC), context learning and acquisition of the context-shock
association occur on the same day. We have found that immune activation with
lipopolysaccharide (LPS), on P21 in rats, produces learning deficits in the CPFE paradigm from
P24-P26. Thus, we sought to elucidate the involvement of hippocampus (HP) and medial
prefrontal cortex (mPFC) in the observed LPS-induced learning deficits. Male and female
Sprague-Dawley rats were treated with LPS (100 ug/ml; i.p.) on P21. Rats were then tested in
sCFC from P24-P25 and in a variation of CPFE from P24-P26 that included a measure of
freezing immediately after the shock on Day 2. In CPFE, there was a main effect of treatment
such that LPS-treated rats showed deficits in freezing both post-shock on Day 2 (P25) and during
testing on Day 3 (P26). This suggests that P21 LPS prevents rats from learning the context on
Day 1 (implicating PFC or HP processing) and/or expressing a post-shock fear response on Day
2 (implicating HP processing). Moreover, in sCFC, LPS-treated rats showed no deficits in
learning during testing on Day 2 (P25), as compared to controls. This suggests that P21 LPS
either does not disrupt HP functioning or that neocortical systems are compensating for LPS-
induced HP dysfunction in sCFC. Overall, these findings suggest that context fear-conditioning
learning deficits, induced by LPS immune activation, are likely not driven exclusively by
changes in mPFC functioning, but likely involve alterations in HP functioning.
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Abstract: Adolescence is a period of heightened vulnerability to psychopathology, including
drug abuse. Yet, there is a gap in knowledge regarding the cellular and molecular processes
underlying adolescent brain development and how drugs of abuse influence them. Dopamine
axons continue to grow to the prefrontal cortex across adolescence, remaining very vulnerable to
environmental changes. This gradual maturation of the dopamine input to the prefrontal cortex
occurs in parallel to the development of cognitive control. In this study, we assessed the effects
of cannabinoids exposure in early adolescence on the organization of dopamine connectivity in
the adult prefrontal cortex and on behavioral inhibition. Male 57BL/6 mice were treated with
four doses of the cannabinoid receptor - 1 (CB1-R) agonist WIN-55,212-2 (0, 0.5, 2, 4 mg/kg
1.p.) every-other-day from postnatal day (PND) 21 to PND 31. In adulthood, mice were assessed
for behavioral inhibition using the Go/No-Go task. Adult mice that received WIN during early
adolescence showed dose-dependent improvement in performance in the Go/No-Go task when
contrasted against controls. Mice that received WIN 2 and 4 mg/kg began to inhibit their
behavior during earlier trials than vehicle-treated groups and had significantly fewer commission
errors. There were no differences in the number of correct responses in Go trials (HITS). In a
separate group of adult mice administered WIN (2mg/kg i.p.) or vehicle in early adolescence, we
quantified dopamine connectivity in the pregenual prefrontal cortex using stereology. Mice that
received WIN 2 mg/kg in adolescence showed a significant increase in the total number and
density of dopamine varicosities in both prelimbic and infralimbic subregions compared to
vehicle-treated mice. Our results contrast with previous research, carried out by our group using
recreational-like doses of d-amphetamine and suggest that different drugs may affect behavioral
inhibition and dopamine varicosities in opposite ways. The observed increase in dopamine
varicosities might produce an increase of dopamine transmission in the medial prefrontal cortex.
This increase might facilitate inhibitory control and behavioral flexibility.
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Abstract: Background. Individuals with fetal alcohol spectrum disorders (FASD) often show
sensory processing deficits. Using an operant sensation seeking model, we tested if prenatal
ethanol exposure (PE) could alter responding and habituation to contingent visual stimuli in rats.
We also explored if postnatal environment enrichment could ameliorate the effects of PE.
Materials and Methods. Pregnant Sprague Dawley rats were gavaged twice/day with 0 or 3
g/kg/treatment ethanol (15% w/v) during gestational days 8 — 20, mimicking second-trimester
heavy PE in humans. The offspring were reared in the standard housing condition or underwent
an environmental enrichment procedure. An operant light reinforcement experiment was
conducted in adult rats, which comprised a pre-exposure phase, during which no light was
presented, and a light-onset phase, during which contingent light-onset (turning on light) served
as a sensory reinforcer. Both short- and long-access procedures were used. A dishabituation test
was conducted to further characterize the habituation process. An additional non-operant open
field test was also performed to investigate PE effects on sensory processing. Results. The
results showed reinforcer effectiveness of the contingent light-onset in all groups. Prenatal
ethanol exposure increased responding in both sexes reared in the standard housing condition.
Such an effect was not observed in rats reared in the enriched condition, which led to an overall
decrease in responding. Greater dishabituation and between-session recovery of responding were
also observed in PE rats. Furthermore, the long-access procedure reduced responding and
facilitated between-session habituation in both control and PE rats. Lastly, in the open field test,
augmented locomotor responding was observed in PE rats due to blunted responses to the
increase in illumination level. Conclusions. Prenatal ethanol exposure leads to deficits in
processing of visual stimuli, including increased responding and impaired habituation in rats
reared in the standard housing condition. Such effects may underlie enhanced sensation
seeking/impaired habituation in individuals with FASD. The PE-induced effects could be
ameliorated by postnatal environmental enrichment as well as longer exposure to the testing
environment. The observation might inform a suitable animal model to study possible
intervention strategies for FASD.
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Abstract: Maternal alcohol exposure during pregnancy can substantially impact the
development of the fetus, causing a range of symptoms, known as Fetal Alcohol Spectrum
Disorders (FASDs), with the pathophysiology and mechanisms largely unknown. Recently
developed cerebral organoids from human induced pluripotent stem cells are more similar to
fetal brains in the aspects of development and structure being a more relevant in vitro system to
study FASDs. Using human cerebral organoids, we sought to quantify the downstream toxic
effects of alcohol (ethanol) on neural pathology phenotypes and signaling pathways. The results
revealed that alcohol induced apoptosis, as well as ultrastructural changes, especially affecting
the mitochondria. The apoptotic effects of alcohol on the organoids depended on the alcohol
concentration and varied between cell types. Specifically, neurons were more vulnerable to
alcohol-induced apoptosis than astrocytes. Alcohol exposure also resulted in mitochondrial
dysfunction and metabolic stress in the organoids as evidenced by decreased mitochondrial
respiration and an increase of non-mitochondrial respiration. Furthermore, we found that alcohol
treatment affected the expression of 199 genes out of 17,195 genes analyzed. Bioinformatic
analyses showed the association of these dysregulated genes with 37 pathways related to
clinically relevant pathologies. This study extends for the first time animal models of binge
drinking-related FASDs to a human model, allowing in-depth analyses at the tissue, cellular,
subcellular, and gene levels. Hereby, we provide novel insights into alcohol-induced pathologic
phenotypes, cell type-specific vulnerability, and affected signaling pathways and molecular
networks, that can contribute to a better understanding of the neurotoxic effects of binge drinking
during pregnancy.
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Abstract: Fetal alcohol spectrum disorders (FASD) is one of the leading causes of
developmental abnormalities worldwide. Maternal consumption of alcohol during pregnancy
leads to a diverse range of cognitive and neurobehavioral deficits. Here, we use a model of
maternal voluntary alcohol consumption throughout gestation to investigate the effects of
prenatal alcohol exposure on behavioral phenotypes in mice. Metabolic studies were performed
to study the effects of prenatal alcohol exposure on body composition and energy expenditure.
Baseline behaviors including feeding, drinking, movement and their circadian rhythm were
examined by performing home cage monitoring in adult mice. We also evaluated a range of
behaviors that examined motor function, motor skill learning, anxiety-related behavior and
sensorimotor gating to study the long-lasting behavioral alterations. Our data show that prenatal
alcohol exposure alters offspring growth and body weight and affects body composition. Results
from a battery of behavioral tests show long-lasting behavioral impairments in male and female
offspring. To understand whether prenatal alcohol exposure results in persistent alterations in the
synaptic proteome, we performed label-free proteomic analysis of cortical synaptosomes. We
found that prenatal alcohol exposure altered proteins associated with synaptic function. Our
results show that prenatal alcohol exposure (PAE) results in long-lasting behavioral impairments
and alterations in the synaptic proteome.
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Abstract: Mutations in the X-linked gene DDX3X account for ~2% of intellectual disability in
females, often in co-morbidity with behavioral problems, motor deficits, and brain
malformations. DDX3X encodes an RNA helicase with emerging functions in corticogenesis and
synaptogenesis. Here, we present the first characterization of a Ddx3x haploinsufficient mouse
(Ddx3x+/-) with construct validity for DDX3X loss-of-function mutations. Ddx3x+/- mice show
physical, sensory, and motor delays that evolve into behavioral anomalies in adulthood,
including hyperactivity, anxiety-like behaviors, cognitive impairments, and motor deficits. Motor
function further declines with age. These behavioral changes are preceded by reduction in brain
volume postnatally, with some regions (e.g., cortex and amygdala) disproportionally affected.
Cortical thinning is accompanied by defective cortical lamination, indicating that Ddx3x
regulates the balance of glutamatergic neurons in the developing cortex. While supporting face
validity for a novel pre-clinical mouse model, these data shed new light on the developmental
mechanisms driving DDX3X syndrome.
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Abstract: Early brain development is a complex morphogenetic process integrating various
molecular and cellular mechanisms. One of the key signaling molecules at the onset of
neurulation is morphogen SHH, required for ventral midline induction. In LRP2-deficient mice,
SHH signaling in the ventral forebrain is disturbed, leading to holoprosencephaly (HPE; Christ et
al., 2012). In addition, Lrp2 mutants show a phenotype independent of the SHH pathway,
affecting the dorsolateral neural folds. Our recent work identified that the penetrance of HPE
strongly depends on the genetic background of the inbred mouse strain, suggesting that strain
dependent modifiers affect the SHH pathway. However, fully penetrant, disturbed dorsal neural
tube morphology indicates a new, conserved role of LRP2.

We used mouse genetics to understand the variability of HPE penetrance, comparing the severely
affected Lrp2 mutant C57BL/6N mice and FVB/N mice with a full rescue of the ventral midline
defects. Transcriptome analysis identified candidate genes that trigger the SHH machinery
independent of LRP2 receptor, thus rendering FVB/N mice less susceptible to SHH pathway
disturbances in the ventral midline. Functional assessment of genes revealed PTTG1 as a novel
component of SHH signaling, a positive regulator triggering target genes, and importantly a new
component of primary cilium.

Having clarified the strain-dependent penetrance of HPE in Lrp2 mutants, we next tried to
understand the mechanisms underlying the strain independent role of LRP2. Neural plate
bending and closure is a dynamic process involving cytoskeletal remodeling and apical
constriction. Analysis of LRP2-deficient neural fold morphology using electron and confocal
microscopy revealed impaired neuroepithelial integrity affecting the entire neuroepithelial sheet.
Altered dorsolateral hinge point formation and upfolding of the neural folds was caused by
impaired apical constriction in mutants, placing LRP2 in context of cytoskeletal and apical
membrane remodeling. Our results strongly suggest that intracellular adaptor proteins containing
PDZ domains serve as a bridge linking the LRP2 to the intracellular scaffold. Endocytic activity
of the receptor facilitates apical membrane remodeling during apical constriction and
simultaneously contributes to the apicobasal distribution of VANGL?2, indicating a close
interface between cell shape control and maintenance of planar cell polarity.

We conclude that crosstalk between signaling pathways and cytoskeletal remodeling allows
LRP?2 to integrate different morphogenetic processes during neurulation, thereby ensuring proper
neural tube formation.
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Abstract: Perinatal hypoxia is caused by prolonged oxygen deprivation to newborn infants
during birth. Although the specific cellular and network changes caused by mild perinatal
hypoxia (MPH) are still not well understood, this is a crucial issue since recent studies suggest
that children who experienced MPH show long lasting subtle cognitive and behavioral deficits.
In particular, population-based case-control studies suggested that children who experience
perinatal hypoxia have a higher probability to be diagnosed with autism spectrum disorders than
the general population.

Serotonin (5-HT) is essential for cognitive and social functions. Few studies have shown that
severe hypoxia-ischemia lead to reduced 5-HT neurons and innervation, however whether 5-HT
dysregulations contribute to MPH-induced cognitive problems is unclear.

We have recently established a mouse model of MPH, which shows long-term deficits in social
interaction, attention, cognitive flexibility and memory. To investigate whether MPH affects 5-
HT system development, we characterized 5-HT expression levels and innervation in the
auditory and prefrontal cortex of female and male MPH mice. Preliminary data suggest both 5-
HT expression and innervation complexity are reduced in adult MPH mice especially in the
prefrontal cortex. We are currently investigating whether pharmacological 5-HT modulation will
rescue MPH-induced cognitive impairment in adult mice. Identifying MPH effects on
serotonergic system development will lead to a better understanding of how social, attention,
cognitive flexibility and memory dysfunctions associated with MPH occur and may pave a path
towards the development of pharmacological strategies for treating children exposed to MPH.
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Abstract: Epilepsy treatments for patients with mechanistic target of rapamycin (mTOR)
disorders, such as tuberous sclerosis complex (TSC) or focal cortical dysplasia type II (FCDII),
are urgently needed. In these patients, the presence of focal cortical malformations is associated
with the occurrence of lifelong epilepsy, leading to severe neurological comorbidities. Here, we
show that the expression of the actin cross-linking protein filamin A (FLNA) is increased in
resected cortical tissue that is responsible for seizures in patients with FCDII and in mice
modeling TSC and FCDII with mutations in phosphoinositide 3-kinase (PI3K)-ras homolog
enriched in brain (Rheb) pathway genes. Normalizing FLNA expression in these mice through
genetic knockdown limited cell misplacement and neuronal dysmorphogenesis, two hallmarks of
focal cortical malformations. In addition, Flna knockdown reduced seizure frequency
independently of mTOR signaling. Treating mice with a small molecule targeting FLNA, PTI-
125, before the onset of seizures alleviated neuronal abnormalities and reduced seizure frequency
compared to vehicle-treated mice. In addition, the treatment was also effective when injected
after seizure onset in juvenile and adult mice. These data suggest that targeting FLNA with either
short hairpin RNAs or the small molecule PTI-125 might be effective in reducing seizures in
patients with TSC and FCDII bearing mutations in PI3K-Rheb pathway genes.
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Abstract: Background: CDKLS5 Deficiency Disorder (CDD) is a rare brain disorder
characterized by severe early-onset seizures, intellectual disability, motor and social
impairments. CDD is an X-linked disorder caused by heterogenous mutations in the Cdkl5 gene.
Microtubule (MT) dynamics are fundamental for brain development and are involved in the
pathogenesis of CDD. Here, we examined brain and plasma a-tubulin post translational
modifications (PTMs) associated with MT dynamics in Cdkl5-KO (exon 4) male mice compared
to age-matched wild-type (WT) mice at postnatal day (P) 20, 60 and 180. Method: Infrared
western blot measured a-tubulin PTMs including Acetylated-Tubulin (Acet-Tub; stable MT),
Tyrosinated-Tubulin (Tyr-Tub; dynamic MTs), Detyrosinated-Tubulin (Glu-Tub; stable MTs)
and Delta2-Tubulin (A2; neuron-specific) in the cortex, hippocampus and plasma of WT and
Cdkl5-KO mice. Tyr-Tub and Glu-Tub were analysed as a ratio, while expression of Acet-Tub
and A2-Tub was normalized to Total-Tubulin (Tot-Tub). Results: Age-related changes were
evident in a-tubulin PTMs including a significant increase in Acet-Tub/Tot-Tub and A2/Tot-Tub
ratios and a decrease in Tyr-Tub/Glu-Tub ratio in the hippocampus and cortex at P60 compared
to P20 in WT and Cdkl5-KO mice. However, Acet-Tub/Tot-Tub and A2/Tot-Tub are over-
expressed in Cdkl5-KO mice at both P20 and P60 in the hippocampus and cortex, respectively
compared to WT. Similarly, Tyr-Tub/Glu-Tub ratio is further downregulated in Cdk/5-KO mice
at P20 in the cortex and P60 in the hippocampus. Intriguingly, Acet-Tub/Tot-Tub is increased is
in the plasma of Cdkl5-KO mice compared to WT at both P60 and P180, while Tyr-Tub/Glu-Tub
was not changed. Conclusion: These data confirm earlier findings showing age-related changes
in brain a-tubulin PTMs consistent with physiological neurodevelopment. However, Cdk/5-KO
mice exhibit alterations in a-tubulin PTMs indicating dysregulated MT dynamics during
neurodevelopment; which may serve as a novel therapeutic target for CDD. Moreover, plasma
Acet-Tub may represent a potential biomarker of disease progression in CDD.
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Abstract: Individuals who experience recurrent spontaneous seizures are at a high risk for bone
fractures (independent of seizure-related falls), as well as an increased likelihood of a comorbid
diagnosis of Autism spectrum disorder (ASD). There is also evidence that individuals with
epilepsy have vitamin D deficiencies. Previously, this deficit was hypothesized to be related to
anti-seizure medications, however, there is a lack of consensus between studies. The neural
subset-specific (NS) Pten knockout (KO) mouse has been well characterized to show autistic-
like deficits in addition to having a lower bone mineral density. PTEN is an important component
of the mTOR (mammalian target of rapamycin) pathway, which is important for cell
proliferation and survival. As a result of the mutation, the NS-Pten knockout (KO) mouse
exhibits hyperactive mTOR signaling pathway and has been linked in epilepsy. This study
investigated whether a vitamin D enriched diet could be a potential dietary intervention to a
mouse model of epilepsy, specifically the deletion of Pten. This study focuses on the potential of
a dietary therapy where treatment mice received a vitamin D diet for a total of 5 weeks. Neuronal
tissue was collected to look at downstream markers of the mTOR pathway and inflammatory
markers, in addition to the scan and analysis of the mouse femurs. Mice on the vitamin D
enriched diet showed a decreased level of microglia marker IBA-1 and mTOR targets like S6
and AKT. We did not find an effect of vitamin D on the bone abnormalities previously found in
this mouse model, however we found that many differences between WT and KO mice including
a significant reduction in bone mineral density (BMD) and an increase in bone volume and
trabecular cortical expansion. Additionally, we found that females KO mice had a more
significant reduction in percent bone volume over trabecular volume (BV/TV) compared to
female WT mice, and this finding was sex specific as we did not see this in the male mice. Most
significantly, the vitamin D fortified diet increased percent survival in male and female KO
animals. Overall, these findings suggest that a vitamin D enriched diet had a significant impact
on the survivability and molecular pathology of NS-Pten KO mice, suggesting that dietary
manipulations like vitamin D supplementation could be a potential therapeutic option in addition
to current epilepsy treatment, as well as an alternative for those with treatment resistant epilepsy.
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Abstract: Neurons in the trigeminal ganglion (TG) relay somatosensory information from the
face and oral cavity. TG neurons arise from both neural crest cell (NCC) and ectodermal placode
cell precursors that ultimately produce neurons that are specific for one sensory modality. TG
neuron identity, established during embryogenesis, is determined by particular molecular
markers, including mutually exclusive expression of the neurotrophin receptors TrkA, TrkB, or
TrkC, which are required for long-term neuronal function and survival. While little is known
about mechanisms that establish and maintain distinct neuronal subpopulations in the TG,
disease studies offer some insight. Familial Dysautonomia (FD) is a hereditary neuropathy
caused by mutation in Elongator complex protein 1 (ELP1), which leads to reduced ELP1 levels
in sensory and autonomic neurons. FD patients have clinical deficits pointing to abnormal TG
function, including impaired sensation of facial pain and temperature and smaller trigeminal
nerves, but no obvious signs of degeneration, indicating a role for ELP1 in TG neuron
development. However, the function of ELP1 in TG neurons and the mechanisms underlying
facial sensory deficits in FD are still unclear. Our preliminary data reveal Elpl depletion from
Wntl-positive NCCs in mouse leads to abnormal TG morphology and fewer trigeminal nerve
branches as early as embryonic day (E)11. Moreover, TrkA-expressing neurons, which typically
function in nociception, are vulnerable to loss of Elpl in NCCs. By E13, we observe decreased
TrkA expression and fewer TrkA-positive neurons in the TG. Interestingly, TUNEL staining to
assess cell death indicates progenitor cells, rather than neurons themselves, may undergo
aberrant apoptosis in Elp1 conditional knockout TG. These findings confirm a role for Elp1 in
the development of TG neurons, and may partially explain the loss of facial sensation
experienced in FD.
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Abstract: Developmental epileptic encephalopathies are clinically and genetically
heterogeneous disorders. Recent studies revealed mutations in the FASN gene in two unrelated
children with early-onset epilepsy. We have now identified a cohort of 11 children carrying
recessive or de novo FASN mutations and presenting a spectrum of neurodevelopmental
disorders, ranging from global developmental delay and intellectual deficiency to severe
developmental epileptic encephalopathy.

The FASN gene encodes Fatty acid synthase, a multifunctional protein responsible for de novo
lipogenesis from acetyl-Coa and malonyl-CoA in the presence of NADPH. FASN is ubiquitously
expressed in the embryo and its loss results in prenatal lethality. However, its roles in brain
development are unclear.

To investigate the mechanisms by which FASN mutations disrupt neurodevelopmental processes,
we generated a novel mouse model carrying a patient-derived mutation using CRISPR/Cas9
gene-editing. The homozygous FasnS*N knock-in mice are not viable. However, heterozygous
FasnS"*N mice display a clinical phenotype reminiscent of the patients” phenotypes, with
anxiety-like behavior, altered spatial learning, spontaneous interictal spikes on
electroencephalograms (EEG), and a tendency to a reduced PTZ-induced seizure threshold.

Our work thus reveals the phenotypic spectrum of FASN-associated neurodevelopmental
disorders, while providing a unique animal model to advance mechanistic studies that will
ultimately drive therapeutic innovation for this disorder.
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Abstract: Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by
social communication deficits and other behavioral abnormalities. The three-chamber social
preference test is often used to assess social deficits in mouse models of ASD. However, varying
and often contradicting phenotypic descriptions of ASD mouse models can be found in the



scientific literature, and the substantial variability in the methods used by researchers to assess
social deficits in mice could be a contributing factor. Here we describe a standardized three-
chamber social preference protocol, which is sensitive and reliable at detecting social preference
deficits in several mouse models of ASD. This protocol comprises three phases that can all be
completed within 1 d. The test mouse is first habituated to the apparatus containing two empty
cups in the side chambers, followed by the pre-test phase in which the mouse can interact with
two identical inanimate objects placed in the cups. During the test phase, the mouse is allowed to
interact with a social stimulus (an unfamiliar wild-type (WT) mouse) contained in one cup and a
novel non-social stimulus contained in the other cup. The protocol is thus designed to assess
preference between social and non-social stimuli under conditions of equal salience. The broad
implementation of the three-chamber social preference protocol presented here should improve
the accuracy and consistency of assessments for social preference deficits associated with ASD
and other psychiatric disorders.
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Abstract: We hypothesized that impaired behavioral flexibility might underlie an array of
symptoms associated with autism spectrum disorder (ASD), especially repetitive and restricted
behavior. To explore this hypothesis, we tested Shank2 knockout (Shank2-KO) mice in a
probabilistic reversal learning task. Two different odor cues were presented to a head-fixed
mouse and paired with a reward (water) or a punishment (air-puff) each with 75% probability.
Even though both Shank2-KO and wild-type mice showed higher anticipatory licking responses
to the reward-predicting than punishment-predicting cues during the initial training, it took
significantly longer for Shank2-KO than wild-type mice to show higher anticipatory licking
responses to the new reward-predicting cue upon the reversal of cue-outcome contingency.
Shank2-KO mice also showed enhanced fear responses, as measured by pupil diameter, than
wild-type mice in the task, raising the possibility that enhanced fear responses might contribute
to impaired reversal learning. When we trained the animals using a mild air-puff that induced
similar fear responses between Shank2-KO and wild-type mice, no significant difference was
found in reversal learning between the two animal groups. Moreover, when we trained the
animals with only appetitive outcomes (75 versus 25% reward probabilities), no significant
difference was found in reversal learning, either, between the two animal groups. These results



suggest that impaired reversal learning of Shank2-KO mice in the original appetitive-aversive
conditioning is likely because of hypersensitivity to punishment rather than general inflexibility
of Shank2-KO mice. Collectively, our results provide evidence against the general behavioral
inflexibility hypothesis for ASD.
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Abstract: Digging is an instinctual behavior in mice across strains, pervasive through lab-bred
generations, and often used to study mouse models of neurodevelopmental and psychiatric
disorders. One of the most common behavioral digging tests used to assay repetitive behaviors
like those seen in obsessive-compulsive disorder (OCD) and autism spectrum disorder (ASD) is
the marble burying test which measures the number of marbles buried into deep bedding during
digging. However, the literature suggests digging is a naturalistic behavior with a variety of
motivations; i.e. foraging for food, burrowing for shelter, removing noxious stimuli, or even for
recreation as shown for dogs and ferrets. Previous digging assays such as free digging and
marble burying are unable to elucidate motivation complicating the interpretation of results. Here
we present a goal-directed paradigm, the Digging Behavior Discrimination (DBD) test that uses
coordinated measures of free digging and burrowing behavior adapted from the Deacon (Nature
Protocols, 2006) to rapidly assess mouse digging and burrowing behavior and help to distinguish
why mice dig. To distinguish between exploratory digging and burrowing, we set up a clear cage
with deep corncob substrate allowing the mice to choose between a transparent tube filled with
soft paper bedding in one corner and a free digging area. By collecting a variety of measures of
activity, burrowing efficiency, and free digging we found that the test provides stable results in
multiple cohorts. To determine whether digging preference could be shifted, cohorts of male and
female mice underwent food restriction leading to 10-15% weight loss, followed by recovery
with ad libitum feeding. Both male and female mice switched to spending more time outside the
burrowing area during food restriction but only males showed a reduction in burrowing
efficiency and a significant increase in free digging during that time. The DBD test was then



conducted in a mouse model for ASD and intellectual disability (ID), conditional knock-out
(cKO) mice for the ASD/ID gene CC2D1A that had previously shown both hyperactivity and
reduced digging in the marble burying. Male Cc2d1a cKO mice burrowed significantly less than
wild type male mice and shifted towards exploratory digging, a genotype difference that was not
present between female groups. These data suggest that the DBD te