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Abstract: The neurogenic potential of the adult human dentate gyrus (DG) has been widely
debated in recent years. This study aims to provide new insight on the extent of adult
hippocampal neurogenesis (AHN) in the human brain at the transcriptomic level. Using the 10x
Genomics Visium Spatial Gene Expression platform on frozen DG sections (Douglas-Bell
Canada Brain Bank) from young (n=2, mean age=23.5 years old) and middle-aged neurotypical
males (n=2, mean age=42.5 years old), we computationally examined the spatial mapping of
various neurogenesis markers within the DG. We also assessed the simultaneous detection of
markers specific to neural stem cells (NSC), proliferative cells and immature granule neurons in
DG cells from infant (n=1, age=2 years old), adolescent (n=1, age=16 years old) and middle-
aged male (n=6, mean age= 43.5 years old) post-mortem hippocampal samples using
multiplexed fluorescent in situ hybridization (RNAscope; ACD Bio). Our Visium data reveals
that neurogenesis markers can map to DG cells and regions outside of the subgranular zone
(SGZ) of the DG, the hippocampal neurogenic niche, confirming the importance of using
multiple markers to characterize different neurogenic cell types in the human hippocampus. For
example, we observed that the NSC-specific marker NES is spatially resolved to cells in the DG
and in regions enriched for oligodendrocyte precursor cell-specific markers. We also found that
the proliferative markers PCNA and MCM2 are very lowly expressed, and the immature neuronal
marker DCX shows dispersed expression within the DG. Using RNAscope, we found very few
cells expressing NSC-specific markers and proliferative cells but detected a stable average
number of DCX-expressing cells in the SGZ from childhood to middle age. Across ages, the
majority of DCX* DG cells expressed the inhibitory neuronal marker GAD1 while the remainder
displayed an excitatory phenotype (SLC17A7") or were non-committed. We also identified
PROX1"DCX*CALB2" immature granule neurons in the adult DG. Additionally, DCX expression
was detected in cells expressing glial markers, such as TMEM119 and ALDH1L1, although rare,
and in non-neurogenic brain regions. Our findings reveal that the human brain exhibits very low
levels of AHN, due to the lack of NSCs and expression of proliferative markers from childhood



to middle age. However, the small population of PROX1"DCX*CALB2" immature granule
neurons in the adult DG suggests the existence of a local reserve of plasticity for the adult human
hippocampus during physiological aging and the identification of inhibitory DCX* DG cells
across all ages confirms the presence of this subpopulation in the human hippocampus.
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Abstract: Adult neurogenesis generates new neurons in subventricular zone (SVZ) and
subgranular zone (SGZ) throughout life followed by formation of neural plasticity. Aberrant
hippocampal neurogenesis contributes cognitive deficits and memory loss in neurodegenerative
diease. However, the molecular mechanism by which adult hippocampal neurogenesis decreases
by aging is unclear. In this study, we demonstrated that Ebpl, which plays critical role in
embryonic brain development, contributes to determination neural stem cell (NSC) fate. In the
hippocampus of Ebpl conditional knock-out mice (Ebp1-CKO), in addition to the alterations of
neurogenesis- and cell differentiation-related genes, NSC and neuroblast are decreased while
astrocytes are increased. The proliferation and differentiation capabilities of neurospheres
collected from Ebp1-CKO mice are attenuated compared with wild type mice. Ebpl depletion
induces histone deacetylation disrupting proneural transcription factor ASCL1 and increases
Sox9, which is expressed on astrocyte progenitor cells. Thus, our findings suggested that Ebp1 is
the key molecular factor to determine NSC fate in adult hippocampus and may provide a new
possibility to maintain stem cell population and repress neuroinflammatory response.
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Abstract: Introduction: Neurogenesis is the process of new neuron formation in the nervous
system. This process is maintained throughout life in specific neurogenic niches. Among them,
the dentate gyrus (DG) of the hippocampus is gaining attention given the role that adult
hippocampal neurogenesis (AHN) has in cognition and memory. RTP801/REDD1 is a stress-
induced protein that inhibits mTOR signaling pathway via the TSC1/TSC2 complex. In addition,
RTP801 has been linked to embryonic neurogenesis since selective silencing of RTP801 in radial
glia, by in utero electroporation, impairs migration and promotes premature differentiation of
neural progenitors during cortex development. In addition, neuronal RTP801 regulates
neuroinflammation in Alzheimer's disease (AD) and selective silencing of its expression recovers
gliosis hallmarks and neuroinflammation in the 5XxFAD murine model of AD. Interestingly,
neuroinflammation is known to be a key regulator of AHN which dramatically halts the
neurogenic process. Aim: To study the role of neuronal RTP801 in AHN in physiological
conditions and in the 5xFAD mouse model of AD. Methods: In this study, 6-month-old male WT
and 5xFAD mice (B6SJL-Tg(APPSwFILon, PSEN1*M146L*L286V)6799Vas/Mmjax) were
subjected to 1L bilateral injections of rAAV2/8-H1-shControl-RSV-GFP (shCt) or rAAV2/8-
H1shRTP801-RSV-GFP ( (shRTP801) at CA1 (AP: —2.0; Lateral + /—1.5, and DV: —1.3 ) and
DG (AP: —2.0; Lateral + /—1.5, and DV: —2.1) (mm). Behavioral tests were performed 4 weeks
later and then tissue was prepared for immunofluorescence and biochemical analyses.Results:
We found that silencing neuronal RTP801 improves cognition as assessed by behavioral tests.
Immunofluorescence analyses of mice hippocampi revealed that RTP801 knockdown in neurons
tends to decrease the number of Sox2+ cells in the subgranular zone (SGZ) of the DG. In this
line, the number of mature NeuN+ neurons increases, independently of the genotype. Altogether



our results suggest that neuronal silencing of RTP801 increases the differentiation of neural stem
cells (NSCs) of the SGZ to mature neurons of the granular cell layer, thereby increasing the
number of neurons in both control and AD conditions. Conclusion: This new putative role of
RTP801 paves the way for further studies aimed to unravel the significance of such process but
already suggests an important role in migration and differentiation of NSCs in AHN.
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Abstract: Emerging evidence suggests that impaired adult neurogenesis is a common feature in
many neurodegenerative diseases. Irisin, a myokine derived from FNDCS5, has been implicated
in neurogenesis. Vildagliptin, a DPP-4 inhibitor, has shown neuroprotective effects in
neurodegenerative disease models. In this study, we investigated the potential of vildagliptin in
regulating adult neurogenesis through FNDC5 modulation. Oral administration of vildagliptin
led to elevated numbers of neurogenesis markers, including doublecortin (DCX)-positive, and
bromodeoxyuridine (BrdU)/DCX-double-labeled cells in the subgranular zone (SGZ) and
ventricular-subventricular zone (V-SVZ). Additionally, we explored the impact of vildagliptin on
dopaminergic neurons. Vildagliptin administration led to an increase in tyrosine hydroxylase
MRNA levels, a marker for dopaminergic neurons, in the olfactory bulb and substantia nigra
(SN). Overall, our study suggests that vildagliptin has the potential to enhance adult
neurogenesis and may hold promise as a therapeutic approach for neurological disorders.
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Abstract: We identify Eph-ephrin signaling as a mechanism that supports cell-cell physical
interactions to direct migration and topographical mapping in the postnatal forebrain. In
postnatal development, the forebrain rostral migratory stream (RMS) is a long-range pathway
that consists of fasciculated chains of neuroblasts that migrate through a dense meshwork of
astrocytes before dispersal and then integration within the olfactory bulb. However, our
understanding of the molecular cues that coordinate this extensive migration and guide new
neuron distribution has been limited.Receptor tyrosine kinases Ephs and their ephrin ligands are
known for coordinating and directing cell migration through direct cell-cell contact. They are
abundantly expressed at the ventricular-subventricular zone (birthplace of migratory
neuroblasts), RMS (migratory pathway), and the olfactory bulb (final destination), making them
candidates for regulating neuroblast migration and integration. Previously, our group found that
EphA4 is a critical player in RMS organization, as EphA4” mice show disorganization of the
astrocyte meshwork, loss of neuroblast fasciculation, and aberrant neuroblast migration, as a
result neuroblasts deviate from the tight confines of the RMS. Immunohistochemistry and single-
cell analyses also revealed unique neuroblast and astrocyte subpopulations based on EphA4 and
ephrin expression patterns.Here, we address the hypothesis that Ephs/ephrins guide the migratory
neuroblasts to their final destination within the olfactory bulb. To confirm that Ephs/ephrins are
actively signaling in the neuroblasts, we analyze their protein distribution patterns within the
olfactory bulb, including the specific localization of activated (phosphorylated) receptors and
ligands. Additionally, we use single-cell expression transcriptomics and proteomics to highlight
differential Eph/ephrin expression across different immature inhibitory interneuron
subpopulations. In summary, we propose that the differential co-expression of specific
Ephs/ephrins in migratory neuroblast subpopulations acts as guidance cues during forebrain
migration and olfactory bulb distribution.
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Abstract: The adult brain has a remarkable capacity to produce new cells that migrate and
integrate into pre-existing neuronal circuits throughout the lifespan of animals. The largest
population of adult neural stem cells (NSCs) is located in the subventricular zone (SVZ). They
are largely quiescent and their activation is modulated by a number of SVZ niche factors.
Calcium (Ca2+) is known to integrate such signals resulting in distinct Ca2+ frequency and
amplitude in the cell body of activated and quiescent NSCs. However, NSCs contact most of
niche elements via their processes where most of the Ca2+ events occur. The role of Ca2+
activity in NSC processes is unknown. By combining sparse NSCs labeling approach, 2photon
ex-vivo Ca2+ imaging and post-hoc immunolabeling for multiple niche elements, we
characterized the spatiotemporal dynamics of Ca2+ signals in NSCs processes with event-based
analysis tool (AQuA). We found heterogeneous Ca2+ activity patterns in NSCs processes and
specialized high activity “hot-spots” where Ca2+ events repeatably occurs. To determine close to
which cellular element in the SVZ niche these Ca2+ hot-spots occur, we performed multiple
rounds of post-hoc immunolabeling to depict localization of blood vessels, EGFR+ or Ki67+
progenitors, neuroblasts, GFAP+ cells and microglia. By using spatial statistics, we showed that
NSCs display Ca2+ signals near rapidly proliferating transit-amplifying precursors (TAPs) that
are the direct progeny of NSCs. Using super-resolution microscopy (STED), we revealed that
NSCs processes are in tight contact with and in some cases bifurcates to wrap around dividing
TAP. Using scRNA-sequencing and cell surface proteome analysis, we generated a
communication network model of ligands expressed by TAPs and corresponding receptors
expressed by NSCs. This analysis identified EphrinB1 and its receptor EphB2 as a potential
pathway of communication between TAP and NSCs. We next used pharmacological approach
(Ephrin B1-Fc) and optogenetic stimulation of NSCs electroporated with opto-EphB2 receptor to
show that modulation of Efnb1-EphB2 pathway increases Ca2+ frequency in NSC processes.
Altogether, our data suggest that NSCs exhibit heterogeneous Ca2+ events in their processes
triggered by various niche elements. Furthermore, our data indicate that NSCs receive a constant
feedback input from rapidly dividing progeny through Efnb-EphB pathway that maintain a high
Ca2+ frequency in NSCs, a hallmark of the quiescent state.
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Abstract: Inflammatory related processes (such as stress, aging, infections) disrupt adult
hippocampal neurogenesis, a process important for regulation of memory and mood. The role of
the pro-inflammatory cytokine Interleukin 1 (IL-1) in adult neurogenesis is unclear. In the
present exploratory study the function of this cytokine was examined under basal or under
voluntary wheel running condition (a strong pro-neurogenic stimulus). Specifically, we have
begun to investigate if the suppression of IL-1 signaling (through the ablation of IL-1 receptor,
IL-1R1) affects adult neurogenesis and behavior. Young adult female mice under the C57BI/J6
background were allocated to either control sedentary (SED) or running (RUN) conditions
through a Randomized Block Design considering Genotype (IL-1R1 knockout - KO; and WT-
like control - WT) and litters as factors. Mice were injected with bromodeoxyuridine (BrdU; 50
mg/5 ml/kg) to label dividing cells. After one month in their respective housing conditions mice
underwent behavioral tests (Y-Maze and Activity Box). Upon completion of testing mice were
anesthetized and perfused transcardially with 4% paraformaldehyde prior to dissection of brain
tissue. To minimize experimental bias, computer generated randomization was applied for the
allocation of mice to the groups (SED or RUN) and to set the order in which the mice were
subjected to any of the procedures in the experiment (from housing location up to perfusion
order). The cages were coded to assure experimenters were blinded for the Genotype during the
whole experiment. Wheel running distance was monitored continuously using a Tecniplast DVC
rack system. Our preliminary data indicate that IL-1R1 KO mice have reduced activity levels.
BrdU+ cell numbers were similar under sedentary conditions for IL-1R1 KO and WT mice
suggesting that the IL-1 receptor does not regulate adult cell genesis under basal conditions.
Under running conditions the IL-1R1 KO displayed reduced BrdU labeling than WT mice. It
remains unclear whether blunted cell genesis in the IL-1R1 KO mice is a result of reduced
activity or due to the loss of the IL-1R1. Research is in progress to address this question.
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Abstract: Adult neurogenesis is the process by which new neurons are generated and integrate
into existing neural networks. Adult neurogenesis requires the presence of adult neural stem cells
(aNSCs) which occupy specific neurogenic regions in the adult mammalian brain. We have
discovered a role for Gprl61, an orphan GPCR in adult neurogenesis. Gprl61 is expressed in
neurogenic zones in the adult mouse including the sub-granular zone (SGZ) of the hippocampus.
To investigate the role of Gprl61 in aNSC mediated molecular signaling pathways we knocked
down and overexpressed Gprl61 in hippocampal derived neurospheres in-vitro. Knockdown and
overexpression of Gprl61 decreases and increases neurosphere size and self-renewal potential
respectively. Knockdown and overexpression of Gprl161 results in a decrease and increase in the
proliferation rate of aNSCs. Knockdown of Gprl61 decreases survivability while overexpression
had no effect. Gprl161 signaling is linked to the retinoic acid (RA) signaling pathway through the
phosphorylation of the retinoic acid receptor a (RARa) which leads to expression of genes
involved in RA signaling. Overexpression of Gprl61 increases the cCAMP and RA production in
neurospheres while knockdown increases cAMP but has no significant effect on RA production.
This effect is independent of Gpr161°’s role in the Shh signaling pathway. Overexpression of
Gprl61 in the SGZ increases new neuron production in-vivo. Further exploration of Gpr161’s
molecular signaling pathways will elucidate the RA mediated signaling pathway responsible for
the effects of Gpr161 on aNSCs.
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Abstract: Adult neurogenesis is the process by which neural stem cells (NSC) proliferate and
differentiate to produce new mature neurons in the mammalian brain. Specifically, adult
neurogenesis in the granule cell layer of the dentate gyrus (DG) of the hippocampus functions in
learning and the formation of new memories. Loss of adult DG neurogenesis is implicated in the
progression of neurodegenerative disorders, thus understanding the mechanisms that modulate
adult DG neurogenesis can open new avenues for the design of targeted therapeutics. Interleukin-
1 (IL-1) is a proinflammatory cytokine and a master regulator of neuroinflammation. Most
studies suggest that IL-1 signaling via its receptor interleukin 1 receptor type 1 (IL-1R1)
decreases adult neurogenesis in the DG; however, the exact mechanisms are unknown.
Conversely, other studies provide evidence for a pro-neurogenic effect of IL-1 signaling. Our lab
has developed a unique transgenic mouse model where IL-1R1 can be expressed in certain cell
types under control of cell type-specific promoters, allowing for the identification of the cell
type(s) that facilitate IL-1 signaling. We have genetic lines with IL-1R1 expression in neurons,
endothelial cells, myeloid cells, and astrocytes. Ten-week-old wildtype female mice were
injected with various dosages of a viral vector containing IL-1B unilaterally. Phosphate buffered
saline (PBS) was injected into the other DG as a control. A week later, the mice were injected
intraperitoneally with 5-Ethynyl-2'-deoxyuridine (EdU), a proliferation marker, and perfusion-
fixed four hours later. EdU was labeled using ClicklIT Cell Proliferation Kit and the DG sections
were imaged on a confocal microscope. Our preliminary results indicate that at low doses of IL-
1B (5 x1075 PFU/uL), the number of proliferating NSCs in the DG increases, possibly
suggesting increased neurogenesis. At higher doses of IL-1B (8.39 x10°7 PFU/uL), there is a
suppression of neurogenesis and induction of neuroinflammation. A ten week-old female mouse
expressing IL-1R1 only in astrocytes (Aldh1CreER-I11r1 r/r) was injected with 5 x10"5 PFU/uL
dosage of IL-1B unilaterally. The number of proliferating NSC on the IL-1B injection side was
twice as much as on the PBS injection side, supporting that astrocytes may have a critical role in
promoting adult neurogenesis. Altogether, our preliminary data suggest that (1) low dose IL-1 is
important for NSC proliferation while (2) excess amount of IL-1 can cause suppression of
neurogenesis and induction of inflammation. Additionally, (3) astrocytic IL-1R1 promotes NSC
proliferation.

Disclosures: M.l. Smirnova: None. N. Kocak: None. D.P. Nemeth: None. H. van Praag:
None. N. Quan: None.

Poster

PSTRA447. Postnatal Neurogenesis: Molecular Mechanisms and Regulation
Location: WCC Halls A-C

Time: Wednesday, November 15, 2023, 8:00 AM - 12:00 PM

Program #/Poster #: PSTR447.10/A10

Topic: A.02. Postnatal Neurogenesis



Support: GR123141

Title: Glutamate transported through Excitatory Amino Acid Transporter 1 induces adult
hippocampal neural stem cell self-renewal by altering metabolism and intracellular calcium

Authors: *I. ROSADO-BURGOS?, J. D. RIESKAMP!2, E. KIRBY?34;
The Ohio State Univ. Neurosci. Grad. Program, Columbus, OH; 2Dept. of Psychology, *Dept. of
Neurosci., *Chronic Brain Injury Program, The Ohio State Univ., Columbus, OH

Abstract: Neural stem cells (NSCs) are responsible for the generation of new neurons in several
select niches throughout adulthood in a wide variety of mammals. Neurogenesis in one of these
niches, the mammalian hippocampus, has potential behavioral and clinical relevance through
support of memory function and emotional regulation. To preserve these hippocampal functions,
NSCs must balance their sustained maintenance with proliferation over time to prevent NSC and
neurogenesis depletion. Our lab recently found that glutamate, an abundant neurotransmitter in
the hippocampus and known inducer of NSC proliferation, requires transport into NSCs via
Excitatory Amino-Acid Transporter 1 (EAAT1) to induce NSC self-renewal in the adult mouse
hippocampus. This receptor-independent action of glutamate was unexpected and the mechanism
by which glutamate transport acts as a signaling event remained unclear, though we found
lipogenesis is essential for this process. Here, we aimed to understand how EAAT1 activity
induces adult hippocampal NSC self-renewing proliferation and lipogenesis. EAAT1 activity
includes the co-transport of glutamate and ions into the cell. This ionic flux provides net
depolarization, which can increase intracellular calcium signaling. Transported glutamate can be
used independent of ionic influx as a substrate in metabolism, such as via its conversion to
tricarboxylic acid cycle (TCA) intermediates by glutamate dehydrogenase 1 (GluD1). We treated
adult hippocampal NSCs in-vitro with 0 or 100uM of glutamate along with GluD1 inhibitor
epigallocatechin gallate (EGCG) and/or endoplasmic reticulum-expressed RyR calcium channel
antagonist, dantrolene. We found that neither EGCG nor dantrolene treatment alone blocked
glutamate-induced NSC proliferation, but a combination of the two did. These findings imply
that both the intracellular calcium release and glutamate metabolism by GluD1 are needed for
NSCs to proliferate in response to glutamate. Ongoing research aims to understand which
intracellular mechanisms are downstream of EAAT1-mediated ionic influx or glutamate influx
and whether these are necessary or sufficient on their own or in combination to increase
lipogenesis and NSC proliferation. Answering these questions will advance our understanding of
how transported glutamate induces cell-autonomous self-renewing proliferation, which could
bring us closer to understanding NSC behavior in disease and provide a target for maintaining
neurogenesis throughout life.
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Abstract: Fetal alcohol spectrum disorder (FASD) is a leading cause of preventable intellectual
disability and neural developmental disorders. Depression and anxiety are the most common
mental illnesses in people with FASD. These disorders are related to ventral hippocampal
function. The hippocampus is a unique structure that is capable of producing neurons during
adulthood. This ability is stimulated by an enriched environment (EE). Additionally, part of the
therapeutic effect of common antidepressants is increased neurogenesis. Prior research
conducted by our lab has shown that prenatal alcohol exposure (PAE) impairs EE-mediated
neurogenesis in the dorsal hippocampus (Gustus et al., 2020). However, the impact of PAE on
neurogenesis in the ventral hippocampus has not been studied. Here, we tested the hypothesis
that EE-mediated neurogenesis is impaired in the ventral hippocampus in PAE mice. Nestin-
CreER™:tdTomato mice were used to label adult-generated hippocampal dentate gyrus cells
(DGC) after PAE and EE. Moderate PAE was accomplished using a well-characterized limited
access drinking in the dark paradigm (Brady, Allan, & Caldwell, 2012) in which female mice
were offered 10% EtOH in 0.066% saccharin for 4 hr beginning 2hrs into awake cycle,
throughout pregnancy (estimated BECs 80-90 mg/dl; Gustus et al., 2020). Mice offered
saccharin alone served as controls (SAC). Offspring were gender segregated at birth,
administered tamoxifen (180 mg/kg daily for 5 days) 2 weeks post-weaning and reared in
standard housing (SH) or EE living conditions for 6 weeks until sacrifice. Data for males only is
reported here (female analysis is underway). We found that PAE had no significant (Tukey Post-
Hoc, p=0.97) impact on neurogenesis (+tdTom DGCs) under SH conditions (SAC-SH: M=93.0,
SD =56.91, N=5; PAE-SH: M=81.75, SD = 33.45, N=4), but significantly impaired (p=0.01)
the neurogenic response to 6 weeks of EE (SAC-EE: M=173.9, SD = 21.44, N=5; PAE-EE:
M=76.55, SD = 24.77, N=4). As ventral and dorsal EE-mediated neurogenesis is impaired in
PAE mice, we are currently investigating whether treatment with the antidepressant, fluoxetine,
will reinstate this neurogenesis.
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Title: Ablation of Follistatin mimics the biphasic changes in hippocampal neurogenesis observed
after recurrent seizures

Authors: *Y. FURUTA, M. AL FAISAL, C.-H. FU, W. YU, J. CHIN;
Baylor Col. of Med., Houston, TX

Abstract: Adult neurogenesis is associated with cognition and mood, both of which are altered
in conditions with recurrent seizures, such as Alzheimer’s disease (AD) and epilepsy. Using
transgenic mice that express mutant human amyloid precursor protein (APP mice), we
previously showed that spontaneous seizure activity in APP mice drives aberrant neural stem cell
(NSC) division and neurogenesis, and accelerates the depletion of a finite pool of NSCs in the
dentate gyrus (DG), resulting in chronic reductions in neurogenesis. Such alterations in
neurogenesis may contribute to cognitive decline in AD, highlighting the importance of studying
the mechanisms that regulate neurogenesis in a seizure-dependent manner. To this end, we used
RNA-sequencing to identify regulators of neurogenesis that are differentially expressed in the
DG of APP mice compared to nontransgenic (NTG) littermates. One of the molecules of interest
that we identified was Follistatin (FST), a secreted protein that antagonizes TGF-f superfamily
proteins, which was markedly downregulated in APP mice. We found that FST expression in
APP mice was restored after treatment with an anti-seizure drug, and that FST expression is
suppressed in a pharmacological model of epilepsy, indicating that seizures are necessary and
sufficient to drive changes in FST expression. To examine whether a reduction in FST
expression is sufficient to drive downstream alterations in neurogenesis such as those observed
after recurrent seizures, we used FST conditional knockout (KO) mice in which ablation of FST
is under control of Camk2a-CRE. We first validated that FST expression is absent in the DG of
FST KO mice. We also verified that ablation of FST did not induce seizures, as indicated by the
lack of abnormal expression of the seizure-induced transcription factor AFosB. Finally, we
demonstrated that compared to their wild-type littermates, FST KO mice exhibited an increase in
neurogenesis at 1 month of age that returned to baseline by 3 months of age. These findings
suggest that a reduction of FST expression is sufficient to induce aberrant neurogenesis
dynamics, and may play a critical role in the biphasic modulation of neurogenesis in conditions
with recurrent seizures.
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Title: Diffusion characteristics of tagged vascular endothelial growth factor in mouse dentate
gyrus.

Authors: L. MILLER, A. WALTERS, *E. KIRBY:
Ohio State Univ., Columbus, OH

Abstract: Neural stem cells (NSCs) have the potential to support hippocampal plasticity and
learning and memory in both healthy conditions and with disease/injury. One mechanism by
which they can provide this support is via secretion of soluble growth factors. Our lab has shown
that endogenous NSCs in the adult mammalian hippocampus express and secrete the pleiotropic
growth factor vascular endothelial growth factor (VEGF). We have also found that endogenous
NSC VEGF suppresses neuronal hyperexcitability in the dentate gyrus (DG) of the hippocampus
(where NSCs reside) and supports memory function. However, it is unclear why NSC-derived
VEGF has such functional importance when VEGF is also secreted by astrocytes, which are
more numerous and make more VEGF than NSCs. Given that NSCs and astrocytes exist in
somewhat separate layers of the DG, the diffusion properties of soluble VEGF could dictate the
functional effect of VEGF derived from the different cell types. Little is known about the half-
life or diffusion characteristics of VEGF within the hippocampus. To identify and investigate
VEGF diffusion, we used genetic code expansion coupled with bioorthogonal non-canonical
amino acid tagging to visualize VEGF diffusion in live hippocampal tissue. We performed
unilateral injections of bioorthogonally tagged VEGF (either VEGF120 or VEGF164) or vehicle
into DG of both male and female mice. Animals were then perfused at 10 min, 1 h, 3 h, or 6 h
post-injection. Click-reacted tagged VEGF was detected with infrared imaging and diffusion
away from the infusion point was quantified over time and space. Ultimately, we observed no
significant difference in diffusion distance between sexes or VEGF isoform. VEGF spread
peaked at 1-3 h post-injection, and there was no significant spread to the hemisphere
contralateral to the infusion site. These data also suggest an unexpectedly wide radius of VEGF
diffusion, suggesting that VEGF from NSCs could reach quite far within the DG. These findings
provide insight on how VEGF behaves in vivo in DG, improving understand of how NSC-
derived VEGF may influence hippocampal function. Understanding soluble factor diffusion
away from cellular sources is also informative for regenerative medicine approaches that rely on
paracrine signaling.
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Title: Bioorthogonal noncanonical amino acid tagging allows for visualization of the cellular
location of excitatory amino acid transporter 1 expressed in individual cells

Authors: *N. DEVASTHALI?, E. D. KIRBY??3;
!Neurosci. Grad. Program, ?Dept. of Psychology, *Chronic Brain Injury Program, The Ohio State
Univ., Columbus, OH

Abstract: The subgranular zone of the hippocampus is one of the few regions of the adult
mammalian brain where neural stem cells (NSCs) exist and can proliferate to yield functional
neurons throughout life. These newly-born neurons integrate into existing hippocampal circuitry
to support learning, memory and affect regulation. Our lab has previously shown that the
neurotransmitter glutamate drives self-renewing proliferation of adult NSCs via its transporter,
excitatory amino acid transporter 1 (EAAT1). However, it is not known where in NSCs EAAT1
protein is located. NSCs have a complex morphology with the cell body in the subgranular zone
plus a radial process that extends through the granule cell layer to the inner molecular layer. The
location of the EAATL protein in an NSC will determine which of several sources of glutamate
could act most potently on NSC-expressed EAATL. Unfortunately, the widespread expression of
EAATL in astrocytic processes makes traditional immunolabelling approaches unable to resolve
EAAT1 expressed by NSCs versus the EAATL in closely apposed astrocytic processes. To
resolve this, we adapted a bioorthogonal noncanonical amino acid tagging system in combination
with genetic code expansion and amber stop codon suppression to visualize the cellular location
of EAAT1 expressed in individual cells. We designed a plasmid with an in-frame amber stop
codon (TAG) inserted into the coding sequence for EAAT1 (EAAT1™©), as well as a T2A-
linked mCherry reporter. We transiently expressed this plasmid in astrocytic C8D1A cells along
with a bacteria-derived pyrrolysyl/tRNApyl pair which suppresses the amber stop codon by
catalyzing incorporation of the noncanonical amino acid trans-Cyclooct-2-en - L - Lysine
(TCO*A) into TAG sites. TCO*A tagged proteins were then identified by click reacting with
tetrazine bound to biotin (tet-biotin). Western blotting of cell lysates revealed TCO*A
incorporation (reacted with a streptavidin IR dye) in EAAT1 protein at the anticipated molecular
weight only in cells treated with TCO*A and both plasmids. Similarly, in fixed cells, mCherry+
cells but not mCherry- cells treated with TCO*A and both plasmids showed robust tagging
signal compared to cells that did not receive TCO*A. These findings reveal that expression of
our constructs in live cells led to incorporation of TCO*A in EAAT], that this tagged EAATL is
present only in cells expressing mCherry, and that the tagged EAAT1 can be visualized in situ
and in lysates by click reacting with tet-biotin. Ongoing work seeks to apply this system in vivo
to sparsely express EAAT1€ and visualize the tagged protein in mCherry-expressing NSCs.

Disclosures: N. Devasthali: None. E.D. Kirby: None.
Poster
PSTRA447. Postnatal Neurogenesis: Molecular Mechanisms and Regulation

Location: WCC Halls A-C



Time: Wednesday, November 15, 2023, 8:00 AM - 12:00 PM
Program #/Poster #: PSTR447.15/A15

Topic: A.02. Postnatal Neurogenesis

Support: NIH RO1INS124775 to EDK

Title: Hippocampal neural stem cell proximity to vasculature emerges during postnatal
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Abstract: Adult neurogenesis, the process of creating new neurons throughout life, occurs in
two main areas of the mammalian brain; the subventricular zone and the dentate gyrus (DG) of
the hippocampus. The surrounding vasculature within each of these niches is an important source
of support for adult neurogenic processes. Within the DG, the vasculature is especially dense and
neural stem cells (NSCs) and their immediate progeny exist in especially close proximity to local
blood vessels in adulthood. This unique arrangement is hypothesized to support adult
neurogenesis in several ways, such as by providing scaffolding for progenitors and neuroblasts to
migrate tangentially through the DG, as well as by providing NSCs access to circulating support
molecules such as growth factors. Though the proximity of the adult NSCs to vessels is well
established, little is known about how it develops. To characterize the development of NSC
proximity to blood vessels, we quantified the distance from radial glia-like NSC bodies to the
nearest blood vessel in mice between 2 and 9 weeks of age, a time period covering from early
formation of the major DG cell layers to adulthood. We identified NSCs and endothelial cells in
wildtype mice perfused at 2, 3, 5 and 9 weeks of age using immunofluorescent phenotypic
markers in fixed tissue slices. We found that from 2 weeks to 9 weeks of age, there was a
progressive reduction in the distance between NSC bodies and the nearest blood vessel. These
findings suggest that the association of RGL NSCs with vasculature is not a preserved feature
from early development, but rather one that arises de novo during postnatal maturation. They
further imply that the development of the RGL NSC neurogenic vascular niche is not complete
until adulthood. Further characterization of the development of the neural stem cell niche and
surrounding vasculature will provide insight into the unique mechanisms that ensure preservation
of neurogenesis in the adult DG.
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!Boston Univ., Boston, MA; 2Queens Col. CUNY, Flushing, NY

Abstract: Aging is associated with characteristic changes in neural substrates and corresponding
cognitive decline. A comprehensive catalog of age-related changes in neural substrates is critical
to identifying therapeutic targets for delaying or mitigating age-related cognitive decline in both
the healthy and diseased aging brain. However, our understanding of features and mechanisms of
the aging brain is still incomplete. In the rodent hippocampus, hippocampal volume, total cell
number, granule cell size and granule cell dendritic spine density exhibit steep declines between
young adulthood and old age, which have been linked to changes in cell firing properties and
functional deficits in hippocampal-dependent learning and memory. Aging is also associated
with declining neurogenesis in the hippocampal dentate gyrus and slowed dendritic maturation in
newborn neurons. These neurogenic impairments have also been linked to changes in
hippocampal-mediated behaviors, including increased anxiety-like behavior and declining
performance in learning and memory tasks. Because new granule cells are added to the dentate
gyrus over the lifetime of the animal, it is important to determine whether age-related changes in
cellular structure and properties are due to the age of the animal or the age of the cell. For
instance, it is established that granule neurons in the mouse hippocampus become smaller as the
animal ages. It has been assumed that this is due to the progressive shrinking of mature neurons
as the cells themselves age, perhaps due to diminishing inputs associated with dendritic
degeneration, physiological deterioration, and/or accumulation of structural damage leading to
cellular senescence. However, here we demonstrate that new granule neurons in older brains are
in fact born smaller. We labeled newborn neurons in the granule cell layer of the hippocampus
using immunohistochemistry for doublecortin (DCX) in male and female C57/BI6 mice aged 98-
621 days. DCX is expressed in neuronal-committed progenitor cells and persists until neurons
are about 30-40 days of age. We found that DCX+ soma size decreased with increasing age of
the animal in the same cell-age cohorts (0~40 days). Further, new neuron soma size was
positively correlated with short-term spatial memory performance in the Y-maze, and inversely
correlated with measures of anxiety-like behavior in the elevated plus maze, independent of
numbers of new neurons, with mouse age held constant. These findings identify a novel feature
of neurogenesis that may contribute to age-related deficits in cognition and emotional
processing.
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Title: Testing the environmental sculpting hypothesis of postnatal hippocampal neurogenesis
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Abstract: Neurogenesis in the dentate gyrus generates new granule cells (GCs) that gradually
integrate into the hippocampal network and are required for hippocampal functions such as
learning, memory and pattern separation. Typically, hippocampal neurogenesis peaks around
birth and then declines dramatically with age. During their development, immature GCs undergo
a critical period characterized by high experience-dependent plasticity. According to the
environmental sculpting hypothesis, GCs in this highly plastic state become attuned to features
present in their environment, enabling enhanced learning of situations containing those features
later in adulthood. To test this hypothesis, we will use home cage LCD screens to passively
expose adolescent mice to one of two simple visual stimuli patterns (A or B). In adult mice, we
will then assess their ability to distinguish between complex stimuli that are composed of
combinations of the previously experienced elementary stimuli. We anticipate that mice exposed
to simple stimuli A during adolescence will exhibit better discrimination of the complex version
of stimuli A, compared to discrimination of complex stimuli B. Additionally, to investigate
whether experience-dependent activity in developing GCs is essential for learning in adulthood,
we will use transgenic AsclCreER - Hm4di mice to chemogenetically inhibit newborn neurons
during stimuli exposure in adolescence. We expect that neuronal inhibition will prevent cells
from becoming tuned to the environmental stimuli, thereby eliminating any experience-
dependent improvements in discrimination in adulthood. In another condition, neurons will be
allowed to become tuned during passive exposure to simple stimuli in adolescence, but they will
be silenced when mice are trained to discriminate the complex stimuli. We predict that the
activation of tuned neurons during the discrimination task is necessary, and we anticipate the
elimination of any experience-dependent improvements in discrimination when these neurons are
silenced. Through this work, we seek to establish a behavioral paradigm for environmental
sculpting using visual cues, and establish a lifelong functional role for the large number of
immature GCs present as a juvenile first experiences their environment.
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Authors: *N. FREEDGOOD, H. CAMERON;
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Abstract: The dentate gyrus (DG) of the hippocampus is one of the few regions in the
mammalian brain known to produce new neurons throughout adulthood. These new neurons
contribute to various hippocampal-related processes, including difficult discriminations,
cognitive flexibility, attention, motivation, and stress response. Although the hippocampus
maintains the same intrinsic circuitry throughout its longitudinal axis, the dorsal and ventral
regions are proposed to have different functions. The dorsal hippocampus is thought to play a
crucial role in spatial navigation and memory, whereas the ventral hippocampus is thought to be
involved in anxiety-like behaviors. Therefore, it is expected that the neurogenesis that occurs at
each pole of the hippocampus would also be implicated in these different behaviors. However,
few studies have tested these ideas, because it is difficult to specifically target adult-born neurons
in a spatially specific manner in mice with commonly-used methods. We are using two different
methods to target new neurons in the dorsal and ventral hippocampus of rats. First, we used an
opsin-expressing retrovirus that is specifically incorporated into dividing cells and can be
injected into either the dorsal or ventral DG to optogenetically inhibit new neurons selectively in
a portion of the DG. In addition, we are using radioactive ablation to ablate new neurons in a
spatially-specific manner. We are using immunohistochemistry for immediate-early genes and
doublecortin to assess the specificity of inhibition and ablation, respectively, and investigating
the functional contributions of the adult-born neurons in each region in various behavioral tasks.
This study contributes to the understanding of the differences in functional roles across the
longitudinal axis of the hippocampus.
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Title: Reactivation of leptin receptors restores brain volume, neurogenesis and memory
impairment caused by the absence of leptin signaling in early life
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Abstract: Defects in adipocyte hormone leptin signaling affect energetic homeostasis and are
associated with obesity, a condition increasingly linked to cognitive decline and a higher risk of
dementia in aging. Evidence shows the ability of leptin to improve metabolic function in leptin-
deficient mice and humans. However, it remains to be demonstrated whether restoring leptin
signaling may alleviate the deleterious consequences of obesity on the brain. Here, we first
assessed the effects of impaired leptin production on brain morphology, neurogenesis and
cognition in Lep®® mice, which carry a mutation in the leptin gene. Next, we investigated the
importance of leptin signaling during development, by analyzing the same parameters in
LepRNull mice, which do not express leptin receptor and are hyperphagic and morbidly obese.
Compared to wild-type mice, LepRNull display reduced brain volume, decreased neurogenesis
and impaired cognition. When LepR expression was restored in adult LepRNull mice, brain
atrophy, neurogenesis reduction and impairment of cognition were restored. Our findings reveal
the importance of stimulating leptin signaling early in life to protect the brain from obesity.
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Authors: *R. TSUCHIDA!, T. YAMAGUCHIY, D. FUNABASHI?, I. KITAL T. NISHIJIMAY,
Tokyo Metropolitan Univ., Tokyo, Japan; 2Tsukuba Univ., Tsukuba, Japan

Abstract: [Background] A growing number of studies have revealed the beneficial effects of
exercise on brain function, which are most pronounced in the hippocampus. Long-term exercise
induces various structural changes in the hippocampus, including neurogenesis, contributing to
improved cognitive function, dementia, and depression. The effects on the hippocampus depend
on exercise conditions. Although the intensity of exercise has been widely recognized as a
dominant factor, we recently found that exercise type is another factor affecting the effects of
exercise on the hippocampus (Tsuchida et al., Neurosci Lett, 2022). Briefly, we compared the
treadmill exercise, one of the most used types of exercise in rodents, and rotarod exercise, used
to assess motor learning and coordination, at matched intensities. Although the treadmill
activated hippocampal neural activity in mice, the rotarod did not, suggesting that the effects on
hippocampal neural activity depend on the type of exercise. However, it is unclear whether the
effects of long-term exercise on hippocampal function also depend on the type of exercise.
[Purpose] This study aimed to examine whether the effects of long-term exercise on
hippocampus in mice differ depending on the type of exercise. [Methods] The exercise period
was 5 weeks. The exercise intensity of the treadmill was 15 m/min, and that of the rotarod was
30 rpm, which were almost equivalent at just below the lactate threshold. In the 5th week of
exercise intervention, the hippocampus-dependent spatial learning and memory were examined
by Morris water maze. Although depression-like behavior is partially regulated by the
hippocampus, it is a non-hippocampus-dependent variable and was examined by a forced swim
test (FST). [Results] The density of Doublecortin (DCX)-positive immature neurons was
significantly increased by the treadmill, but not by the rotarod exercise, compared to that of the
respective control groups. In addition, the density of DCX-positive neurons in treadmill runners
was significantly higher than that in rotarod runners. Contrary to our hypothesis, spatial learning
and memory were not improved by either type of exercise. FST showed that depression-like
behavior improved in both types of exercise, suggesting that rotarod exercise, although cannot
activate hippocampal neurons, has an antidepressant effect. [Conclusion] These results
demonstrate that long-term treadmill exercise enhances hippocampal neurogenesis more
efficiently than does the intensity-matched rotarod exercise. These results strengthen our claim
that exercise type is another important factor influencing the effects of exercise on the
hippocampus.
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Title: Long-term spatial memory resistance to exercise-enhanced neurogenesis in rats

Authors: *E. R. BOLTON, N. M. FOURNIER, J. WEBB, B. OBRIEN, H. LEHMANN;
Psychology, Trent Univ., Peterborough, ON, Canada

Abstract: Neurogenesis, the generation of new neurons, occurs continuously in the hippocampus
throughout life. As these new neurons are added, they alter hippocampal circuitry, may compete
with existing neurons for inputs and outputs, and potentially impact access to information
already stored within these circuits. A potent stimulator of hippocampal neurogenesis, running
exercise enhances the acquisition of new memories, including spatial memories. However, this
exercise-increased neurogenesis has also been shown to interfere with recalling a previously
acquired spatial memory in mice and rats. This suggests that neurogenesis may induce
“forgetting” of old memories. In the present study, we replicate and expand upon these previous
observations to investigate whether maintaining an elevated level of neurogenesis also induces
the forgetting of a previously acquired memory. In our study, male rats were trained to learn the
location of a hidden platform in the Morris Water Task (MWT) and then assigned to either
sedentary (SED) or running exercise (RE) groups. The RE group was given access to running
wheels in their home cages for five weeks, while the SED group was not. After this period, both
groups underwent training in a second version of the MWT before being tested for their recall
(memory) of the platform location from the first MWT. A different pool, room, and distinct cues
were used in the second MWT to create a separate spatial memory. The results showed that the
groups similarly learned the first MWT prior to any experimental manipulation and that the RE
group remembered it just as well as the SED control group after a month of continued exercise-
enhanced neurogenesis. Learning and retention of the second MWT that both occurred under
enhanced-neurogenesis conditions for the RE group was again like that of the SED group.
Preliminary analysis of doublecortin-positive cells confirms that the RE group had increased
hippocampal neurogenesis. These findings suggest that suddenly increasing and maintaining
increased levels of hippocampal neurogenesis using running exercise does not interfere with
successfully retaining a previously formed spatial memory.
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Authors: A. P. SWIERCZ!, H. R. MARTIN?, R.-M. KARLSSON!?, *H. CAMERON?*:
1Section on Neuroplasticity, NIMH, 2NIH, Bethesda, MD

Abstract: When difficult decisions must be made, the hippocampus contributes to conflict-
resolution by modulating the inhibition of dominant behavioral responses. The dentate gyrus,
unique for its ability to produce new neurons into adulthood, plays a key role in this process.
Whether or not neurogenesis is directly involved in difficult decision-making, however, remains
unclear. Here we ablated neurogenesis in adult male rats to investigate the role of adult-born
neurons in conflict decision making using a platform-mediated avoidance task (PMA).
Neurogenesis was eliminated by 8 weeks of treatment with valganciclovir in male transgenic
Long Evans rats expressing the herpes simplex virus thymidine kinase (TK) under control of the
glial fibrillary acidic protein (GFAP) promoter. In the PMA task, animals were trained to
associate two distinct conditioned stimuli (auditory and light cues) with negative or positive
outcomes. During the conflict phase, rats were presented with both stimuli and forced to choose
between avoiding a negative outcome (foot shock) and approaching a positive outcome (food
reward lever). The decision to avoid comes at the cost of losing food rewards, while the decision
to approach increases the likelihood of receiving a foot shock. We examined decision-making
under increasing levels of conflict and alternating patterns of cue presentation. Animals lacking
adult-born neurons learned cue associations and displayed normal levels of approach-avoidance
behavior in the absence of conflict. During high conflict situations, however, animals without
neurogenesis exhibited a significant reduction in avoidance behavior and increased lever
pressing relative to wildtype controls. We are currently using immediate-early gene expression
analyses to assess neuronal activity during conflict in several brain regions associated with
approach-avoidance behavior.
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Abstract: Adult neurogenesis affects many types of rodent behavior, but few studies elucidate
its role in social interactions. The present study investigated the role of adult hippocampal
neurogenesis in the expression of aggressive behavior in male mice. We inhibited adult
hippocampal neurogenesis by treating male transgenic mice expressing the herpes simplex virus
thymidine kinase (TK) under a GFAP promoter with the anti-viral drug valganciclovir. After 8
weeks of drug treatment, TK and wild-type (WT) littermate controls were single housed for one
week and then tested for intermale aggression in the resident-intruder paradigm. TK mice
showed fewer aggressive bouts, shorter cumulative duration of aggression, and longer latency to
exhibit aggression towards a CD-1 male intruder compared to WT mice, suggesting reduced
levels of offensive aggression in TK mice. Interestingly, when TK mice were paired instead with
a smaller, nonaggressive male (olfactory bulbectomized C57BL/6J mouse), aggression levels
were comparable to WT mice. Additionally, we evaluated the loss of hippocampal neurogenesis
on defensive aggressive behaviors by presenting TK and WT mice as the intruder, rather than the
resident in the resident-intruder test. WT mice showed both defensive attack and avoidance
responses to a resident attack, but TK mice predominantly avoided fighting when attacked by the
resident. Furthermore, using the tube test to assess social dominance in WT and TK mice, we
found that when WT and TK mice opposed each other in the tube, TK mice lost 75% of the
trials, suggesting that ablation of adult hippocampal newborn neurons contributes to submissive-
like behaviors. Our findings suggest that TK mice avoid social confrontations unless they
perceive they can clearly win the fight, such as a nonaggressive smaller mouse. Finally, we
examined whether ablation of adult hippocampal neurogenesis affected social investigation and
discrimination behaviors, which could contribute to changes in aggression levels. TK mice
exhibited normal social investigation and recognition towards novel mice, suggesting that TK
mice have normal olfaction, social memory, and social interest. Taken together, adult
hippocampal neurogenesis plays an essential role in the instigation of intermale aggression in
mice.
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Abstract: Maternally inherited Leigh syndrome (MILS) is a neurodevelopmental disorder
caused by mitochondrial DNA (mtDNA) mutations. Generally, MILS is characterized by a wide
range of clinical manifestations, including neurodevelopmental delay, muscle weakness,
hypotonia, and stroke-like episodes. To date, there is no treatment or cure available. The
development of treatment options has been difficult due to the lack of disease models specific to
mtDNA mutations.Recently, neural progenitors differentiated from patient-derived pluripotent
stem cells (iPSCs) have been shown to be an effective modeling tool for neuronal disease
associated with mtDNA mutations. This study aimed to develop and characterize neural
progenitor cells (NPCs) and iPSCs derived from MILS patients carrying the mtATP-6
mutation.We generated six human iPSC lines from dermal fibroblasts of three patients (two
clones per patient) affected by MILS. The patients carry homoplasmic or heteroplasmic
mutations of the maternally inherited mtATP-6 gene: patient A (heteroplasmic m.8570T>C,
male, 4 y), patient B (homoplasmic m.8993T>G, female, 5 y), patient C (heteroplasmic
m.8993T>G, female, 5 y). To generate iPSCs, a non-integrative reprogramming method
introducing OCT4, SOX2, KLF4, and c-MYC with a Sendai reprogramming kit was used. The
established cell lines were assayed for pluripotency via immunofluorescence staining, RT-qgPCR
analysis, and embryoid body (EB) formation.Additionally, the integrity of the karyotype was
assessed using a single nucleotide polymorphism (SNP) array. The degree of heteroplasmy was
evaluated to ascertain that the mutation level was retained.Following a small molecule-based
protocol by Reinhardt et al., iPSCs were further differentiated into NPCs. All iPSC lines showed
the expression of pluripotency markers and were capable of forming the three germ layers during
EB development. After differentiation into NPCs, the expression of neuronal markers was
upregulated while pluripotency markers were downregulated.The iPSC lines exhibited a normal
karyotype. We showed that the generated iPSCs and NPCs of patient B and C retained the same
degree of heteroplasmy as their parental fibroblasts, indicating the preservation of the mtDNA
mutation during reprogramming. In patient line A, the heteroplasmy dropped from 96.2%
(fibroblasts) to 66.9% (iPSCs) and to 60.9% (NPCs).This study provides a valuable disease
model for patient-specific investigation of the pathogenesis of MILS and paves the way for the
development of potential therapeutic interventions targeting mtDNA mutations and associated
neurological disorders.
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Abstract: Multiple sclerosis (MS) is an autoimmune neurological disorder characterized by
inflammation, demyelination, and neural degeneration. Although environmental and genetic
factors both contribute to the development of MS, the etiology of this condition remains
unknown due to the lack of accurate animal models and relative inaccessibility to human brain
tissue. Unlike relapsing-remitting MS, it has been proposed that progressive forms of MS exhibit
impaired remyelination of lesions due to a defect in the differentiation and migration of
oligodendrocyte precursor cells. Thus, it is crucial to further elucidate this mechanism in order to
develop novel treatments for myelin repair in progressive MS subtypes. Cerebral organoids
recapitulate early human neurodevelopment, including the generation, proliferation, and
differentiation of oligodendrocyte precursor cells into myelinating oligodendrocytes. The aim of
this study was to use cerebral organoids derived from induced pluripotent stem cells of patients
with MS to investigate the genetic contribution of MS on oligodendrocyte differentiation and
maturation, as well as myelination. Immunofluorescence analyses were conducted on organoids
derived from patients with MS as well as healthy controls at three timepoints (42, 120, and 200
days) to assess oligodendrocyte differentiation along its lineage and myelination capacity. Our
findings revealed a significant decrease of oligodendrocyte lineage marker Olig2 in MS
organoids compared to control at all three timepoints highlighting a lower number of
oligodendrocytes lineage cells. Moreover, at day 120 we detected a decrease of Olig2*/APC*
mature oligodendrocyte number as well as a strong decrease of O4" mature oligodendrocyte
number in MS organoids, particularly PPMS, compared to control. These results were further
confirmed by RT-gPCR. After 200 days of culture, myelin formation was observed in the
organoids by immunostaining for the myelin marker MBP. MS organoids displayed a decreased
expression of MBP compared to controls. Taken together, these results suggest a defect in
oligodendrocyte maturation and a lack of myelin formation in MS organoids. Mature cerebral
organoids developed from MS patient is a valuable tool to study MS. Our findings revealed a
deficiency of oligodendrocyte precursors differentiation and of oligodendrocyte maturation,
which could be the underlying mechanism for impaired remyelination in MS patients,
particularly in progressive forms. These insights may inform potential treatment approaches,
such as strategies aimed at oligodendrocyte protection, for promoting myelin repair in
progressive forms of MS.
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Title: Altered neuronal development and connectivity in a model of 15911.2 related
neurodevelopmental disorders
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Abstract: The 15g11.2 locus is deleted in 1.5% of patients with genetic epilepsy and it confers
risk for intellectual disability and schizophrenia, suggesting that this region is important for
neuronal development. One of the 4 genes at this locus, CYFIP1, is a regulator of fragile X
mental retardation protein and cytoskeleton remodeling, has been shown to regulate early
neurogenesis and late synaptogenesis in mice. We examined whether there were differences in
neural development in neurons derived from induced pluripotent stem cells (iPSCs) from patients
with 15g11.2 deletion and mice deficient for Cyfipl. A forebrain specific neuronal
differentiation protocol was used to generate primarily glutamatergic cortical neurons from
IPSCs from control and 15g11.2 deletion patients. There was a reduction in electrophysiological
spike rate, bursting and synchronization of culture networks in the 15q11.2 deleted human
neurons compared to controls. This was associated with decreased single cell dendritic
complexity, decreased dendritic length and altered structural connectivity across culture
networks. There was decreased response to GABA agonists and antagonists, indicating
decreased inhibitory control over network activity despite an increase in the relative proportion
of inhibitory neurons in the 15g11.2 Del cultures. Inhibitory synapse quantification demonstrated
an increase in the number of inhibitory synapses onto inhibitory neurons. Cyfipl deficient mice
demonstrated decreased latency to seizure in response to disinhibition by flurothyl but not kainic
acid. These data suggest that deletion of the 15911.2 region results in cell autonomous changes
in neurons and synaptic maturation that contribute to pathologic changes in network excitability.
Inhibition of inhibitory neurons is one possible explanation for the paradox of decreased baseline
activity and synchronization as well as a predisposition to hyperexcitability in vivo. Together,
these studies indicate that 15911.2 deletion results in impaired early neuronal development that
may contribute to increased seizure susceptibility in humans with the deletion.
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Abstract: Microglia, the innate immune cell of the CNS, are increasingly recognized as a critical
nexus for the promotion and maintenance of CNS function. Dysfunction in microglia often
manifests as a neurotoxic and inflammatory microenvironment that if not resolved, cascades to a
chronic neuroinflammation associated with many pathological conditions including
neurodevelopmental, neuropsychiatric and neurodegenerative diseases. Despite the longstanding
recognition of their centrality in chronic and degenerative diseases of the CNS, there is still a
critical need for assay platforms that recapitulate the systems biology of microglia in a way that
meaningfully facilitates neuroinflammatory drug discovery. Here we describe the initial
development and qualification of a rodent-human chimeric assay platform that permits
quantification of endpoints relevant to neuronal and microglial function in the presence and
absence of neuroinflammation. The platform is built upon rodent primary cortical neurons and
astrocytes. After the initial culture period, >90% of the rodent microglia die and are replaced
with IPSC-derived human microglia. The hIPSC microglia distribute and intercalate into the base
rodent culture, and exhibit morphological and molecular signatures indicative of homeostatic
microglia. Stimulation of cultures with LPS results in a dramatic shift of hIPSC microglia to an
amoeboid morphology and a robust increase in secretion of pro-inflammatory cytokines. hIPSC
microglia exhibit phagocytosis as measured with zymosan bioparticles. Exposure to LPS and
zymosan particles is associated with robust additional increase in pro-inflammatory cytokine
secretion, compared with LPS treatment alone. Additionally, chronic (5 d) stimulation with LPS
induces morphological shifts in astrocytes indicative of the reactive state. Induction of reactive
astrocytosis requires hIPSC microglia as chronic stimulation of rodent neuron-astrocyte
cocultures with LPS fails to induce morphological changes in astrocytes. These initial
observations indicate that human microglial disease-relevant inflammatory biology can be
measured in the context of rodent neurons and astrocytes in culture. Future studies will
interrogate neuronal function and establish methods for compound screening to support an
integrated, systems biology approach to neuroinflammatory drug discovery.
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Abstract: We have recently encountered a family whose teenagers display symptoms of
premature aging and severe neuropathy, including dyschromatosis, gray hairs, progressive motor
deficits, and intellectual developmental delay. Whole genome sequencing revealed a
homozygous mutation in the IVNS1ABP gene, an influenza virus nonstructural protein-1 binding
protein belonging to the kelch protein family. What does IVNS1ABP do and how its mutation
results in premature aging and neuropathy are unknown. We acquired dermal fibroblasts from
the patients and their family members, generated isogenic induced pluripotent stem cells (iPSCs)
from the fibroblasts and then differentiated the isogenic iPSCs to neural progenitor cells (NPCs).
The mutant fibroblasts, iPSCs, and NPCs grow more slowly with extended cell cycle duration. In
particular, the cytokinesis is disrupted, leading to mislocalized centrosomes and dysregulated
spindle orientation and consequently mitotic failure. Correspondingly, mutant NPCs display
increased DNA damage and genome instability as well as senescence markers like p16.
Proteomics and transcriptomics revealed alteration of actin and actin-binding proteins by
IVNS1ABP mutation. Indeed, mutant IVNS1ABP impairs its interaction with and
polymerization of actin, explaining the disrupted cytokinesis and cellular senescence. Our
findings thus identify dysregulated actin polymerization and organization as a mediator of
proliferative cellular senescence in this undiagnosed disease.
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Abstract: Appropriate lipid transfer between neurons and glia via lipid transporters such as
apolipoproteins, is essential for maintaining metabolic and structural integrity of neurons, with
dysfunction leading to synaptic and cellular damage. Apolipoprotein E (APOE) is the most
ubiquitous brain lipoprotein and facilitates lipid transport between cells and is also involved in
cellular responses to inflammation. The APOE4 allele of APOE is the strongest genetic risk
factor for late-onset Alzheimer’s disease (AD) as well as a genetic risk factor, along with
glucocerebrosidase, GBA1, for Lewy body and Parkinson’s disease dementia (LBD/PDD).

An advanced in vitro platform of human induced pluripotent stem cell (iPSC) derived neurons
and astrocytes has been established to test how APOE modulates neuron-glia mechanisms
induced by elevated glycolipids, cholesterol and inflammatory processes. Human isogenic iPSCs
carrying APOE3/3 and APOE4/4 were differentiated into excitatory cortical neurons (expressing
BIII-tubulin and MAP2) and astrocytes (expressing S100p3, GFAP, and APOE). Pharmacological
treatment of human APOE3/3 and APOE4/4 neurons with U18666A (an inhibitor of the
cholesterol NPCL1 transporter), to increase cellular lipid load, induced accumulation of
cholesterol, and of filipin and Nile-Red labeled lipid particles. Upon co-culture of neurons with
corresponding APOE3/3 or APOE4/4 human astrocytes for 7 days, APOE3/3 neurons
accumulated fewer Nile Red-labeled lipid particles than APOE4/4 neurons following lipid
challenge with NPC1-inhibition. Ongoing analyses will determine cellular mechanisms of APOE
release, lipidation of APOE, and readouts of cell function and health.

Critical human data shows that lipid dyshomeostasis can significantly contribute to the etiology
and onset of age-related neurodegenerative disorders. ldentifying the mechanisms by which
human APOE functionally interacts with increased lipid load in human neurons and glia will
provide an impactful understanding of the pathogenic pathways that lead to AD and LBD/PDD.
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Title: CTBP1 mutant allele affects neurodevelopment by dysregulating the Wnt pathway

Authors: *U. EZEKIEL?, S. LEE?;
IClin. Hith. Sci., St. Louis Univ., Saint Louis, MO; 2HIth. Mgmt., St. Louis Univ., St. Louis, MO

Abstract: C terminal binding proteins (CtBP1 and CtBP2) are highly conserved and are
expressed in different vertebrate tissues. CtBP1 and CtBP2 (CtBPs) are transcriptional co-
repressors and perform genetically related and unique transcriptional functions during vertebrate
development. CtBPs mediate transcriptional repression by binding to various chromatin-
modifying factors and DNA-binding repressors at the promoter regions of target genes through a
high-affinity protein interaction interface (PXDLS-binding cleft). There are 14 cases that have
been identified as with pathogenic de novo CTBP1 mutations that were found in a heterozygous
condition: 13 of the patients have a missense mutation in CTBP1 (CTBP1p.R342W), and one has
a deletion mutation (CTBP1p.A56_S58del), and both variants map to the same domain of the
protein. All patients exhibited intellectual disability and HADDTS syndrome (hypotonia, ataxia,
developmental delay, and tooth enamel defects). A hallmark of patients with CTBP1 mutations is
cerebellar atrophy. The mechanism of pathogenesis leading to the neurodevelopmental and
multiple pathological phenotypes due to CTBP1 heterozygous mutation is unknown. Neurons
differentiated from induced pluripotent cells derived from patients and age-matched controls
indicated that neurites derived from patient cells were thinner compared to neurites derived from
control cells. To facilitate an accurate assessment of transcriptional activity in neurons with
CTBP1p.R342W mutation, we made isogenic iPSC cell lines that were then differentiated into
neuronal stem cells (NSC). We generated neurons from NSC, and total RNA isolated from 21-
day neurons was subjected to RNA sequence and analyzed. The transcriptome analysis indicated
changes encompassing adhesion, neuronal development, and the Wnt signaling pathway. During
neuronal development, Wnt signaling plays significant roles in axon, dendrite, and dendritic
spine formation. We observed that genes involved in the Wnt pathway, calcium regulation,
adhesion, and neuronal morphogenesis were downregulated. Our preliminary studies indicate
that when neural stem cells are differentiated into neurons, the addition of Wnt inhibitor
(XAV939) prevented neurite formation only in heterozygous mutant cells. These results suggest
that the pathogenic CTPBL1 allele dysregulates the Wnt pathway and thereby inhibits neuron
differentiation.
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Abstract: Clinical and preclinical studies have shown that prenatal cannabinoid exposure (PCE)
can disrupt fetal brain development and increase susceptibility to neuropsychiatric disorders,
including schizophrenia (SZ), cognitive, and mood/anxiety disorders. However, the underlying
mechanisms of these effects remain poorly understood. Our research aims to elucidate these
mechanisms using human-derived cerebral organoids. We generated human cerebral organoids
from induced pluripotent stem cells to mimic the in vivo development of the prenatal human
brain. Organoids were derived from four healthy control and four SZ patient cell lines. The
differentiated organoids were exposed to A9-tetrahydrocannabinol (THC; 100nM), cannabidiol
(CBD; 500nM), and a combination of THC and CBD (100nM THC/500nM CBD) over 27 days
(days 3-30) which resembles the early stages of cortical growth in the human fetus. We
employed various techniques including electrophysiological characterization using a 3D brain
microelectrode array, lipidomic and metabolomic analyses using matrix-assisted laser desorption
ionization mass spectrometry imaging (MALDI IMS), gene expression analyses through
immunofluorescence, western blot protein analyses, quantitative PCR, and transcriptomics via
RNA sequencing (RNAseq). Preliminary characterization revealed expected neuronal molecular
markers expressed in the organoids at different developmental stages. THC-CBD combined
treatment and THC-exposed organoids showed distinct lipidomic and metabolomic profiles
compared to CBD-exposed organoids in control cell lines, with more pronounced differences in
SZ cell lines. Notably, these lipidomic changes resemble findings from our rodent models. PCE
in rodents and humans leads to fetal growth restriction and reduced availability of
polyunsaturated fatty acids (PUFAS), resulting in lifelong cognitive and emotional abnormalities
resembling SZ. Severe reductions in PUFAs were observed following THC-CBD combined
treatment and THC exposure. We are investigating electrophysiological abnormalities associated
with these PUFA deficits using microelectrode array and immunofluorescence techniques.
Differential expression of neuronal markers between control and SZ organoids was observed
through gPCR, with higher mRNA levels of neuronal markers in the control group.
Comprehensive RNAseq data comparing organoid treatment groups will be presented. Our study
utilizing human-derived cerebral organoids has begun to unravel the cellular-level effects of
gestational exposure to THC on human brain development and its association with
neuropsychiatric disorders.
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Abstract: Rett Syndrome (RTT) is a progressive and pervasive X-linked neurodevelopmental
disorder that predominantly affects girls by the early childhood. The detailed disease
mechanisms remain unclear and fundamental treatments are yet to be established. The vast
majority of typical RTT cases is triggered by sporadic mutations in the methyl CpG-binding
protein 2 (MeCP2) gene. Among many different symptoms, MeCP2 mutations affect multiple
stages of the brain development. For the analyze of the disease mechanisms and drug
development, in vitro modes based on iPSC-derived cells with diseased MeCP2 are being
investigated. In addition to MeCP2 mutations RTT is also affected by the genetic background,
and thus it is necessary to analyze the effect of MeCP2 modifications in cells generated from
multiple iPSC strains. Although the genome editing technology is often used for this purpose, it
tends to be time-consuming and costly. We therefore developed an in vitro RTT model using
shRNA knockdown of MeCP2. iPSC-derived neurons and human primary astrocytes were co-
cultured and transduced with lentiviral vectors encoding MeCP2 shRNA. The neurons in the co-
culture exhibited neurite atrophy defined as the reduction in the complexity of neural
arborization, which is a hallmark of RTT. This neurite atrophy was rescued by overexpression of
MeCp2, while the phenotype was absent in co-cultures transduced with control shRNA.
Furthermore, brain-derived neurotrophic factor (BDNF), an enhancer of neurite arborization in
RTT, significantly increased the neurite density in the MeCP2 knockdown co-cultures.
Therefore, MeCp2 knockdown induces neurite atrophy that is rescued by a drug for RTT,
suggesting that the RTT model exhibits a disease-related neurite phenotype. Because the method
can be easily applied to multiple iPSC strains, it is suited to generate RTT models with various
genetic backgrounds and therefor will contribute to the RTT research and high-throughput drug
screening.
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Abstract: Abnormalities in the activity of the neural circuits connecting the cerebral cortex,
parts of the basal ganglia, and thalamic nuclei have been strongly associated with
neuropsychiatric disorders, including autism, schizophrenia, and obsessive-compulsive disorder.
These neural circuits have been extensively manipulated in rodents and studied by imaging in
patients, but how these pathways are formed during human neural development and how this
assembly goes awry in disease remains unknown. Here, we describe a novel approach to
construct from human pluripotent stem cells the cortico-basal ganglia-thalamic pathway by
building loop assembloids. More specifically, we generated three-dimensional (3D) self-
organizing, regionalized organoids that resemble the human cerebral cortex, the basal ganglia,
the mesencephalon, and the diencephalon, and functionally integrated them into four-part
assembloids that include glutamatergic, GABAergic, and dopaminergic neurons. Live calcium
imaging using a custom wide-field microscope and extracellular recordings from individual parts
of the loop assembloids revealed synchronized patterns of neuronal activity that are altered by
the loss of disease risk gene. We anticipate that this approach will enable functional, ex vivo
studies of the cortico-basal ganglia-thalamic neural circuits during human development and in
disease states.
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Title: Generation of grey-white matter spinal cord organoids to model HBSL-hypomyelination,
lumbar spasticity and enable drug screening
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Abstract: Current human spinal cord organoid models fail to replicate correct co-specification of
motoneurons and myelinating oligodendrocytes. Consequently, these models do not exhibit grey-
white matter polarity; achieving polarity is important since defects in these structures are
hallmarks of neurological diseases including leukodystrophies such as Hypomyelination with
Brainstem and Spinal cord involvement and Leg spasticity (HBSL). We employed HBSL patient
iPSCs and controls, including an isogenic control carrying the HBSL-associated gene correction,
to generate spinal cord organoids with lumbar cellular identity. We used immunohistochemistry
to assess and compare the cellular organisation of (n=8-12) lumbar spinal cord organoids across
groups. Specifically, we selected multiple markers to identify distinct cell populations:
oligodendrocytes (SOX10, PDGFR1a, CNPase, PLP1, MBP), neurons (NeuN), astrocytes
(GFAP) and motor neurons (ISL1, ChAT). In non-HSBL spinal cord organoids, we observed
SOX10+ oligodendrocytes at peripheral locations, which encompassed central populations of
neurons including motor neurons (NeuN and/or ChAT+). Closer inspection revealed that
peripherally located motor neurons (ISL1+, ChAT+) were enveloped by myelinating (PLP1+,
MBP+) oligodendrocytes. By contrast, HBSL spinal cord organoids failed to show peripheral
distribution of SOX10+ oligodendrocytes and demonstrated delayed neuronal differentiation.
Next, we used multi-electrode array to compare spontaneous, and acetylcholine evoked neural
activity, in HBSL-3 (chr2:136664933, ¢.1459C>T16p.Arg487Cys) and its isogenic corrected
control HBSL-3C spinal cord organoids. Spontaneous mean firing rates (MFRs) and burst
frequency (BF) did not differ between HBSL-3 and HBSL-3C. By contrast, HBSL-3
demonstrated acetylcholine evoked periodic hyperactivity, reminiscent of the lumbar spasticity
observed in HBSL. Altogether, our lumbar spinal cord model recapitulates the cellular make-up
and nascent architecture of the developing human spinal cord and further exhibits pathological
features of that will enable evaluation of drug and gene therapy interventions for HBSL patients.
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Title: Modeling serotonergic signaling in the developing human nervous system with
neuromodulatory assembloids
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Abstract: Neuromodulators such as serotonin, dopamine or acetylcholine regulate axon
guidance and progenitor proliferation, influence intrinsic firing properties and synaptic strength,
and have been strongly associated with neuropsychiatric disorders. Recent advances in stem cell
biology and self-organizing 3D cultures have made possible the derivation of diverse human
neural cell types and circuits in organoids and assembloids. However, current in vitro models do
not capture neuromodulatory input, which restrict broader applications in neuroscience and
modeling of disease. To address this, we have developed a novel cellular platform by integrating
human brainstem organoids that contain serotonin-producing, raphe nucleus-like neurons with
cortical organoids to generate neuromodulatory assembloids. Using live imaging, pharmacology,
viral tracing and electrophysiological methods, we discovered reciprocal projections between
TPH2 serotonergic neurons and cortical glutamatergic neurons to hRnOs, and changes in cortical
network activity following assembly. We then leveraged this model to study 16p11.2 deletion
syndrome, which has been linked to serotonin dysfunction. Taken together, this novel platform
has the potential to capture neuromodulatory cross-talk in human neural development and to
bring insights into genetic forms of neurodevelopmental disease.

Disclosures: S. Kanton: None. X. Meng: None. F. Birey: None. M. Li: None. N. Reis:
None. P. McQueen: None. J. Kim: None. M. Thete: None. N. Sakai: None. S.P. Pasca: None.

Poster

PSTR448. Modeling Development and Disease with Human Pluripotent Stem Cells
Location: WCC Halls A-C

Time: Wednesday, November 15, 2023, 8:00 AM - 12:00 PM

Program #/Poster #: PSTR448.13/B12

Topic: A.03. Stem Cells and Reprogramming

Support: Lieber Institute for Brain Development
BBRF Young Investigator Grants

Title: Setdla haploinsufficiency and common schizophrenia risk converge on
neurodevelopmental perturbations of chromatin modification and genomic stability
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Abstract: Heterozygous loss-of-function (LoF) mutations in SETD1A, a histone H3 lysine 4
(H3K4) methyltransferase, is one of handful of single gene variants that are robustly associated
with risk for schizophrenia (SCZ). Histone methylation is among the most enriched pathways in
common SCZ variants. However, like most rare variants, the SETD1A LoF variants are
pleiotropic and are also genetic risks for early onset neurodevelopmental disorders. Here, to
understand how SETD1A LoF leads to SCZ-associated phenotypes, and the relevance to SCZ
patients without these rare mutations, we investigate SETD1A-regulated substrates in human
prenatal brain using CUT&Tag and investigated biological substrates disrupted in isogenic
neuronal models carrying SETD1A LoF variants, including the most common pathogenic
mutation (c.4582-2delAG>-). SETD1A preferentially acts at promoters at common SCZ risk loci
regulating histone modification, DNA repair and synaptic function. SETD1A LoF causes a
decrease of H3K4me3 and increased genomic instability, via failures in preventing replication
stress by binding fragile genes and coordinating transcription of DNA repair. Inhibition of
KDM5 H3K4me3 demethylases rescues the phenotype of SETD1A-deficiency. Our findings
indicate that SETD1A-dependent maintenance of genomic stability and chromatin modification
are a convergent mechanism of risk underlying SCZ pathogenesis and highlight H3K4me3 as a
therapeutic target for SETD1A haploinsufficiency and to normalize common variant-associated
SCZ risk.
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Abstract: Maternal 15q duplication (Dup15q) syndrome is a developmental disorder caused by
the presence of at least one extra maternally derived copy of the Prader-Willi/Angelman critical
region (PWACR). This region is approximately 5 Mb long and within chromosome region
15911.2-q13.3. Maternal Dup15q syndrome is characterized by hypotonia and motor delays,
variable intellectual disability, autism spectrum disorder and epilepsy. Although ~40 genes are
located in the PWACR, evidence supports the overexpression of the ubiquitin-protein E3A ligase
(UBE3A) gene as the predominant molecular cause of the phenotypes observed in Dup15q
syndrome. Therefore, the lowering of UBE3A expression by antisense oligonucleotides (ASOs)
might be able to reduce the severity of the symptoms. The goal of this project was to develop an
ASO-based therapy for a single Dup15q patient. Non-allele specific ASOs targeting UBE3A
transcripts were screened in control human fibroblasts using transfection. ASOs with 50% to
96% UBE3A knockdown efficiencies were selected for potency determination in fibroblasts,
followed by immunotoxicity studies in human peripheral blood mononuclear cells (PBMCs) to
minimize the risk of potential inflammatory related adverse events upon administration in the
patient. ASOs were further selected based on UBE3A mRNA knockdown efficacy and potency in
Dup15q iPSC-derived cortical neurons. Ongoing studies are focused on characterizing the
functional phenotypes of control and Dup15q patient neurons using Microelectrode Arrays
(MEAs), followed by phenotype rescue for lead selection
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Title: Elucidating the role of non-imprinted genes in Dup15q syndrome neuronal phenotypes
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Abstract: Dup15qg syndrome is caused by maternal duplication or triplication of the
chromosome 15q11-g13 region and is characterized by developmental delay, motor deficits,
seizures, and autism. Of the duplicated genes in this region, UBE3A, which encodes a ubiquitin
ligase, is exclusively expressed from the maternal allele in neurons and is believed to be the



major driver for Dup15q syndrome phenotypes. However, overexpression of UBE3A alone in
mouse models fails to fully recapitulate behavioral phenotypes, suggesting a contributing role of
other genes in the region. To gain a better understanding of the pathophysiology underlying this
syndrome, we use patient-specific neurons derived from induced pluripotent stem cell lines as
well as isogenic CRISPR-corrected lines. Using patch clamp electrophysiology, we have shown
that human Dup15q neurons exhibit increased intrinsic excitability, altered action potential
properties, and elevated levels of excitatory synaptic activity. We have also found that
overexpression of UBE3A alone is insufficient to mimic all cellular phenotypes, which suggests a
role for other non-imprinted genes in the duplicated region. Non-imprinted genes in this region
include a cluster of GABAA receptor subunit genes (GABRB3, GARBAS5, and GABRG3), and
HERC?2, another ubiquitin ligase, all of which are associated with neurodevelopmental disorders.
To evaluate the roles of these genes, we have normalized the expression of GABRB3 and HERC2
in Dup15q neurons using antisense oligonucleotides and performed electrophysiological
recordings at various developmental time points. Preliminary results suggest that GABRB3
overexpression is not required for intrinsic hyperexcitability and altered action potential
properties. However, normalizing GABRB3 expression prevented some of the synaptic
phenotypes in Dup15q neurons early in neural development, indicating a potential role for this
gene in Dup15g. Ongoing experiments will determine if HERC2 overexpression also contributes
to hyperexcitable phenotypes in this syndrome. Identifying the roles played by non-imprinted
genes in this region is important for developing more effective therapies and for generating
improved mouse models of Dup15q syndrome.
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Title: Induced pluripotent stem cells: human models for studying neurological disorders
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Abstract: Abstract: Parkinson's disease (PD) is a chronic neurodegenerative disease with
movement disorder. At present, the causes of PD are still poorly understood and whether it is
related to the number of neurotransmitters in a single vesicle remains to be clarified. Here, we
performed electrochemical cytometry based on nano-tip microelectrodes to quantify the vesicular
storage at the single-cell level in human neurons and midbrain organoids (MOs) which derived



from an induced pluripotent stem cell line from one youngonset Parkinson's disease (YOPD)
patient. We show a significant deficiency in vesicular catecholamine storage and a slower pore
forming process on the surface of the microelectrode in the DA neurons derived from the YOPD
patient. The upregulation of a-synuclein in both neurons and organoids derived from the YOPD
patient is associated with vesicular storage dysfunction, revealing a correlation between the
pathogenesis of YOPD and vesicular chemical storage deficiency, a novel chemical insight into
the potential pathology of YOPD. Notably, efficacy evaluation and drug testing were performed
with our platform to demonstrate that both amantadine, a clinical drug for PD, and phorbol 12-
myristate 13-acetate, an attractive candidate, ameliorate the dysfunction of vesicular storage in
DA neurons derived from the YOPD patient. Our platform offers promising avenues for new
drug discovery for PD and other neurodegenerative disorders.In addition to neurodegenerative
disorders, the employment of hiPSCs to study mood disorders continues to increase. It may be
attributed to hiPSCs can be reprogrammed from patients’ samples and can maintain entire
genetic information of patients. Major depressive disorder (MDD), one of the mood disorders, is
a leading cause of disability, with a global prevalence of 4.4-5.0%. With ever-increasing
prevalence of MDD worldwide, a comprehensive exploration of pathogenesis is urgently needed
to strengthen the knowledge base of MDD. Several reports have revealed individuals with MDD
often display pathological change in midbrain. Hence, we established MDD patients derived
MOs and found abnormal sodium and potassium currents, as well as amplitudes of action
potentials. Also, increased calcium signaling occurred in MOs derived from MDD. In
conclusion, identifying the pathological mechanisms underlying these disorders by hiPSCs plays
a key role in discovering novel therapeutic strategies.

Keywords: Human brain organoids, Parkinson disease, Electrochemical cytometry, Major
depressive disorder, Midbrain organoids.
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Sclerosis.
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Abstract: Amyotrophic Lateral Sclerosis (ALS) is a fatal motor neuron disease characterized by
degeneration of both upper and lower motor neurons. Patient-derived induced pluripotent stem
cell (iPSC) technology has enabled the in vitro study of non-accessible human cells whilst
maintaining complex genetic backgrounds. Here, we show iPSC-derived three-dimensional



organoid and assembloid technologies as models for ALS. We generated and validated region-
specific organoids resembling the cortex and spinal cord from human iPSCs derived from ALS
patients carrying a hexanucleotide repeat expansion in C9orf72, and compared them to organoids
derived from isogenic controls in which the repeat expansion was removed. Transcriptional and
molecular characterization revealed cell type-specific differences. In addition, assembly of
cortical, spinal cord and muscle organoids to form cortico-motor assembloids allowed us to
investigate functional differences between C9orf72 and isogenic motor neurons. Altogether,
organoids and assembloids provide a unique opportunity to study cell type-specific phenotypes
in a complex system. In the future, this system will allow for the formation of ‘hybrid’
assembloids, comprising control and disease organoids, to investigate disease progression.
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Abstract: The assembly of fetal cortical networks represents an essential period during which
early principles of circuit formation and function are established. This elaborate process follows
a highly orchestrated series of events such as the migration of GABAergic interneurons, their
functional integration with glutamatergic counterparts, and activity-dependent maturation of
physiological properties. Genetic perturbations that adversely affect any of these processes can
lead to aberrant wiring of cortical circuits and various neuropsychiatric disorders, such as autism
spectrum disorder, schizophrenia, and epilepsy. Despite its significance, the molecular
mechanisms underlying cortical circuit formation remain largely unexplored, primarily due to
limited access to human tissue for functional investigations. To address this need, we previously
developed a forebrain assembloid system, an in vitro model of the human developing cortex
where region-specific forebrain cultures derived from human induced pluripotent stem cells
(hiPSCs) are assembled to enable a functional analysis of mid-late gestation phenomena that
underlie human cortical assembly. Using forebrain assembloids, we have previously identified
the transcription factor TCF4 to be a potential driver of activity-dependent human cortical



interneuron development. TCF4 is a member of the basic helix-loop-helix family of transcription
factors (TFs) that interacts with other proneuronal TF to mediate several neurodevelopmental
processes. In humans, TCF4 expression in the brain is highest during embryonic development.
The human TCF4 gene is heavily spliced with a diverse isoform repertoire and a predicted
number of 18 different proteins with unique N-terminal sequences; however, the full extent of
functional specialization across different isoforms remains unknown. Here, using Cleavage
Under Targets & Release Using Nuclease (CUT&RUN), we first identify the gene targets of
TCF4 before and after chemical depolarization. We then examined the differential recruitment of
activity-responsive TCF4 isoforms at distinct stages of development. Next, through co-
immunoprecipitation, we investigated the repertoire of binding partners that interact with TCF4
to regulate gene expression at different stages of development. Collectively, the present study
elucidates the different levels of regulation through which TCF4 dictates human forebrain
development at the molecular level and paves the way to better understanding how TCF4-related
neurodevelopmental disorders, such as schizophrenia and Pitt-Hopkins Syndrome, might arise in
development.
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Abstract: Neural activity plays a pivotal role in the development and maintenance of neuronal
and glial cell populations in the nervous system. Altered levels of activity within the spinal cord
have been associated with conditions such as amyotrophic lateral sclerosis, spinal muscular
atrophy, chronic pain, and spinal cord injury. Understanding cell type-specific responses to
changes in neuronal activity are essential to identifying novel and effective therapeutic targets in
these conditions. Due to lack of access to human tissue for functional studies, the precise role
that activity plays on the specification and functional maturation of cell types in the human

spinal cord has not been well defined. Here, we aim to investigate the cell type-specific effects of
altered neuronal activity in the human spinal cord. Spinal cord organoids, derived from human
induced pluripotent stem cell (hiPSCs), are three-dimensional spheroids which contain a



diversity of cell types including motor neurons, interneurons, astrocytes, and myelinating
oligodendrocytes. These can be kept in culture long-term and allow for the interrogation of
complex human cell-cell interactions. We used optogenetics to chronically stimulate neurons
within these organoids, and then we monitored changes in gene expression, morphology, and
function with a focus on motor neurons and glia. Chronic stimulation of spinal cord organoids
followed by single cell RNA sequencing revealed cell type-specific responses, as well as an
upregulation of markers associated with maturity. Understanding the interplay between neural
activity and developing cellular populations is crucial for unraveling the complexities of spinal
cord formation, function, and pathology. Overall, our findings highlight the utility of using
hiPSC-derived spinal cord organoids as a model system to investigate the complex interplay
between diverse neuronal and glial populations.
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Abstract: Neuron’s magnetic field is a fascinating topic that is still being explored by scientists,
researchers, and medical professionals. It is the magnetic field generated by the electrical activity
of neurons in the brain and other areas of the body. The magnetic field can be detected by
sensitive instruments, and it provides valuable insights into how the brain functions and
communicates with other parts of the body. In the present study, we showed that neural
organoids developed from human iPSCs also exhibit neural magnetic field. When magnetic
nanoparticles (MNPs, 1 mg/ml) were put on the retinal organoids derived from human iPSCs for
2 mins, it was observed that the particles started to move toward to the strong magnetic field that
generated by the organoid. In addition, when those organoids were at better and heathier
condition, they attracted more particles on them. After 30 mins, those particles were arranged in
a certain pattern that surrounded the organoid periphery. To clarify if the arrangement was due to
the magnetic field, we used a different kind of nanoparticles which have no magnetism but with
very similar characteristics and particle size as the previous one. The results showed that those



particles with no magnetism did not surround the organoid periphery but only scattered randomly
in the medium after 2 mins. These findings demonstrated that the particles were indeed arranged
by the magnetic field generated by the neural organoid.
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Abstract: Background: Many people with autism spectrum disorder (ASD) show abnormalities
of the dorsal striatum, a forebrain structure known for its roles in motor skill and learning. These
abnormalities may contribute to restricted, repetitive behavior, a diagnostic criterion for ASD.
The current work investigates striatal-dependent, ASD-relevant behaviors, as well as cellular and
transcriptomic phenotypes of the dorsal striatum in adult mice in a prenatal stress (PS) model, as
PS is a risk factor for neurodevelopmental disorders including ASD. Methods: CD-1 female mice
were time-mated with GAD67-GFP+ CD-1 males. From embryonic days 12-18, pregnant dams
underwent repetitive restraint stress under bright light (PS; n = 15) or saline injections (SAL; n =
13) three times daily. 8-12-week-old GFP+ offspring were tested on open field and rotarod (n =
10-11/condition and sex), and some then trained and tested on interval timing (n = 8-9/condition
and sex). 8-12-week-old littermate GFP- male offspring dorsal striatum was used for single-cell
RNA sequencing (scRNAseq) (n = 4/condition) using the 10x Genomics Chromium Single-Cell
System with processing by Cell Ranger, Seurat in RStudio, and Nebula. 8-12-week-old littermate
GFP- female offspring dorsal striatum was used for bulk RNA sequencing (RNAseq). Pathway
analysis was done using DAVID and PANTHER. Immunohistochemistry for substance P,
enkephalin, and GFP was used to label and stereologically count adult littermate dorsal striatal
medium spiny neurons (MSNs). Results: PS offspring showed no differences in open field
distance traveled (ANOVA PS main effect; p = 0.35) but showed higher rotarod motor skill



compared to controls (ANOVA PS main effect; p = 0.04). PS offspring also showed faster
interval timing (ANOVA PS main effect; p = 0.02). In males, SCRNAseq showed differential
gene expression in multiple striatal cell types, implicating changes in ribosome structure and
function, synaptic regulation, and more. There was significant overlap between SFARI ASD-risk
genes and differentially expressed genes in both Drd1 (Fisher’s exact test; p = 2.01°) and Drd2
(Fisher’s exact test; p = 1.0512) MSNss after PS. Transcriptomic analysis of female striatum is
ongoing. Pilot studies suggested no group differences in adult dorsal striatal volume or in
GADG67GFP+ or substance P+ cell density. Enkephalin analysis is ongoing. Conclusions: Striatal
outcomes, particularly in ribosomal and synaptic changes, are critical aspects here and across
models of ASD. Future studies will investigate PS effects on ribosomes in specific striatal cell
types as potential mechanisms to target with novel interventions.

Disclosures: M. Evans: None. S.V. Maurer: None. B.W.Q. Hing: None. M.A. Weber:
None. N.S. Narayanan: None. H.E. Stevens: None.

Poster

PSTRA449. Synaptic and Cellular Mechanisms of Autism 11
Location: WCC Halls A-C

Time: Wednesday, November 15, 2023, 8:00 AM - 12:00 PM
Program #/Poster #: PSTR449.02/B21

Topic: A.07. Developmental Disorders

Support: T32MH019113
RO1MH122485

Title: Threshold effects of prenatal stress on inhibitory systems and relevant behaviors
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Abstract: Prenatal stress (PS), a risk factor for neurodevelopmental disorders (NDDs), leads to
alterations in neuronal inhibitory systems which may influence behavior. However, there are
multiple PS models with various impacts. Our previous work showed that different PS models
lead to varied inhibitory system outcomes which may arise from different “thresholds” of stress
effects. Therefore, we sought to determine thresholds for PS model impacts on inhibitory
systems and behavioral outcomes using “low,” “high,” and single component “immune” PS.
CD1 female mice mated to CD1 GAD67GFP+/- males were assigned to four groups (each:
N=6): no PS, saline injections (i.p., “low” PS), restraint stress + saline injections (“high” PS),
and IL6 injections to simulate increased maternal IL6 as a PS component (“immune” stress; 100
ng/injection). 45 min restraint stress in a plexiglass tube under bright light and/or injections
occurred 3x daily beginning embryonic day 12 (E12) until E13 or birth. Immunocytochemistry,



H&E staining, and stereology were used to assess brain and placental outcomes. Inhibitory
system-dependent behaviors were assessed: stereotypy, rotarod motor learning, and water T-
maze habit learning and cognitive flexibility. All three PS models decreased GAD67GFP+ cell
migration into dorsal forebrain, indicating a low threshold for this effect of PS. In contrast, only
“high” PS (not “low” or “immune”) increased Ki67+ cell density in ganglionic eminence as
previously shown. These effects were only observed in male, not female, offspring. Though few
effects were found in adolescent, female, or “low” PS behavior, “high” PS significantly changed
adult stereotyped behaviors, rotarod learning, and water T-maze cognitive flexibility in males.
“Immune” PS recapitulated stereotypy and rotarod effects of “high” PS. Interestingly, we saw
similar thresholds of effect in placenta, with no morphology effects of “low” PS but some
similarity in labyrinth zone reduction from “high” and “immune” PS, suggesting decreased
nutrient exchange. Placental macrophage and brain microglia (which critically alter inhibitory
systems) analysis is ongoing. In conclusion, all models, including “low” PS, impacted inhibitory
progenitor migration- indicating a low threshold for this effect. Only “high” PS altered inhibitory
progenitor proliferation, indicating a high threshold for this effect. Inhibitory system-dependent
behavioral differences were observed with “high” and “immune” but not “low” PS, suggesting
that some initial “low” threshold inhibitory system changes may be compensated for later.
Distinct levels and aspects of PS may therefore underlie varied links with NDDs.

Disclosures: S.V. Maurer: None. M.M. Evans: None. B.W.Q. Hing: None. J.L. Inman:
None. H.E. Stevens: None.

Poster

PSTR449. Synaptic and Cellular Mechanisms of Autism 11
Location: WCC Halls A-C

Time: Wednesday, November 15, 2023, 8:00 AM - 12:00 PM
Program #/Poster #: PSTR449.03/B22

Topic: A.07. Developmental Disorders

Support: NJ Governor's Council for Medical Research and Treatment of Autism
CAUT17BSP011 [to VS & TST]
NJ Governor's Council for Medical Research and Treatment of Autism
CAUT17BSP022 [to TST & MS]
Rutgers BHI-CAHBIR [to TST & VS]
NIH RO1 NS069861 [to VS]
NSF/IOS: 1556968 & 2034864 [to TST]
AES 957615 [to AH]

Title: Autism-epilepsy phenotype in mice with developmental interneurons specific deletion of
neuropilin-2.
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Abstract: Early developmental perturbations in circuit formation have been proposed to underlie
autism spectrum disorders (ASDs) and epilepsy. We previously demonstrated that mice with
global constitutive knockout (KO) of Neuropilin 2 (Nrp2), a secreted semaphorin receptor
essential for neural circuit formation and synapse maintenance, exhibit abnormal social
interactions and increased seizure susceptibility. Developmentally, Nrp2 is expressed in
inhibitory neuron precursors in the median ganglionic eminence and regulates interneuron
migration to the pallium, including the hippocampus. Here we examined the specific effect of
developmental deletion of Nrp2 in inhibitory neuron progenitors on hippocampal circuit
function. Consistent with the role for Nrp2 in interneuron migration, Nrp2f/f::Nkx2.1-CreERT2
(ICKO) mice, where Nrp2 is specifically deleted in inhibitory neurons precursors during the
period of migration to the pallium, showed significant reduction in parvalbumin, neuropeptide Y,
and somatostatin positive neurons in the CAL of the hippocampus compared to littermate
controls. Although CA1 neurons from WT and iCKO mice did not differ in intrinsic passive and
active membrane properties, sSIPSC and mIPSC frequency was reduced in iCKO mice.
Interestingly, SEPSC but not mEPSC frequency was reduced in CA1 neurons from iCKO
animals. At the functional level, the circuit changes in excitation and inhibition contributed to a
reduction in latency to kainic acid evoked seizures in the iCKO mice. Importantly, iCKO mice
exhibited behavioral deficits compared to littermate control in both social preferences assessed
with the 3-chambered area test and goal-directed learning with an instrumental conditioning task.
Taken together, our data demonstrates that Nrp2 signaling is required cell-autonomously during
interneuron migration, and that when perturbed results in the reduction of specific interneuron
populations in the hippocampus. Decreased interneuron numbers altered synaptic inhibition to
hippocampal CA1 pyramidal neurons without impacting their intrinsic physiology. Our findings
identify that early disruption of processes critical for interneuron circuit establishment can lead
to social deficits, impaired learning, and increased seizure susceptibility consistent with
ASD/epilepsy phenotype.

Disclosures: C. Eisenberg: None. D. Subramanian: None. A. Huang: None. J. Baek:
None. H. Naveed: None. M. Shiflett: None. V. Santhakumar: None. T.S. Tran: None.

Poster

PSTRA449. Synaptic and Cellular Mechanisms of Autism 11
Location: WCC Halls A-C

Time: Wednesday, November 15, 2023, 8:00 AM - 12:00 PM
Program #/Poster #: PSTR449.04/B23

Topic: A.07. Developmental Disorders

Support: NINDS ROONS114166
NINDS ROINS133434
Brain & Behavior Research Foundation Young Investigator Award
GR114536



Title: Neural Mechanisms of Tactile Sensory Processing Deficits in a mTORopathy
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Abstract: Abnormal sensitivity to sensory stimuli is one of the most prevalent features in
individuals with autism spectrum disorders (ASD). Dysfunction in tactile processing, in
particular, has been closely linked to emotional and social distress, exacerbating social deficits
associated in ASD. Despite their impact and prevalence, little is known about the neural
mechanisms underlying tactile processing deficits. In this study, we examined the impact of
constitutively active (CA) Rheb, an ASD risk gene encoding a small GTPase that directly
activates mTOR complex 1 (mTORC1), on circuit connectivity and tactile sensory responses in
mouse primary somatosensory cortex (S1). mTORC1 signaling pathway is well-conserved for all
aspects of brain development and is dysregulated in individuals with idiopathic ASD. Using in
utero electroporation (IUE), we selectively expressed RhebCA in S1 layer (L) 2/3 pyramidal
neurons resulting in increased mMTORC1 activity. We examined how this manipulation impacted
the circuitry and network activity and ultimately tactile sensory encoding in S1 using a
combination of approaches including in vivo two-photon imaging in awake mice. At postnatal
day (P) 28, we identified a set of cellular changes including cytomegaly, neuronal misplacement,
increased local axonal and dendritic complexities associated with increased dendritic coverage of
neighboring barrel columns, but no change in barrel formation. RhebCA neurons also displayed
increased rheobase and loss of spines but increased spine head area.These cellular changes were
accompanied with altered spontaneous network activity and whisker-evoked responses in vivo.
These findings suggest that RhebCA-mediated mTORCL1 overactivation leads to S1 mis-wiring
and compromised sensory function, providing a potential neural mechanism underlying sensory
processing deficits in ASD.
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Abstract: CHD7 haploinsufficiency is the leading cause of CHARGE Syndrome and has been
associated with Autism Spectrum Disorders. However, the pathological mechanism and the
function of CHD7 in neurodevelopment is still elusive. CHD?7 is highly conserved across
vertebrates and shows a temporally and spatially restricted expression pattern in the proliferative
zone of the developing mouse neocortex, indicating its fundamental importance in
neurodevelopment. Bulk tissue ATACseq and ChlIPseq on cultured neural progenitor cells
indicate that CHD7 knockout leads to a reduction in chromatin accessibility, particularly around
genes critical to neurogenesis and differentiation. My published and unpublished data
demonstrated that Chd7 is expressed in the ventricular zone (VZ) and subventricular zone (SVZ)
of the embryonic mouse neocortex, as well as in post-migratory neurons. Intermediate progenitor
cells (IPCs) show an elevated level of Chd7 expression compared to other cell types and
knocking down Chd7 in VZ/SVZ alters the distribution of progenitor cell types and may lead to
neuronal migratory defects. Previous studies from the Haydar and other labs have shown that
neurons produced by IPCs are primarily cortico-cortical projection neurons (CPNs) in layer 2/3
with distinct morphology and a tonic firing pattern.
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Title: C-subunit mitochondrial leak channel affects synaptic plasticity and behavior
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Abstract: Dysfunction of the gene (Fmrl) encoding Fragile X mental retardation protein
(FMRP) triggers high levels of mMRNA translation, aberrant synaptic development, behavioral
disorders and neuronal hyperexcitability in Fragile X patients. We have recently discovered that
a leak channel in the inner mitochondrial membrane formed by the ATP synthase c-subunit
octamer drives key characteristics of the Fragile X phenotype. We showed that inhibition of leak
channel activity restores stimulus-induced and constitutive mRNA translation rates, decreases
lactate and key glycolytic and tricarboxylic acid (TCA) cycle enzyme levels, normalizes autistic
behaviors, and promotes synapse maturation. Now, we would like to further characterize the role
of the leak channel in the pathophysiology of Fragile X. In the current study, we test how



increased neonatal overexpression (P0-P1) of the leak channel in the mouse brain affects
phosphorylation of synaptic proteins, and consequently synaptic development, synaptic plasticity
and behavior.
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Title: Genetic deletion of soluble epoxide hydrolase restores behavioraland synaptic
abnormalities in an animal model of autism
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Abstract: Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by
social defects often accompanied with emotional comorbidities. Aberrations in synaptic function
and plasticity are the core feature in the pathophysiology of ASD. Targeting soluble epoxide
hydrolase (SEH) has been found to exert protection in a wide-range of pathological conditions.
However, the regulation of sEH deficiency on the synaptic deficits of ASD and the underlying
mechanisms remain unclear. The valproate (VPA)-induced ASD animal model with genetic SEH
knockout was applied in the present study. The results showed that the SEH expression and
activity were significantly increased in the prefrontal cortex of VPA-induced ASD animals.
Although no effect was found on tail malformation and body weight loss, genetic SEH deletion
alleviated social deficits, and fear learning and memory extinction in the VPA-induced ASD
mice. After a series of electrophysiological assessments, we found that the beneficial effects of
SsEH deletion focused on the long-term synaptic plasticity, rather than presynaptic efficiency, in
the VPA-induced ASD mice. Furthermore, we observed that the dysregulated AMPK-mTOR
pathway was restored under genetic SEH deletion in VPA-induced ASD mice. Taken together,
these findings uncovered an important role of sEH deficiency in the synaptic dysfunctions of
ASD mediated by AMPK-mTOR pathway, providing a novel therapeutic target for ASD.
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Title: Impaired cerebellar plasticity hypersensitizes sensory reflexes in SCN2A-associated ASD
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Abstract: Children diagnosed with autism spectrum disorder (ASD) commonly present with
sensory hypersensitivity, or abnormally strong reactions to sensory stimuli. Such hypersensitivity
can be overwhelming, causing high levels of distress that contribute markedly to the negative
aspects of the disorder. Here, we identify the mechanisms that underlie hypersensitivity in a
sensorimotor reflex found to be altered in humans and in mice with loss-of-function in the ASD
risk-factor gene SCN2A. The cerebellum-dependent vestibulo-ocular reflex (VOR), which helps
maintain one’s gaze during movement, was hypersensitized due to deficits in cerebellar synaptic
plasticity. Heterozygous loss of SCN2A-encoded Nav1.2 sodium channels in granule cells
impaired high-frequency transmission to Purkinje cells and long-term potentiation, a form of
synaptic plasticity important for modulating VOR gain. VOR plasticity could be rescued in
adolescent mice via a CRISPR-activator approach that increases Scn2a expression, highlighting
how evaluation of simple reflexes can be used as quantitative readout of therapeutic
interventions.
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Title: The neural circuit mechanism underlying Cntnap3 regulation of social behavior in autism
disease model
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Abstract: Autism Spectrum Disorder (ASD) is a multifaceted neurodevelopmental disorder
characterized by social communication impairments and repetitive behaviors. Neurobiological
research into ASD has largely centered on changes in cortical development, neuronal circuitry,
and synaptic function. Our prior research revealed that CNTNAP3, an ASD-related gene and
member of the contactin associated protein-like (CNTNAP) family, is instrumental to normal
synaptic development and transmission. Notably, Cntnap3-deficient mice displayed social
behavior deficiencies, stereotypic behaviors, and cognitive task challenges, further supporting its
involvement in ASD. In this study, we investigated the expression pattern of Cntnap3 and its
functional role in specific brain regions. We found that Cntnap3 is abundantly expressed in the
claustrum (CLA), medial thalamus, and ventral hippocampus. We demonstrated that Cntnap3 in
the CLA is essential for normal social behavior, as evidenced by selectively knocking out
Cntnap3 in the CLA of wild-type mice and re-introducing human Cntnap3 in the CLA of
Cntnap3-deficient mice. Additionally, we discovered that suppressing neuronal activity in the
claustrum lessens social behavior. Interestingly, neurons in the CLA projecting to the
retrosplenial cortex (RSC), primarily express Cntnap3, and chemogenetic manipulation of the
CLA-RSC connectivity also influenced social behavior. Together, these findings provide
valuable insights into the role of the claustrum circuitry in an ASD mouse model, shedding light
on the mechanisms underlying social behavior regulation.
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Title: Maternal immune activation disturbs spike generation temporal fidelity and triggers social
and anxiety-like abnormalities in the offspring

Authors: *E. GRIEGO?, C. CERNA?, I. SOLLOZO-DUPONT?, M. FUENZALIDAZ? E. J.
GALVAN!;

!Farmacobiologia, CINVESTAV, Mexico City, Mexico; ?Inst. de Fisiologia, Univ. De
Valparaiso, Valparaiso, Chile; *Inst. Nacional de Cancerologia, Mexico, Mexico

Abstract: Maternal immune activation (MIA) is considered a risk factor for the development of
neuropsychiatric disorders associated with neurodevelopmental alterations, such as autism and
schizophrenia. A growing body of evidence in rodents and non-human primates has shown that
MIA caused by either viral or bacterial infections results in several neurobiological alterations in
the offspring. These changes may play an important role in the pathophysiology of
neuropsychiatric disorders like schizophrenia and autism spectrum disorders, which have clinical
features that include changes in cognitive processing and social performance. Such alterations
are causally associated with the maternal inflammatory response to infection rather than with the
infection itself. However, potential neurophysiological alterations at the cellular and synaptic
levels in areas of critical relevance in the pathophysiology of MI1A-associated disorders such as
the hippocampus, have not been fully characterized. In this studie we aim to identify
electrophysiological, morphological, and molecular alterations of pyramidal neurons of the CAl
region of the mouse dorsal hippocampus in a model of bacterial LPS-induced MIA. Our data
provide evidence that MIA increases neuronal excitability and reduces the morphological
complexity of pyramidal neurons of the offspring. Likewise, LPS-induced MIA reshapes the
excitation-inhibition balance, by decreasing the perisomatic GABAergic inhibition impinging on
CAL1 pyramidal neurons. These alterations yield to a dysregulated amplification of the temporal
and spatial synaptic integration. In addition, MIA-exposed offspring displayed social and
anxiety-like abnormalities. Taken together, the findings reported in this work help to explain the
cellular and synaptic underpinnings underlying the behavioral symptoms present in
neurodevelopmental disorders associated with MIA.

Disclosures: E. Griego: None. C. Cerna: None. I. Sollozo-Dupont: None. M. Fuenzalida:
None. E.J. Galvan: None.

Poster

PSTRA450. Prenatal and Early Life Environment, Development, Inflammation: Effects on
Behavior and Neural Function

Location: WCC Halls A-C

Time: Wednesday, November 15, 2023, 8:00 AM - 12:00 PM

Program #/Poster #: PSTR450.01/B30

Topic: B.06. Intrinsic Membrane Properties, Electrical Synapses, and Signal Integration
Support: KO02NS112456-01A1

Title: Thck, a regulator of the endolysosomal pathway



Authors: *M. FLORES-MENDEZ'?, J. A. TINTOS-HERNANDEZ?, L. RAMOS-
RODRIGUEZ?, X. R. ORTIZ-GONZALEZ245,

Children's Hosp. of Philadelphia, Philadelphia, PA; 2Ctr. for Mitochondrial and Epigenomic
Med., Philadelphia, PA; Dept. of Biomed. Grad. Studies, Perelman Sch. of Med., Univ. of
Pennsylvania, Philadelphia, PA; “Dept. of Pediatrics, Div. of Neurology, The Children's Hosp. of
Philadelphia, Philadelphia, PA; *Dept. of Neurology, Perelman Sch. of Medicine, Univ. of
Pennsylvania, Philadelphia, PA

Abstract: Congenital disorders of autophagy (CDA) are an emerging group of inborn errors of
metabolism that predominantly affect the central nervous system, leading to pediatric
neurodegeneration. Our previous work identified TBCK as a human recessive disorder that
disrupts autophagy and lysosomal function in patient’s fibroblasts. Since the physiologic
function of TBCK is unclear, we used patient derived fibroblasts with biallelic null variants
(p.R126X), as well as iPSC-derived neurons, to investigate the role of TBCK. We performed
mass spectrometry of immunoprecipitated TBCK to reveal its interacting partners and elucidate
its potential cellular function. Our interactome data show that TBCK interacts with PPP1R21,
C120RF4, CRYZL1, consistent with a recently reported FERRY complex that mediated mRNA
transport on early endosomes. We also find novel interactors JIP4 and TRIM27. We found loss
of TBCK is associated with significant reduction of C120RF4 protein levels, which is
ameliorated by proteosome inhibitors. We found TBCK colocalizing with early endosomes
(Rab5 and EEAL), retromer complex proteins (VPS35), late endosomes (Rab7) and lysosomes
(Lamp1/2). This suggests TBCK interacts with multiple endolysosomal compartments.
Moreover, TBCK-deficient cells showed aberrant size and distribution of early endosomes, with
large vesicles accumulating around the nucleus. Vesicles expressing markers associated with the
retromer complex (TRIM27 and VPS35) have similar alterations. This suggest TBCK may play a
role in endolyosomal maturation and/or trafficking. We also observed that alterations in the
endolysosomal flux impair RNA transport, which is stalled around the nucleus. Our data suggest
that TBCK is involved in maturation, distribution and/or trafficking of endolysosomal
compartments, which may impair RNA transport along these organelles.
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Title: Cell death, microglial changes, and behavioral deficits in a two-hit mouse model of
hypoxic encephalopathy
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Abstract: Hypoxic ischemic encephalopathy (HIE) is one of the most common and serious
causes of neurological deficits in children born at term. HIE can lead to diffuse brain injury often
impacting white matter and deep brain regions such as the basal ganglia. This injury results in
severe, lifelong motor, cognitive, and memory deficits, and increases the risk of developmental
disorders. The standard animal model of HIE, the Rice-Vannucci model, combines postnatal
unilateral carotid artery ligation with moderate hypoxia which results in a phenotype similar to a
large unilateral ischemic stroke that is not representative of HIE in humans. Our new model of
HIE pairs maternal immune activation (MIA) via LPS administration on gestational day (GD) 18
with a progressive hypoxia from 21% to 0% oxygen for 8 total minutes on postnatal day 6 (P6).
Control animals underwent saline injection and normoxia (21% oxygen). As sex differences have
been reported in both humans and in animal models of HIE with worse outcomes reported in
males, sex is statistically fully powered and analyzed as a biological variable. This two-hit model
leads to delays in the acquisition of neonatal behaviors including spontaneous locomotion and
hindlimb splay as well as changes in adulthood including motor deficits, cognitive deficits, and
changes in anxiety-like behaviors. In order to establish the timeline of cellular changes within the
brain that may lead to these long-lasting deficits, we are analyzing neonatal brains collected 24-,
48-, and 72- hours following hypoxia on P6. Apoptosis in the basal ganglia and hippocampus is
assessed through cresyl violet staining. We hypothesize that immune activation following the
two hits of our model will lead to an increase cell death that will peak within this time. As a
preliminary measure of time dependent neuroimmune changes within our model, microglia
density will additionally be analyzed at these three timepoints. These results will facilitate the
further validation of our new model. The development and characterization of translationally
relevant models is important for progress in understanding the cellular and molecular
mechanisms underlying disease as well as in the development of therapeutic interventions.
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Title: Neuron-microglia crosstalk in development: A new role for the neuron-derived cytokine
IL34 in microglial function
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Abstract: Crosstalk between neurons and microglia is critical for the proper development of the
central nervous system. Interleukin-34 (IL34) is a neuron-derived cytokine that signals through
the colony-stimulating factor 1 receptor on microglia. While it is known that L34 KO mice lack
most cortical microglia in adulthood, nothing is known about the role of 1L34 signaling in
development, or if it may influence microglia-neuron interactions such as synaptic pruning.
Using gPCR, immunohistochemistry, and ELISA techniques, we measured IL34 mRNA and
protein across mouse brain development. Additionally, we used an I1L34 knock-out mouse and
function-blocking antibodies to determine the role of 1L34 in the development of microglia.
Finally, to investigate whether 1L34 expression is dependent on neuronal activity, we used
designer receptors exclusively activated by designer drugs (DREADDS) to activate and inhibit
neurons and measured I1L34 mRNA and protein levels with in situ hybridization and ELISA.
First, we found that IL34 mRNA and protein levels increase between P8 and P15 in the mouse
cortex. Additionally, we demonstrated that L34 is necessary for the developmental upregulation
of microglial homeostatic protein TMEM119. 1L34 KO mice exhibit decreased USVs compared
to controls at postnatal day 15 (P15), and their microglia are less ramified and have a higher
phagocytic capacity compared to controls. Administering a function-blocking antibody against
IL34 at P15 phenocopies these effects. Neuronal activation with DREADDs at P10 increased
Fos+ cell number in the cortex, and we found that Fos+ neurons have more IL34 compared to
Fos- neurons. My current data supports the working hypothesis that 1L34 is a signal that instructs
microglia to mature, potentially acting as a “brake” to prevent over-pruning of synapses.
Ongoing work is examining the functional consequences of 1L34 signaling for microglia/neuron
interactions, including synaptic engulfment.
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Abstract: Background: Infancy is a critical period of development in which the gut
microbiome-brain axis is exquisitely sensitive to both genetic risk and environmental exposures.
Such alterations during early life can lead to adverse health outcomes and neuropsychiatric
conditions. In fact, exposure to cephalosporin antibiotics during infancy has been recently linked
to increased incidence of autism spectrum disorder (ASD). Significantly, not all infants exposed
to antibiotics are later diagnosed with ASD, suggesting a contributing role of genetic
vulnerability. To examine a gene by environment (GXE) basis for this observation, we studied
the 16p11.2 copy number variation deletion (16pDel) mouse, which contributes to ~1% of ASD
cases. We hypothesized that early life cephalosporin exposure would alter the gut microbiome-
brain axis, with an exacerbated phenotype in genetically vulnerable 16pDel mice. Methods:
Wildtype (WT) and 16pDel littermates were exposed to saline (control) or the cephalosporin,
cefdinir, from P5-9. Alterations in gut microbial composition, metabolomics, hippocampal
neurogenesis and gene expression were assessed at P13, in addition to juvenile sociability at P21.
Results: Oral administration of cefdinir perturbed the gut microbiome (dysbiosis) in all
offspring, evidenced by decreased microbial richness. Intriguingly, dysbiosis in the cefdinir-
exposed 16pDel males was accompanied by reduced hippocampal proliferation and altered gene
expression. These phenotypes were not detected in 16pDel females or in the WT male and
female groups. 11 of the 118 differentially expressed genes in the hippocampus overlapped with
human ASD genes, with ingenuity pathway analysis predicting changes in EIF2, mTOR, and
P70S6K/EIF4 signaling. Pathway analysis also revealed mitochondrial dysfunction and altered
oxidative phosphorylation, complementing the detected increased serum pyruvate and uridine
metabolite levels. Reductions in sociability at P21 were observed in all cefdinir-exposed mice,
with an exacerbated phenotype in the 16pDel group. Conclusions: Together, our data supports a
GXE model, suggesting a role of early life cefdinir exposure in 16pDel mice by inducing altered
gut microbiome signaling to the brain, mediating altered neurodevelopmental pathways with
functional consequences.
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Abstract: Autism spectrum disorders (ASD) is a neurodevelopmental disorder that features
impairment of neurogenesis and changes in the composition of the individual's gut microbiome.
The gut microbiome interacts with the brain via several pathways, including immune
modulation, and the secretion of various inflammatory mediators. We thus hypothesize that
neurogenesis and behavior can be improved in a murine model for autism spectrum disorder, by
altering the composition of the gut microbiome. We apply the murine model for ASD, induced
by developmental exposure to valproic acid (VPA). Behavior and molecular analysis were
performed for characterization of microbiome manipulation and QIIME2 analysis for gut
microbiome composition. We observed that naive microbiome transplantation decreased overall
ASD score composed of social interaction, grooming and day three of the water T maze
paradigm in both males and females following VPA exposure and improved early and advanced
stages of neurogenesis. VPA exposure altered the beta diversity of the gut microbiome and
changed the flora of bacteria in females. Serological analysis revealed a decrease of Th17-rlated
cytokines mostly in females after exposure to VPA. Considering the results, we concluded that
naive microbiome transplantation alleviates general ASD symptoms and improves overall
neurogenesis in both males and females. Immunomodulation is a key factor in understanding the
effect of the gut microbiome and ASD.
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Abstract: Maternal malnutrition substantially restricts weight gain of the fetal body but growth
of the brain is selectively protected. This phenomenon, known as brain sparing, is critical for
fetal survival but the underlying mechanisms are poorly understood. Using a maternal low
protein (LP) dietary model of brain sparing in mice, we observed that LP diet decreased male
and female fetal body weight by ~30%, fetal liver weight by ~60%, yet it did not alter the
number of Pax6™ radial glia in the neocortex. In contrast, LP decreased the number of Thr2*
intermediate progenitors at E15.5 - E16.5, although this cortical deficit was rescued by E17.5 -
E18.5. Surprisingly, LP increased not decreased the mitotic index of neural stem and progenitor
cells at E18.5, despite reducing it in the fetal liver. To identify the molecular basis for this, we
examined mammalian target of rapamycin (mTOR) signalling. We found that LP decreased
MTOR complex 1 (MTORC1) activity in the fetal brain in post-mitotic neurons but not in
proliferating stem and progenitor cells. Blocking mTORC1 activity via rapamycin decreased
mitoses in LP but not control brains at E18.5. Hence, mMTORC1 activity is selectively required
for cell division during brain sparing but not normal brain development. Transcriptomics of LP
versus control brains identified Activating Transcription Factor 4 (Atf4), as one of the most
upregulated genes in the brain but not the liver. Atf4 expression was decreased by rapamycin
treatment, indicating that it is an mTORCI target in the fetal LP brain. Together, these findings
demonstrate that fetal neural stem cells are selectively spared during maternal malnutrition and
that the underlying mechanism requires mTORC1 signalling, potentially via its target Atf4.
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Title: Maternal high-fat diet promotes aberrant microglia phagocytosis in the dorsal raphe
nucleus
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Abstract: High maternal weight produces a state of chronic, low-grade inflammation that can
have detrimental effects on the developing fetal brain. As our society becomes increasingly
sedentary and continues to consume calorically dense processed foods, the projected
consequence on human health is alarming. Our lab recently demonstrated that maternal high-fat
diet causes endotoxin accumulation in fetal tissue that acts on toll-like receptor 4 (TLR-4) of
microglia. This results in excessive phagocytosis of serotonin (5-HT) in the developing dorsal
raphe nucleus. Notably, this effect and the resulting anhedonic behavior were specific to male
offspring, reflecting the male-bias seen in neurodevelopmental disorders. Continuing this work,
here we investigate microglia-neuron interactions using live imaging from embryonic brain
slices to determine the signaling mechanism(s) promoting 5H-T phagocytosis in the dorsal raphe.
Additionally, using viral tracing and patch-clamp electrophysiology we will characterize the
effect of aberrant microglia phagocytosis on serotonin neuron activity and further reveal whether
specific serotonergic circuits are sensitive to maternal high-fat diet. The results from this work
will shed light on the important neural-immune interactions that shape developing serotonergic
circuits and may provide novel circuit-specific therapeutic strategies for neurodevelopmental
disorders.
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Abstract: Infections during pregnancy have been associated with increased risk for
neuropsychiatric disease later in life. Mouse models of maternal immune activation (MIA)
activate different toll-like receptors (TLRs) to initiate innate inflammatory responses. The goal



of the current study is to determine sex-dependent effects of MIA using a TLR7 agonist,
resiquimod, on neurodevelopment. Resiquimod (RQ) was administered to timed pregnant mice
on embryonic day (E) 12.5. At E15, we measured maternal/fetal cytokines in plasma by ELISA.
We found maternal pro-inflammatory cytokines IL-12p40 (p < 0.001), IL-6 (p < 0.05), and 1L-10
(p < 0.01) were increased while anti-inflammatory cytokine IL-1B (p < 0.05) was decreased in
mice exposed to RQ. Fetal cytokines (E15) were also altered by MIA. In both sexes, pro-
inflammatory cytokines IL-6 (p < 0.05) and IL-17 (p < 0.0001) were increased, while IL-10 was
increased only in males (p < 0.001). Males exposed to MIA exhibited a decrease in cytokines
TNFa (p <0.05) and IL-1P (p < 0.01). A second group of timed-pregnant dams were allowed to
give birth. MIA did not alter the female to male ratio of offspring born per litter. Body weights
were reduced significantly in both sexes (p < 0.0001) at birth, and over the next 5 weeks. MIA-
exposed offspring opened their eyes 5 days later than controls. Similarly, resiquimod-exposed
females exhibited pubertal delay with vaginal openings occurring 2-3 days later than control
females. On the behavioral side, juvenile and adult male and female offspring exposed to MIA
exhibited reduced social-like behavior in a social interaction test (p < 0.0001 for all groups).
Anhedonia-like behavior was increased in MIA adult female mice (p < 0.001). To determine
brain bases for behavioral changes, sections through the hypothalamus of juvenile offspring were
immunolabeled for ionized calcium binding adhesion molecule-1 (IBA-1), a protein expressed
by microglia activated in response to neuroinflammation. IBA-1 labeled cells in the
hypothalamus were analyzed using Imaris image analysis software (Andor Technologies, Inc)
and showed increased immunoreactive area selectively in MIA females compared to controls (p
< 0.01). The current findings suggest a significant activation of the maternal immune system by
RQ, which further altered peripheral developmental milestones, and microglial responses in
juvenile offspring that may provide context for underlying sex differences in behavior. This
study provides further support for sex-dependent influences of fetal antecedents for altered
development and increased susceptibility for adult disorders through immune mechanisms.
Supported by ORWH-U54-MH118919.
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Abstract: Parvalbumin+ interneurons (PVIs) are fast-spiking, GABAergic cells critical for
coordinating firing activity to maintain normal brain function. PVIs are a common cell type
impacted in disorders with neurodevelopmental origins and immune etiology, such as
schizophrenia and autism spectrum disorder, due to their high susceptibility to inflammation
during development. Microglia, the brain’s resident macrophages, respond to and are affected by
perinatal inflammation, impacting synapses and behavior in disease-relevant ways. Critically,
microglia influence the maturation and survival of developing neurons, but little is known about
the developmental interactions between microglia and interneurons. In these experiments, we
were interested in microglia-PVI interactions in the early postnatal period. We hypothesized that
broad ablation of microglial inflammatory signaling would be protective for developing PVIs in
the face of an early life immune challenge. Our lab developed a mouse in which MyD88, an
adaptor protein for nearly all toll-like receptors, is ablated specifically from microglia (Cx3cr1-
CreBT-MyDB88f/f), blunting microglial proinflammatory signaling. We found that loss of
microglial-MyD88 resulted in an increased density of PVIs across the male brain at baseline, an
effect exacerbated by early life immune challenge. These mice exhibit normal sociability, but
males without microglial-MyD88 show reduced spatial reference memory. These data suggest
that microglia regulate developing PVIs in the male brain at baseline in a MyD88-dependent
manner, with consequences for cognition. To investigate the role of microglial-MyD88 signaling
in early PVI development, we used RNAscope to identify future PVIs prior to the expression of
the parvalbumin protein. Microglial-MyD88 loss does not impact the early postnatal cell death
period of PVI development in the male dorsal hippocampus, suggesting microglial regulation of
the adult male PVI population size happens after the first postnatal week. Timecourse
characterization of PVI synaptic density across 6 ages between postnatal day (P)12-P28 in the
male MyD88 intact and deficient hippocampus identified P15 as an age of interest, as there was a
reduction in PVI synaptic density when microglial-MyD88 is removed. Interestingly, 3D
reconstructions of P15 male hippocampal microglia showed an increase in phagocytic capacity in
MyD88 deficient microglia. Ongoing work will characterize the involvement of microglial-
MyDa88 signaling in excitatory synapse refinement between P12-P18, and the potential
preference of MyD88 deficient microglia for engulfment of excitatory synaptic material.
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Title: Periconceptional T. cruzi infection drives maternal ILC3 expansion, dysregulated risk
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Abstract: Maternal immune activation (MIA) during pregnancy increases risk for
neurodevelopmental disorders in offspring. The effects of maternal parasitic infection during
pregnancy on offspring neurodevelopment, however, remain almost completely unexplored.
Chagas disease is a prevalent, but neglected, tropical disease caused by the vector-borne parasite
Trypanosoma cruzi (Tc). Tc infection results in immune activation characterized by the induction
of proinflammatory cytokines, including IL-6 and IL-17A, which play a complex role in host
defense versus pathogenesis depending on the amounts, time, and site of production.
Pathological activation of the IL-17A pathway is a well-established mediator of
neurodevelopmental impairment in the MIA model for autism spectrum disorder (ASD). MIA
disrupts cortical lamination, perturbs network connectivity, and increases neuroinflammation,
which together can cause ASD-like behavioral deficits in offspring. Unfortunately, frontline anti-
parasitic drugs are contraindicated during pregnancy, leaving pregnant women little recourse for
protecting their developing child/ren from inflammatory sequalae resulting from Tc infection.
Given that the proinflammatory response to Tc infection serves as a protective mechanism
against neonatal infection but simultaneously leads to potentially pathogenic levels of circulating
maternal IL-6 and IL-17A, we hypothesized that maternal periconceptional Tc infection would
adversely affect offspring neurodevelopment and behavioral outcomes, irrespective of congenital
transmission. Female mice were inoculated with Tc and mated seven days post-infection. Tc-
infected dams demonstrated a notable rise in IL-17A cytokine production in type 3 innate
lymphoid cells (ILC3s), as determined by post-weaning flow cytometry-based immune cell
profiling. Neurobehavioral assays revealed dysregulated risk assessment, characterized by
excessive risk tolerance, and anomalous social behavior in both male and female offspring born
to Tc-infected dams, as compared to offspring of mock-infected dams. The results of our study
indicate that implementing vaccination programs for women of reproductive age in regions
where Chagas disease is prevalent could potentially reduce risk for adverse neurodevelopmental
outcomes in children.
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Abstract: Parvalbumin-positive interneurons (PV-INs) occupy the strongest role in regulating
pyramidal neuron spiking and orchestrate brain oscillations subserving cognition. PV-INs form
dense, non-specific inhibitory synapses with nearly all proximal excitatory neurons, thus serving
an indispensable role in the cortical microcircuit. However, PV-INs are particularly susceptible
to developmental stressors, and PV-IN dysfunction underlies many brain diseases, including
schizophrenia (SCZ). Despite findings of reduced density of inhibitory markers and excitatory
inputs to PV-INs in the prefrontal cortex (PFC) of SCZ patients, very few studies exist linking
manipulations of SCZ-associated genes to PV-IN dysfunction in the PFC. In humans, specific
structural variants of immune gene, C4A, increase C4A expression and confer greater risk for
developing SCZ. Our group demonstrated that overexpression of C4A (C4-OE) in medial PFC
(mPFC) pyramidal neurons led to alterations in synaptic developmental wiring and induced
social behavioral deficits in mice. Our preliminary data using M-FISH in the mPFC suggest that
PV-INs are a cellular source of C4. We hypothesize that specific C4-OE in PV-INs reduces the
excitatory drive on this developmentally-vulnerable interneuron type, and this is sufficient to
cause long-term deficits of mPFC-associated behavior. To test this hypothesis, we have
developed a novel, conditional C4-OE mouse line and have crossed this to PV-Cre driver mice.
Our preliminary data suggest that C4-OE exclusively in PV-INs is sufficient to cause a sexually
dimorphic anxiety-like behavioral deficit. Our goal is to determine the mechanistic role of C4-
OE in PV-INs in driving the pathology that underlies the observed anxiety-like deficits, at the
synaptic level.
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Abstract: Maternal smoking during pregnancy is a major public health concern due to the
adverse effects on both the mother and offspring. Harmful effects of developmental nicotine
exposure (DNE) include ADHD, learning disabilities, depression, and epilepsy. Preclinical
models show DNE perturbs frontal cortical excitation-inhibition equilibrium by downregulation
of GABA function. GABA neurons fall into multiple subtypes based on expression of specific
molecular markers. Parvalbumin (PV) and somatostatin (SST) are two neuropeptides expressed
by frontal cortical GABA neurons. Since PV- and SST-expressing GABA neurons make up 40%
and 20% of frontal cortical GABA neurons respectively, and since both are associated with
regulation of cognitive function, changes in the relative proportions of these GABA neurons
expressing these neuropeptides, may have significant functional implications. However, the
effects of DNE on GABA neuron subtypes are not known. Here we examined PV- and SST-
GABA neurons in a mouse model of DNE. We used a Swiss-Webster GAD67-GFP knock-in
reporter mouse to facilitate identification of GABA neurons based on GFP fluorescence in
histological sections. Antibodies specific for PV and SST were used to identify GABA neuron
subtypes. Female mice were exposed to plain drinking water or drinking water containing
nicotine (200 pg/ml) beginning 3 weeks prior to mating with a nicotine-naive GAD67-GFP male
mouse. Oral nicotine exposure of the females continued throughout pregnancy and nursing. The
effects of DNE on frontal cortical PV and SST neuron numbers were analyzed using 2-way
ANOVA followed by Bonferroni’s multiple comparisons in adult male and female mice at
approximately 60-days of age. DNE produced a selective deficit in the density of PV-GABA



neurons in male but not female mice (F(,12) = 12.78; p<0.005). DNE spared SST-GABA neuron
in both sexes (F(.12) = 0.5582; p>0.05). The total number of GABA neurons was not affected by
DNE (F(.12) = 0.05056; p>0.05). Thus, our data show that DNE produces sex-specific and
selective deficits in frontal cortical PV-GABA neuron numbers, which may be associated with
the behavioral changes produced by DNE.
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Abstract: Cortical Parvalbumin-expressing inhibitory interneurons (PV-INs) sample input from
large populations of pyramidal cells and synapse onto cell bodies, allowing them powerfully to
regulate excitatory activity within the cortex. The dysregulation of parvalbumin has been
implicated in several neurodevelopmental disorders (NDDs), including Autism Spectrum
Disorder and Schizophrenia, however, the lack of an early marker for these cells that
distinguishes them from other inhibitory neuron subtypes has precluded studies on the role of
early PV-IN development on establishing a healthy cortical network. To address this, we used a
transgenic mouse model to embryonically disrupt an NDD-linked gene in interneuron
progenitors. Myocyte enhancer factor-2C (Mef2c), a critical regulator of neuronal development,
is highly enriched within PV-INs. Differential expression of Mef2c among classes of
interneurons allows for early genetic access to this cell population. Given that visual processing
impairments are commonly reported in NDDs, we examined neuronal activity within in the
mouse primary visual cortex (V1) as a readout of circuit function. We compared the response to
visual stimuli between Mef2c conditional knockout animals and littermate controls by
performing in vivo extracellular electrophysiology recordings within V1. Embryonic removal of
Mef2c leads to weaker visually-evoked activity and increased noise correlations, with fewer cells
strongly tuned to visual stimuli. Together these data show that the disruption of PV-IN
development through embryonic removal of Mef2c leads to abnormal circuit function and



sensory processing, providing a foundation for future studies examining impaired PV-IN
development and sensory perception.
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Abstract: Cannabis use during pregnancy has dramatically increased over the last 15 years and
has been exacerbated by dispensaries recommending use for expectant individuals to ease
symptoms such as nausea, anxiety, and stress, despite the fetal risks. A%-Tetrahydrocannabinol
(THC), the main psychoactive component of marijuana, readily passes through the placenta,
resulting in direct fetal exposure. Despite the importance of the topic, the consequences of
prenatal cannabis exposure and underlying mechanisms remain elusive. Since most animal
studies on this topic are in rodents, we decided to develop a ferret model of developmental THC
exposure. Ferrets are gyrencephalic animals and have a visual cortex much closer to humans than
rodents. We exposed ferrets daily to 4.0 — 6.0 mg/kg of either THC mixed in peanut butter (PB)
or control PB orally between postnatal days (P) 10-32. This period in ferrets is equivalent to the
third trimester of human gestation. At approximately P50 (ferret infancy), animals were
euthanized, and the primary visual cortex (V1) extracted. One hemisphere was used for slice
electrophysiology and the other for in situ hybridization (RNAscope). Whole cell patch clamp in
V1 layer 2/3 showed that evoked inhibitory postsynaptic currents (IPSCs) were 44% smaller in
THC (2.3 £ 0.58 nA) than control (4.1 £ 1.4 nA) animals. To evaluate cannabinoid type-1
receptor (CB1R) function we assessed the impact of the CB1R agonist WIN55212-2 (WIN) on
IPSCs. We found that 10 minutes after WIN application IPSCs reduced by 32% in PB but were
virtually unchanged (-3.2%) in THC neurons. To further evaluate the effects of developmental
THC in CB1Rs we conducted RNAscope in parvalbumin-positive interneurons (PV) and
pyramidal neurons (PYR). RNAscope revealed that density/um?® of CB1IR mRNA did not differ
in layer I1/111 PV neurons in THC-treated (7.1 X 10 + 2.5 X 107) and control (6.7 X 102 + 2.5
X 107®) animals. Density/um?® of CB1R mRNA also did not differ in layers V-VI of PV neurons



in THC-treated (1.3 X 102 + 3.2 X 10°®) and control (2.3 X 102 + 8.2 X 107®) animals.
Density/um? was also similar in layer 11/I11 PYR neurons in THC-treated (2.2 X 102 + 2.4 X 10°
%) and control (1.8 X 102 + 2.7 X 10°%) animals. However, CB1IR mRNA density/um? in layers
V-VI of PYR neurons was higher in THC-treated (2.2 X 102 + 1.8 X 107®) than control (1.2 X
102 + 2.0 X 107®) animals (p<0.005). Future experiments will investigate changes in excitatory
postsynaptic currents (EPSCs) and synaptic plasticity using patch clamp electrophysiology. Our
findings suggest that THC exposure during the third trimester equivalent of human gestation
affects the expression and function of CB1Rs in V1 of ferrets.
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Abstract: Fetal Alcohol Spectrum Disorders (FASDs) is an umbrella term used to describe
developmental disorders stemming from the prenatal alcohol exposure (AE) that are manifested
by deficits in growth development, cognitive impairments, and physical abnormalities. FASDs
result in lower brain volume, brain abnormalities, and behavioral deficits that include impaired
executive function (EF). EF is a set of cognitive abilities that aid in the formation of goal-
directed movements and regulating self-control; EF has been shown to rely on medial prefrontal
cortex (mPFC) and hippocampus (HPC) functional synchrony. An intermediary structure, the
nucleus reuniens (Re) of the midline thalamus, sends axonal projections to both the mPFC and
HPC, coordinates communication between these two brain areas and is known to be damaged by
prenatal alcohol exposure. Recently, we observed significant increases of apoptosis in Re 12
hours following a PD7 single day of binge-like AE. However, at this point, the cell phenotypes
in Re that are susceptible to AE-induced damage are not known. This study employed a rodent
model of third-trimester single-day binge alcohol exposure (AE) to evaluate neuroanatomical
effects of neonatal alcohol exposure in a dose-dependent manner. Specifically, we assessed the
numbers of distinct cell phenotypes in Re 12 hours after a moderate (3g/kg/day) or high
(5.25¢g/kg/day) dose of ethanol compared to a sham intubated (SI) control group on postnatal day



9. The total population of neurons and oligodendrocytes in Re were estimated by utilizing
immunohistochemical labeling coupled with unbiased stereological approaches. No significant
effect of postnatal treatment was found on neuron or oligodendrocyte populations in Re, which
indicates that cell loss might manifest itself later than 12 hours following AE. Additionally, no
significant effect of alcohol exposure on reuniens volume was found, indicating that reuniens
volume was not compromised within 12 hours of AE. Estimation of specific cell loss and volume
changes in Re is being extended to 72 hours after AE. Our data demonstrate decreased
vulnerability of Re to AE on PD9 when compared with PD7, at least in terms of timing of
progressive cell loss paralleled by Re volume reduction. This study aids in our understanding of
FASDs and adds to what we know of the immediate effects of ethanol on Re.
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Abstract: Increased risk-taking is commonly observed in individuals with Fetal Alcohol
Spectrum Disorders (FASDs) and contributes to a variety of detrimental outcomes such as
increased rates of incarceration. Thus, it is critical that the neurobiological mechanisms leading
to increased risk-taking in FASD be identified. The goal of the current study was to evaluate
risk-taking and neural circuits involved in risk-taking using a preclinical mouse model of FASD
and a Risky Decision-making Task (RDT). Prenatal alcohol exposed (PAE) or control transgenic
‘TRAP2’ mice were trained to distinguish between two images on a touch screen that dispensed
either a large or small highly palatable reward. Once animals consistently chose the large reward
with >80% frequency, risky decision-making was assessed by pairing the large reward with a
50% probability of a mild foot-shock. Mice were treated with tamoxifen following RDT daily for



five consecutive days to permanently label (i.e. TRAP) cFos-expressing neural circuits as they
were recruited. Contrary to our previous studies in C57BL/6J (B6) mice, increased risk taking
was not observed in PAE subjects versus control TRAP2 subjects, suggesting that genotype may
interact with PAE to differentially regulate risk proclivity. However, we identified a robustly
labeled neural circuit that included the pontine nuclei (PN), paraventricular nucleus (PVN),
dorsal cortex of the inferior colliculus (IC), and several lateral cortex sub-regions. Furthermore,
PAE subjects displayed significantly reduced IC labeling compared to control animals,
suggesting a potential difference in auditory processing of sound cues associated with the task.
These data support the use of RDT and TRAP2 mice for identifying and characterizing neural
circuits involved in risky decision-making, and suggest the IC is vulnerable to PAE but may not
be involved in regulating risk taking behavior in TRAP2 mice.
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Abstract: Impaired executive functions are major deficits of fetal alcohol spectrum disorders
(FASDs) caused by prenatal ethanol exposure (PE). Previous studies have shown that PE leads to
impaired function of the medial prefrontal cortex — a brain area critical for executive functions.
Our previous studies have found that PE increases excitatory synaptic neurotransmission in layer
V pyramidal neurons in the prelimbic area of the medial prefrontal cortex and leads to increased
impulsivity and impaired sustained attention. In this study, we tested the hypothesis that
increased excitation in layer V pyramidal neurons in the prelimbic cortex contributed to attention
deficits in PE rats. Pregnant Sprague-Dawley rats were treated with ethanol (0 or 3 g/kg, 15%
wl/v, twice daily with a 5-6 h interval) via intragastric gavage during gestational days 8-20.
Female offspring underwent the training of the 2-choice reaction time task to examine action
impulsivity and sustained attention when they were 12-13 weeks old. After training, rats were



bilaterally injected with an inhibitory channelrhodopsin (pAAV-CKlla-stGtACR2) to inhibit
layer V pyramidal neurons in the prelimbic region. The optic fibers were also implanted in the
prelimbic cortex. Later, rats underwent the same task for further optogenetic experiments. The
results show that optogenetic inhibition of pyramidal neurons significantly reduced augmented
impulsivity in PE rats, reflected by decreased premature responses. In addition, incorrect
responses were also reduced in PE rats. When optogenetic inhibition was applied in the second
half of the trial, the reduction of premature responses was still observed in PE rats. Optogenetic
inhibition also reduced premature responses in PE rats when task difficulty was increased in a
non-salient condition. Furthermore, it reduced premature responses in control rats under the non-
salient condition, reflecting the additional benefits of optogenetic inhibition. Lastly, optogenetic
inhibition did not improve impaired sustained attention. These results show that the reducing
excitation of pyramidal neurons could alleviate action impulsivity in PE rats. Taken together,
these results support that PE-induced increases in the excitation of the prelimbic cortex
contribute to attention deficit-like symptoms in PE rats.
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Abstract: The organophosphate Chlorpyrifos (CPF) is classified as a moderately toxic agent. As
a pesticide that took off en mass since 1965, CPF was most notably used to treat 50 different nut,
fruit, vegetable, and cereal crops. Despite evidence suggesting significant health risks, a federal
ban on CPF usage did not occur until 2021, and the long-term effects of extended exposure
remain unknown. Although biochemical studies on the effects of CPF are widespread, behavioral



testing remains sparse and lacks depth. Here, we tested the effects of subthreshold (hon-
detectable in fetal tissue) exposure to CPF in development on neurobehavioral outcomes in adult
rats. Pregnant Sprague-Dawley rats were given 6mg/kg/day CPF or safflower oil vehicle
administered on cookies (readily eaten) daily during gestational day (GD) 6-20. Offspring were
raised to adulthood (post-natal day 55), and CPF or vehicle rats were tested for addiction-like
behavior, sucrose-seeking, anxiety-like, and depressive-like behavior, or behavioral flexibility
tasks. Reinstatement behavior (context, cued, cocaine primed and stress) was tested following
cocaine acquisition on an FR-1 schedule. CPF exposure resulted in shorter periods of cocaine-
acquisition, greater cocaine-intake, and exacerbated extinction resistance compared to vehicle
administered controls. Further, CPF-exposed females exhibited a decrease in sucrose-seeking
and depressive-like behavior while males displayed an increase in anxiety and depressive-like
behaviors but a decrease in sucrose seeking. We then performed immunohistochemistry to
determine if CPF exposure affects locus-coeruleus norepinephrine (LC-NE), ventral tegmental
area dopamine (VTA-DA), or dopamine beta hydroxylase fiber (DBH) densities in prefrontal
cortex. CPF increased cortical DBH fiber densities by 4-fold in both sexes. LC-NE fiber density
was diminished in both sexes, yet LC-NE neuron count remained insignificantly changed
compared to controls. The number of VTA-DA neurons, but there was no significant change in
cell density for either sex vs controls. This data indicates that enhanced DBH fiber densities in
the cortex were likely not due to an increased number of forebrain projecting NE neurons. Stress
responding was inversely predicted by DBH fiber density in females, whereas impulsivity
measures were inversely predicted by fiber density in males. Together, these data indicate that
increased NE innervation of the cortex by CPF may both promote stress-resilience, particularly
in females, while also impairing behavioral flexibility in both sexes.
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Abstract: Although there are ever increasing restrictions on their application, organophosphorus
(OP) pesticides remain in widespread use throughout the world, in both agricultural and
household settings. This is despite the known links between in utero exposure to these



compounds and an increased occurrence of neurodevelopmental disorders, such as autism
spectrum disorder and ADHD. These outcomes occur even at environmentally relevant
concentrations that are below the threshold for acetylcholinesterase inhibition or overt toxicity.
An alternative causative mechanism for these early perturbations in brain development remains
to be established. We used a rat model of gestational chlorpyrifos exposure, a widely used OP
pesticide, and ex vivo electrophysiology to study lasting alterations in the primary somatosensory
cortex of young rats. Dams were exposed to 5.0 mg/kg chlorpyrifos through subcutaneous
injection on gestational days 18-21, with no outward signs of acute toxicity. Beginning on
postnatal day (PND) 12, an age during the critical period of use-dependent plasticity, we
performed whole-cell patch clamp recordings from layer 2/3 pyramidal neurons of the primary
somatosensory cortex. A negative pairing (-25 ms) spike timing dependent plasticity protocol
revealed significant alterations to both the progression of long-term depression (LTD) across
ages (PND 12-20) and in the induction kinetics, with significantly enhanced LTD seen in the
chlorpyrifos exposed group at younger ages (PND 12-14). Evaluating inhibitory synaptic inputs
through paired pulse stimulation demonstrated a significant increase in the paired pulse ratio,
suggesting a decrease in the presynaptic GABA release probability in chlorpyrifos exposed
animals. Preliminary data suggest an increase in basal dendritic complexity induced by
chlorpyrifos exposure. Overall, we provided evidence for novel functional alterations during
brain development induced by in utero exposure to the OP pesticide chlorpyrifos that may
account for the well-established behavioral outcomes.
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Abstract: Social experience during development is crucial for the functional maturation of the
prefrontal cortex (PFC). Juvenile social isolation (JSI) causes severe dysfunction in PFC. In our
previous studies, JSI reduced intrinsic and synaptic excitability of a subtype of layer-5 (L5)



pyramidal cells in the medial PFC, which cell has prominent h-current (PH), recognized as
having axon projecting subcortically. However, it remains unknown which L5 pyramidal cells
projecting axon to subcortical area are affected by JSI. With retrograde tracing and whole-cell
patch clamp recording, we investigated how JSI affect the intrinsic and synaptic excitability of
L5 pyramidal cells which project axons into mediodorsal thalamus, striatum and pons, followed
by observing the fundamental properties of each pyramidal cells. We found that pyramidal cells
projecting axon to pons have more excitatory synaptic inputs and more distinguishing intrinsic
properties than pyramidal cells projecting to mediodorsal thalamus and striatum. JSI reduced
excitatory synaptic inputs only on pyramidal cell projecting to pons. This suggests that JSI affect
regional-dependently neuronal circuits from PFC to subcortical area.
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Abstract: Fetal Alcohol Spectrum Disorders (FASDs) are preventable developmental disorders
that result from alcohol exposure (AE) in utero. Along with prominent behavioral and
anatomical deficits, cognitive impairments are prevalent in FASDs. Cognitive deficits include
impaired executive functions such as spatial working memory, which have been shown to rely on
the coordination of activity between the medial prefrontal cortex (mPFC) and hippocampus
(HPC) by the thalamic nucleus reuniens (Re). We have recently demonstrated that the total
length of mPFC-originating axon projections within RE is reduced in females exposed to high-
dose binge AE on postnatal days (PD) 4-9 in a rodent model of third trimester alcohol exposure,
indicating reduced connectivity in the mPFC-Re-HPC circuit. While behavioral interventions to
mitigate the adverse effects of AE are few, exercise in animal models of AE has been shown to
increase proliferation of newly generated neurons and to increase white matter integrity.
Additionally, exposure to environmental complexity following exercise (superintervention) is
critical for the survival of newly generated cells. The goal of this study was to investigate the



effects of binge AE (5.25 g/kg/day, two doses 2 hours apart) on PD 4-9 on axonal projections
from mPFC and HPC in Re while also exploring the efficacy of a superintervention consisting of
wheel running followed by environmental complexity (WR/EC) to diminish AE-induced changes
in axonal representation. AE and sham intubated (SI) male and female Long Evans rats were
randomly assigned to either social housing (SH) or the WR/EC intervention, which consisted of
12 days of voluntary WR followed by 30 days of EC housing. Axon projections were labeled
with anterograde viruses expressing the fluorophores tdTomato or GFP (AAV5-CAG-tdTomato
or AAV5-CAG-GFP) stereotaxically injected into the left mPFC and HPC prior to housing in
EC. Preliminary results indicate no difference between Sl and AE animals in terms of cumulative
mPFC- or HPC-originating axon length in Re as measured by the Spaceballs stereological probe
(MBF Biosciences, Williston, VT) (p > 0.05). Collecting the complete set of data is underway to
fully elucidate the impact of AE and superintervention on connectivity in the mPFC-Re-HPC
circuit. This ongoing experiment will add to our understanding of intervention-related changes to
axon representation in executive function-related brain circuitry in individuals affected by
FASDs.
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Abstract: Autism spectrum disorder (ASD) manifests with severe symptomologies and presents
an increasing health burden to patients and their families. Pitt-Hopkins Syndrome (PTHS), a
neurodevelopmental disorder with features of ASD, is caused by autosomal dominant mutations
in the transcription factor 4 gene (TCF4). Recently, we discovered that mutations in TCF4 result
in hypomyelination caused by a reduction in the density of oligodendrocytes (OLSs) in a mouse
model of PTHS. Myelination is a dynamic neurodevelopmental process that continues



throughout the lifespan, and could be leveraged as a novel therapeutic target. Therefore, the
PTHS mouse model is a useful model system to study the impact of genetic and pharmacological
approaches targeting the OL lineage and the process of myelination. Here, we show that the
promyelinating compounds, clemastine, sobetirome and Sob-AM2 are effective at restoring
myelination deficits in the PTHS mouse model. Two week intraperitoneal administration of these
promyelinating compounds in early adolescent mice (P28-P42) normalized the OPC/OL density
in the cortex. Electron microscopy imaging showed a significant reduction in the g-ratio
indicating an increased myelination of axons within the corpus callosum. Importantly,
promyelinating drug treatment resulted in functional recovery by improving the physiology of
compound action potentials and rescuing behavioral deficits. To confirm that rescue by these
promyelinating compounds is specific to normalizing myelination and not due to off target
effects, we performed OL lineage-specific genetic rescue experiments. We crossed the Tcf4
reinstatement mouse (Tcf4*-SL) with several different OL lineage-specific Cre mouse lines
(Pdgfra-Cre, Olig2-Cre, and Sox10-Cre) to restore Tcf4 expression in OPCs, and then examined
functional recovery in early adolescent mice (P24 and P42). Immunohistochemistry experiments
revealed that OPC-specific genetic reinstatement of Tcf4 normalized the OPC/OL density in the
cortex. Additionally, Tcf4 reinstatement resulted in functional recovery by improving compound
action potentials in the corpus callosum. Most importantly, genetic rescue of Tcf4 in OPCs
improved hyperactivity, anxiety, and memory deficits in the PTHS mice. Altogether, our results
provide preclinical evidence that promyelinating therapies may be an effective therapeutic
approach to improve the health and wellbeing of individuals diagnosed with PTHS and
potentially other forms of ASD.
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Abstract: Changes in prefrontal cortex (PFC) excitatory (glutamatergic, Glu) and inhibitory
(GABAergic) balance (E/1) have been identified in human adolescence, potentially reflecting
critical period plasticity supporting maturation of PFC-dependent cognition. Adolescent
increases in dopamine (DA) may be a trigger for critical period plasticity, and animal models
implicate DA in regulating developmental changes in E/I. We assessed the role of striatal tissue
iron indices of DA availability in the development of PFC GABA/GIlu balance during
adolescence.

Longitudinal 7T Magnetic Resonance Spectroscopic Imaging (MRSI) indices of GABA/Glu and
T2*-based indices of tissue iron were obtained in 166 participants (86 female, ages 10-32 years-
old, 1-3 visits, 267 visits total). PFC GABA/GIlu was acquired via an oblique MRSI slice of
24x24 voxels (1.0x0.9x0.9mm) using a J-refocused spectroscopic imaging sequence. Striatal
tissue iron was assessed by time-averaged and normalized T2*-weighted imaging (nT2*w)
during an 8-min resting-state scan. General Additive Models (GAMMS) were used to
characterize non-linear trajectories in GABA/GIu balance and nT2*w. To assess whether the
relationship between nT2*w and DLPFC GABA/GIu changed with age, as we might expect
should DA be differentially involved during distinct periods of adolescence and/or in GABA/Glu
trajectories, we tested for interactions between nT2*w and age on GABA/Glu.

As in prior studies, striatal tissue iron (F=8.03, p=3.87e-05) and DLPFC GABA/GIlu balance
(F=10.76, p=9.88e-07) increased during adolescence. Critically, we observed a significant age
by DA interaction on DLPFC GABA/GIu (F=3.01, p=.03). Post-hoc tests revealed that higher
DA was associated with greater GABA/GIlu imbalance in early adolescence (age 10-15), and
subsequently, steeper age-related increases in balance (i.e., decreases in imbalance; F=12.44,
p=2.49e-07) relative to low DA (F=.90, p=.44). Exploratory tests revealed that higher DA was
associated with higher DLPFC Glu in early adolescence, followed by moderate age-related
decreases (F=2.45, p=.06) relative to low DA (F=.44, p=.73).

Increased DA is associated with greater GABA/GIlu imbalance early in adolescence, potentially
driven by DAergic enhancement of excitatory inputs to the PFC, creating a shift out of balance
towards greater excitation. As DA stabilizes, Glu may be downregulated, potentially via synaptic
pruning, facilitating developmental increases in GABA/GIlu balance. These results provide novel,
in vivo, support for critical period plasticity mechanisms whereby increases in DA are involved
in fine-tuning GABA/GIlu, and thus E/I balance, in adolescence.
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Abstract: Background

Basal ganglia gliosis has been noted as both a consequence and driver of diet-induced obesity in
rodents. In children, obesity is cross-sectionally associated with greater diffusion-weighted
magnetic resonance imaging-measured basal ganglia cellularity, consistent with
neuroinflammation. Recent work has also suggested bidirectional associations between nucleus
accumbens microstructure and weight gain over time, but it is unknown whether findings extend
to other basal ganglia structures.

Methods

Baseline and two-year follow-up data were derived from the Adolescent Brain Cognitive
Development (ABCD) Study. Tissue cellularity was assessed by scanner-harmonized restriction
spectrum imaging (RSI) restricted normalized isotropic (RNI) diffusion. Bivariate latent change
score models examined the longitudinal coupling between waist circumference and RSI-RNI in
bilateral nucleus accumbens, caudate, putamen, and pallidum. Analyses were adjusted for sex,
handedness, race/ethnicity, household income, parental education, and area deprivation index at
baseline, and age, pubertal status, and mean head motion at both timepoints.

Results

A total of 3344 children were included (mean [SD] baseline age, 9.9 [0.6] years; 1696 [51%)]
boys; 119 [3%] with underweight, 2263 [68%] with normal-weight, 492 [15%] with overweight,
and 470 [14%] with obesity). Greater baseline waist circumference was associated with larger
two-year increase in RSI-RNI across the basal ganglia (eg, left caudate, 5 = 0.89, false discovery
rate (FDR)-corrected p < 0.001; right putamen, £ = 0.67, pFDR < 0.001). Further, greater
baseline RSI-RNI across the basal ganglia was associated with larger two-year gain in waist
circumference (eg, left caudate, = 0.58, pFDR = 0.002; right putamen, £ = 0.60, pFDR =
0.002). Gain in waist circumference was marginally correlated with increase in RSI-RNI in
bilateral nucleus accumbens (eg, left, # = 0.04, pFDR = 0.06) and caudate (eg, left, 5 =0.05,
pFDR = 0.06). Similar findings were seen with body mass index (BMI) z-scores.

Conclusions

These results highlight bidirectional links between waist circumference and basal ganglia



cellularity in children over time. Research employing future ABCD Study data waves may
extend these longitudinal findings and identify mediators.

Disclosures: Z.A. Li: None. A. Sanders: None. Y. Cai: None. M. Ray: None. Y. Gu:
None. T. Hershey: None.

Poster

PSTRA451. Developmental Brain Changes: Human Imaging
Location: WCC Halls A-C

Time: Wednesday, November 15, 2023, 8:00 AM - 12:00 PM
Program #/Poster #: PSTR451.03/B52

Topic: A.09. Adolescent Development

Title: Gradients of myelination covariance during neurodevelopment

Authors: *Y. LI, J. BERO?!, C. HUMPHRIES?, H. LEEY, D. LEEY?;
!Neurogazer Inc., Baltimore, MD; ?Neurosci., Johns Hopkins Univ., Baltimore, MD

Abstract: Structural covariance (SC) conceptualizes how morphological properties of different
brain regions relates to each other at the group level and has been frequently utilized to study
brain network and its development. In addition to the macrostructrual measures commonly used
in constructing SC, such as cortical volume and thickness, the microstructure of the gray matter
can be characterized by cortical myelin content estimated by T1w/T2w ratio. For example, to
understand how the development of myeloarchitecture might be coordinated across brain
regions, myelin covariance (MC) can be used to assess its topological organization. However, the
macroscale cortical organization revealed by MC during neurodevelopment remains largely
unexplored. In this study, we sought to situate MC in a low-dimensional space and assess age-
related alterations in the principal modes of spatial variation in MC by comparing two age
groups: adolescents (N=441, 10-15 years) from in-house dataset and young adults (N=1047, 22-
35 years) from HCP dataset. MC matrix was constructed by correlating the T1w/T2w ratios
between parcel pairs defined in Schaefer parcellation across individuals and its gradients were
derived from the diffusion map embedding method. In adolescents, the principal gradient of MC
(GIMC) accounted for 34% of the spatial variance and showed an anterior-posterior
organizational axis from frontal cortex to occipital regions. The next three gradients showed a
left-right, middle-pole, superior-inferior patterns, explaining 13%, 9%, and 8% variance,
respectively. In young adults, The G1IMC retained the anterior-posterior organization and
accounted for 32% of the spatial variance. The next three MC gradients also exhibited patterns
similar to those observed in adolescents. However, the order of these three gradients differed
from that in adolescents, with superior-inferior, left-right, and somatosensory-occipital/frontal
organizations accounting for decreasing variance. Nevertheless, close correspondence of the
gradient modes between two age groups was confirmed by a Procrustes alignment. In sum, the
observed organizational shifts in the major modes of MC suggest ongoing refinement of neural
connections during neurodevelopment, with potential implications for cognitive development as
well as the establishment of functional networks in the adult brain.
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Abstract: Delineating the normative developmental profile of functional connectome is
important for both standardized assessment of individual growth and early detection of diseases.
However, functional connectome has been mostly studied using functional connectivity (FC),
where undirected connectivity strengths are estimated from statistical correlation of resting-state
functional MRI (rs-fMRI) signals. To address this limitation, we applied regression dynamic
causal modeling (rDCM) to delineate the developmental trajectories of effective connectivity
(EC), the directed causal influence among neuronal populations, in whole-brain networks from
infancy to adolescence (0-22 years old) based on high-quality rs-fMRI data from Baby
Connectome Project (BCP) and Human Connectome Project - Development (HCPD). The rs-
fMRI data included 288 subjects (158 females/160 males; 16 days-22 years) with a total of 428
scans. The BCP data was processed using an infant-dedicated pipeline and the HCPD data was
processed by the HCP pipeline. Regional averaged blood-oxygen-level-dependent (BOLD) time
series were extracted using the Desikan-Killiany atlas with 68 cortical regions of interest (ROISs)
grouped into six functional networks (visual, somatomotor, salience, limbic, frontoparietal
control, and default mode). We used linear mixed model to characterize the age-related
continuous change in nodal EC computed as the sum of all incoming EC to a particular region.
We found significant age effect on the mean nodal EC (averaged among 68 ROIs) which is best
fit by a “U” shaped quadratic curve with minimal EC at around 2 years old. Further analysis
indicates that five brain regions including the left and right cuneus, left precuneus, left
supramarginal gyrus and right inferior temporal gyrus have the most significant age effect on



nodal EC (p < 0.05, FDR corrected). Moreover, the frontoparietal control network shows the
fastest increase from early childhood (1-6 years) to late childhood and adolescence (6-21 years)
followed by the visual and salience networks, indicating robust development of cognitive and
sensory systems. Our study represents the first attempt to chart the developmental effective
connectome from infancy to adolescence and suggests complex nonlinear developmental profile,
which may reflect dynamic structural and functional maturation during this critical growth
period.
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Abstract: Perceived racial discrimination and structural racism affect neurocognitive function in
children as early as 9 years old though few studies have disentangled these two factors. We
examined how perceived discrimination (based on self-report) and structural racism (based on
geographic location) each impact neural correlates of implicit emotion regulation and inhibitory
control. To this end, we used the emotional-n-back (EN-Back) and Stop Signal (SST) fMRI
tasks, respectively, in non-Hispanic Black (NHB; n=614) and non-Hispanic White (NHW;
n=3968) children ages 9-10, and focused on pre-specified regions of interest based on a literature
review. We employed mixed linear regression models with perceived discrimination or structural
racism as predictors and EN-Back/SST brain responses as outcomes in pooled and race-stratified
samples. In the pooled sample, for SST, lower perceived discrimination predicted greater
activation of bilateral pars orbitalis (R B=-0.04, t=-2.68, p=7.50e-03; L B=-0.06, t=-3.96,
p=8.29e-05) and right inferior frontal gyrus (B=-0.02, t=-2.02, p=0.04), and greater structural
racism predicted greater activation of the left pars orbitalis (B=0.04, t=2.37, p=0.02). In NHB,
for SST, we observed significant positive associations between perceived discrimination and all
pre-defined ROIs; and for EN-Back task, greater perceived discrimination predicted greater



activation of bilateral nucleus accumbens (R B=0.10, t=2.48, p=0.02; L B=0.13, p= 2.54e-03)
and lower activation of the left amygdala (B=-0.09, t=-2.34, p=0.02). In NHW, for SST, greater
perceived discrimination was associated with lower activation of the bilateral inferior frontal
gyrus (R B=-0.05, t=-2.84, p=4.73e-03; L B=-0.05, t=-2.99, p=2.93e-04) and pars orbitalis (R
B=-0.05, t=-3.33, p=9.18e-04; L B=-0.07, t=-4.68, p=3.69e-06). In sum, we showed that
perceived discrimination significantly impacts neural correlates of inhibitory control in the
pooled, NHB, and NHW samples, with more global effects in NHB. Structural racism was only
significantly associated with inhibitory control-related activation in the left pars orbitalis in the
pooled sample. These results suggest that conscious perception of racism is more strongly
associated with brain function during inhibitory control than structural racism, which may not
play as pervasive a role in children at this young age. We also detected a significant effect of
perceived discrimination on emotion regulation-related brain activation only in NHB. This race-
specific result may demonstrate the pervasive effects of racism experienced by NHB based on
their unique experiences in American Society.
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Abstract: Congenital adrenal hyperplasia (CAH) is a genetic variant that causes high levels of
androgens during gestation in females, whereas levels in males are largely normal. Only little is
known about the brain in CAH, and no study has specifically focused on the corpus callosum.
Here we compared callosal area measures between 53 individuals with CAH and 53 control
participants, who were pair-wise matched with respect to sex (33 women/20 men) and age
(mean+SD: 30.2+7.8 years). The corpus callosum was manually outlined on T1-weighted brain
images, obtained on a 3 Tesla scanner, and divided into seven sections according to the Witelson
scheme (i.e., rostrum, genu, rostral body, anterior midbody, posterior midbody, isthmus, and
splenium). The midsagittal callosal areas were compared using a two-way ANOVA, while co-
varying for age and total brain volume. Neither the main effect of biological sex (women vs.
men) nor the group-by-sex interaction was significant. In contrast, there was a significant main



effect of group (CAH vs. controls) for some callosal areas. More specifically, women/men with
CAH had significantly smaller callosal areas than control women/men within the isthmus
(p=0.0024) and splenium (p=0.0048), both effects surviving Bonferroni corrections for multiple
comparisons. In addition, there was a trend for a smaller posterior midbody in women/men with
CAH compared to control women/men (p=0.0586). Given the lack of significant group-by-sex
interactions (CAH-related effects were present in both sexes) it is likely that callosal
abnormalities do not manifest as effects of prenatal androgens (otherwise effects would be
restricted to women). Instead, they may reflect aspects of the disease and/or effects of treatment
as both women and men with CAH receive supplements of glucocorticoids. The latter seems
especially noteworthy because glucocorticoids are applied in a wide range of medical conditions,
and possible adverse effects on the human brain may not be restricted to CAH.
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Abstract: A positive coping style is recognized as a stable disposition to foster emotional
wellness and resilience, enabling an adaptive process of assessing and dealing with
environmental challenges. Such an adaptive process is believed to rely on a nuanced interplay of
the hippocampal system and the primary stress hormone cortisol activity. As a hallmark of
diurnal cortisol rhythm, cortisol awakening response (CAR) is sensitive to upcoming stress and
subserves the preparation of the hippocampal system for rapid behavioral adaption. Yet, little is
known about how the hippocampal system and CAR contribute to the merit of positive coping on
emotional wellness. By two studies, we investigate the effects of positive coping on children’s
emotional wellness and CAR, as well as longitudinal changes in hippocampal-neocortical



functional systems involved in emotional processing. Behaviorally, positive coping predicted
better emotional regulation ability, but lower anxiety and lower response caution in emotional
decision-making. At the endocrine and neurocognitive level, positive coping was associated with
greater CAR, which further predicted higher connectivity of the hippocampus with ventrolateral
prefrontal cortex (VIPFC) and stimulus-sensitive neocortex one year later. Furthermore, CAR
mediated an indirect association between positive coping and longitudinal increases in
hippocampal-neocortical connectivity. Positive coping and CAR together could account for the
maturity of vIPFC through longitudinal changes in hippocampal-neocortical connectivity.
Overall, our findings suggest a cognitive-neuroendocrinal framework in which positive coping
shapes hippocampal-neocortical maturation via stress hormone response to support emotional
wellness.
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Abstract: BACKGROUND: The brain undergoes extensive structural changes, including
myelination, during development, which greatly improves the speed and efficiency of neural
network communications. Differences in pubertal tempo, the rate of progression through the
pubertal stages, have been associated with structural and functional brain changes, but relevant
literature is limited. Here, we characterized trajectories of myelin development associated with
differential rates of pubertal tempo in a sample of typically developing children and adolescents
between ages 8 and 18. METHODS: To measure myelination, quantitative maps of myelin
water fraction (MWF) using mcDESPOT imaging were acquired longitudinally on a 3T-MRI
scanner from 117 children over 460 visits (51 girls, mean age=12.1+2.8y, range 8.08-17.95; 66
boys, mean age=12.2+2.6y, range 8.08-17.98). Pubertal tempo was calculated at each visit by
computing the rate of change of pubertal stage evaluated at 9-month intervals. A median split



generated a dichotomous, categorical variable of pubertal tempo (fast-vs.-slow). Average MWF
values were extracted from a global white matter mask and from 20 canonical Johns Hopkins
University-ICBM white matter tracts. Mixed-effects penalized-spline modeling of tempo and age
were performed, separately for boys and girls, for both global and tract-based MWF across
development using R’s gamm4 package. RESULT: Pubertal tempo-related patterns were
observed in the developmental trajectories of global MWF and specific tracts across puberty that
differed notably between boys and girls. Specifically, in boys, fast tempo was associated with
higher global MWF than was slow tempo (p=0.002), particularly in several major
superior/posterior white matter tracts (p=0.0003). In contrast, girls showed an interaction of
tempo with age (p=0.03) resulting in higher MWF for fast tempo at later ages compared with
girls with slow tempo. CONCLUSION: We identified sex-specific tempo-related differences in
developmental trajectories of global and tract-specific MWF across the pubertal transition.
Future directions using this same cohort will probe pubertal timing, hormones such as estradiol
and testosterone, and their impacts on developmental trajectories in brain structure.
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Abstract: Adolescence begets great changes in social and emotional development. The COVID-
19 virus resulted in an extended period of social isolation, which had a particularly negative
impact on adolescents. The hypothesis of this study was that disruptions to normal life caused by
the COVID-19 pandemic altered the normal pattern of adolescent brain development, and that
these alterations would be detectable with MRI. High-resolution MRI structural data were
collected longitudinally at two time points: prior to the pandemic in 2018, and then after, in 2021
and 2022. The pre-COVID timepoint consisted of 158 subjects (79F) at 9, 11, 13, 15 and 17
years of age. The post-COVID timepoint consisted of 124 subjects (63F) at 12, 14, 16, 18 and 20
years of age. Cortical thickness for 68 brain regions were calculated from the MRI data using the



FreeSurfer software package. Bayesian linear regression was utilized to create a normative
model of the relationship between cortical thickness and age for each brain region in a subset of
the pre-COVID sample (N=108). This model was then used to calculate Z-scores for a different
group of subjects in the post-COVID sample (N=50). Single-sample t-tests paired with FDR
multiple comparison correction revealed that Z-score distributions for 29 brain regions, located
in both hemispheres and all lobes of the cerebrum, had negative means that were significantly
different from zero in the post-COVID measurements, indicating wide-spread acceleration in
brain development typically associated with chronic stress or adversity. An exploratory analysis
of gender differences in the post-COVID Z-score distributions suggested that the observed
deviations in cortical thickness changes with development were primarily due to the female
subjects in the sample. These findings suggest that lifestyle disruptions associated with the
COVID-19 pandemic resulted in widespread changes in cortical thickness during adolescence
that are typically associated with chronic stress.
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Abstract: Respiratory sinus arrhythmia (RSA) is a heart rate variability measure indexing
parasympathetic nervous system-linked cardiac activity and has been linked to emotion
regulation and multiple psychopathologies. Environmental adversity (EA) is defined as risk
factors such as neighborhood crime, parental marital conflict, low social economic status, stress,
and abuse that occur in a person’s lifetime. Researchers have found that EA has a significant
impact on RSA changes in children and adolescents. Evidence has suggested that in children,
girls who experience more EA have a lower resting RSA and are more likely to show poor
emotional regulation (Feurer et al., 2019). Another study found evidence linking potential
traumatic events to low resting RSA (Gray et al., 2017). In contrast, one study found that positive
parenting style was associated with lower RSA in low-marital-stress settings and higher RSA in
high-marital-stress settings (Lisitsa, 2021). In this study, we aim to examine the effects of
different EA factors on RSA. Specifically, it was hypothesized that overall higher EA would be
associated with lower RSA and that parental marital conflict would be the strongest EA factor



that impacts resting RSA. Data from a longitudinal study was used to test these hypotheses.
Participants consisted of 8-11-year-old boys and girls and their caregivers who visited the
laboratory for a battery of tests. Resting RSA was measured while children were relaxing for 2
minutes, and EA was assessed via parents’ reports on social adversity index, prenatal maternal
stress, neighborhood collectiveness, child abuse, domestic violence, and parenting styles. Results
failed to support the proposition that exposure to higher amounts of EA is associated with a
lower resting RSA. Limitations of the study included that participants were recruited from one
neighborhood only and that they were from non-clinical populations with generally low rates of
EA.
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Abstract: Introduction: Prefrontal cortex (PFC) undergoes protracted maturation through
adolescence which may be supported by mechanisms of critical period plasticity, including
increased inhibitory, GABAergic interneurons and decreased excitatory, glutamatergic
processes. Recently, we reported in vivo Magnetic Resonance Spectroscopic Imaging (MRSI)
evidence in humans for greater correlation, or balance, of glutamate and GABA emerging from
adolescence into adulthood (Perica et al., 2022). It is not clear, however, how developmental
changes in neurotransmitter measures of E/I balance may affect neural activity dynamics. Recent
work has suggested the aperiodic component of EEG activity, represented by the slope and offset
of the Power Spectral Density (PSD), may reflect underlying excitation/inhibition (E/I) balance
(Donoghue et al., 2020) and neuronal population spiking (Manning et al., 2009) respectively.
Here we test the hypothesis that developmental changes in E/I balance are associated with
broadband background aperiodic neural activity. Methods: Longitudinal data (up to 3 visits at
18mo intervals) was collected from participants (n = 164; 87 AFAB, 10 - 32 years old, n = 286
total sessions) recruited from the community with no prior or current neurological or psychiatric
diagnosis. 7 Tesla Magnetic Resonance Spectroscopic Imaging data acquired from DLPFC was
used to estimate GABA/Cr and glutamate/Cr with LCModel (Provencher et al, 2001). On a



separate day, participants completed an EEG session using a high-impedance Biosemi
ActiveTwo 64-channel EEG system, which was analyzed with the Fitting Oscillations and One
Over f (FOOOF) toolbox (Donoghue et al., 2020). Results: In DLPFC, the correlation between
glutamate/Cr and GABA/Cr, reflecting E/I balance, increased through adolescence (F = 11.04, p
= 0.0014), while EEG-derived aperiodic slope (F = 63.16, p < 0.0001) and offset (F = 240.07, p
< 0.0001) significantly decreased with age. Age-related decreases in aperiodic slope were
associated with, and mediated by, changes in glu/GABA balance (t = 2.01, p = 0.035), indicating
a link between MRSI-derived measures of E/I balance and developmental changes in aperiodic
EEG activity. Conclusion: Maturation of glutamate and GABA through adolescence may
underlie developmental changes in non-oscillatory neural activity, reflecting a neurobiological
mechanism consistent with the framework of a prefrontal critical period for adolescent
neurocognitive development. Understanding the development of E/I transmission during
adolescence can inform psychopathologies, e.g., schizophrenia, that emerge during adolescence
and may involve alterations in E/I.
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Abstract: The spatial and temporal autocorrelations of functional magnetic resonance imaging
(FMRI) data are highly robust and can provide a reliable description of the topological structure
and temporal dynamics of the fMRI signal. For example, a recent study has shown that the
spatial and temporal autocorrelation of resting-state fMRI can predict the individual variability in
functional connectivity (FC) networks more parsimoniously than graph theoretic measures. In
addition, although developmental studies have found systematic changes in the patterns of FC
during adolescence, little is known about how the autocorrelation of resting-state fMRI changes
during development. Therefore, in the present study, we quantified and compared temporal and
spatial autocorrelations in resting-state fMRI data collected from an in-house adolescent dataset
(N=443; age range = 10 to 15), the Human Connectome Project (HCP) 1200 subject dataset
(N=1,084; age range = 22 to 37), and the HCP Developmental dataset (N=652; age range =5 to



22). Comparison of temporal and spatial scales from the corresponding autocorrelation functions
showed that the pattern of variation across the brain was highly consistent for adolescents and
adults (r>0.9 for temporal and spatial autocorrelation). These patterns were robust and
independent of the method used to measure the timescale, including the first-order autoregressive
coefficient, parameters of double exponential functions fit to the autocorrelation functions, and
power spectrum knee frequency. We also examined the effect of age on the autocorrelation,
using both analysis of age-split subgroups as well as regression models, and found that the
changes in temporal and spatial autocorrelation during adolescence followed the same trend
observed from adolescents to adults. Patterns in regional variability and age-related change were
further confirmed in the developmental dataset. These findings suggest that age-related changes
in temporal and spatial autocorrelation in fMRI signals reflect brain development and might
underlie changes in functional connectivity during adolescence.
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Abstract: Heavy alcohol use has been related to brain changes in adults, including changes in
metabolite levels and reactivity to alcohol cues. However, it is currently unknown if heavy
alcohol use affects the brain in similar ways during adolescence, when alcohol use is typically
initiated and escalates. The objective of this study was to use multi-modal neuroimaging to



assess the effects of heavy alcohol use during adolescence on (1) metabolite levels measured via
proton magnetic resonance spectroscopy (MRS), and (2) alcohol-cue reactivity measured via
fMRI blood oxygen level dependent (BOLD) signal. Non-treatment seeking adolescents (n= 46,
average age= 18.9, 61% female) who drank alcohol heavily (>4 drinking occasions/month, >3
standard drinks/occasion) and age-, gender-, and psychological diagnosis- matched controls
(n=21, average age= 18.6, 52% female) were recruited. The neurometabolite levels were
measured in the dorsal ACC (dACC), and metabolites of interest were glutamate, GABA, N-
acetylaspartate, total choline, total creatine, myo-inositol, and glutathione. Regions-of-interest (8
mm) for alcohol-cue reactivity were the midline dACC and bilateral amygdala, caudate,
putamen, insula, and nucleus accumbens. The fMRI contrast of interest was images of alcohol
beverages compared to neutral, non-alcohol beverages (z-score). All models were covaried for
biological sex and age, and metabolite models were corrected for brain tissue composition within
the dACC. Pearson correlations were run between metabolite levels and alcohol-cue reactivity in
the dACC within groups and across the full sample. We found no differences in metabolite levels
or alcohol-cue activity between adolescents who drank heavily and controls. There was an effect
of biological sex on alcohol-cue reactivity within the left putamen (= -0.56, p=0.03), where
females showed stronger reactivity to alcohol cues than males. There was also an age effect in
the right caudate (p= 0.36, p=0.05), where reactivity to alcohol cues was higher in older
participants regardless of alcohol use. There were no significant correlations between metabolite
levels and alcohol-cue reactivity in the dACC. The null findings may be due to the young age of
participants, relatively low severity of alcohol use, and non-treatment seeking status of the
sample. Future research should continue to investigate the progression of alcohol-related brain
changes that have been noted in adults.
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Abstract: Remembering our lives accurately often requires telling apart similar, overlapping,
experiences. However, prolonged prefrontal development suggests that adolescents may not have
refined the top-down ventrolateral prefrontal cortex (VIPFC)-mediated processes used by adults
to select between similar memories at recall. Here, we addressed this question by having
adolescents (12-13 years) and adults retrieve overlapping information while collecting fMRI
data. Participants first learned pairs composed of a natural object and a unique artifact. Natural
objects came from four categories, which we selected to have high (apple, shell) or low (leaf,
rock) intra-category similarity, yielding high or low overlap respectively among same-category
pairs. At retrieval, participants were shown artifacts and asked to recall the paired natural item.
To additionally test the impact of behavioural goals on retrieval selection, we cued participants
before each trial as to whether the ensuing question would ask them to select the specific paired
object (e.g., apple 1 or 2) or general category (“apple” or “rock”). We expected that higher
overlap among learned pairs would place greater demands on selection processes, especially for
specific retrieval. Adolescents were indeed less accurate and slower than adults on specific
questions, especially for high overlap pairs, suggesting they were particularly impacted by high
selection demands. In contrast to retrieving specific objects, where selecting between memories
IS necessary, adolescents showed very little impact of overlap when answering category-level
questions. Adults even showed behavioural benefits of higher overlap for retrieving the category,
consistent with abstraction across related pairs. When comparing activation within the vIPFC
during retrieval we found greater activity for high compared to low overlap pairs across age
groups. Activity in the VIPFC was also greater for specific compared to category questions.
Together, these findings suggest that adolescents and adults may employ vIPFC-mediated
processes when there is a high demand to select between related memories, either due to
considerable memory overlap or need for high memory specificity. In future analyses, we will
investigate whether the degree of VIPFC engagement during retrieval of high overlap pairs is
related to accuracy and response time in either age group. Overall, this work will speak to the
possibility that preliminary vIPFC retrieval selection processes are present in adolescence while
their ongoing maturation may contribute to challenges in selecting among especially competitive
memories.
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Abstract: The COVID-19 pandemic has had extensive adverse impacts worldwide. The extent
of its effects in youth, including on brain development and mental health, is unknown. However,
the rapidly growing mental health crisis, particularly in adolescents, suggests that pandemic
effects on the developing brain are likely profound, but may depend on the vulnerability and
resilience of incompletely maturated brain circuits to stressors.This study investigated whether
the topological organization of adolescent brain circuits prior to the pandemic predicted
mental/emotional health outcomes during the pandemic. Survey data collected as part of the
Adolescent Brain Cognitive Development (ABCD) study at 7 time points (2-3-month apart,
starting in May 2020), and resting-state fMRI from subcohorts of youth who had been scanned
<9 months prior to each survey were analyzed (median age = 144 months). Sample sizes varied
from n =671 at survey 1 (scan to survey was 0-8 months) to n = 218 at survey 7 (scan to survey
from scan was 3-8 months). Outcomes included self-assessed emotional wellbeing, perceived
stress, sadness, stress about uncertainty, and positive affect. In addition to demographics, and
other individual characteristics, all analyses were also adjusted for parent engagement during the
pandemic and prior youth mental health problems. Significant associations between brain
topology and outcomes of interest were estimated primarily in surveys obtained October to
December 2020. Higher stress was associated with lower median connectivity and topological
robustness of the limbic network and amygdala (p<0.04, = -0.30 to -0.16), higher network
fragility and lower topological stability of basal ganglia and thalamus (p<0.05, p =-0.25 to -
0.17), lower topological robustness and higher fragility of amygdala (p<0.01, B =-1.64 to -0.32),
and lower median connectivity and global clustering of prefrontal cortices, and salience, limbic,
temporoparietal, and reward networks (p<0.05, p =-1.68 to -0.67). In addition, increased sadness
was associated with lower median connectivity between amygdala and thalamus (p<0.04, B = -
0.24 to -0.22), higher fragility of the reward and prefrontal networks, as well as lower efficiency
and global modularity (clustering) of these networks. Finally, higher stress and sadness ~15
months from the start of the pandemic was associated with lower connectivity between amygdala
and thalamus (p<0.03, = -0.24 to -0.22). These results suggest that the topological organization
of adolescent brain circuits prior to the pandemic, may have played a significant role in youth
emotional health and response to stress during the pandemic.
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Abstract: Adolescence is marked by impulsive behavior, insufficient sleep, and ongoing brain
maturation. Here we assess the relationship between sleep duration, impulsivity, and brain
morphometry in youth. We hypothesize that youth with short sleep duration exhibit more
impulsivity and have thinner cortices, smaller cortical volumes (CV), and smaller surface areas
(SA) in the prefrontal cortex (PFC) but larger striatal and amygdalar volumes. Since the PFC is
involved in mediating reward response via the striatum, we also hypothesize that smaller PFC
measures reflect a weaker top-down control of impulsivity, and youths exhibiting more
impulsivity have larger striatal and amygdalar volumes. Structural MRI measures, Urgency
Premeditation Perseverance Sensation Seeking and Positive Urgency (UPPS-P) impulsive
behavior scale scores, and wearable fitness tracker-measured sleep intervals were evaluated in
3769 youths (52% boys, 11.9+0.6 years old) from the ABCD® study 2" follow-up visit. We used
linear mixed models (covaried for site, age and sex for all measures, and intracranial volume for
regional brain volumes) to assess associations between sleep duration, impulsivity traits, and
regional morphometry. Shorter sleep duration was associated with more impulsivity (FDR-
corrected p<0.001). Smaller SA and CV in the orbitofrontal cortex (OFC), cingulate cortex, and
PFC were associated with shorter sleep duration and higher impulsivity scores (FDR p<0.05).
Contrary to our hypothesis, smaller striatal and amygdalar volumes were associated with shorter
sleep duration and more impulsivity (FDR p<0.05). Post hoc analyses of impulsivity sub-scores
showed that shorter sleep duration was associated with less sensation-seeking but higher scores
for positive and negative urgency, lack of perseverance, and lack of planning (FDR p<0.001).
Additionally, less sensation-seeking was related to smaller SA and CV in multiple regions of the
OFC and PFC, as well as smaller striatal volumes (FDR p<0.05). These findings demonstrate
associations between adolescent sleep, impulsivity, and region-specific brain morphometry. This
suggests less sleep may accelerate or amplify cortical and sub-cortical pruning during adolescent



development, altering typical developmental patterns of decreasing impulsivity and increasing
sensation-seeking with age. These findings provide further evidence that adolescents need
sufficient sleep for proper brain maturation. The ABCD study will follow these youths through
their teen years; therefore, future longitudinal analyses may demonstrate causal relationships
between sleep, brain maturation, and impulsivity.
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Abstract: Background and Objective: Unpredictable parental care alters medial prefrontal cortex
(mPFC)-subcortical circuitry development in rodents. Separately, cognitive neuroscience
experiments show that mPFC-subcortical circuitry has a broader functional role in schema
processes. This study asked: might the parental unpredictability-related neural patterns in this
circuitry reflect (a) schemas of unpredictability (beliefs that people and the world are
unpredictable) or (b) weak schemas with poor structural integrity (due to difficulty abstracting
semantic information from the world reliably)?

Methods: The sample comprised