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Abstract: Normal nervous system development and function requires a fine balance of
excitatory and inhibitory activity. I'~Aminobutyric Acid (GABA) is the primary inhibitory
neurotransmitter in the central nervous system of all vertebrates. GABA is made by the glutamic
acid decarboxylase (GAD) enzyme, which exists in two isoforms, GAD67 and GADG65. The
genes Gadl and Gad2 encode these isoforms, respectively, and both function in GABA
synthesis. Like mammals, zebrafish have both known gad genes; however, our lab has recently
found evidence for a gadl paralog in zebrafish. These three gad isoforms in the zebrafish exhibit
differential spatial and temporal expression, particularly in the developing spinal cord. These
observed differences in gad expression have interesting implications both in terms of neural
development and in nervous system function. To further investigate the function of the gad genes
and to elucidate the role of GABA signaling during development, we are using CRISPR/Cas9 for
targeted mutagenesis. We have made novel alleles for all three of the gad genes in zebrafish
using CRISPR/Cas9 to address the question of how genetic manipulations in GABAergic
signaling affect neural development and neurological activity. So far we have shown that gadlb -
/- mutant zebrafish have increased and abnormal brain activity in electrophysiological recordings
as compared to wild-type animals. We are currently testing the gadla and gad2 mutant zebrafish
for neurological and/or developmental differences. Additionally, we are using these mutant
zebrafish in conjunction with transgenic zebrafish, calcium imaging, and light sheet microscopy
to better understand the connectivity and activity of inhibitory neural networks when GABAergic
signaling is altered in vivo. These experiments will aid our understanding of the differential
regulation of GABA synthesis and the fine-tuning of the central nervous system’s inhibitory
network during development.
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Abstract: One of the most characteristic properties of mammalian neural systems is the presence
of a layered structure comprising different cell types. This architecture exists in cortex, in the
retina, in the hippocampus and many other parts of the central nervous system (CNS). The
developmental origin of this common architecture has been the research focus of substantial
experimental efforts. However, only few studies provide a quantitative or computational
framework for neural layer formation.

Here, we devise a detailed and mechanistic computational model of cortical layer formation.
Starting from a small pool of undifferentiated precursor cells, the development of a layered
cortex in 3D physical space is simulated (see figure). This agent-based model is a composition of
a small number of fundamental mechanisms of biology, such as cell proliferation, differentiation,
migration and diffusion of chemicals in extracellular space. The temporal coordination of these
behaviors is specified through a gene regulatory network model that is instantiated within each
cell. The state of each cell is dynamically determined by the interaction of intracellular as well as
extracellular processes.

Our results show how the characteristic inside-out development of cortical layer formation can
be accounted for. In particular, we show that apoptosis strongly improves the layer architecture,
and enables a wide range of layer thicknesses as measured in human and mouse cortex.
Importantly, this improvement is accomplished via two distinct apoptotic processes that require
different kinds of feedback. The model complexity is reduced due to the presence of repetitions
of similar behaviors.

Overall, we provide a biologically plausible, mechanistic model of layer formation. Our results
suggest a crucial function for apoptosis during the development of cell layers in the CNS.
Moreover, certain features of neurodevelopmental disorders can be accounted for by changes to
the gene-type rules of our model, which gives rise to novel hypotheses on the origins of these
disorders.
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Abstract: Neural stem cells (NSCs) in the postnatal ventricular-subventricular zone (V-SVZ)
originate from discrete germinal regions of the embryonic forebrain. Furthermore, the spatial
localization of progenitors in the pallium and the subpallium dictate the regional positioning of
postnatal NSCs in the cortical, striatal, and septal walls of the V-SVZ, thereby influencing the
generation of specific interneuron lineages that migrate to the olfactory bulb (OB). However, the
molecular mechanisms that direct the specification of postnatal NSCs from embryonic
progenitors are still incompletely understood. We are now investigating whether the activity of
Sonic Hedgehog signaling (Shh) in the embryonic mammalian brain specifically play a role in
this process. Our recent studies showed that ectopic activation of Shh signaling in the embryonic
neocortex, achieved by conditional deletion of the Shh inhibitor Suppressor of Fused (Sufu)
using the hGFAP-Cre driver (hRGFAP-Cre/+;Sufu-fl/fl), results in the abnormal proliferation and
specification of cortical progenitors at a time when postnatal NSCs are specified. Thus, we
wondered whether the ability of these progenitors to generate NSCs that eventually populate the
postnatal V-SVZ is similarly perturbed. Indeed, hGFAP-Cre/+;Sufu-fl/fl mice exhibit a dramatic
expansion of DCX+ neuroblasts at postnatal day (P) 7, indicating abnormal proliferation of
NSCs. This is coupled with an increase in apoptotic cells in the V-SVZ, which prompted
ongoing investigation on whether these neuroblasts are able to generate functional interneurons
in the OB. Preliminary studies also reveal that deactivation of Sufu in embryonic cortical
progenitors lead to the abnormal expression/activity of previously reported regulators of NSCs in
the V-SVZ. These results imply that modulation of Shh signaling at embryonic stages could be
critical in maintaining specific NSC populations in the postnatal V-SVZ.
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Abstract: The mammalian cerebral cortex is a highly organized structure, which contains layers
of neurons that share similar properties including gene expression and connectivity patterns. The
formation of this laminar structure occurs as neural progenitors differentiate into post-mitotic
neurons, which in turn migrate radially to occupy their final positions. Abundant research
suggests that neural progenitors become progressively restricted in their competency to produce
neurons of different cortical layers. That is, progenitors earlier in development can give rise to
neurons of any cortical layer, while later progenitors can give rise only to upper layer neurons.
However, this classic model has been challenged by the idea that certain populations of
progenitors may be inherently restricted and programmed to produce neurons fated for particular
lamina. Considering that the existence of fate-restricted progenitors remains hotly debated; it is
clear that additional tools affording the capacity to monitor neural progenitor lineages are needed
to support or refute the classic model. Here, we utilize inducible genetic fate mapping and clonal
analysis of early Sox9+ cortical progenitors and their descendants. We find that Sox9-expressing
neural progenitors give rise to neurons of all cortical layers, and find no evidence to support
laminar fate-restricted progenitor lineages.
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Abstract: In 2011, miR-3099 was discovered through the deep sequencing of RNA isolated from
the E15.5 developing mouse brain. MiR-3099 was previously found highly expressed throughout
embryogenesis and localised in cortical plate between E13.5 and E17.5 in developing mouse
brain. Majority of the cell in the brain at these time-points are committed to neuronal cell
lineage. To understand more on the role of miR-3099 during neurogenesis, this study aims to
characterise the functional role of miR-3099 via “‘gain-of-function’ study. To relate the role of
miR-3099 to neurogenesis, neuronal development and function, miR-3099 was overexpressed at



different time-points during the transition or development of mouse embryonic stem (mES) cells
to neural precursor stem cells (NPCs) and neurones (MES-NPC-neurones). Then, to ascertain the
differential phenotypic changes between induced and uninduced cell, specific marker such as
Oct4, Sox1, Tujl and Gfap was analysed using immunocytochemistry (ICC) techniques, flow-
cytometric and RT-gPCR. Three housekeeping genes, Hmbs, Psmb2 and Pgk1, was used to
normalise all qualitative and quantitative RT-PCR analysis performed. In addition, the
expression level of miR-3099 was evaluated using pulsed-stem-loop RT-gPCR and normalised
using U6 gene. This finding would lead to a better understanding of its role during neuronal cell
development and function, thus providing a model to understand the development of the
mammalian brain.

Keywords: miR-3099, gliogenesis, neurogenesis, neuronal, astrocyte

Disclosures: S. Zainal Abidin: None. F. Sze Zheng: None. N. Nordin: None. S. Abdullah:
None. C. Pike See: None. L. King Hwa: None.

Poster

114. Neural Progenitor and Stem Cell Development
Location: Halls A-C

Time: Sunday, November 12, 2017, 8:00 AM - 12:00 PM
Program#/Poster#: 114.06/A6

Topic: A.01. Neurogenesis and Gliogenesis

Support: NIH Grant

Title: ARX suppresses ventral fate in the dorsal forebrain through modulation of SHH, FGF, and
WNT signaling

Authors: *G. CHO?, Y. LIM?, I. CHO?, X. SHIY, J. B. GRINSPAN?, J. A. GOLDEN!?
!Brigham and Woman's Hosp., Boston, MA; 2Dept. of Neurol., Children's Hosp Philadelphia,
Philadelphia, PA

Abstract: Early brain development requires an intricate orchestration between patterning and
growth of the neural tube. Yet, how pattern formation and the control of brain size are
coordinated during development is not well understood. The Aristaless-related homeobox (ARX)
transcription factor has been shown to regulate cortical progenitor pool expansion, thus the size
of the cortex, by repressing an inhibitor of cell cycle progression. Here we report that ARX also
controls the dorsal identity of the mouse forebrain by suppressing ventral identity in the dorsal
forebrain. Loss of ARX leads to the overexpression of ventrally restricted genes, including
Olig2, in dorsal domains, as the result of perturbed SHH, FGF, and WNT signaling. We further
show that the resulting overexpression of Olig2 in Arx™ mice results in the repression of Pax6
and Tbr2 expression, dorsal specific genes crucial for normal proliferation and/or differentiation
of cortical progenitor cells. Our findings suggest that ARX modulates multiple signaling



pathways for specification of dorsal progenitors, and that it serves as a transcription factor
integrating normal forebrain patterning and growth.
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Abstract: Ethanol is a known teratogen and in utero exposure can lead to neurodevelopmental,
behavioral, and cognitive disorders known collectively as Fetal Alcohol Spectrum Disorders.
The end of the first trimester to the beginning of the second trimester is a particularly sensitive
time to ethanol exposure, since during this time stem cells rapidly divide to produce most of the
adult neurons. Previously, we showed that ethanol exposure during this period alters the
programming of murine neural stem cells to favor premature maturation, to the decrement of
self-renewal. Here, we further examine how ethanol exposure at moderate, binge-like, and
excessive chronic drinking levels (60mg/dL, 120mg/dL, and 320mg/dL) affects active cellular
dynamics in neural progenitor cells. Cultures of gestational day 12.5-derived, C57BL/6 mouse
neural stem cells, maintained as non-adherent neurospheres, were exposed to ethanol for five
days and subsequently loaded with Fluo-4AM. Intracellular calcium dynamics were imaged
using confocal microscopy. An additional set of neurospheres were withdrawn from ethanol for
an additional two days before imaging. Cells within an individual neurosphere are heterogeneous
with respect to calcium dynamics in that some cells maintain steady calcium levels, while other
cells exhibit dynamic calcium activity. Chronic treatment with ethanol affected the resting
calcium levels and calcium event dynamics in a dose-dependent manner. Moreover, the
120mg/dL and 320mg/dL had lasting effects on calcium dynamics which persisted even after
two days of withdrawal. Chronic ethanol exposure also blunted the calcium response to acute,
moderate and binge-like dose, ethanol exposures, as well as to nicotine and ethanol co-
administration. Preliminary evidence shows that topological analysis of these neurospheres can
lead to the identification of cellular populations within the neurosphere based on calcium



dynamics throughout the imaging period. These data firstly indicate the emergence of significant
and surprising cell-to-cell variability in calcium activity among daughter fetal neural progenitors
within a neurosphere niche that originate from a common stem cell. These data also show that
ethanol exposure continues to perturb cellular dynamics even after ethanol is withdrawn, which
may contribute to prolonged alterations to calcium-dependent intracellular signaling pathways
that control neural stem cell growth and maturation.
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Abstract: Prenatal alcohol exposure can result in craniofacial abnormalities, growth deficits, and
is the leading cause of neurodevelopment disability worldwide. Neural stem cells (NSCs) are
particularly vulnerable to alcohol (ethanol) exposure during the late first through the second
trimester, when they are most extensively involved in neurogenesis. NSCs reside in a complex
microenvironment rich in exosomes, a class of microvesicles shown to traffic protein, lipid, and
RNA cargo between cells. Ethanol exposure resulted in a significant elevation in the levels of a
subset of MiIRNAs in exosomes. Overexpression studies showed that two of the elevated
miRNAs including miR-140-3p, a miRNA we have previously shown to be both nicotine and
alcohol sensitive, increased neurosphere growth. Overexpression of both miR-140-3p and miR-
140-5p significantly increased the proportion of S-phase cells while decreasing the proportion of
Go/G1 cells compared to controls. In contrast, while miR-140-3p and miR-140-5p knockdown
did not produce a discernible effect on the proportion of cells in each phase of the cell cycle, it
did significantly decrease the rate of DNA synthesis. Collectively, our results suggest that mir-
140 influences cell cycle kinetics. Furthermore, miR-140-3p overexpression during in vitro



mitogen-withdrawal induced NSC differentiation, favored glial fate, at the expense of neural and
oligodendroglial differentiation. Therefore, the dysregulated miRNA content of exosomes
following ethanol exposure may result in aberrant neural progenitor cell growth and maturation
and explain brain growth deficits associated with prenatal alcohol exposure.
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Abstract: Gestational diabetes mellitus (GDM) has been shown to induce neurodevelopmental
and cognitive impairments in offspring. Recently, an animal model study showed that
hyperglycemia during pregnancy alters the expression pattern of genes involved in neurogenesis
and gliogenesis in developing brain of the fetus. It is hypothesized that GDM alters the
epigenetic mechanisms such as DNA methylation and histone modifications that regulate the
expression of genes critical for brain development. In the present study, global DNA methylation
and histone modifications were found to be altered in human neural stem cell line (hNSCs)
exposed to high glucose. The high throughput DNA methylation studies using MethylEPIC array
which scans methylation over 850,000 CpG islands revealed that the genes involved in
neurodevelopmental and axon guidance pathway were found to exhibit altered methylation
pattern in hNSCs exposed to high glucose.One of the genes that show altered methylation in
hNSCs exposed to high glucose was Slitl which binds with its receptor Robo and contributes to
axon repulsion, critical for brain development. Slit-1 has been found to be hypomethylated and
its expression was up-regulated in hNSCs exposed to high glucose. These results suggest that
high glucose concentration alters the Slit-Robo signaling pathway in hNSCs, thereby resulting in
impaired axon guidance and brain patterning. In addition, high glucose-induced histone
modifications in hNSCs were detected using a histone H3 array and in particular, H3K56ac and
H3K14ac, a hallmark of gene activation, were found to be significantly up-regulated. Taken
together these data suggest that genome-wide modifications of DNA methylation and histone



acetylation (i.e. H3K56 and H3K14) in hNSCs exposed to high glucose provide a basis for
altered expression of genes critical for neurodevelopment.
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Abstract: Anaplastic lymphoma kinase (AlK) is a receptor-type protein tyrosine kinase that is
transiently and specifically expressed in the nervous systems during embryonic stages. Studies in
Drosophila, Caenorhabditis elegans and mice have reported that Alk signaling plays important
role in learning and neurogenesis while its physiological function in the development of
mammalian brain remains unclear. In this study, we focused on the role of Alk in the cerebral
cortical development in mice. We employed RNAI and pharmacological inhibition in cultured
human neural progenitor cells (NNPCs) derived from embryonic stem cells and C57/B6 wild-
type embryonic mice to inhibit Alk signaling, respectively. We examined the effects of Alk
inhibition on neuronal proliferation, apoptosis and cell cycle in cultured hNPCs by FACS and
immunocytochemistry. In addition, we analyzed the neuronal proliferation, differentiation and
migration in embryonic mouse brain by immunohistochemistry after Alk signaling disruption.
The results indicate that Alk regulates cortical development by promoting the proliferation and
survival of neural progenitor cells.
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Abstract: The primary cilium, a microtubule based extension of the cell membrane, is a critical
signaling center for proper brain development and function. Patients with ciliopathies frequently
suffer from cognitive impairment. In a ciliopathy patient cohort, heterozygosity for the gene
TTC21B was found to be the most common mutation. We have previously demonstrated that
mice lacking Ttc21b have impaired retrograde trafficking in the cilium and a reduction in
forebrain size (microcephaly). Interestingly, the severity of the microcephaly in homozygous
Ttc21b null mutants is considerably affected by the genetic background. Ttc21b mutants on an
FVB/NJ (FVB) background develop a forebrain significantly smaller than mutants on a
C57BL/6J (B6) background. In order to identify potential genetic modifiers of microcephaly in
Ttc21b mutants and more generally inform neural development, a Quantitative Trait Locus
(QTL) analysis was performed. B6 and FVB animals carrying the Ttc21b mutation were crossed
to produce F1 animals. These were used in an analysis of 96 F2 Ttc21b mutants. A QTL analysis
of forebrain size was performed with r/QTL and a significant correlation between forebrain size
and genetic background was discovered on distal chromosome 4. Analysis of this region of
interest (ROI) confirmed that F2 mutants homozygous for FVVB on distal chromosome 4 had
significantly smaller forebrains than mutants homozygous for B6. A congenic backcross was
performed, designed to produce pure FVB mice everywhere across the genome except for the
ROI, which would remain B6. After 5 generations of backcrossing, those mutants with B6
homozygosity in the ROI exhibited larger forebrains than those with homozygous FVB ROI.
Analysis of the ROI produced an intriguing candidate gene, a brain specific orphan G-protein
coupled receptor (GPCR), Gpr63. We have shown that Gpr63 localizes to the cilium.
Additionally there is a SNP between FVB and B6 which causes a missense mutation predicted to
be deleterious in the FVB protein. Using CRISPR technology we have taken FVB mice and
substituted the B6 variant SNP in Gpr63, and subsequently crossed in the Ttc21b allele. This
strategy will allow us to validate the SNP, the gene, and the ROI as genetic modifiers of
forebrain size in Aln mutants. Proper trafficking of GPCRs through the cilium has been shown to
be critical for the proper regulation of Sonic Hedgehog signaling, which is known to be
perturbed in Ttc21b mutants. Gpr63 as a brain specific ciliary signaling modulator trafficked by
Ttc21b is an intriguing model which supports two hypotheses of our lab: unique, tissue-specific
roles of cilia and Ttc21b as a trafficking node in a network of ciliary proteins.
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Abstract: Characterization of functionally important proteins is key to understanding normal
and impaired development. However, recent studies found that the single-cell transcriptome may
not be an accurate indicator of the proteome. While mass spectrometry (MS) is the technology of
choice for the unbiased interrogation of the proteome, typical proteomics studies average across
a large number of cells, thus limiting the interpretation of cell-to-cell heterogeneity. Here, we
discuss a single-cell bottom-up proteomics approach that we developed using discovery
(untargeted) MS to enable the quantitative analysis of protein changes as cells differentiate to
neural fates. We chose the South African clawed frog (Xenopus laevis) embryo, in which cells
follow stereotypical tissue fate maps. To understand how proteins change at the single-cell level
during development of neural tissues, we developed an in-situ microprobe single-cell MS. This
sampling technique enabled us to reproducibly collect an ~10% fraction of the single-cell content
as cells gave rise to neural tissue fated cell clones through progressive stages of the embryo
development. Extracted proteins were sequenced and quantified using a custom-built capillary
electrophoresis (CE) electrospray ionization (ESI) mass spectrometer. This strategy enabled, for
the first time, the discovery quantification of protein production in the neural fated cell clones
across four developmental stages, including the cleavage (16- and 32-cell embryo) and blastula
(64- and 128-cell embryo) stages. These measurements allowed us to identify 470 proteins and
quantify ~450 across the cell lineages. Cluster analysis on the quantitative data uncovered
diverse spatial and temporal expression across cell lineages, providing exciting new data for
functional studies. Furthermore, our technology is also applicable to smaller cells and other
models, which we demonstrate for the 2-cell zebrafish embryo. Microprobe single-cell MS opens



new prospects to understand mechanisms underlying neural tissue formation in powerful
vertebrate developmental models.
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Abstract: Bone morphogenetic protein (BMP) and B1-integrin signaling are important pathways
that regulate neural stem and progenitor cell (NSC) maintenance and differentiation. Previous
work from our laboratory has shown that BMP signaling in postnatal and adult NSCs promotes
exit from cell cycle and increases astrocyte differentiation. By contrast, f1-integrin signaling
promotes maintenance of NSC stemness, and knockout of f1-integrin increases astrocyte
differentiation. These findings suggest that B1-integrin and BMP signaling converge on, and
have opposing effects on, astrocyte differentiation.

It is known that B1-integrin interacts with type 1 BMP receptors, but the exact nature of the BMP
and B1-integrin signaling interaction is unclear. One common downstream effector of BMP and
B1-integrin signaling is the transcription factor yes-associated protein (YAP1), a component of
the Hippo pathway. Previous studies have implicated BMP as a regulator of YAP1 expression
and subcellular localization in many different cells and processes, including heterotopic
ossification as well as numerous cancer types. We find that BMP and B1-integrin signaling have
opposing effects on total levels of YAP1 protein phosphorylation and subcellular localization in
cultured NSCs. We hypothesize that the effects of BMP and B1-integrin on NSC cell cycle
kinetics and cell fate determination converge at the level of YAPL1 regulation. To investigate this,
we have generated transgenic mice that carry loxP sites flanking both the BMP type 2 receptor
subunit and the B1-integrin loci under the control of a tamoxifen-inducible Nestin-Cre transgene.
We will present findings that address the mechanisms by which BMP and B1-integrin signaling
converge on YAP1-mediated transcriptional regulation and astrocyte differentiation in NSCs.
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Abstract: In the brain, neural stem cells (NSC) are tightly regulated by external signals and
biophysical cues through the local microenvironment or “niche”. Besides the well-characterized
effects of cytokines, chemokines or cell-cell contact on stem cell function, the influence of the
environmental mechanical properties on NSC are incompletely understood. In particular, tissue
elasticity is known to fundamentally affect the function of various cell types in the body.
Notably, the brain is among the softest tissues in the human body, with an elasticity of <1 kPa.
Thus, standard cell culture conditions on glass plates with an elasticity of 7 GPa constitute an
unphysiological microenvironment. We here aimed to characterize the effects of elastic
substrates on crucial functions of NSC.

Primary rat neural stem cells were grown on polydimethylsiloxane- (PDMS-) based gels to
simulate the physiological microenvironment of the live brain. PDMS-coated cell culture plates
were generated in various degrees of elasticity, ranging from 1-50 kPa; regular glass plates
served as control condition. Survival, proliferation, differentiation speed and differentiation fate
of NSC were characterized in order to assess key stem cell functions.

Survival of NSC on the PDMS-based substrates was not impaired. The proliferation rate
negatively correlated with substrate elasticity, cautiously suggesting that the physiological
microenvironment might support quiescence of stem cells. Upon mitogen withdrawal, NSC
differentiation was accelerated on substrates with high elasticity, with a trend towards neuronal
differentiation.

Data suggest that primary NSC are relevantly affected by the mechanical properties of their
microenvironment. Further characterization of the effects of elasticity on NSC will advance our
understanding of key mechanisms in development and disease.
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Abstract: Neural stem cells have the potential to treat many neurological diseases and injuries
due to their ability to secrete beneficial factors and to form the major cell types that comprise the
central nervous system. However, these cells generate a heterogeneous population of neural stem
and progenitor cells (NSPCs) when expanded in vitro, which can confound transplant outcomes.
A better understanding of the cellular characteristics defining or regulating distinct progenitors in
the lineage is important for predicting or controlling the types of cells formed from a population
of NSPCs. We found previously the electrophysiological property membrane capacitance
distinguishes neurogenic and astrogenic progenitors and hypothesized that cell surface
glycosylation may affect membrane capacitance. Glycosylation modifies the structure, retention,
and function of almost all proteins on the cell surface, thus influencing their interactions with
extracellular cues. A gene array identifying glycosylation enzyme expression levels in E12
(neurogenic) and E16 (astrogenic) mouse NSPCs revealed differences between the two in N-



glycan branching enzymes. Further analysis showed higher activity in the branching pathway in
E16 NSPCs compared to E12 NSPCs in vitro and in vivo. Enriched astrogenic progenitors
expressed higher levels of N-glycan branching enzymes than did unsorted controls.
Supplementing E12 NSPCs with N-acetylglucosamine (GIcNAC) to drive the branching pathway
increased both highly-branched N-glycans on the cell surface and membrane capacitance.
GIcNAc treatment amplified astrocyte generation at the expense of both neuron and
oligodendrocyte formation, showing that altering highly-branched N-glycans affects fate choice.
GIcNACc can be utilized in multiple metabolic processes, so N-glycan branching was blocked
with kifunensine to test whether GICNAC’s effects on fate are dependent on this pathway.
Kifunensine and GIcNAc co-treated cells did not form highly-branched N-glycans and did not
exhibit the same effects on fate as GICNAC treated cells. These data show that the effect of
GIcNACc on cell fate is mediated by the formation of highly-branched N-glycans and identify the
N-glycan branching pathway as a significant regulator of membrane capacitance and fate choice
in the neural lineage.
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Abstract: Neuronal cell cultures offer an indispensable tool for investigating fundamental
questions in neurobiology and applied applications in cell therapy and drug discovery. As such,
the ability to establish and maintain primary neuronal cultures is essential for the comprehensive
study of neuronal development and function. Neurons are usually cultured in serum-free systems
which include a basal medium and supplements such as Neurobasal ™ medium supplemented
with B-27™ respectively. Here, we describe a new serum free neuronal media system that
provides significant improvements for long term viability and functionality of primary and PSC-
derived neurons in vitro. This new system, comprising a neuronal basal medium (Neurobasal ™
Plus) and serum-free supplement (B-27™ Plus), is specifically optimized for the maturation and
viability of primary rat, mouse and human PSC-derived neurons for long term cultures at both



low and high cell density. Performance was evaluated by a number of criteria including neurite
outgrowth, viability, relative purity and functionality. Typically cultures were assessed at 7, 14
and 21 days following plating primary neurons or addition of maturation medium to iPSC-
derived neurons. The cultures were assessed for cell survival and neurite outgrowth by
quantitative morphometric analysis using the Incucyte® Zoom live cell imaging system.
Neuronal cell numbers (viability over time) was assessed by quantitative immunocytochemistry
(1CC) using HUC/HuD to demarcate neuronal populations. HuC/HuD staining is localized to the
cell body of neurons, facilitating quantification and throughput using an automated high content
analysis system. In addition, primary rat neurons cultured in Neurobasal ™ Plus and B-27 ™ Plus
system showed higher maturity showing superior levels of expression of synaptic markers
Synapsin and MAP2 by ICC and produced higher spike rates on multielectrode arrays (MEA).
Taken together these results demonstrate that our new B-27™ Plus Supplement and
Neurobasal™ Plus Medium culture system is a superior solution to the current trusted standards
used for culturing primary neurons, and maturing and maintaining hPSC-derived neurons.
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Abstract: The development of a complex brain requires the generation of diverse neural cell
types at the right time, place, and relative abundance. Neural progenitors produce this diversity
in part by sequentially specifying different cell types in a stereotyped order. Over time, they lose
potential (“competence”) to make the earlier-born cell types while acquiring the competence to
produce the later-born fates. How does this occur, and how does it impact brain development?
We use the Drosophila embryo as a model to study the mechanisms that underlie competence
regulation.



The fly ventral nerve cord harbors ~30 distinct neuroblasts (fly neural progenitors), each of
which gives rise to a unique lineage of neurons and glia in an invariant birth order. These
neuroblasts can be individually identified and tracked over developmental time, making this an
ideal system to study the effects of gene manipulation on lineage progression and competence
transitions in vivo. As each neuroblast divides, it sequentially expresses a series of transcription
factors, Hunchback (Hb) - Kruppel - Pdm - Castor with each division; Hb, the first of the series,
specifies early-born neural fate. Neuroblast competence to specify early-born neurons is limited.
We discovered that this restriction is due to a relocation of the hb genomic locus from the
neuroblast nuclear interior to the periphery, where it becomes permanently silenced. This
relocation occurs in a gene, cell type, and developmental stage specific manner, underscoring the
dynamism and high level of regulation of the neuroblast genome architecture. Our recent
preliminary data comparing neuroblasts at different developmental stages suggest a genome-
wide restructuring of chromatin architecture over time. We are using a series of genetic,
biochemical, and molecular approaches to examine the global changes in neuroblast genome
architecture, how intrinsic and extrinsic cues control the timing of such changes, and the
biological consequences of this reorganization on neural diversity.
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Abstract: Thyroid hormone (TH) plays an important role in the developing brain, but the
specific effects of TH on early brain development are less well characterized. This is particularly
true about the telencephalon, an intricate neural circuit that regulates a variety of complex
behaviors. Xenopus laevis tadpoles are a useful model for examining the effects of TH on brain
development because TH induces rapid and gross changes in the brain during metamorphosis,
and their external development allows for direct observation of the brain in vivo that would be
difficult to undertake in mammalian models. Here we show that six days of exogenous TH
treatment induces robust change in the tadpole telencephalon. We found that while cell



proliferation in the telencephalon was increased in response to exogenous TH, the overall
volume did not change, despite many changes in underlying telencephalon morphology. This
lack of telencephalon volume increase may have been offset by a significant increase in
apoptosis in response to TH treatment. In addition, several TH-sensitive genes substantially
differed in their expression between the telencephalon and the rest of the brain. Ongoing
experiments will evaluate changes in neuronal morphology in the telencephalon using time-lapse
in vivo imaging. Our results indicate that TH affects cellular and molecular events in the
developing telencephalon in ways that substantially differ when compared to other parts of the
brain.
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Abstract: Adolescence is a sensitive period of neurodevelopment during which life experiences
and the surrounding environment can have profound effects on the brain. Neurogenesis is a
neurodevelopmental process of generating functional neurons from neural stem cells which
occurs throughout the lifespan in the hippocampus. Adult hippocampal neurogenesis has been
shown to play a role in learning and memory and in mood regulation. It has also been shown to
be influenced by environmental factors such as exercise and stress in the adult. Intrinsic factors
that regulate hippocampal neurogenesis include the orphan nuclear receptor TLX (Nr2el) which
is primarily expressed in neurogenic niches of brain. While mechanisms regulating adult
neurogenesis have been widely studied, less is known however on how neurogenesis is affected
during the adolescent period. The aim of this study was to investigate the influence of social
isolation stress on exercise-induced increase in neurogenesis during adolescence and to
determine a role for its intrinsic regulation by TLX. Single or pair-housed wild-type mice were
housed in sedentary conditions or allowed free access to running wheels for 3 weeks during the
adolescent period. We demonstrate that social isolation of mice during adolescence does not
impact upon hippocampal neurogenesis, as determined by immunohistochemical analysis of the



survival of newborn neurons. However, social isolation prevents an exercise-induced increase in
hippocampal neurogenesis in these mice. Furthermore, we show that there is no increase in
neurogenesis in Nr2e1”- mice with access to running wheels, which suggests that TLX is
necessary for the pro-neurogenic effects of exercise.

Disclosures: Y.M. Nolan: None. D.A. Kozareva: None. O.F. O'Leary: None. J.F. Cryan:
None.

Poster

115. Postnatal Neurogenesis: Environmental and Pharmacological Modification
Location: Halls A-C

Time: Sunday, November 12, 2017, 8:00 AM - 12:00 PM

Program#/Poster#: 115.02/B10

Topic: A.02. Postnatal Neurogenesis

Support: SFI/IA/1537

Title: Differential effects of exercise during adolescence and adulthood on cognition and
plasticity

Authors: *J. D. O'LEARY?, A. E. HOBAN?, C. BROUWERS?!, A. M. SULLIVAN?, O. F.
O'LEARY!? J.F. CRYANY? Y. M. NOLAN!?
LAnat. and Neurosci., Univ. Col. Cork, Cork, Ireland:; 2APC Microbiome Inst., Cork, Ireland

Abstract: Adolescence is a critical period for postnatal brain maturation and thus a time for
increased susceptibility to developing emotional and cognitive-related disorders. Exercise during
adulthood has been shown to increase hippocampal neurogenesis and enhance cognition.
However, the impact of exercise during adolescence on the brain and behaviour in adulthood
remains to be fully elucidated. The aim of this study was to determine the impact of exercise
during adolescence on neural plasticity and cognitive performance in hippocampal neurogenesis-
dependant and independent tasks.

Adolescent (4 week) and adult (8 week) male Sprague Dawley rats were divided into sedentary
control (n = 40) and exercise (n = 40) groups. All rats were pair housed in either standard
housing or with continuous access to a running wheel. Following four weeks of exercise, rats (8
weeks or 12 weeks) performed a location discrimination and reversal learning task in a
touchscreen operant chamber (n = 40) or non-touchscreen hippocampal-dependent behavioural
tasks; spontaneous alternation in the y-maze, contextual fear conditioning and novel object
recognition (n = 40). Tissue was collected for analysis of neural plasticity (PSD-95,
synaptophysin, BDNF, TLX and DCX) (n = 40).

The results indicate that exercise during adolescence and adulthood enhanced reversal learning in
the location discrimination task (p<0.05). Interestingly, acquisition of the location discrimination
was unaffected by exercise. In addition, adolescent exercise impaired contextual fear recall



(p<0.05), while exercise during adulthood enhanced contextual fear recall (p<0.05). Similarly,
spontaneous alternation was impaired following adolescent exercise (p<0.05), but was unaffected
by adult exercise while novel object recognition was unaffected by adolescent and adulthood
exercise. Adolescent exercise also increased mRNA expression of PSD-95, synaptophysin,
BDNF, TLX and DCX in the hippocampus. Analysis of hippocampal mMRNA expression of
plasticity markers following exercise in adulthood is ongoing.

Growing evidence suggests that adolescence is a critical period for brain maturation and that
experience during this time shapes behaviour and cognitive processes in later life. These findings
suggest that exercise enhanced prefrontal cortex-dependent reversal learning regardless of when
exercise occurred, but had a differential effect on hippocampal associated behaviours.
Investigations into the impact of exercise during adulthood on neural plasticity are ongoing.
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Abstract: TLX is an orphan nuclear receptor involved in the regulation of hippocampal
neurogenesis by promoting neural progenitor cell (NPC) proliferation, while inflammation has
been shown to have negative effects on hippocampal neurogenesis. Specifically, the pro-
inflammatory cytokine IL-1f has been shown to suppress NPC proliferation as well as TLX
expression. However, it is unknown whether TLX itself is involved in regulating the
inflammatory response in the hippocampus. To explore the role of TLX in IL-1p3-mediated
inflammation, we assessed changes in the transcriptional landscape of the hippocampus of TLX
knockout (KO) mice compared to wildtype (WT) littermate controls with and without
intrahippocampal injection of IL-1p using a whole transcriptome RNA sequencing approach. We
demonstrated that in TLX KO mice compared to WT controls there is an increase in the



transcription of genes involved in the promotion of inflammation and regulation of cell
chemotaxis (e.g. CXCR1, CXCR2, TLR4) and a decrease in the expression of genes relating to
synaptic signalling (e.g. LYPD1, SYT4, CPLX2). Furthermore, we demonstrate that mice
lacking in TLX share a similar increase in 176 genes involved in regulating inflammation (e.g.
CXCL1, TNF, IL-1B) as WT mice injected with IL-1f into the hippocampus. KO mice injected
with IL-1p display a unique transcriptional profile unlike WT after IL-1p exposure. This is likely
due to the KO mice already having an exaggerated inflammatory profile and are thus primed to
respond differently to an inflammatory stimulus such as IL-1p. Thus, we demonstrate that TLX
is necessary for development of an inflammatory response to cytokine stimulation.
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Abstract: Astronauts traveling to Mars will be exposed to space radiation made up of high-
atomic number and -energy (HZE) particles, such as 56Fe. This unavoidable radiation has been
shown to decrease hippocampal function (e.g. learning and memory) in mice and rats. While this
raises concern that space radiation will compromise astronaut health and mission success, most
data are from young adult rodents (2 month-old at irradiation [IRR]) which are age-equivalent to
teenage humans. Thus, it is unknown how the fully mature brain responds to HZE radiation, and
how this radiation affects behavioral performance, particularly on more challenging learning
tasks such as hippocampal-dependent pattern separation. To determine how space radiation



influences such behavior in “astronaut age”-equivalent mice (6-month at IRR), young adult or
mature male mice received whole-body radiation at the Brookhaven National Laboratories
synchrotron (56Fe, 0 cGy, Fractionated or Non-Fractionated 20 cGy, 600 MeV/n) and
hippocampal-dependent behavior was evaluated beginning one month post-IRR. Extending prior
work performed with contextual fear conditioning, mice irradiated during young adulthood
displayed dose- and HZE particle-dependent decrements in context-dependent fear conditioning,
a shock-based pattern separation test. In contrast, mature irradiated mice performed surprisingly
better in both the aversive context-dependent fear conditioning as well as an appetitive
touchscreen pattern separation tasks. For example, IRR mice were able to separate distinct
contexts or images faster and more consistently, while there was no difference in rule-based,
reversal, or location learning. Thus, mice irradiated in maturity can pattern separate better than
controls on both appetitive and aversive testing platforms. Mechanistic studies are underway to
explain this radiation-induced improvement in pattern separation for male mice, including
assessment of hippocampal neurogenesis and interneuron number and function.
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Title: Investigating the role of adult hippocampal neurogenesis on cognitive affective bias
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Abstract: Patients with depression frequently ruminate over their perceived failures and
criticism and have an exaggerated response to negative feedback during laboratory testing.
Similar biases have been shown in animals, providing an opportunity to investigate the
underlying processes of this behavior. Our laboratory has developed a genetic model in which
we can completely inhibit adult neurogenesis by giving an antiviral drug to transgenic rats that
express herpes simplex virus thymidine kinase (TK) in neural stem cells. We have previously
shown that mice lacking neurogenesis exhibit an anxiodepressive-like phenotype as well as
decreased hippocampal network activation and reduced defensive behavior following ambiguous



threat cues. We sought to extend these findings by asking whether rats lacking adult
hippocampal neurogenesis show different behavior than wild-type (WT) controls in tests of
cognitive affective bias. Using a spatial cognitive task, responses to ambiguous spatial cues
indicated that rats lacking adult hippocampal neurogenesis were ‘pessimistic’ compared to WT
controls. In an operant judgement bias task using auditory stimuli associated with a food reward
or a foot shock and a novel ambiguous stimulus, which typically shows high proportions of
pessimistic rats, both WT and TK rats showed ‘pessimistic’ behavioral responses. However,
when the auditory stimuli where associated with either large or small rewards, ambiguous tones
were interpreted ‘optimistically’ by both genotypes. This indicates that animals lacking adult
hippocampal neurogenesis are able to respond normally to ambiguous stimuli when the task
produces a strong bias. Future studies are needed to understand the role of adult hippocampal
neurogenesis on cognitive affective bias.
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Title: Origins of age-related neurogenesis decline
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Abstract: Equilibrium between self-renewal and cell differentiation is preserved by endogenous
stem cells in most tissues through late life. However, neurogenesis in the adult rodent
hippocampus diminishes significantly by middle age of unclear origins. By using in vivo single
cell linage tracing and computational reconstruction, we identify two radial glia-like (RGL)
neural stem cell (NSC) populations. These cells differentially contribute to cell production under
physiological and injury conditions in the young adult. During aging, these cohorts serve as
short-term and ‘long-term” NSCs. Long-term RGL behaviors change in attempt to restore
homeostasis during aging. Yet, loss of NSC homeostasis is ultimately driven by increased RGL
quiescence and slowing expansion rate. Our study elucidates cellular origins of neurogenesis
decline and may serve as a new mammalian stem cell model to study early-onset cellular aging.
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Abstract: Humans with and rodent models of Major Depressive Disorder are marked by
dysregulated hippocampal circuitry, and antidepressant treatments like electroconvulsive shock
ameliorate these hippocampal changes. From such work, a promising framework for discovery of
new antidepressants has emerged: find treatments that “recalibrate” depression-linked
dysfunctional neural circuits and behavior. Indeed, other approaches to “stimulate” neural
circuits - such as deep brain stimulation (DBS) - have been successful in reversing depression-
related symptoms and neuropathology, particularly in the hippocampus. Strikingly, in the context
of depression, DBS has only been targeted to non-hippocampal brain regions, such as the nucleus
accumbens and subcallosal cingulate. While direct stimulation of the hippocampus has generally
negative effects, we have recently discovered that stimulation of a key hippocampal input, the
entorhinal cortex [Ent]-DG circuitry, is antidepressive. As the Ent-DG projection contains both
glutamatergic as well as GABAergic projection neurons, here we explored whether cell-type
specific stimulation of Ent efferents underlies antidepressive-like effect. To this end, we used
chemogenetics and Designer Receptors Exclusively Activated by Designer Drugs (DREADD)
technology to control the excitability of either efferent glutamatergic neurons (via AAV-DIO-
hM3Dq Ent infusion into CamKIlla-icre transgenic mice) or efferent GABAergic neurons (via
AAV-DIO-hM3Dq Ent infusion into Somatostatin (SST)- and Parvalbumin (PV)-cre transgenic
mice). Chronic, but not acute, stimulation of Ent-DG glutamatergic neurons is antidepressive and
increases hippocampal neurogenesis, an activity-dependent process. Interestingly, our pilot data
suggest stimulation of Ent SST interneurons and PV interneurons induces depressive-like
behavior after chronic stress. However, this is likely influenced by the large proportion of long-



range projecting SST and PV interneurons that innervate CAl and CA3. We are currently
examining the terminal specificity of Ent glutamatergic and Ent SST or PV GABAergic neurons
(i.e. CA1/CA3 vs. DG) to further understand how Ent cell-type specific stimulation drives
antidepressive behavior or depressive like behavior. Our study will dissect how highly promising
targets for the treatment of depression - Ent-hippocampal circuitry and DG neurogenesis - work
together to regulate affective behaviors.
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Abstract: The dentate gyrus (DG) holds a specialized stem cell niche at the border between the
granule cell layer and the hilus - the subgranular zone (SGZ) - that produces new neurons
throughout life. Morphogenesis of the DG is complex and continues from around mid-gestation
to early postnatal periods, ultimately leading to the formation of the SGZ during the second
postnatal week in mice. Our previous studies revealed that the production of new neurons in the
adult SGZ critically depends on cyclin D2 (D2). Unlike Cyclin D1-positive cells, which are
equally abundant in the SGZ, D2-positive cells are highly proliferative (D2: approx. 90%
MCMZ2*, D1: approx. 30% MCMZ2*; age: P70). D2 was detected in all progenitor subtypes of the
SGZ with preference for the earlier stages (type 2). Remarkably, D2 was the exclusive D-cyclin
found in adult NSCs. We next examined the effects of a functional ablation of D2 (D2KO) on
adult NSCs. We knew from our earlier studies that D2KO mice exhibit deficits in postnatal cell
generation, culminating in nearly complete loss of cell birth at the age when granule cell
production shifts to the SGZ (between P14 and P28). Now, by using D2KO/Nestin-GFP double-



transgenic mice, we observed that the DG of adult D2KO mice is virtually devoid of radial
NSCs. The few remaining GFP-positive NSCs displayed a multipolar morphology and were
often found in ectopic locations, but lacked the astrocyte marker S100b. Furthermore, none of
these cells were actively proliferating (Ki67") as occasionally seen for radial NSCs in wildtype
mice. Taken together, these results suggest that D2 expression is essential for the formation of
the adult NSC pool during postnatal DG development. To further explore this hypothesis, we
currently investigate the effects of D2KO on different progenitor cell populations at early
postnatal ages. Our preliminary data indicate that early development of the DG tertiary matrix is
unaffected by D2KO. However, the population of radial NSCs in the developing SGZ fails to
expand from P7 to P14.
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Abstract: Adult neurogenesis affects many types of behavior, but few studies have examined its
role in social interactions. The aim of the present study was to investigate the role of adult
hippocampal neurogenesis in different forms of male aggression. We inhibited adult
hippocampal neurogenesis for 8 weeks by giving valganciclovir in male transgenic mice
expressing the herpes simplex virus thymidine kinase (TK) under a GFAP promoter. Both TK
and wild-type (WT) littermate controls were single housed for one week and tested for either
offensive or defensive aggression in the resident-intruder paradigm. To measure offensive
aggression, WT and TK mice were tested in their home cage as the resident male for 3
consecutive days a week, for a total of 2 weeks, against a group-housed, unfamiliar intruder
male. Aggression directed at the intruder male by the resident was analyzed for each test. During
both weeks of testing, TK mice showed fewer aggressive bouts, shorter duration of aggression
and longer latency to exhibit aggression towards the intruder compared to WT mice, suggesting
reduced levels of offensive aggression in TK mice. To assess defensive aggression, a separate
cohort of WT and TK male mice became the intruders in the resident-intruder test two times, 1



week apart. WT and TK mice were placed into the cage of an unfamiliar single-housed resident
male and we measured WT and TK avoidance and attack behaviors during each resident attack.
In both tests, resident males equally attacked both WT and TK mice. Both WT and TK mice
exhibited a defensive behavior in response to the resident attacks, however, TK mice showed no
defensive attack and only defensive avoidance behavior whereas WT mice showed both
defensive attack and avoidance behaviors. These results suggest that adult hippocampal
neurogenesis plays an important role in the expression of both offensive and defensive
aggression in male mice.
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Abstract: Traumatic brain injury (TBI) affects over 1.5 million new people in the United States
annually, ranging from mild injury - with only transient changes in mental state - to severe -
leading to coma and even death. While many people make a substantial recovery, even those that
experience mild TBI (mTBI) can suffer from long-lasting cognitive effects, particularly with
neural processes underlying memory and attention. While the physiological changes underlying
TBI-induced cognitive deficits are an area of intense study, the cellular and mechanistic
underpinnings of these changes remain elusive. Contextual memory, a process that is
reproducibly disrupted after mTBI, is critically dependent on adult hippocampal neurogenesis.
Indeed, many groups have observed dynamic changes in hippocampal cell proliferation,
neurogenesis, and neuronal survival following TBI. However, most of the published literature
focuses on moderate and severe models of TBI. Because mTBI comprises such a large
proportion of human brain injuries, it is critical to understand how mild injuries perturb the



hippocampal circuit and lead to long-lasting cognitive deficits. Therefore here we utilized an
mTBI model and defined its influence on the dynamic process of adult hippocampal
neurogenesis. Briefly, adult male C57BL/6J mice received mTBI via lateral fluid percussion
injury (LFPI), and LFPI and sham surgery mice were examined for levels of neurogenesis via
stereology at early (n=10) and late (n=10) time points following injury. All mice received a
single injection of BrdU (150mg/kg i.p.) 3 days post injury to label proliferating cells. The short
term group was Killed 2 hours post BrdU, and brains sectioned, stained, assessed for indices of
hippocampal neurogenesis, including proliferation (BrdU+ and Ki67+ cell number) and
immature neurons (doublecortin [DCX]+ cell number). The long term group was killed 4 weeks
post-BrdU and assessed for proliferation (Ki67+ cell number), immature neurons (DCX+cell
number), and survival and fate of newly-born neurons (BrdU+ cell number and phenotyping).
We predict that mTBI will induce a transient increase in proliferation and a longer-lasting
increase in neurogenesis, resulting in mature neurons integrating into the dentate gyrus circuitry.
These data will yield valuable insight about the maturation of newborn neurons and their
integration into the hippocampal circuit after mTBI.
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Abstract: Exercise can induce adult hippocampal neurogenesis and improve cognitive function.
However, the underlying molecular mechanisms remain largely unknown. We previously



identified FNDCS5 and its secreted form irisin as being induced in by exercise and acting as a
positive regulator of Bdnf expression and cell survival in culture. Now, we have generated global
FNDC5 KO mice. The mice were born in Mendelian ration with no gross abnormalities. Motor
function was unaltered in treadmill gait analysis or rotarod. Interestingly, significant differences
in spontaneous activity, reduced exploration (open field, novel Y-maze, marble burying test), and
possibly a mild cognitive impairment were observed in F5KO. F5KO mice have reduced adult
hippocampal neurogenesis and reduced hippocampal Bdnf expression. Next, we tested whether
exercise can improve the deficits in F5KO or if F5KO is required for the beneficial effects in
running exercise. F5KO or wildtype controls were singly housed either with or without a running
wheel for six weeks. Despite the same amount of running activity, the FSKO mice failed to show
the typical exercise-induced improvements in spatial learning and memory in the Morris water
maze. The effects on exercise-induced hippocampal neurogenesis and gene expression, such as
Bdnf, are being evaluated. In summary, these data suggest that FNDCS5 is not only important
regulator in exercise but also required for normal hippocampal function. Future work will
evaluate the therapeutic potential of FNDCS5/irisin in neurological disorders.

This work was supported by a Pathway to Independence (P1) Award (4RO0NS087096-03) and a
NeuroBehavior Laboratory Pilot Project Research Award from the Harvard NeuroDiscovery
Center (HNDC) to C.D.W.
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Abstract: Many consumer products and medical devices contain antimicrobial silver
nanoparticles (AgNPs). These are generally considered safe because silver has been used for its
antimicrobial properties for thousands of years. Manufactured AgNPs, however, are new and
behave very differently in physiological environments than traditional ionic or colloidal silver.
Due to their unique structure and high surface area, AgNPs easily cross biological barriers,



entering cells and tissues including the brain. Furthermore, AgNPs tend to bioaccumulate in
tissues. Common consumer products shed low levels of AgNPs during normal use; these enter
the body through ingestion or inhalation and travel to tissues via the bloodstream. Because of
their tendency to bioaccumulate, this is of special concern in children, who may be exposed to
low levels of AgNPs for extended times during critical neurodevelopmental periods. We used
differentiating adult neural stem cells cultured from the rat subventricular zone as a model
system to investigate the cellular and molecular action of AgNPs in neural cells. During
differentiation in vitro, these cells mirror many of the processes involved in neurodevelopment
and general neural function. Previously, we reported that low-level AgNP exposure led to
formation of f-actin inclusions and disruption of cytoskeletal dynamics in these cells.
Pharmacology in combination with immunocytochemistry and time-lapse microscopy showed
that low-level AgNP treatment leads to relocalization of B-catenin within the cells, but that -
catenin signaling may not be directly involved in mediating AgNP-induced disruption of
cytoskeletal dynamics and structure. To investigate in vivo effects, we orally administered
AgNPs or vehicle control to Sprague-Dawley rats every day for a month. Brains were collected
immediately after the month of exposure, or after an additional month of recovery. We found
that silver entered the brain and that the levels of silver in the brain were not reduced after a
month of recovery. We investigated astrocytes and microglia in brain sections using
immunohistochemistry. AgNPs are increasingly prevalent in consumer products and this work
will help determine if exposure through use of these products could have detrimental effects on
the nervous system.
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Abstract: Mossy cells (MCs) represent a major population of excitatory neurons in the dentate
gyrus of the adult hippocampus, a brain region where new neurons are continuously generated
throughout life. Little is known about the influence of MCs on adult neural stem cells and
hippocampal neurogenesis. Here we demonstrate that MCs functionally interact with radial
neural stem cells (rNSCs) through both direct glutamatergic MC-rNSC pathway and indirect
GABAergic MC-parvalbumin interneuron (PV)-rNSC pathway. Surprisingly, chemogenetic
activation of MCs or optogenetic activation of MC projections promotes the quiescence of
rNSCs, suggesting that indirect GABAergic pathway is sufficient to maintain rNSC quiescence.
Interestingly, selective deletion of NR2B-containing NMDA receptors in PV interneurons leads
to increased activation of rNSCs upon MC activation; while selective deletion of AMPA and
NMDA receptors in rNSCs fails to significantly alter the quiescence of rNSCs. These data
together provide causal evidence that MC indirect pathway mediated by NR2B receptors is
required for maintaining rNSC quiescence. Strikingly, a small subset of MCs constituting
approximately 25% of the total MC population are both necessary and sufficient in regulating
rNSC quiescence, and chronic ablation of these MCs results in a significant reduction of rNSC
pool and impaired hippocampal neurogenesis. Together, our study identifies MCs as a novel
stem cell niche component that uses NR2B receptor dependent MC-PV pathway to control rINSC
quiescence and activation which in turn impact rNSC maintenance and subsequent hippocampal
neurogenesis.
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Abstract: Postnatal neurogenesis occurs primarily in two areas of the mammalian brain, the
subgranular zone (SGZ) of the dentate gyrus in the hippocampus and the subventricular zone
(SVZ) of the lateral ventricles. New cells formed in SGZ migrate into the granular cell layer
(GCL) of the dentate gyrus and cells formed in the SVZ migrate to the olfactory bulb and
striatum. These neurogenic regions receive dopaminergic input from the mesolimbic pathway or
nigrostriatal pathway, respectively. DA agonists can result in either an increase or decrease of
neurogenesis perhaps in a receptor-specific manner.

Here we tested the role of dopamine (DA) in modulating the survival of new neurons using a
mouse model with reduced expression of the dopamine transporter (DAT) to 10% that of wild-
type levels (DAT-knockdown), thereby increasing dopamine in the synapse. We labeled dividing
cells using bromodeoxyuridine (BrdU, 50 mg/kg in TBS) injected i.p. 2x/day for 4 days, in male
and female DAT-knockdown (DATkd) mice along with wild-type (WT) controls. Thirty days
after the last injection, the mice were perfused and brains processed using immunohistochemistry
to label BrdU and NeuN, a neuron-specific protein. We quantified numbers of new neurons in
the GCL and striatum. We found that combined male and female DATkd mice had fewer new
neurons in the GCL than combined male and female WT mice (p<0.01) and a trend toward fewer
new neurons in the striatum than WT mice (p=0.07). These results suggest that elevated DA
independent of receptor manipulation results in a decrease in new neuron proliferation and/or
survival.
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Abstract: Vitronectin (VTN) is a plasma protein mainly produced by liver. VTN leaks and
accumulates in the brain following injury, which we have shown to induce inflammation through
integrin signaling (Keasey SFN 2017). However, the expression and role of endogenous VTN in
the naive brain have not been investigated. Here, we found that mouse subventricular zone
(SVZ) expressed a high level of VTN mRNA. VTN protein was uniquely expressed in the
pericytes of blood vessels but not in other cells, as shown by confocal microscopy. Intrastriatal
injection of recombinant human VTN or plasma from VTN+/+, but not VTN-/-, substantially
increased CNTF, LIF and IL-6 expression in the SVZ. Instead of activating integrin signaling,
intrastriatal injection of rhVVTN unexpectedly inhibited focal adhesion kinase (FAK) in the SVZ
and intrastriatal injection of FAK inhibitor induced CNTF, LIF and IL-6. FAK inhibition
reduced downstream JNK phosphorylation but increased P38 and ERK phosphorylation. FAK
inhibition increased SVZ CNTF via JNK inhibition and ERK activation and enhanced LIF via
ERK activation. Inhibition of P38 increased LIF and IL-6. Lastly, we determined the effect of
VTN-induced CNTF, LIF and IL-6 on adult mouse SVZ neurogenesis. Intrastriatal injection of
rhVVTN alone had no effect, possibly because of anti-neurogenic effects of LIF and/or 1L-6
through gp130 signaling. Combining injected VTN with the gp130 inhibitor SC144 reduced
VTN-induced LIF and IL-6, and, importantly, increased SVZ cell proliferation and neurogenesis
as measured by BrdU incorporation and stereological cell counts. This suggests that VTN-
induced CNTF promotes SVZ neurogenesis only when LIF and IL-6 expression is suppressed.
Injection of the INK inhibitor, that increased CNTF without altering LIF and IL-6 also increased
SVZ neurogenesis via upregulation of CNTF as shown in the lack of effects in CNTF-/- mice,
and possibly through FGF2. Taken together, these data suggest that endogenous VTN regulates
CNTF, LIF and IL-6 by different intracellular pathways and gp130 inhibition can be used
therapeutically to allow CNTF to increase SVZ neurogenesis in naive mice and possibly
following VTN leakage upon brain injury.
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Abstract: Protracted development of the central nervous system (CNS) in the postnatal period is
a challenging scenario. Also, the vulnerability of the developing CNS towards various insults
increases manifold owing to immature status of blood brain barrier (BBB). Arsenic (As), with its
ubiquitous distribution in environment, has been reported to induce neurological and behavioral
deficits more so following postnatal exposure. Oxidative stress is considered as a major factor
underlying As induced toxicity. The present study was designed to determine the effects of
sodium arsenite (NaAsOz) exposure on apoptosis associated protein profile in rat cerebellum and
to evaluate the role of antioxidant (AOX) supplementation on As induced adverse effects.
Pregnant Wistar rats (19-20 days gestation) were housed under controlled laboratory conditions.
The day of delivery of pups was considered as postnatal day zero (PND 0). The pups from
different litter groups were randomly assigned to control and experimental groups (n=6/group).
The test substances (NaAsO: alone and NaAsO: along with ALA/Curcumin) were administered
by intraperitoneal (i.p.) route from PND 1 to 21 to experimental groups whereas the control
groups received no treatment or only the vehicle. During the experimental period, behavioral
tests were carried out and the animals were sacrificed on PND 22.

The cerebellum was processed for immunohistochemical localization of apoptosis associated
proteins (Bax and Bcl2), and FLATPase expression. The preliminary observations are suggestive
of AOX induced downregulation of Bax and FLATPase and upregulation of Bcl2 in rat
cerebellum following NaAsO. exposure, thereby raising the possibility of their beneficial effects
as dietary adjuvants, against As induced adverse effects.

Disclosures: P. Dhar: None. P. Kumar: None. P. Kaushal: None.
Poster
115. Postnatal Neurogenesis: Environmental and Pharmacological Modification
Location: Halls A-C
Time: Sunday, November 12, 2017, 8:00 AM - 12:00 PM
Program#/Poster#: 115.17/B25
Topic: A.02. Postnatal Neurogenesis
Support: BK21 Grant 22A20130012283
NRF Grant 2009-0083538

Title: Neurotoxic effects of acrylamide on the hippocampal neurogenesis and neuronal
differentiation

Authors: S. LEE, Y. LEE, W. LEE, *J. LEE
Pusan Natl. Univ., Busan, Korea, Republic of

Abstract: Acrylamide (ACR) has been recognized as a neurotoxic substance to cause cumulative
neurotoxicity characterized by ataxia, skeletal muscle weakness, cognitive impairment, and



numbness of the extremities. Previous study showed that high dose ACR impaired hippocampal
neurogenesis and increased cell death in neural progenitor cells. However, effects of chronic
administration of low dose ACR have not yet been tested on adult neurogenesis and cognitive
function. The present study investigated neurotoxic effects of low dose ACR on the hippocampal
neurogenesis and neurocognitive function. Mice were administered with vehicle or ACR (2, 20,
or 200 pg/kg). No significant changes in the numbers of newly generated cells in the
hippocampus administration were observed in ACR-treated mice compared with vehicle-treated.
In addition, there were no neuroinflammation and neuronal loss in the hippocampus induced by
ACR administration. Further behavioral studies revealed that low doses ACR did not affect any
neurocognitive impairments. Interestingly, we found developmental neurotoxicity of ACR in
primary cultured neuron, which exposure to ACR during developing stage of primary neuron
delayed neuronal differentiation without affecting cell survival. These findings indicated that low
dose ACR which are relevant to the exposing levels on a regular basis, might be harmless to
affect hippocampal neurogenesis and neurocognitive functions. However there are still potential
neurotoxic effects of ACR exposure on developing neurons that could disturb neuronal network.
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Abstract: Cranial radiotherapy is associated with progressive cognitive decline that disrupts
quality of life for long-term cancer survivors. Persistent impairment in adult hippocampal
neurogenesis (AHN) following cranial irradiation may contribute to post-irradiation cognitive
deficits. While many studies report that cranial irradiation leads to sustained deficits in AHN, the
impact at the level of neural stem cells (NSCs) is not well-characterized. Additionally, data from
other models show that increases in bone morphogenic protein 6 (BMP6) contribute to persistent
deficits in AHN by inhibiting NSC division. We hypothesize that NSCs survive cranial
irradiation, but that a long-term increase in BMP6 activity impairs NSC division. 8-10



week-old C57BL/6 mice received 0, 2, 8, or 20Gy cranial irradiation using a*¥’Cesium gamma
source. Mice were sacrificed 6 h, 3 d, 6 m and 18 m after irradiation. Immunohistochemistry was
used to quantify doublecortin-positive neuroblasts, BrdU-positive proliferating progenitors, and
nestin-positive NSCs in the hippocampal dentate gyrus. Activated caspase-3 was also analyzed
to quantify apoptosis. Our results confirm that cranial irradiation acutely depletes neural
progenitor cell populations via apoptosis. Interestingly, we found that cranial irradiation did not
kill NSCs. Furthermore, while neurogenesis remained impaired up to 18 months following
cranial irradiation, the NSC population size was equivalent to sham-irradiated controls. Indeed,
age-related decreases in NSC count were not exacerbated by cranial irradiation. These data
support our hypothesis that NSCs survive irradiation but their division is impaired, suggesting a
therapeutic strategy aimed at stimulating NSC division. Additionally, we found by RT-gPCR that
BMP6 mRNA was elevated in whole brain homogenates 6 h post-irradiation. Our ongoing
studies will test the hypothesis that BMP inhibitor Noggin will promote NSC division and rescue
AHN post-irradiation. These results shed light on how cranial irradiation leads to long-term
deficits in neurogenesis, and may contribute to future development of targeted therapies to
mitigate cognitive decline following cranial radiotherapy. This work was supported by the
National Institute of Allergy and Infectious Diseases grant U19- A1091036.
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Abstract: Neurogenesis occurs throughout adulthood in mammals. We have shown that dentate
gyrus granule cells show evidence of cell-age dependent “retirement” when born in adulthood
but not when born during adolescence, for standard-home caged (HC) male Sprague-Dawley
rats. To reveal this, we “birth-dated” newly born granule cells using dual labelling with two
thymidine analogues, (chloro-deoxyuridine (CldU) and iodo-deoxyuridine (IdU)), given at 35,



12, 6 or 4 weeks prior to study for animals 10 months of age. One hour before death, all animals
were exposed to a novel environment for 5 minutes. We then used double-label
immunofluorescence to identify active neurons as indicated by co-localization of the thymidine
analogue with expression of the immediate early gene Egrl, and found that activity declined
across 4-12 weeks as cells matured, as expected, but that 35 wk-old cells (born during
adolescence, i.e. in animals 2 mo of age) were as excitable as 4 wk-old cells, particularly in the
dorsal hippocampus. Here, we sought to determine whether the cell-age dependent decline in
activity in adult-born cells would be counteracted by exposing rats to an enriched environment
(EE) for ten nights just prior to study at 10 months of age. We found that EE exposure caused an
overall increase in granule cell activity compared to home-cage controls (Fz31.0) = 3.541, p =
0.026). This changed the pattern of cell-age dependency, such that while 4 wk-old cells remained
the most excitable age group (Egrl+/XduU+ = 6.6 = 1.18%), the 6 and 12 wk old cells increased
excitability to the level of the 35 wk-old EE cells (Egr1+/XdU+ = 2.5 £ 0.97%). This change in
pattern was most evident in the dorsal hippocampus, although the ventral hippocampus did
exhibit the overall increase in granule cell activity from EE treatment (F(1, 20.1) = 5.64, p = 0.03).
Overall, we found that EE increased activity of adult-born granule cells relative to that of HC
animals, except at the 35 week time point. We suggest that this is likely due to the HC animals
finding the novel environment exposure before death particularly salient, and that cells born
during adolescence retain a privileged level of excitability compared to younger cells that were
born during later adulthood. However, EE exposure equalises the activity level of mature granule
cells regardless of the animal age at their birth, leaving only the young 4 wk old cells as being
relatively more excitable than the others. These increases in granule cell excitability may
contribute to the cognitive gains afforded by enriched environments. Supported by the Marsden
Fund Council, administered by the Royal Society of New Zealand.
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Abstract: There is a lack of knowledge of factors preventing adequate response to moderate
hypothermia after hypoxic ischemic (HI) brain injury. We hypothesized that growth restriction
from reduced intrauterine perfusion would predispose neonatal rats to have worse outcome with
HI brain injury.

IUGR was induced by placental insufficiency in dams at 14 days of gestation. HI was induced at
postnatal day (P) 10 by permanent right carotid artery ligation followed by 90 min of hypoxia
(8% oxygen). Tests for early brain injury and neurobehavioral outcomes were subsequently
done. All statistical analysis was done using Two-way ANOVA, post hoc Holm-Sidak test.

HI in control and IUGR groups decreased the success rate of the contralateral vibrissa-elicited
forelimb test, increased response latency in movement initiation test and increased the time to
finish elevated beam walk test at P40 and P60 (p<.05, n=8-12). IUGR augmented HI induced
abnormality in vibrissa-elicited forelimb test at P40 but showed higher success rate when
compared to HI only group at P60 (p<.05, n=8-12).IUGR’s negative effect on elevated beam
walk test was sex —specific and exaggerated in P60 males. Early brain injury was seen in IUGR
and HI with increased caspase-3 activity in right cortex (P= <0.05, n= 3-5 pups) that was further
increased in IUGR+HI (p= <0.05, n=3-5). Increased TUNEL positive cells in cortex were noted
at 72 h after in HI in control but not in IUGR groups (P= <0.001, n=7).

This study provides evidence that IUGR worsened HI-induced gross motor abnormality in male
rats, IUGR differentially effects sensory-motor outcomes with worsening at P40 but
improvement at P60 with no sexual dimorphism. IUGR increased HI induced early brain injury
at 24 h but the evidence was not seen at 72h.
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Abstract: Immature adult-born neurons are physiologically distinct from older neurons and
contribute to the mnemonic and emotional functions of the hippocampus. Methods for increasing
neurogenesis therefore have the potential to improve improve mental health in a number of
conditions such as Alzheimer’s disease, depression and schizophrenia, all of which are
associated with hippocampal structural deficits. Most studies have only examined single methods
for short-term elevations of neurogenesis, which may be insufficient to offset major structural
changes. The present study therefore examined whether two well known neurogenic treatments,
running and the NMDA receptor antagonist memantine, are capable of producing sustained
increases in adult neurogenesis. To identify whether there are sex differences in regulation of
neurogenesis, both male and female rats were examined. We found that, on their own, both
treatments increased adult neurogenesis but levels returned to baseline one month later. To
optimize treatments for prolonged elevation of neurogenesis rats were subjected to 8 weeks of
running, 8 weeks of memantine, or two alternating 4-week blocks of each treatment and
compared to cage controls. PCNA and doublecortin (DCX) were used to quantify proliferating
cells and immature neurons, respectively, that were present at the end of treatment. In males,
single treatments failed to increase numbers of proliferating cells and immature neurons.
However, memantine followed by running increased proliferating cells, and running followed by



memantine increased the number of immature neurons. In females, there was a trend for
increased numbers of proliferating cells and immature neurons after 8 weeks of running, possibly
because they ran significantly more than males. The thymidine analogs CldU and 1dU were used
to label neurons born at the beginning of each 4-week treatment block. Preliminary analysis of
CldU+ neurons born during the first treatment block suggest that in males, but not females, cells
born during initial memantine treatments survive to a greater extent when followed up with
running. Analyses of 1dU+ cells, born during the second treatment block, are currently
underway. We are also quantifying putative neural stem cells to determine why some treatment
paradigms lead to sustained increases in neurogenesis but others do not. Collectively, our data
suggest that there may be limitations in the extent to which single treatments can enhance adult
neurogenesis. Instead, a combination of approaches may be more effective and, moreover, may
vary between males and females.
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Abstract: Early life stress has been shown to increase vulnerability to psychiatric illness in
adulthood. The hippocampal dentate gyrus (DG) is altered by stress and plays a role in stress
regulation. The DG is also one of the two brain regions in which neural stem cells give rise to
neurons throughout an animal’s life, a process that is negatively regulated by stress. In this study,
we sought to determine whether inhibition of neurogenesis during critical developmental periods
is sufficient to permanently decrease DG neurogenesis. We used a pharmacogenetic approach to



transiently target dividing neural stem cells for elimination by administering the drug
valganciclovir to GFAP-Tk mice during periods sensitive to stress. We then assessed the Nestin
neural stem cell lineage in adulthood. We found a reduction in the number of neural stem cells
and their neuronal progeny in adult animals following a transient targeting of stem cells during
the neonatal period. In contrast, similarly targeting stem cells around the time of weaning
resulted in decreased neurogenesis without permanently diminishing the adult stem cell pool.
This study highlights two sensitive periods during which brief suppression of stem cell
proliferation results in distinct and enduring consequences for the adult neural stem cell system.
It is intriguing to speculate that infantile neurogenesis serves as a cellular target for the enduring
effects of stress.

Disclosures: M. Youssef: None. G. Kirshenbaum: None. V. Krish: None. E.D. Leonardo:
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Title: Adult hippocampal neurogenesis buffers ventral dentate gyrus responses to chronic stress
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Abstract: Adult hippocampal neurogenesis has been proposed to confer resilience to chronic
stress and to modulate dentate gyrus activity. However, it is unknown how adult-born neurons
regulate information processing in the dentate gyrus granule cell network. Here, we used in vivo
Ca?*-imaging with head-mounted miniature microscopes (Inscopix, CA) in the dentate gyrus of
freely moving mice to investigate how young adult-born neurons regulate the response of mature
granule cells during chronic psychosocial stress.

The intracellular Ca?* indicator, GCamp6f, was virally-expressed in mature granule cells of the



ventral dentate gyrus. Ca* activity was imaged in wild-type mice with normal levels of
neurogenesis and in transgenic mice with a 2+0.2 fold increase in doublecortin-positive young
neurons, due to a deletion of the pro-apoptotic gene Bax from adult neural stem cells and their
progeny. We imaged 30-100 granule cells per mouse throughout 10 days of social defeat stress
and during subsequent tests of anxiety-like behavior.

On the first day of social defeat, granule cells of the ventral dentate gyrus do not respond to an
attack by a dominant aggressor mouse. However, Ca?* firing rates are overall higher in wild-type
mice with normal levels of neurogenesis (0.01+£0.001, n=548 cells) than in mice with increased
neurogenesis (0.008+0.001, n=540 cells, p=0.03). On the last day of the social defeat stress
procedure (day 10), wild-type mice show increased Ca?* activity in response to an attack
(0.017+£0.001, n=548 cells). This effect is reduced in mice with more neurogenesis
(0.013+0.0006, n=540 cells, p=0.02). After chronic social defeat, mice with increased
neurogenesis are resilient to the stress and interact longer with a novel mouse in a social
interaction test than wild-type mice (by 35+4%; n=10 mice; p<0.01). These resilient mice with
more neurogenesis also exhibit lower granule cell Ca?* firing rates during social interaction than
wild-type mice (by 23£1%; p=0.05). In the open field test, mice with increased neurogenesis
spend more time in the brightly lit anxiogenic center of the open field than wild-type mice
(40+5% sec; n=10 mice, p<0.05). Ca?* firing rates are higher during center exploration than
during exploration of the less anxiogenic periphery (periphery rate: 0.010+0.0003; center rate:
0.014+0.0007, n=548 cells, p=0.002). However, mice with increased neurogenesis exhibit lower
center rates than wild-type mice (0.008+0.0008, n=540 cells, p<0.0001).

Our findings demonstrate that hippocampal neurogenesis inhibits the response of ventral dentate
gyrus granule cells to chronic stress and to anxiogenic conditions.

Disclosures: C. Anacker: None. G. Stevens: None. A. Millette: None. R. Shores: None. R.
Hen: None.

Poster
115. Postnatal Neurogenesis: Environmental and Pharmacological Modification
Location: Halls A-C
Time: Sunday, November 12, 2017, 8:00 AM - 12:00 PM
Program#/Poster#: 115.24/B32
Topic: A.02. Postnatal Neurogenesis
Support: NIH NIAAA P50AA022534
NIH NIAAA Administrative/Diversity Supplement 3P50AA022534-03S1

Title: Acute and long-term effects of early postnatal alcohol exposure on hippocampal
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Authors: *K. C. GUSTUS, V. LOPEZ, J. NEWVILLE, P. TAPIA, L. LI, C. F.
VALENZUELA, L. A. CUNNINGHAM
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Abstract: Fetal alcohol spectrum disorders (FASDs) have been associated with reduced
hippocampal volume and impairments in hippocampal-dependent tasks (Autti-R&mo et al., 2002;
Parnell et al., 2009; Allan et al., 2003). Using a limited access mouse model of gestational
alcohol exposure, we previously demonstrated impaired hippocampal neurogenesis in response
to environmental enrichment (Choi et al., 2005; Kajimoto et al., 2013). In the present study, we
investigated the acute and long-term impact on hippocampal neurogenesis following third
trimester equivalent ethanol exposure, the time period during which granule cells of the
developing dentate gyrus are most rapidly generated. At postnatal day (PD)2 male Nestin-
CreER™:tdTomato mouse pups received an injection of tamoxifen (33mg/kg i.p.) to induce
expression of tdTomato reporter in all nestin+ hippocampal progenitors and their downstream
progeny. Following tamoxifen administration, cages containing both mother and pups were
placed into ethanol or air (control) vapor chambers where they were exposed to ethanol vapors or
air for 4 hours per day from PD3-15 (average pup blood ethanol concentration, BEC=160.4+12.0
mg/dl; range 128.2-185.6 mg/dl). tdTomato+ DGCs were quantified using confocal stereology at
PD16 and PD50. Alcohol had no significant impact on the number of tdTomato+ DGCs at either
time point: acute (PD16 air: 3.021e5+0.6074¢5 cells/mm?®n=4, etoh: 3.36e5+0.7446e5 cells/mm?®
n=3 p=0.7366) and long-term (PD50 air: 3.655e5+0.3246e5 cells/mm?® n=4, etoh:
3.692e5+1.314e5 cells/mm?® n=3 p=0.9802). These findings suggest resistance of newly
generated DGCs to acute ethanol toxicity during third trimester equivalent exposure, and no
long-term impairment of hippocampal neurogenesis when mice are reared under normal housing
conditions. Experiments are currently underway to determine whether this exposure paradigm
impairs the neurogenic response to enriched environment.
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Title: Neurogenic, neuroendocrine, and behavioural outcomes following prenatal alcohol
exposure: Modulation by oxytocin
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Abstract: Fetal alcohol spectrum disorders encompasses a group of diagnoses characterized by a
range of cognitive, physiological, behavioural, and emotional deficits. Of particular relevance to
this study, prenatal alcohol exposure (PAE) leads to persistent alterations in emotional regulation
and stress system response (i.e. hypothalamic-pituitary-adrenal [HPA] axis). The hippocampus
(HPX), a brain area sensitive to teratogenic effects of alcohol, is involved in stress and emotional
regulation; specifically, neurogenesis occurs in the HPX into adulthood and is implicated in these
functions. HPX neurogenesis is altered following PAE and thus may be one mechanism by
which HPA dysregulation and emotional deficits occur following PAE. Oxytocin (OT), a
neuropeptide implicated in stress and emotional regulation, has been shown to stimulate HPX
neurogenesis and dampen HPA axis activity in male rats. However, it remains unknown whether
modulatory effects of OT occur in females or following PAE. Utilizing an animal model we
examined the possible role of OT in modulating the effects of PAE on HPX neurogenesis, HPA
axis functioning, and expression of anxiety-like behaviours. In adulthood, male and female
offspring from PAE, pair-fed, and control dams were treated daily with OT (0.5mg/kg or
1mg/kg) or vehicle for 10 days. HPA axis activity was measured through corticosterone (CORT)
levels before and after 30 min restraint stress. Anxiety-like behaviour and activity was examined
in the novelty suppressed feeding (NSF) task. HPX neurogenesis was measured through
expression of doublecortin. NSF data indicate PAE males exhibited a shorter latency to feed,
indicating less anxiety or more motivation for food, while females show no differences. Notably,
OT significantly decreased locomotor activity in both sexes, though in a prenatal condition and
OT dose dependent manner: male controls responded at the higher dose while PAE responded at
the lower dose. This OT dependent decrease in activity may have greater implications for PAE
animals, which display hyperactivity compared to controls. CORT levels suggest a possible role
for OT in facilitating recovery of the stress response following restraint in both sexes.
Preliminary data suggests that, similar to NSF and stress response, HPX neurogenesis is affected.
Overall, our data reveal a possible role of OT in decreasing hyperactivity and facilitating stress
recovery following PAE.
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Abstract: The central canal area has been found to be a neurogenic niche, with ependymal cells
having the characteristics of self-renewal, multilineage capability and clonogenic efficiency.
However the ability of certain neurotransmitters to control cell proliferation is still unknown. To
determine the effect of endogenous serotonin on cell proliferation of spinal cord, C57BI1/6 mice
(6-8 week, n=4) were injected with fluoxetine hydrochloride (FIx) in 10 mg/kg for 10 days and
the thymidine analogue 5-ethynyl-2’-deoxyuridine (EdU) in 10 mM was injected for the last 5
days to determine the extent of cell proliferation. The control group C57BI1/6 (6-8 week, n=4)
were injected with saline and EdU for 10 days and the last 5 days respectively. The mice were
anaesthetized (60 mg/kg sodium pentobarbitone) and perfused transcardially with 4%
paraformaldehyde. Thoracolumbar spinal cord and hippocampal regions were removed and
sectioned (50 um) and detection for EdU was performed. EdU+ve cells were counted in central
canal, grey matter and white matter of the spinal cord. FIx-treated mice showed a significantly
higher level of cell proliferation in specific regions of spinal cord compared with the control
group. In total thoracolumbar grey matter, there were significantly more proliferating cells in
mice treated with FIx compared with control (28.5+1.1 vs 24.8+1.03 cells/50 um section,
p<0.05). This was due to a specific difference at thoracic (26.6+1.6 vs 21.8+1.3, p<0.05) rather
than lumbar levels. However there were no significant differences in the numbers of EdU+ve
cells between Flx-treated and control mice in either the central canal or white matter. Since the
majority of EdU labelling in the grey matter was confined to the dorsal horn, we examined the
effects of FIx in this region and noted a significantly higher number of EdU+ve cells in the
dorsal horn at thoracic levels (15.3+1.4 vs 10.0+0.8, p<0.05). As a positive control, in dentate
gyrus there were significantly greater numbers of EdU+ve cells (50.0 £ 2.2 cells per field of
view) compared to the control group (30.7 £ 3.0). These results showed that FIx can influence
cell proliferation in a regional specific manner. This indicated the influence of endogenous
serotonin in promoting high levels of cell proliferation since fluoxetine blocks the serotonin
transporters, increasing serotonin levels in the synaptic cleft.
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Abstract: Neonatal seizures and seizures of infancy represent a significant cause of morbidity.
30-40% of infants and children with seizures will fail to achieve seizure remission with current
anti-epileptic drug (AED) treatment. Moreover, pharmacotherapy during critical periods of brain
development can adversely affect nervous system function. We, and others, have shown that
early life exposure to AEDs including phenobarbital, phenytoin, and valproate are associated
with induction of enhanced neuronal apoptosis during a confined period of postnatal
development in rats. Thus, identification of new therapies for neonatal/infantile epilepsy
syndromes that provide seizure control without neuronal toxicity is a high priority.

Following reports that drugs targeting the cannabinoid system (e.g., CB1 receptor agonists)
display anticonvulsant efficacy in adult animal models of seizures/epilepsy, they remained
unexplored in neonatal models. We were among the first to systematically investigate the
therapeutic potential of these drugs in neonatal rodent seizure models, reporting anticonvulsant
effects with both a CB1/2 mixed agonist (WIN 55,212-2) and CB1 agonist (ACEA) in postnatal
day 10 (P10) animals. However, the potential neurotoxic effect of these drugs during
development remains to be seen.

Therefore, WIN 55,212-2 and ACEA were administered at our previously reported therapeutic
doses, to the developmentally sensitive P7 rat pups and neuronal cell death was examined 24
hours post-treatment. Fluoro-Jade B staining was used to label apoptosis in several brain regions
including: cingulate cortex, striatum, lateral septum, and nucleus accumbens. We found that
despite exerting anti-seizure effects in P10 neonates, both cannabinoids induce neuronal
apoptosis above DMSO control levels.

Together, these results indicate that during a developmentally sensitive neonatal period, drugs
targeting the cannabinoid system induced neuronal apoptosis in a CB-receptor dependent
manner. These data provide further need for the evaluation of new therapies for neonatal
epilepsies that exert seizure control without increasing apoptosis of the developing brain.
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Abstract: Cannabis is one of the oldest and the world’s third most popular recreational drug,
after alcohol and tobacco. Several studies indicate that cannabis use during pregnancy is
increasing due to the fact that it is easily accessible and is considered to be relatively harmless. It
is reported that about six percent of pregnant females aged between 12 to 44 have used cannabis
during their first trimester. Epidemiological studies have revealed that the negative impact of
prenatal cannabis use continues into later stages of life- such that children exhibit neurocognitive
deficits, aggressive behavior and attention disorders. THC (A9-tetrahydrocannabinol) is the
major psycho-active component of marijuana while CBN (cannabinol) is a non-psycho-active
oxidative metabolite of THC. In this study, we sought to investigate the effect of THC and CBN
on developing embryos using zebrafish as a model organism. We exposed zebrafish embryos to
THC and CBN only during the 5-hour gastrulation stage. Our findings showed that both THC
and CBN exposure during gastrulation have detrimental effects on the developing embryo.
Embryonic survival was significantly reduced by CBN but not THC exposure. Both compounds
delayed hatching and reduced body length by 2 days post fertilization (dpf). Embryos exposed to
CBN exhibited dramatic malformations along their body axis. Interestingly, we also observed as
much as a 50% reduction in heart rate in embryos exposed to THC and CBN. We performed
gPCR to determine the relative levels of MRNA coding for the CB1 and CB2 receptors in
zebrafish embryos and found that the both CB1 and CB2 are present during gastrulation and that
exposure to THC downregulates CB1 and CB2 receptors by 2 dpf. We also examined effects on
cells involved in locomotion. We found that exposure to cannabinoids altered the morphology
and branching patterns of primary and secondary motor neurons. Additionally, the morphology
of the Mauthner neurons was also altered. Findings from locomotor studies revealed that escape
response parameters (angle and time to C-bend) were significantly affected by exposure to THC
and CBN. Exposure to cannabinoids also altered muscle fiber morphology. Recording of
spontaneous currents (MEPCs) both from THC and CBN exposed white muscle fibers showed
that the mEPC frequency was decreased, and the mEPC amplitude was increased significantly



compared to control. Taken together, our findings reveal that brief exposure to cannabinoids,
only during gastrulation, causes severe developmental defects in zebrafish embryos.
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Title: Seasonal effects on adult neurogenesis in turtles
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Abstract: Seasonal effects on adult neurogenesis have been reported in many species of reptiles.
The effects vary greatly from species to species (Powers, 2016), but no data have been reported
for turtles. In experiments intended to study environmental influences on adult neurogenesis, we
discerned seasonal effects. We studied western painted turtles (Chrysemys picta), which were
obtained from a supplier in Florida. The turtles were used in three different experiments
investigating enriched environments, maze learning, and discrimination learning. The results of
these experiments will be reported elsewhere.

In all three experiments, turtles were given 9 injections of BrdU (50 mg/kg), 3 times per week
for 3 weeks. In the enriched environment experiment, the animals were euthanized either 1 day,
3 weeks, or 6 weeks after the last BrdU injection. In the other two experiments, all animals were
euthanized 3 weeks after the last BrdU injection. We attempted to prevent seasonal effects by
maintaining the animals in a constant environment: no natural light, constant temperature (29
degrees C.), and a constant day/night cycle of 14 h light/10 h dark. The diet of the animals varied
across experiments but consisted of either pellets manufactured for aquatic turtles (Mazuri) or
beef baby food (Beechnut). In all three experiments, we ran multiple replications at different
times of year.

We counted the total number of BrdU-positive cells in the telencephalon in 14 sections
representing different anterior-posterior levels, in 54 turtles. In all three experiments, when the
data were combined across treatments, we found that turtles run in the summer showed more
BrdU-positive cells than those run in the spring or fall. This finding was surprising given the
variety of different treatments we used and the effort to prevent seasonal changes from affecting



the turtles. Hypothesizing that the time of shipping of the turtles from the supplier would predict
number of cells, we found that turtles shipped between February and June had the greatest
number of new cells. Neither weight nor sex was correlated with number of total new cells.

At the present time, we do not know whether the seasonal effects we observed were due to the
season in which the turtles were shipped by the supplier or the season in which they were run,
but the season of shipping seems more likely because the lab environment was kept constant.
Some animals were kept in the lab for as long as 18 months before being used in an experiment,
however, and such a result would suggest that they retained some seasonal rhythm from the wild
for that considerable length of time.
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Abstract: Rational: FMRP is known to control developmental plasticity within antennal lobe
projection neurons during an early-use critical period, however it is not known whether FMRP
loss alters plasticity within the antennal lobe circuit. The goal of this work is to uncover how
developmental odor exposure reorganizes the antennal lobe and how FMRP regulates this
process. We are testing 3 non-mutually exclusive hypotheses: 1) FMRP controls activity-
dependent translation of core signaling factors (e.g Notch and Wingless). 2) FMRP sets the
excitatory/inhibitory balance enabling odor-dependent developmental plasticity. 3) FMRP
control membrane trafficking during activity-dependent changes important for the growth and
refinement of synaptic connections.

Methods: In order to test how critical period odor exposure affects the development of sensory
neurons, we are investigating morphological, functional and behavioral changes in staged
animals exposed to odorants. Connectivity changes are being assessed using membrane and



synaptic markers expressed in Or42a (VM7) and Or85a (DM5). Functional changes associated
with critical period odor exposure are being measured with transgenic calcium/chloride
fluorescent reporters and patch-clamp electrophysiology. Behavioral changes are being analyzed
using odor discrimination assays. Genetic background controls are compared to loss-of-function
FMRP mutants. Targeted RNAi-mediated knockdown in sensory and projection neurons, as well
as targeted manipulation of circuit activity using optogenetic tools, are being used to test of the
role of regulatory proteins, activity and membrane trafficking in FMRP-dependent critical period
plasticity.

Results: The data to date shows that after odorant exposure during the critical period Or42a
OSNs exhibit a significant reduction in glomerulus volume. Conversely, Or85a OSNs show an
opposite phenotype of expanded volume following critical period odorant exposure compared to
the vehicle. These odorant-dependent changes during the critical period are lost in dfmrl null
mutants in both Or42a and Or85a neurons, showing that FMRP is important for both
bidirectional changes. This plasticity is restricted to the critical period of early sensory input
closely following eclosion .

Conclusions: These results show that the loss of FMRP can reduce activity-dependent critical
period synaptic plasticity bidirectionally within the same sensory circuit. Our ongoing research
focusses on linking anatomical plasticity to functional and behavioral changes, as well as testing
different aspects of FMRP function in driving critical period plasticity during neural circuit
refinement.
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Abstract: Synchronized spontaneous network activity represents a characteristic property of
immature neural networks and is thought to contribute to their developmental refinement. In the



developing hippocampus in vitro, synchronized activity in the form of so-called giant
depolarizing potentials (GDPs) strongly depends on the depolarizing action of GABAA receptor
activation. However, the contribution of distinct subpopulations of GABAergic interneurons
remains incompletely understood. In the present study, we addressed whether somatostatin-
positive (SOM) GABAergic interneurons participate in the GABAergic control of GDP
generation. In agreement with previous data, confocal Ca®* imaging experiments revealed that
GDPs were strongly attenuated by acute pharmacological inhibition of the chloride importer
NKCCL1. Optogenetic activation of SOM interneurons using Channelrhodopsin 2 (H134R)
induced GABAA-receptor dependent postsynaptic currents in CAL pyramidal cells already at
postnatal day 1. In the presence of ionotropic glutamate receptor antagonists, local
photoactivation of SOM interneurons evoked action potential firing in a considerable fraction of
CA1 pyramidal cells. Furthermore, Ca®* imaging data showed that photoactivation of SOM
interneurons could induce GDP-like network events which were strongly attenuated by NKCC1
inhibition. Collectively, the present data support the view that SOM interneurons may facilitate
neuronal synchronization in the developing hippocampus.
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Title: Developmental origins of adult prefrontal cortical PV interneuron functional
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Abstract: Abnormalities in prefrontal cortical parvalbumin-expressing (PFC PV) interneurons
are believed to contribute to cognitive and affective deficits in schizophrenia (SCZ), as well as
other neurodevelopmental psychiatric disorders. However, little is known about whether
developmental alterations in PV inhibitory interneuron maturation and integration into cortical
circuitry could be contributing to disease onset.



We have recently shown that mice exposed to an early environmental risk factor for SCZ—
prenatal maternal immune activation (MIA)—show decreased functional inhibitory connectivity
between PFC PV interneurons and pyramidal cells in adulthood, and that these physiological
changes result in impairments in cognitive flexibility and anxiety. Therefore, we decided to
utilize this model to investigate changes in PFC PV interneuron function during development
that may precede and precipitate these long-term functional and behavioral alterations observed
in the adult.

We discovered that PFC PV interneurons in MIA offspring show decreased intrinsic excitability
transiently during early development, corresponding to a window when extensive pruning of
synaptic connections is known to occur. This change in excitability appears due to an increase in
an inward conductance active around resting membrane potential and at more hyperpolarized
potentials in PFC PV interneurons. Our ongoing studies now aim to understand whether these
transient changes in PFC PV interneuron excitability early in development are sufficient to
induce the long-term changes in PFC PV interneuron functional connectivity observed in adult
MIA offspring. To this end we have used the designer chemogenetic receptor, hM4D, and its
exogenous ligand, CNO, to transiently decrease excitability in developing PFC PV interneurons
between P21 and P50—encompassing the early window in which we observe transiently
decreased excitability in MIA PFC PV interneurons. Our electrophysiological studies at P52—
two days following the end of this transient manipulation—revealed that there were fewer
spontaneous inhibitory synaptic currents in PFC pyramidal cells, consistent with the idea that the
excitability of PFC PV cells during development may determine their synaptic connectivity later
in life. Ongoing studies are examining the effect of this transient developmental manipulation on
the strength of GABAergic inhibition in adulthood, as well as behavior.
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Title: The metabotropic glutamate receptor subtype 1 mediates visual-experience dependent
maintenance of synaptic connectivity in the dorsal lateral geniculate nucleus
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Abstract: Neuronal connectivity have to be maintained stably for proper brain function after
initial synapse formation and subsequent refinement during development. In the dorsal lateral
geniculate nucleus (dLGN) of mice, synapses from retinal ganglion cell axons onto
thalamocortical neurons (retinogeniculate synapses) are established through three distinct phases,
namely map formation, synapse elimination, and experience-dependent maintenance. At the
maintenance phase that starts around postnatal day 20 (P20), retinogeniculate synaptic
connectivity is maintained in a visual experience-dependent manner because one week of dark
rearing from P20 (late DR) causes abnormal remodeling of those synapses. A few molecules
such as MeCp2 have been reported to be involved in the maintenance phase (Noutel et al., 2011)
but further mechanisms were unclear. In this study, we found that experience-dependent
maintenance of retinogeniculate synapses was critically dependent on the metabotropic
glutamate receptor subtype 1 (mGIuR1). Expression of mGIluR1 in the dLGN was low before
eye-opening (P10) then clearly increased from P15 by the beginning of the maintenance phase
(P20). In mGIuR1 knockout (mGIluR1-KO) mice, synapse formation and elimination occurred
normally until around P20 but weak retinogeniculate synapses were newly recruited during the
subsequent maintenance phase. This remodeling was similar to those of wild-type (WT) mice
that underwent late DR. By contrast, late DR of mGIuR1-KO mice could not induce additional
remodeling of retinogeniculate synapses. Pharmacological inactivation or knockdown with micro
RNA of mGIuR1 in the dLGN during the maintenance phase also caused abnormal remodeling
of retinogeniculate synapses. Importantly, pharmacological activation of mGIuR1 in the dLGN
during late DR prevented abnormal recruitment of weak synapses and rescued the maintenance
of mature connectivity in WT mice. These results demonstrate that mGIuR1 is crucial for visual
experience-dependent maintenance of retinogeniculate synapses.
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Abstract: In the retina, there are synaptic and dendritic mechanisms that contribute to direction
selectivity. Here, we explore how these alternative mechanisms emerge and interact in

one DSGC subtype, which expresses GFP under the Hb9 promoter and prefers upward motion.
Classically, DSGCs exhibit directional tuning due to asymmetric GABAergic inhibition from
starburst amacrine cells. However, Hb9-GFP+ DSGCs also have asymmetric dendritic arbors
that are hypothesized to contribute to the direction selective computation in these cells
(Trenholm et al., 2011).

To determine how these mechanisms contribute to Hb9 DSGC direction selectivity during
development, we used cell attached recordings to characterize direction selectivity in Hb9
DSGCs in the absence and presence of the GABAA receptor blocker, GABAzine. We found that
GABAZzine application abolishes directional tuning at the time of eye-opening, while adult Hb9
DSGCs maintain directional tuning. VVoltage clamp recordings revealed that this GABAA
receptor independent direction selectivity in adult mice was not dependent on asymmetric
excitation, indicating that direction selectivity originated postsynaptically. To test whether visual
experience influences this developmental reduction in direction selectivity’s dependence on
GABAA receptors, we dark-reared mice into adulthood. We found that Hb9 DSGCs in dark-
reared mice did not display directional tuning in the presence of GABAzine, similar to what we
see at the time of eye-opening in normally-reared animals. Moreover, we found that dark-rearing
decreased the asymmetry of the dendritic morphology of Hb9 DSGCs. These results suggest that
visual experience, during retinal development, plays a role in the establishment of postsynaptic
contributions to direction selectivity. This model will help elucidate the role of visual experience,
from the time of eye-opening to adulthood, in the maturation of retinal computations.
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Abstract: In the cerebral cortex, excitatory pyramidal cells (PCs) can be segregated based on the
target of their long-range axonal projection: intratelencephalic (IT-type) PCs target
cortex/striatum while pyramidal tract (PT-type) PCs target the brainstem, midbrain, and spinal
cord. The output of these PCs is regulated by a diverse group of local inhibitory interneurons
(INs). Importantly, INs can be also segregated into two non-overlapping subgroups based on
their embryonic lineage from either the caudal or medial ganglionic eminences (CGE and MGE).
Interestingly, PCs and INs are biased in their laminar distributions, such that CGE INs are
primarily found in superficial layers where PT PCs are absent, while MGE INs are primarily
found in deep layers where IT and PT PCs are intermingled. Here, we show that IT PCs form
preferential synaptic connections with CGE INs and influence their radial migration and circuit
integration during development. We used the Htr3a-GFP mouse line to target CGE INs and the
EmxZ1-cre line to conditionally knock out the transcription factor Satb2 in PCs. Satbh2 is
necessary for IT-type specification and its loss results in disruption of the corpus callosum and
ectopic projections to subcerebral targets. In conditional Satb2 mutants a greater percentage CGE
INs were distributed in deeper cortical layers relative to controls, strongly suggesting that IT PCs
instruct their radial migration. In paired whole-cell recordings in superficial layers of control
mice, the dominant connection probability was from PC to CGE IN (PC to IN: 30%; IN to PC:
18%). Interestingly, in mutant mice, the PC to CGE IN connection probability was reduced
(10%), while the IN to PC connection probability appeared unaffected (26%). To test whether IT
PC to CGE IN connectivity is a common circuit motif, we made paired recordings in deep
cortical layers, where IT and PT PCs form local overlapping microcircuits. We used retrograde
tracer injections into the contralateral visual cortex or ipsilateral superior colliculus to target IT
or PT PCs, respectively. Strikingly, identified IT PCs made excitatory connections onto CGE INs



at a rate of 12%, while no connections from PT PCs to CGE INs were found. To confirm this
connectivity bias we used combinations of transgenic mouse lines and viral vectors to express
channelrhodopsin selectively in populations of PCs of either class in deep layers. Indeed,
population input from IT PCs drove robust network responses in CGE INs while input from PT
PCs was rare and weak. Our data show that PC projection identity and interneuron embryonic
lineage play key roles directing the assembly and organization of cortical circuits.
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Authors: *D. B. MUDD?, T. S. BALMER'?, S. L. PALLAS!
'Georgia State Univ., Atlanta, GA; 2Oregon HIth. & Sci. Univ., Portland, OR

Abstract: External information shapes sensory circuits during postnatal development, but
plasticity is often limited in adults. Sensory deprivation can interfere with this process,
sometimes leading to retention of a plastic state. Many visual response properties fail to develop
under these conditions, resulting in poor vision. Surprisingly, in Syrian hamsters visual
experience is not required for the refinement of receptive fields (RFs) in superior colliculus or
visual cortex. Instead, early (P32-40) light exposure is necessary only for maintaining refined
RFs in adulthood. The eventual expansion of refined RFs in dark-reared (DR) adults results
primarily from a reduction in lateral inhibition from GABAergic interneurons in SC. We sought
to identify the early, experience-driven molecular triggers that could stabilize GABAergic
synapses and maintain refined RF size. Here we tested the hypothesis that, as shown for visual
cortex, the neurotrophic factor BDNF and its receptor TrkB provide the link between visual
experience and maturation of inhibition during a critical period (CP). To determine whether
TrkB activation was sufficient to replace light exposure, Syrian hamsters were dark-reared from
birth to adulthood (>P90) and given the TrkB receptor agonist 7,8 Dihydroxyflavone or vehicle
during the CP for RF refinement in the superior colliculus (SC) (P33-P40). To test the necessity
for TrkB activation during the CP for RF refinement, DR hamsters were exposed to light during



TrkB receptor blockade by the antagonist ANA-12. Single unit adult RF sizes in superficial SC
were compared between treatment groups. TrkB activation maintained RF refinement compared
to vehicle or TrkB receptor blocked, visually-stimulated animals (p < 0.05), suggesting that TrkB
signaling pathway activation can mimic visual experience. To address mechanism, we employed
immunostaining to measure levels of GAD-65, the precursor enzyme for synaptic GABA, and of
the GABAA receptor al subunit, which is obligatory for adult GABAA receptors. TrkB receptor
agonist-treated animals had higher levels of GAD-65 compared to vehicle treated or antagonist-
treated animals (p < 0.001). No significant difference in GABAAaal receptor expression was seen
between groups. Taken together, we propose that early visual activity promotes adult RF
maintenance in SC via the promotion of GABAergic synapse maturation through TrkB
activation. The SC and visual cortex may share a common mechanism for experience-driven
plasticity of RF properties, despite differences in timing of their CPs. Modulation of TrkB
signaling may facilitate investigation of pathological conditions governed by inhibitory
plasticity.
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Title: How does sensory information shape early interneuron circuits to direct the maturation of
the neocortex?
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Abstract: Sensory activity plays an important role in the maturation of primary visual cortex
(V1), in particular, ocular dominance plasticity. Similarly, it is well established that whisker
input is required for appropriate barrel development in rodent somatosensory (S1BF) cortex.
These structural changes are underpinned by changes on the cortical circuit level, resulting in the
unique cytoarchitecture of both cortical areas. The maturation of parvalbumin immunoreactive
(PV+) interneurons (IN) is inextricably linked to the late phase of circuit development and their
contribution to cortical plasticity is well documented. However, less is known about the role of



other IN subtypes during the first few postnatal weeks. Recently, we identified transient
GABAergic input from L5b to L4 in neonatal S1BF of the mouse (Marques-Smith et al., 2016).
This connection forms part of a reciprocal synaptic circuit between L5b somatostatin-positive
(SST+) INs and L4 spiny stellate glutamatergic neurons that is only present prior to the end of
the L4 critical period (~P10) in S1BF. Evidence suggests that this circuit is important for the
timely acquisition of thalamic input onto L4 excitatory neurons. However, the extent to which
sensory information influences remodelling of this circuit, and whether this may be a general
mechanism for sensory integration remains unclear. To better understand the default network
present in the absence of any sensory input we have mapped GABAergic connections onto L4 in
a mouse model devoid of any thalmo-cortical/cortico-thalamic connections (Zhou et al., 2008).
Intriguingly, the L5b onto L4 GABAergic connection is still present in S1BF with the time
course of this transient circuit un-altered. This suggests that this connectivity emerges through a
mechanism that is intrinsic to the neocortex and points towards a possible genetic component in
the formation and maintenance of this early IN-spiny stellate synapse. If this circuit is genetically
hardwired to appear during development and is involved in correct integration of thalamic input,
we might expect it to be present in other primary sensory areas. To investigate this, we further
mapped GABAergic connections in the developing V1 to determine if similar connections exist
between L5 INs and L4 pyramidal cells. Using laser scanning photostimulation we found no
evidence for translaminar L5 connections onto L4 neurons in V1 at early neonatal ages. This
suggests that the connection between L5 SST+ INs and L4 excitatory neurons in S1BF is
hardwired and area specific, highlighting a unique modality-specific role for SST+ INs in
cortical development.
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Abstract: The mammalian neocortex exhibits complex spatiotemporal patterns of spontaneous
and sensory-evoked activity that are necessary for the formation, refinement and function of
neural circuits. Disruption of these patterns has been implicated in numerous neuropsychiatric
disorders, such as autism and schizophrenia. Identifying the cellular mechanisms underlying this
activity is therefore critical for understanding both normal and pathological brain development
and function. Technical challenges have generally precluded establishing conceptual links
between the function of networks of individual neurons and brain-wide circuit dynamics. To
solve this problem, we developed a technology that allows simultaneous cellular-resolution (two-
photon) calcium imaging of a local microcircuit and mesoscopic (one-photon) calcium imaging
of the entire cortical surface in awake, behaving mice. Our microscope employs an orthogonal
axis design whereby the mesoscopic objective is oriented downward directly above the brain and
the two-photon objective is oriented horizontally, with imaging done through a glass right angle
microprism implanted in the skull. We combined these imaging modalities with expression of
genetically encoded calcium indicators to monitor activity of targeted subpopulations of
individual neurons simultaneously with brain-wide activity. We are currently using this dual-
imaging approach to directly link single neuron spiking to widespread signaling across the
cortical mantle. In preliminary studies, we observed that subnetworks of neurons in layer 2/3 of
both primary somatosensory and visual areas exhibit heterogeneous inter-areal correlational
structure. For example, cells in these sensory areas may participate in networks linking either
contralateral homotypic or ipsilateral motor regions. Additionally, we are examining how
cortical functional connectivity is refined in the period after the emergence of early spontaneous
activity beyond the second postnatal week in mice. Our method enables the generation of novel
insights into the role of specific populations of individual neurons in the functional organization
of brain circuits during healthy development and in disease, and complements other multi-scale
imaging approaches to better understand brain development and clinical functional imaging data.
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Title: A role for visual experience in activity-dependent development prior to eye-opening
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Abstract: As early as when the eyes first open, light is known to play a critical role in the
development of visual circuitry. However, whether light interacts with the developing visual
system before eye-opening is not well understood. In mice, the eyelids remain closed for the first
two weeks of postnatal life during which cells of the retina exhibit retinal waves, a term used to
describe spontaneous correlated activity. These waves are the predominant type of neural activity
before vision and have been implicated in the refinement of retinal projections to the brain.
Several days before eye-opening, rod and cone photoreceptors become active components of
retinal circuitry, suggesting that light-mediated responses and retinal waves could interact. Here,
using two-photon imaging, we show that light modulates the frequency and area of propagation
of waves, and we will present data testing the impact of light on the directionality of wave
propagation. Second, we show that dark-rearing mice before eye-opening leads to reduced eye-
specific segregation of axonal projections from retinal ganglion cells to the dorsal lateral
geniculate nucleus. These studies will provide critical new insights on the importance of light
stimulation even before eye-opening for the proper development of the visual system.
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Title: Immune activation produces learning deficits and alters microglia function in early
juvenile development
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Abstract: Immune activation during early development can have profound effects on later
immune function, cognition, and behavior. Epidemiological data indicate a strong correlation
between early-life immune activation and later diagnosis of disorders such as autism,
schizophrenia, and depression. We have found that immune activation on postnatal day 21 (P21)



produces learning deficits in the emergence of hippocampal-dependent learning in juvenile rats
at the onset of hippocampal-dependent learning in the Context Pre-exposure Facilitation Effect
(CPFE) paradigm. Microglia are the resident immune cells of the brain and phagocytose cellular
debris following infection or injury. Microglia are also important regulators of neuronal
development. They play an active role in synapse function, plasticity, and circuit formation
throughout healthy brain development. During early development, microglia are essential for the
pruning and maturation of synapses which is necessary for the establishment of mature neural
circuits. We hypothesize that disruptions in microglia-neuron interactions necessary for the
formation of hippocampal neuronal circuits caused by immune activation on P21 underlie the
learning deficits observed in the CPFE. Data on the phagocytosis of synaptic elements by
microglia in the hippocampus following immune activation with lipopolysaccharide (LPS) P21
will be examined. Additionally, we will examine the expression patterns of inflammatory
cytokines, genes important for microglial-neuronal signaling, and neurotrophic factors following
LPS immune activation on P21.These experiments are the first to examine the impact of immune
activation during an important period of hippocampal development on neuroimmune function,
neural circuit formation, and cognitive development. These findings further our understanding of
how immune dysregulation may precipitate subsequent and long-term mental health and
cognitive disorders that originate in early development.
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Title: Removal of perineuronal nets in visual cortices of adult murine Prmt knockout mice
restores visual acuity
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Abstract: Critical periods (CP) in early postnatal life are crucial for the formation of
sophisticated neuronal connections for the visual system development. Our previous work
demonstrated protein arginine methytransferase 8’s (PRMTS8), involvement in synaptic matura-
tion and its prospect as an epigenetic modulator of developmental neuroplasticity by regulating



structural elements. We further investigate the implications of Prmt8 knockout and their
corresponding upregulation of structural proteins specifically Tenascin-R (TNR). We first
validate TNR’s increase in visual cortices of knockouts using real-time PCR in comparison with
wild-types. TNR is known to be an essential component of perineuronal nets (PNNs) that wrap
around neurons and thus consolidate neuronal circuits during development. Prmt8 knockouts
have shown hastened neuron maturation. In line with this, visual optomotor tests of adult
knockout mice reveal a decrease in visual acuity. To manipulate the structural consolidation of
neuronal circuitry, we performed unilateral injection of chondroitinase ABC to adult visual
cortices to breakdown PNNs. Post-treatment mice show a restoration of visual acuity to wild-
type levels. Although the exact mechanism is unclear at this juncture, this implies a possible
reactivation of plasticity in adult mice allowing for the rescue of vision observed. We plan to
further investigate this using optogenetics to probe specific classes of neurons in post-treatment
mice and exploring its corresponding effects on recovery of vision.
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Abstract: A new disynaptic pathway has been discovered that connects the retina to the
infralimbic (IL) and prelimbic (PL) cortex via the thalamus, with its origin in intrinsically-
photosensitive retinal ganglion cells (ipRGCs). It is known that a subset of this pathway’s
prefrontal target area, the IL cortex, contains a population of pyramidal neurons exquisitely
sensitive to stress exposure. Even single minute-long applications of physical stressors are
reported to cause significant morphological changes in these neurons’ apical dendritic tree.
Given that the retino-thalamo-cortical pathway provides a major previously-undetected input to
its prefrontal target, we set out to investigate the cytoarchitecture of this target area in ipRGC-
ablated mice.



Two transgenic lines were used: Opn4?CTA%PTA have an attenuated diphtheria toxin A subunit
inserted into the melanopsin locus, which results in the progressive degeneration of M1 ipRGCs
(the subtype with the highest level of melanopsin expression) starting at 2 months of age, with
complete degeneration by 6 months; Opn4°':Brn3bP™ express diphtheria toxin in those ipRGCs
that express the transcription factor Brn3b. Only ~200 ipRGCs do not express Brn3b; these cells
exclusively innervate the suprachiasmatic nucleus, are sufficient for circadian photoentrainment,
and are the only ones that survive in Opn4'®;Brn3bP™ animals. Notably, Brn3b is expressed
nowhere in the cerebral cortex. The wild type controls were of C57BL/6 background. Only male
mice were used.

The morphometric analysis was conducted on Neurolucida-reconstructed neurons from Golgi-
stained brain sections. The neurons to be traced were selected according to the following criteria:
1. Placement in the infralimbic and ventral prelimbic cortex. 2. Pyramidal type. 3. Distance from
the soma to the pial surface comprising layers 3 and 4. 4. Shape of the dendritic tree not
suggestive of a layer 5 or short-shaft layer 2/3 neuron. 5. Apical dendritic tree mainly unfolding
within the middle third of the section, well isolated, intact and not obscured by neighbors.
Reconstructed neurons from 6-month-old Opn42PTA%0TA (N=14) and Opn4©";Brn3b°™ (N=9)
mice show a highly significant (p<0.0003) and striking ~35% retraction of their apical dendritic
trees compared to wild types (N=11) (quantified by total dendritic tree length, and branch
numbers). No significant differences were found in a control region (motor cortex).

We conclude that ipRGC signaling appears necessary for the cytoarchitectural integrity of this
limbic cortical region involved in, inter alia, mood regulation and social behavior.
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Title: Roles of delta-protocadherins in neural circuit assembly

Authors: *S. LIGHT, M. EMOND, J. JONTES
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Abstract: Protocadherins (pcdhs) belong to a diverse family of cell adhesion molecules involved
in a variety of developmental processes including cell migration, neurogenesis, axon growth, and
dendrite arborization. Mutations in several protocadherins are associated with

neurodevelopmental defects including autism spectrum disorders, schizophrenia, and epilepsy. In



particular, mutations in human PCDH19 cause a specific form of infant-onset epilepsy. Our
long-term goals are to determine the molecular and cellular mechanisms of Pcdh19 and other
protocadherins, and to understand how these molecules function during neural development to
produce correct brain structure and function. Our lab has previously shown that pcdh19 is
expressed in columns of neurons in the zebrafish optic tectum that originate from single neuronal
progenitors. Pcdh19 mutations disrupt columnar architecture and impair visually-guided
behaviors in zebrafish larvae. To explore the impact of pcdh19 loss on neural function, we
employed both in vivo imaging to explore how Pcdh19 guides circuit assembly and proteomics to
identify intracellular pathways downstream of Pcdh19. First, we performed whole-brain calcium
imaging of wild type and pcdh19 mutant larvae over the first developmental week using in vivo
two-photon microscopy. Mutant fish display alterations in neuronal activity patterns, which
suggest that pcdh19 is essential for establishing appropriate neuronal connections in the
developing brain. In ongoing work, we are investigating the effects of pcdh19 loss on visually-
evoked neural activity and susceptibility to drug-induced seizure activity. Additionally, we are
characterizing changes in neuroanatomical organization of pcdh19 mutants with immuno-
histochemistry. Using proximity-dependent biotinylation and proteomics, we identified a number
of intracellular binding partners for Pcdh19 that have known roles in actin assembly, receptor
trafficking, cell polarity, and the Wnt and MAP kinase signaling pathways. We are currently
validating some of these proteins and investigating signaling mechanisms downstream of
Pcdh19. In addition, we are employing some of the same approaches to explore other
protocadherins in order to better understand how this family of cell adhesion molecules guides
development of the vertebrate nervous system.
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Title: Development of adult-born granule cell connectivity with different interneuron networks
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Abstract: Adult neurogenesis provides a continuous pool of new granule cells (GCs) that
participate in information processing in the dentate gyrus of the hippocampus, which is involved
in memory and learning. As new GCs transition towards maturity, they reliably recruit
GABAergic feedback loops that restrict spiking of neighbor GCs, a mechanism that would
promote sparse coding. We studied how GCs of different ages become integrated into the pre-
existing circuit of the adult mouse dentate gyrus. In particular, we chose two major population of
GABAergic interneurons (INs) of the hippocampus: Parvalbumin expressing cells (PVcs) and
Somatostatin expressing cells (SSTcs). We combined optogenetics and acute slice
electrophysiology to activate PVcs or SSTcs and GCs at different stages of maturation and
studied their connectivity in both directions, interneuron to GCs and viceversa. As a first
approach, we applied overall inhibition on the granule cell layer by activating each IN type and
found that the area of the population spike elicited by synchronous activation of the perforant
path was reduced by 60 % and 80% when stimulating SSTcs and PVcs respectively. We also
built a synaptogenesis temporal map for each IN population and observed that connectivity
between PV and GCs (input and output) reached maturation when GCs were at least six weeks
old. For SSTcs, the inhibitory current increased gradually with GCs development, while the GCs
output connectivity developed much later (at 11 weeks old) when compared to PVcs. This
approach together with previous data shows that PVcs feedback inhibition is recruited by GCs
before reaching maturity, while SSTcs are only activated long after GCs have achieved full
maturation.
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Title: LRRTML contributes to the assembly of complex retinogeniculate synapses in mouse
visual thalamus
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Abstract: Retinogeniculate (RG) synapses are critical for regulating the flow of visual
information from retina to primary visual cortex (V1). We recently discovered that RG synapses



in the mouse dorsal lateral geniculate nucleus (dLGN) differ anatomically and physiologically
from retinal synapses in all other retino-recipient nuclei. Not only are retinal terminals
significantly large and functionally strong in dLGN, but they can be classified into two distinct
morphologies: simple RG synapses that contain a single retinal terminal and complex RG
synapses that contain numerous retinal terminals that converge onto the same region of
postsynaptic dendrite. Here we sought to identify factors in dLGN that lead to the development
of these unique synapses. RNAseq analysis identified Leucine-Rich Repeat Transmembrane
Neuronal 1 (LRRTM1) as target-derived synaptic organizer enriched in dLGN, but not other
retino-recipient nuclei, during the developmental maturation of RG synapses. To test its role in
RG synapse development, we assessed the morphology of RG synapses in targeted mutant mice
lacking LRRTM1 (Irrtm17). Anterograde labeling of retinal terminals by intraocular injection of
fluorophore-conjugated Cholera Toxin B (CTB) and immunostaining for Vesicular Glutamate
Transporter 2 (VGIuT2) revealed smaller terminal “puncta” in dLGN in the absence of
LRRTML1. These results suggest that either each retinal terminal was smaller in mutants or that
complex RG synapses were absent. To answer this question we used serial block face scanning
electron microscopy (SBFSEM) and brainbow multicolor labeling of retinal terminals.
Ultrastructural analysis revealed a significant reduction in the number of complex RG synapses
in Irrtm17- dLGN accompanied with an increase in the size of individual retinal terminals in
dLGN of Irrtm1”- mice. Moreover, AAV-brainbow labeling confirmed the loss of complex RG
synapses in Irrtm1” mice. Thus, these studies identified LRRTM1 as a necessary target-derived
factor that drive complex RG synaptogenesis. We are now using these mutant mice to determine
the role of complex RG synapses in processing and relaying visual information from retina to
primary visual cortex.
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Title: Eye opening selectively modulates inhibitory synaptic transmission in the developing
visual cortex
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YInst. of Brain Sci., 2Fudan Univ., Shanghai, China

Abstract: Eye opening, a natural and timed event during animal development, influences
cortical circuit assembly and maturation; yet, little is known about its precise effect on inhibitory
synaptic connections. Here we show that coinciding with eye opening, the strength of unitary
inhibitory postsynaptic currents (UIPSCs) from somatostatin-expressing interneurons (SST-INs)
to nearby excitatory neurons, but not interneurons, sharply decreases in layer 2/3 of the mouse
visual cortex. This drastic change is prevented by dark rearing or binocular lid suture, and
reproduced by artificial opening of sutured lids. Mechanistically, this weakening in synaptic
transmission is accompanied by a significant decrease in the number of presynaptic release sites
as well as a reduction in the postsynaptic quantal size mediated by the loss of alpha5-containing
GABAA receptors. Together, our study reveals a selective developmental regulation in
GABAergic circuits in the cortex driven by eye opening likely crucial for cortical maturation and
function.

Disclosures: Y. Yu: None. W. Guan: None. J. Cao: None. Y. Fu: None.
Poster

116. Neural Circuit Maturation and Remodeling |

Location: Halls A-C

Time: Sunday, November 12, 2017, 8:00 AM - 12:00 PM
Program#/Poster#: 116.18/B55

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

Title: Refinement of presynaptic axons in the absence of synaptic activity
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Abstract: During postnatal development, neuronal circuits throughout the nervous system
continually refine their connections by strengthening some inputs and eliminating others. A well-



accepted hypothesis for this refinement is that it occurs through a competitive process that
requires synaptic activity. Our work demonstrates that this hypothesis is incomplete: We show
that in mice that lack the eukaryotic initiation factor 4E binding protein (4E-BP), a critical
repressor of cap-dependent translation, synapses in sympathetic ganglia refine in the complete
absence of synaptic activity.

To demonstrate that connections refine without synaptic activity, we examined the innervation of
sympathetic neurons in 2 mouse lines: One with a deletion in the a3 subunit of postsynaptic
nicotinic acetylcholine receptors at synapses in sympathetic ganglia; the deletion of a3 causes
synapses in sympathetic ganglia to be electrophysiologically silent (a3 KO). In the other line,
4E-BP and a3 have both been deleted (a3/4E-BP DKO). In both lines, we quantified the
innervation using lipophilic dye tracing, immunostaining, electrophysiology. And, we restored
synaptic transmission using viral-mediated gene transfer to investigate the role for postsynaptic
activity.

In WT mice, sympathetic neurons formed elaborate dendritic arbors, and preganglionic axons
targeted their synapses to the dendritic domain. In contrast, sympathetic neurons in a3 KO mice
showed stunted dendritic growth, and axons targeted silent synapses to the cell soma. At birth,
sympathetic neurons in both WT and a3 KO mice were hyperinnervated by ~8 preganglionic
axons. Over the first postnatal month, neurons in WT mice refined their innervation to ~3 inputs,
while those in a3 KO mice remained hyperinnervated and axons did not refine unless synaptic
activity was restored. In addition, sympathetic neurons in a3 KO mice showed reduced levels of
phosphorylated-4E-BP when compared to WT neurons, suggesting that 4E-BP might play a role
in the activity-dependent regulation of preganglionic axon refinement. In support of this idea,
when 4E-BP was deleted (a3/4E-BP DKO), preganglionic innervation to sympathetic neurons
refined to ~3 inputs, even though synaptic activity was absent.

Our results demonstrate that synapses can refine in the absence of synaptic activity and identify
4E-BP as a critical player in this process. We suggest that synaptic activity engages a 4E-BP-
dependent pathway that enables a retrograde signaling mechanism to coordinate the refinement
of presynaptic innervation.
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Title: Rats with neonatal corticospinal injury exhibit motor control from both hemispheres but
anatomical plasticity only from the uninjured hemisphere
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Burke Med. Res. Inst., White Plains, NY

Abstract: * Injury to the developing corticospinal tract (CST) triggers the persistence or
remodeling of spared descending motor circuits. After neonatal CST lesion, spared pathways
from either cerebral hemisphere can provide motor control to the impaired forelimb. We
hypothesized (Figure) that connections and control arose from the ipsiCST pathway from the
uninjured hemisphere rather than by the corticoRST pathway, a bypass circuit through the brain
stem, from the injured hemisphere. We cut the CST at the pyramid in postnatal day 7 Sprague
Dawley rats, equivalent to full term human newborns. After the rats reached maturity, we tested
skilled forelimb function—food manipulation and locomotion. To determine which hemisphere
controlled the affected forelimb, we inactivated the motor cortex (M1) in each hemisphere and
tested performance on a reach and turn task. Anatomical connections were assessed by injecting
biotinylated dextran amine (BDA) into the motor cortex and counting labeled axons in the brain
stem and spinal cord. Additionally, Fast Blue was injected into the spinal cord to count labeled
neurons in the brain stem. Rats with neonatal CST injury showed persistent motor deficits in
maturity. Uninjured rats exhibited forelimb deficits only after inactivation of the contralateral
motor cortex, whereas rats with neonatal CST injury exhibited deficits after inactivation of each
motor cortex. In contrast, increased CST and corticobulbar connections were observed only from
the uninjured hemisphere. Thus, the injured hemisphere still participates in control, even though
its descending motor connections do not exhibit plasticity.

Pathway 1: ipsiCST Pathway 2: corticoRST

Unimpaired Impaired Unimpaired Impaired
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Title: Three-day-long In vivo imaging of dendritic reorganization in barrel cortex layer 4 in
neonates
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Abstract: The proper cortical processing of sensory information relies on precise dendrite
projection pattern of layer 4 (L4) excitatory neurons. However, processes of L4 neuron dendrite
specification, which occurs during early postnatal development, are mostly unexplored. We here
addressed these questions by a novel approach, long-term in vivo imaging of the neonatal mouse
barrel cortex. In the mature mouse barrel cortex, spiny stellate (SS) neurons and thalamocortical
(TC) axon termini form "barrels"” that are morphologically and functionally distinct modules
corresponding to individual whiskers on the face. In each barrel, SS neurons are located around
the barrel edge and extend the basal dendrites selectively toward the barrel center, where they
make synapses with specific TC axons. We visualized dendritic morphologies of individual L4
neurons in vivo using in utero electroporation-based Supernova labeling (Mizuno et al., 2014;
Luo et al., 2016). Barrel arrangement was visualized by using the TC axon-GFP Tg mouse
(Mizuno et al., 2014). We performed time-lapse imaging of L4 neurons for 3 days starting at
postnatal day 3 (P3). We found that at P3 most L4 neurons had a long apical dendrite and simple
basal dendrites. As animals grew, majority of L4 neurons lost the apical dendrite by gradual
retraction. We identified these apical dendrite-losing neurons as SS neurons. In fact, at P6 most
of these neurons had basal dendrites oriented toward the barrel center, which is the unique
feature of SS neurons in the barrel cortex. In the meeting, based on the analyses of our in vivo



imaging data, we will discuss the mechanisms of SS neuron differentiation and dendrite
reorganization in neonatal period.
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Title: Single cell RNA-sequencing of a developing neural system
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Abstract: The calyx of Held (CH) is the largest nerve terminal in the mammalian central
nervous system and the large size of this terminal, rapid period of growth (24-72 hours) and
well-defined endpoint of monoinnervation onto the postsynaptic principal neurons in the medial
nucleus of the trapezoid body (MNTB) make this brain region a useful model system to study the
molecular mechanisms of neural circuit formation. We employed single cell RNA-sequencing
(scRNA-Seq) to reveal the dynamics of gene expression among the various neuronal and
nonneuronal cell types in this developing neural circuit. These high-resolution gene expression
data can be used to connect signaling pathways in different cell types to structural changes in the
system. Microdissections of MNTB are performed at postnatal day (P)3 during the height of CH
growth. Single cell suspensions were loaded into the Fluidigm C1 Integrated Fluidic Circuit chip
for single cell capture and processing for sScRNA-Seq. Over 300 single cells were captured and
analyzed. Most cell libraries had greater than 70% genome alignment using HiSat2. The number
of detected genes was saturated at read depth of 2.5 million mapped reads per cell. We detected
5,000 to 6000 genes in most of the single cell libraries that met or exceeded this read depth
threshold. Analysis of the P3 sequencing data using the R Bioconductor package yielded the
identification of genes that are highly variable in expression level between different cell types.
These highly variable genes were then used to cluster cells into distinct groups and subgroups.
The identification of neurons in the clustering analysis was confirmed with the En1-Cre crossed
to the Rosa26-tdTomato reporter. At least two distinct subtypes of astrocytes and neurons were
identified and oligodendrocytes fell into distinct groups which reflected differences along a
maturational spectrum. The key cellular contributors of transcripts encoding for extracellular
secreted proteins, such as those involved in perineuronal net formation, were identified based on
enrichment analysis. In conclusion, the single cell capture approach allows for the construction



of a transcriptional database for all major cell types in the early postnatal MNTB and this
database ties gene function to structural dynamics of a developing neural circuit.
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Title: Impaired perineuronal nets in neprilysin- and Chst15-deficient mice
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Abstract: Parvalbumin (PV+) neurons are closely associated with a specialized extracellular
matrix, called perineuronal nets (PNNSs). Tighter wrapping of PNNs around PV+ neurons
coincides with the time course of a critical period for visual acuity in primary visual cortex (V1),
and enzymatic degradation of PNNs reopens critical period plasticity in adults. PNN formation
reflects a dynamic balance of net component assembly / disassembly. Here, we examined the
roles of two such regulatory proteins on postnatal V1 development. Neprilysin is a
metalloproteinase located on the PV+ cell membrane, and GaINAc4S-6ST (synthesized by the
Chstl15 gene) is a carbohydrate sulfotransferase that synthesizes the key chondroitin sulfate E
(CS-E) sugar chain in the PNN. We find that knockout (KO) mice lacking these proteins exhibit
layer-specific impairments in PNN development. Neprilysin KO mice showed reduced PNN-
related gene expression early in life, had fewer WFA+ or PV+ cells specifically in L4, and
displayed a 10-day delay in the maturation of visual acuity. Instead, adult Chst15 KO mice had
fewer PNN+ neurons in deep layers (L5/6) and displayed decreased PNN complexity. We
confirmed the loss of CS-E by HPLC disaccharide analysis of the visual cortex in Chst15 KO
mice at PO, 7, 14, 28 and 60, but did not observe dramatic effects yet on the PNNs at P28. This
suggests a gradual contribution of CS-E to PNN assembly, consistent with its high affinity for
factors that regulate PV+ circuit maturation and maintenance, like Otx2. Thus, proteolytic
activity by neprilysin may dynamically remodel the PNN early in their development, promoting
maturation of PV neurons and subsequent visual acuity. In the absence of high affinity CS-E



binding sites, Otx2 may accumulate ectopically, as in Otx2-AA point mutant mice (Lee et al.,
2017), which in turn would impair PNN integrity. This suggests a potentially extended critical
period plasticity in Chstl5 KO mice.
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Abstract: The onset of network activity in a developing brain is characterized by the acquisition
of spontaneous oscillatory coordinated activity between large numbers of maturing neurons.
Such coordinated neuronal patterns play a pivotal role in the structural organization of immature
and mature neuronal circuits. It is a characteristic of most developing neural systems as they
have been observed in a wide array of peripheral and central tissues. Hence, to understand how
neural circuits form in the normal and pathological brain, it is essential to study the underlying
mechanisms of synchronization in maturing cortical networks. In the murine hippocampus and
neocortex, functional maturation of interneurons has been described to be a hallmark of cortical
dynamics, shaping plasticity and synaptic wiring during the course of pre- and -postnatal
development. Correlated activity has been shown to be driven by GABAergic transmission in
vitro. As well, a subset of early born GABAergic interneurons (operational “hub’ cells) have
been described to orchestrate network synchronization of hippocampal and cortical development.
Although, it is evident that interneurons are important contributors to circuit formation, the in
vivo role of GABAergic networks in early cortical dynamics is poorly understood. In the present
study, we used GABAergic-specific GCaMP6s expression in the barrel cortex, together with
functional multi-neuron calcium imaging in vivo and electrophysiology and followed maturation



of GABAergic networks during the 2 first postnatal weeks of mouse life, to understand the
contribution of interneurons in the maturation of cortical networks.
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Abstract: Cortistatin (CST) is a secreted neuropeptide that is structurally similar to somatostatin
(SST)-it signals through similar receptors, but has distinct biological effects. Cortistatin gene
expression (Cort) is restricted to a relatively small set of inhibitory interneurons in the cortex and
hippocampus. Unlike SST, CST administration enhances the hyperpolarization-triggered cation
current (In). CST is implicated in regulation of slow-wave activity (SWA) during sleep, and also
has anti-convulsant properties. To better understand the function of CST-expressing interneurons
in brain function, we crossed transgenic mice expressing Cre-recombinase under the control of
the Cort promoter (CST ™) to mice with a floxed attenuated diphtheria toxin allele to selectively
ablate CST-positive interneurons. We observed that these mice develop spontaneous seizures and
premature death by postnatal day 23 (P23), indicating that CST expressing cells are important for
maintaining excitatory-inhibitory balance (E-1). Cort expression peaks during the second week of
postnatal development, coinciding with a sharp developmental increase in brain-derived
neurotrophic factor (BDNF) levels. Cort expression is strongly correlated with BDNF signaling,
which plays a crucial role in development of cortical inhibition. We thus hypothesized that
BDNF signaling via tropomyosin receptor kinase B (TrkB) is important for CST-positive



interneurons to maintain E-I balance. To test this hypothesis we crossed CST®" mice to mice
with a floxed TrkB allele (TrkBf™/MoX) to selectively delete TrkB from CST-positive
interneurons. We observed spontaneous seizures starting at P21. Seizures were visually scored
using a modified Racine scale and monitored by video-electroencephalography (EEG).
CST®/TrkBf>oX mice mice had increased baseline EEG amplitudes and increased power in the
25-40 Hz range during identified seizure epochs. Next, we crossed CSTC"¢/TrkB1o¥flox mice to
floxed TdTomato reporter (tdTom) mice to assess if TrkB deletion impacted cell migration,
survival or physiology. Numbers and laminar distributions of tdTom-positive cells in cortex and
hippocampus were unchanged suggesting that loss of TrkB did not affect cell migration or
survival. Finally, ex vivo slice recordings in CST®/TrkBMf™X mice revealed a selective deficit
in the frequency of spontaneous ePSCs in CST interneurons with TrkB deletion, suggesting that
loss of BDNF-TrkB signaling affects CST cell excitability. In summary, these data demonstrate
that BDNF signaling via TrkB in CST-positive interneurons is crucial for maintaining E-I
balance.
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Abstract: The clustered Protocadherins (Pcdh) comprise ~60 cadherin-related proteins with an
extraordinary potential for cell-surface diversity and wiring specificity in the nervous system.
The Pcdhs are encoded by the three tandemly-arrayed gene clusters, Pcdh-alpha (a), -beta (B),
and -gamma (y). Pcdh isoforms have been shown to be combinatorially expressed among single
neurons and to engage in homophilic interactions. With properties that amplify the diversity and
selectivity of cell-surface interactions, Pcdhs could serve as a recognition code to mediate
complex patterns of connectivity. Genetic studies of mice lacking Pcdh clusters have revealed



diverse roles in dendrite and axonal arborization, synaptic development, and neuronal survival.
We have previously shown that the y-Pcdhs are essential for dendrite self-avoidance and
interneuron survival in retinal circuit assembly. In retina and spinal cord, Pcdhs promote the
survival of interneurons during the period of developmental cell death but whether these roles
extend to developing neurons in the brain remains unknown. Here we provide evidence that y-
Pcdhs are essential for the development and survival of inhibitory interneurons in multiple brain
regions. Juvenile mice lacking y-Pcdhs among GABAergic neurons exhibit decreased body
weights and a robust clasping phenotype that begins at postnatal day 14. y-Pcdh mutant animals
also demonstrate significant deficits in motor function, increased anxiety-related behaviours, and
spontaneous seizures. We recorded baseline electroencephalogram (EEG) activities in the cortex,
and found seizure activities, which was accompanied by spasm behaviours. To determine what
roles y-Pcdhs play at the cellular level, we employed unbiased stereological procedures to
calculate the volumes and to quantify cell counts in multiple regions, such as the somatosensory
cortex, globus pallidus, and hippocampus. VVolumes of all three regions were significantly
reduced in juvenile mice lacking y-Pcdhs, which was confirmed by magnetic resonance imaging
(MRI). We also show significant reductions in the numbers of parvalbumin-positive inhibitory
interneurons. We will present ongoing studies to determine how y-Pcdhs mediate local
interactions to regulate the survival and distribution of other inhibitory interneurons within the
neocortex, and the synaptic connectivity onto target cells. Our results support a role for Pcdhs in
the development of inhibitory interneurons in the cortex and other brain regions. These studies
could yield new insights on the cell interactions that specify interneuron integration and establish
the inhibitory circuitry in the developing brain.
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Abstract: In an adult mouse, cholinergic modulation of activity in the visual cortex is involved
in reward mediated learning and attention. These functions require input from the retina. In the
neonatal mouse, visual information is hardly available. The retina becomes light sensitive around
postnatal day (P) 10, and eye opening occurs at P14. Somewhat counterintuitively, cholinergic
fibers from the basal forebrain innervate the primary visual cortex (V1) as early as P4. Between
that age and eye opening, cortical activity is spontaneous activity, which is required for the
refinement of connections in the brain. Here, we asked whether the early cholinergic innervation
of the cortex regulates spontaneous activity in the developing cortex.

Spontaneous activity occurs in bursts. To measure these bursts in anesthetized mice in vivo, we
used 2-photon imaging of layer I1/111 cells filled with the calcium indicator OGB-1. Typically,
30-60 cells were imaged simultaneously. Since acetylcholine is known to decrease correlations
between neurons in an adult, we measured co-activity within the bursts. After recording baseline
co-activity levels, atropine, a muscarinic antagonist, was applied on top of the cortex. We found
that it significantly increased co-activity, suggesting that the effect of acetylcholine in neonates
and adults is similar.

Since it has been shown that acetylcholine reduces the spread of activity in the cortex, we
hypothesized that this would also hold true for the developing cortex. To address this question,
we used in utero electroporation to express GCaMP6s in layer 11/111 of the cortex. We used in
vivo, awake, large field calcium recordings to measure activity in V1, the primary somatosensory
cortex (S1) and the higher order areas in between. After application of atropine on the cortex,
events in V1 were commonly activating V1 entirely, and events in the barrel cortex were more
frequently affecting a single barrel. In two higher order visual areas, the rostrolateral area (RL)
and the anterolateral area (AL), activity was diminished. This suggests that acetylcholine is
actively reducing the spread of spontaneous activity within primary sensory areas, and promoting
activity in higher order areas. Therefore, we hypothesize that acetylcholine is required for the
refinement of the connection between primary and higher order sensory cortices. Moreover, the
evidence presented here shows that the neonatal cholinergic innervation of the cortex regulates
spontaneous activity similarly as in adults.
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Abstract: Introduction: Behavior studies have shown that infant rats remain exclusively in the
nest during the first postnatal week. In this environment, the occurrence of certain behaviors of
pup, coincident with the maternal presence inside the nest and followed by maternal sensorial
stimulation, are more likely to occur in future events when the mother is inside the nest. We
hypothesize that in the early days of postnatal life, the mother's odor hardly elicits the pup’s
behaviors in the nest. At PND 6 the mother stays longer outside the nest than at PND 2. These
longer periods outside, could facilitate the appearance of the first behaviors elicited by the
mother's odor. Methods: In order to test this hypothesis we use an artificial circuit of the initial
olfactory system and compute the effects of different stimuli, the odor of the nest, the odor of the
mother and the contact of the mother. These stimuli were presented in a temporal sequence,
according to experimental data of maternal behavior reported for the PND 2, 4 and 6. Randomly,
3 groups of five neurons of the piriform cortex were selected to represent the projections of the
frontal cortex. One of the groups of these neurons was activated during the presence of the
mother's odor and at the beginning of maternal contact at all three ages; the other two groups
were not activated. As control of the computational circuit, another experiment was simulated for
PND 2, 4 and 6 and 3 groups of five neurons of the piriform cortex were randomly selected. Two
groups of these neurons were indifferently activated during the presence of mother odor, nest
odor and maternal contact, and the other group was not activated. Finally, we simulated the
mother entering to the nest and analyzed the spontaneous firing rate of the selected neurons.
Results: For control experiment, the presence of the mother's odor at PND 2, 4 and 6 did elicited
spontaneous firing different similar to no activated neurons. In the activated neurons in
coincidence with the presence of the mother's odor, we found that the mother odor at PND 2 and
4 also elicited spontaneous firing similar to no activated neurons. At PND 6 the activated
neurons showed higher spontaneous firing rate when compared with no activated neurons.
Conclusions: Our results indicated that the maternal stays longer outside the nest may allow the
emitted neural activity in coincidence with the mother's odor to become the elicited activity for
the mother's approach to the nest.
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Abstract: Cortical glutamatergic neurons are generated throughout an extendedembryonic
period. Recent studies, including from our lab [Marissal et al.Nat. Commun. (2013)], indicate
that the glutamatergic cells that originatefrom the earliest stages of neurogenesis are critically
involved incoordinating neuronal activity (Marissal et al 2013) as well as ininstructing the
maturation throughout large cortical areas [Donato et al.Science (2017)]. Moreover, neurons
born at similar time points are morelikely to be interconnected [Deguchi et al. Nat. Neuroscience
(2011)]. Inthis study, we present a first step towards characterizing the whole brainconnectome
of glutamatergic neurons (GNSs) labeled according to theirdate of birth. We take a population
approach by describing the distribution(quantification) of GNs in the whole brain to create an
Atlas using lightsheetmicroscopy on clarified whole brains (CUBIC). We also quantify
thesomatic GABAergic innervation of GNs according to their date of birth.To label GNs born at
different times of embryogenesis, we apply a geneticfate mapping approach using a tamoxifen-
dependent Cre-inducibletransgenic mouse model (Ngn2CreERwt/-/ RCE-LoxP+/+ -Tdtomato,
Al14).In order to label GNs at different times of gestation, tamoxifen was givenat embryonic
days 12.5 (E12.5), E14.5 and E16.5.
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Abstract: During early postnatal development, cortical neuronal networks produce successive
forms of spontaneous coordinated neuronal activity that provide key signals for circuit
maturation (Crépel et al. 2007 - Allene et al. 2008, 2012). Here we focus on Giant Depolarizing
Potentials (GDPs), a synapse-driven synchronization (Ben Ari et al. 1989). It was previously
shown that the developing hippocampal CA3 network followed a scale-free functional topology
involving GABA neurons acting as “hubs”. Moreover, perturbation of a single functional GABA
hub had an impact on the occurrence (acceleration or deceleration) of GDPs, thus demonstrating
that these were also “operational hubs” (Bonifazi et al. 2009; Cossart et al. 2014). Using genetic
fate mapping, early born GABA neurons (EbGABA) were shown to act as operational hubs in
the CA3 region (Picardo et al. 2011). Here we focus on the CA1 region of the hippocampus,
which is structurally and functionally different from CA3. Using calcium imaging and targeted
whole cell recordings, we show that stimulation of CA1 EbGABA neurons impacts GDPs in two
different ways. First, stimulation affects the rate of GDP occurrence. Secondly, we identify
“driver cells”, i.e. neurons whose effect upon stimulation is to lock the timing of GDPs to the
stimulation. In addition, these EbGABA neurons in CAL display an exceptionally widespread
axonal arborization, which may bear their function. The present results support the idea that
EbGABA, throughout all regions of the developing hippocampus, are key elements in shaping
early network dynamics.
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Abstract: Introduction: Studies have shown that neonatal rats exhibit high ability to learn
artificial odor associated with stimulus that mimics maternal care. It is presumed that this
association also occurs under natural circumstances within the nest. During the first 6 postnatal
days (PND), maternal care shows variation with a progressive increase in maternal absence of
the nest. We hypothesized that the maternal care profile at PND 6 could shape the olfactory



neural circuit to distinguish the mother’s odor from the nest’s odor better than the profile at PND
2. Methods:To test our hypothesis, we applied a maternal conditioning regime in PND 2, 4 and 6
pups, using a computational model of the olfactory system. We simulated the norepinephrine
release (from Locus Coeruleus) as the unconditioned stimulus (US); and the mother’s and the
nest’s odor as conditioned stimulus (CS). Both CS were presented differently in order to
represent the profile of the mother inside and outside the nest, based on experimental data. We
quantified the firing rate of pyramidal neurons of the piriform cortex in response to US and CS.
After conditioning, we simulate the pup within the nest exposed to nest’s odor (first step). Then,
we simulate the proximity of the mother to the nest through her odor (second step). Results: We
found that the firing rate did not change at PND 2, 4 and 6 in the first step. The three ages show
an increase at the beginning of the first step and a decrease at the end. This decrease continues
during the beginning of the second step. However, the firing rate at PND 2 continues to decrease
to the end of the second step, at PND 4 it become stable and at PND 6 it increases.Conclusions:
These results suggest that the profile of maternal care at PND 6, outside and inside the nest,
allows a greater distinction of the mother’s odor and the nest’s odor than at PND 2.
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Abstract: Ethanol exposure during pregnancy can result in deleterious effects on fetal brain
development and subsequent postnatal cognitive development. However, the multiple cellular
and molecular mechanisms underlying these deficits have not been well established. We have
previously shown that 4 hr ethanol exposure disrupted dendritic morphology in developing deep
layer cortical neurons. Here, we imaged developing dendrites in embryonic cortical explants to
determine the time-course of ethanol-induced dendritic destabilization. Multiphoton microscopy
was performed on embryonic mouse whole hemisphere explants two days after labeling by



electroporation with a pCAG-tdTomato construct on E13. We have previously shown that the
nascent dendrite emerges by direct transformation of the leading process of the migrating neuron.
During this terminal phase of neuronal migration the dendritic arbor increases ~2.5-fold in size
and branching in a 120 minute period. In contrast, ethanol-exposed neurons showed a rapid (<10
minute) destabilization and partial collapse of the nascent dendrites. Interestingly, ethanol
exposure did not prevent somal translocation suggesting the terminal period of neuronal
migration may be largely unaffected by acute ethanol exposure. A similar dendritic
destabilization was previously observed in the Reelin-deficient (reeler) mouse cortex. Therefore,
we examined whether ethanol exposure prevented Reelin from activation of Src-family kinases
and phosphorylation of the adaptor protein Dabl in primary cortical cultures. Surprisingly
ethanol by itself caused a rapid (10 minute) increase in phosphorylated tyrosine content which
was blockable by PP2, a selective inhibitor of Src family kinases (SFKs). However, in contrast to
Reelin alone, ethanol exposure increased tyrosine phosphorylation on multiple proteins, not just
Dabl. Increased phosphotyrosine immunoreactivity was observed in some but not all cultured
neurons that were also immunopositive for the immature neuronal marker Dcx. These results
raise the possibility that aberrant SFK activation in a subset of immature cortical neurons may
contribute to the ethanol-induced disruption of dendritic development.
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Abstract: HPC-1/syntaxinlA (STX1A) is known as a neuronal SNARE protein which regulates
vesicle exocytosis. Recent human genetic studies revealed that the STX1A gene was associated
with neuropsychological features in patients with autism spectrum disorder (Kofuji et al 2017).



Patients with this disorder commonly show atypical social behavior. It was reported that OXT
recovered these behavioral abnormality (Transl Psychiatry 2016). We previously reported that
STX1A gene knockout mice (STX1A KO) showed reduction of monoamine and neuropeptides
release (Fujiwara et al 2010, Mishima et al 2012), but glutamatergic and GABAergic fast
synaptic transmission was almost normal. We also reported that STX1A KO exhibited unusual
social behavioral, which resembles the abnormal social behavior observed in oxytocin (OXT) or
OXT receptor knockout mice. Interestingly, the unusual social behavior in STX1A KO was
rescued by OXT (Fujiwara et al 2016).

Here, we analyzed social behavioral profiles in STX1A KO in detail with useful method for
evaluating social behavior and studied the mechanism underlying the unusual social behavior.
Pharmacological studies revealed that unusual social behavior in STX1A KO was ameliorated by
administration of D1 receptor agonist or OXT. Interestingly, the effect of D1 receptor agonist
was suppressed by OXT receptor antagonist and the effect of OXT was suppressed by D1
receptor antagonist. We also analyzed OXT and DA release in STX1A KO. We found that DA-
induced OXT release was suppressed and OXT-induced DA release was suppressed in STX1A
KO. These results suggest that neurotransmission using STX1A regulates reciprocal feedforward
interactions between DA and OXT systems, which, in turn, affect social behavior.

Disclosures: T. Fujiwara: None. T. Kofuji: None. T. Mishima: None. Y. Terao: None. K.
Akagawa: None.

Poster

117. Cellular and Molecular Mechanisms of Autism

Location: Halls A-C

Time: Sunday, November 12, 2017, 8:00 AM - 12:00 PM

Program#/Poster#: 117.03/C5

Topic: A.07. Developmental Disorders

Support: the Ministry of Education,Culture, Sports, Science and Technology (no. 24300142)
the Promotion and Mutual Aid Corporation for Private Schools of Japan

Title: Disturbance of HPC-1/syntaxin1A gene expression and variation of its gene number are
highly associated with autism spectrum disorder

Authors: *T. KOFUJI*?, T. FUJIWARA?, T. MISHIMA?, Y. HAYASHI®, M. TAMARU*, Y.
TERAQ?, K. AKAGAWA?

!Radioisotope laboratory, 2Cell Physiol., Kyorin Univ. Sch. of Med., Tokyo, Japan; *Pediatrics,
Univ. Med. Ctr., Prefectural Univ. of Hiroshima, Hiroshima, Japan; *Nursing, Hiroshima
Cosmopolitan Univ., Hiroshima, Japan



Abstract: It is thought that the pathogenesis of human neuropsychiatric disordes is associated
with synaptic dysfunction. HPC-1/syntaxinlA (STX1A) is one of neuronal SNARE proteins
which regulates vesicle exocytosis at pre-synaptic terminals, and contributes to neural functions
in central nervous system by influencing to synaptic transmission. Recently, it was reported that
STX1A gene possibly related to human neuropsychiatric disorders such as attention-
dificit/hyperactivity disorder (ADHD) and asperger syndrome. In this study, we examined if
STX1A gene expression was correlated with autism spectrum disorder (ASD) by real time
quantitative RT-PCR using ASD patients samples. We found that some ASD patients had
haloidy for STX1A gene (6.0%), and STX1A mRNA expression was reduced in these cases.
STX1A gene haploidy was not observed in the parents and siblings of ASD patients with STX1A
gene haploidy. Furthermore, there was a wide variation of STX1A mRNA expression in ASD
patients compared to control group, however, mean STX1A mRNA amount in ASD patients was
higher than that of control group using blood samples. These observations suggest that STX1A
gene expression may be disturbed in a part of ASD. To further study if disturbance of STX1A
gene expression causes neuropsychiatric abnormalities, the behavioral profiles in STX1A gene
ablated mice (null and heterozygote mutants) were analyzed. STX1A gene ablated mice
exhibited unusual behavioral profiles in learning and memory ability, selective attention and
social behavior (communication ability). These abnormal behavioral profiles resemble symptoms
of human ASD patients. Furthermore, those abnormal profiles in STX1A null mutant mice were
worse than those in STX1A heterozygote mutant mice, indicating that reduction of STX1A gene
number enhanced unusual profiles of mutant mice. In addition, these abnormal behavioral
profiles in STX1A gene ablated mice were caused by reduction in secretion of serotonin or
oxytocin as observed in human ASD patients. Considering these results, the disturbance of
STX1A gene expression and variation of its gene number are highly associated with ASD.
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Abstract: Neuroligin (NL) proteins are postsynaptic cell adhesion molecules that bind to
cognate presynaptic ligands, neurexin, and play important roles in formation and maturation of
neuronal synapses. NL4X encoded by NLGN4X gene preferentially locates at inhibitory synapses
and participates in the regulation of inhibitory synaptic plasticity. Several missense variations in
NLGN4X gene have been implicated in the pathogenesis of neuropsychiatric disorders including
X-linked mental retardation and autism spectrum disorder (ASD). However, pathogenic effects
of these variations are largely unknown. We found that properly folded and glycosylated NL4X
in endoplasmic reticulum is transported to the cell surface via Golgi apparatus. Then NL4X is
processed by sequential proteolytic processing by metalloprotease and gamma-secretase in a
similar fashion to that of NL1 (Suzuki et al., Neuron 2012). We systematically examined the
metabolism and function of the NL4X proteins carrying missense variations. We found that
several missense variants identified in ASD patients caused the defect in the folding,
glycosylation and trafficking to the cell surface. Intriguingly, other rare variant that results in the
L593F substitution increased the metalloprotease-mediated shedding, thereby reducing the cell
surface level of NL4X. To investigate the effect of missense variations in the synaptogenic
activity by NL4X in the primary neurons, we performed the synapse formation assay by
coculture system. Disease-associated mutants as well as L593F variant failed to the accumulation
of inhibitory presynaptic protein VGAT. Interestingly, these effects were recovered by treatment
of chemical chaperone and metalloprotease inhibitor, respectively. These data indicate that
genetic variations in NLGN4X gene affect the cell surface level as well as the synaptogenic
activity of NL4X by multiple mechanisms.
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Title: Decoding the impacts of autism-associated de novo mutations, SAM and PDZ binding
motif of EphB2 in neural development
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Abstract: Background: Autism is a highly complex neurodevelopmental disorder. Recent
genetic studies identified two autism-associated de novo mutations on EphB2, including a de
novo premature stop codon (Q858X) on the C terminus of kinase domain. Kinase domain-SAM-
PDZ binding motif (KSP) truncation in EphB2 disrupted multiple neurodevelopmental events,
including synapse density and spine formation. Eph receptors dimerization dynamics controls
growth cone collapse by regulating Rho-GTPase. SAM-PDZ binding motif (SP) conserved
across evolution. Truncation of SP domains in multiple EphA family members altered receptor
dimerization propensity and kinase activity in various ways, indicating that KSP domains
perform individual functions in signal transportation. However, the role of SP domains in EphB
family is unclear. Mechanism of how SP regulates Eph receptor dimerization and the biological
functions in neurodevelopment is still an unknown territory.

Methods: Kinase activity among Q858X mutation and EphB2 SP truncations were studied in
HEK 293T, with or without ligand Ephrin B1 or B2 (R&D Systems) stimulation. pY594-EphB2
was detected by western blot as a kinase activity marker. EphB2 wild type (WT) and mutant
plasmids with one pair of fluorescent resonance energy transfer (FRET) fluorophore were
transfected into HEK cells for dimerization propensity study. Active Rho GTPase members were
detected by western blot after transfection of EphB2 WT and mutants in HEK cells. Primary
cultured mouse cortical neurons were transfected by lipofectamine 3000 at DIVO and growth
cone morphology were studied at DIV3. Statistical analysis was accomplished with SPSS 20.0.
Results: De novo mutation Q858X damaged pY594-EphB2, indicating kinase dead. EphB2 dSP
increased pY594 significantly in a ligand stimulation independent manner, increased EphB2
dimerization propensity and decreased active RhoA expression level. However, Y931F mutation
on SAM reduced pY594-EphB2 dramatically. Preliminary cortical neuron morphology results
suggest dSP altered growth cone collapse dynamics.

Discussion: Eph as the largest tyrosine receptor kinase family in vertebrate regulates intercellular
signals with high complexity. This study showed the conserved SP domains inhibits EphB2
dimerization and kinase activity, probably in a stereo-conformational inhibition manner. Further
validations are ongoing. SP domains also modulated Rho GTPase dynamics which maybe the
underlying mechanism of alteration in cortical neurons growth cone collapse. These results
provide insight into how SP domains involve in orchestrating the Eph signaling transportation in
neurodevelopment.
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Abstract: Background: Lipids are major components of neuronal cell membranes and serve as a
supply of signaling molecules, such as Prostaglandin E2 (PGE>). Growing evidence indicates
that PGE: signaling can influence formation of dendritic spines and affect neuronal plasticity.
Recent studies have shown that in the brain, PGE> can influence the expression of a novel actin-
bound protein called spinophilin. Phosphorylation of spinophilin by protein kinase A (PKA)
regulates its binding to actin within dendritic spines of mature excitatory synapses.

Objective: This study investigates for the first time whether phosphorylation of spinophilin by
PKA at ser94, known to reduce its affinity to actin, is PGE2 dependent and if this may modulate
growth cone morphology during early neuronal differentiation.

Methods: We differentiated neuroectodermal (NE4C) stem cells into neurons with serum-free
media. The progression of differentiation was recorded and quantified every 48 hours using
brightfield imaging system (Nikon Eclipse Ti-E microscope). Cells were treated with PGE> or
forskolin following induction of differentiation. On days 6, 8, 10, and 12 of differentiation we
examined growth cone turning and neurite length. Using real-time PCR and Western blot, we
measured protein expression of total spinophilin and phosphorylated spinophilin (ser94).
Results: Our results show that initially on day 6 of differentiation, PGE> increased expression of
spinophilin compared to untreated controls. However, as differentiation progressed (day 8-12)
PGE: treatment significantly suppressed spinophilin expression. Interestingly, PGE>
considerably increased the ratio of PKA-phosphorylated (ser-94) to total spinophilin relative to
the untreated cells. The addition of PKA blocker (H89) decreased the level of phosphorylated
spinophilin. The PKA-dependent mechanism was also confirmed with forskolin treatment.
Furthermore, PGE: significantly affected growth cone morphology in a PKA-dependent manner.
PGE: increased neurite length across differentiation, and reduced the number of growth cones
turning with strongest effects observed earlier in differentiation (day 8).

Conclusions: This study demonstrates that PGE2 can modulate the phosphorylation of the actin
binding protein, spinophilin, as well as growth cone turning and neurite extension length via



PGE>-PKA-dependent mechanism. This might have implications in developing brains
considering that abnormal PGE: signaling is linked to neurodevelopmental disorders such as
Autism. Prenatal changes in PGE: level due to genetic or environmental causes can influence
early neuronal differentiation in the prenatal brain.
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Abstract: Autism is a common, debilitating, and heritable neurodevelopmental disorder. Genetic
analysis has identified a number of common and rare genetic variants that increase risk for this
disorder. Among these identified variants is a locus at 16p11.2 spanning 27 genes, including
KCTD13, which encodes a substrate adaptor of a CULLIN ubiquitin ligase. Ubiquitin ligases are
protein complexes that promote the covalent addition of ubiquitin to other proteins, which may
cause proteins to be targeted to the proteasome for degradation or may have other functional
consequences. This KCTD13-CULLIN ubiquitin ligase also includes a subunit encoded by a
gene, CUL3, which is also associated with risk for autism. The disease-association of these two
ligase components suggests that substrates of the CUL3-KCTD13 ubiquitin ligase complex may
play a role in autism, and identification of ligase substrates in neurons may provide insight into
the pathogenesis of this disorder. Using quantitative proteomics in primary mouse neurons, we
identified the protein adenylosuccinate synthetase (ADSS) as a putative substrate of the KCTD13
ubiquitin ligase. In mouse Kctd13-deletion neurons, ubiquitylation of ADSS is decreased, while
protein abundance is increased. Our data suggest that ADSS is a direct substrate of a CUL3-
KCTD13 ubiquitin ligase complex and that increased ADSS levels may alter cellular
purinogenesis. This alteration in turn results in the production of a set of metabolites similar to
adenylosuccinate lyase (ADSL) deficiency, an inborn error of metabolism that has autistic and
epilepsy phenotypes. We will present the results of metabolic profiling of human 16p11.2



deletion fibroblasts and mouse Kctd13 deletion neurons. These data suggest that autistic features
of the 16p11.2 locus may be influenced by alterations of purine metabolism and reducing ADSS
activity may have therapeutic benefit in autism patients with a 16p11.2 deletion.
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Abstract: Cell adhesion molecules (CAMs) play crucial roles in neural circuit formation. The
cadherin superfamily is one of the largest families of CAMs containing more than one hundred
molecules, including classical cadherins type I and |1, protocadherins, and atypical cadherins.
The type | classical cadherin N-cadherin is the most well-studied member to-date. Although
there is only little known about the function of other cadherins, they have been strongly
implicated in autism. A genome wide association study performed by the Hussman Institute for
Human Genomics identified the classical cadherin type Il CDH8, CDH9 and CDH11, the
protocadherin family member PCDH9 and the atypical cadherin FAT1 as candidate risk genes.
This suggests that cadherin signaling pathways could be disrupted and may display increased
vulnerability in autism. As a first step toward understanding the central role of cadherins in the
etiology of autism, we focused on CDH8, CDH11, PCDH9 as well as FAT1 and investigated the
expression pattern of these cadherins in specific brain areas, cell types and their subcellular
localization during development. This comparative expression analysis provides novel insights
into common and distinct functions of these cadherins in neural circuit formation. Elevated
expression levels of CDH8, CDH11 and PCDH9 in the same brain areas including cortex,
hippocampus and thalamus/striatum were found. The relative expression levels in those brain
areas varied depending on the developmental stage. In the cortex, cadherin expression peaked
around P14. Consistent with this finding, cellular localization of CDH8 and CDH11 expression
was observed in dendrites of 14 DIV cortical neurons. Synaptic plasma membrane fractionation
revealed enrichment of CDH8, CDH11 and PCDH9 in synaptosomes, synaptic plasma



membrane and post-synaptic density. The expression pattern of FAT1 was distinct from the other
cadherins as it was restricted to the cerebellum throughout postnatal stages. At the cellular level,
FATL1 localized with MAP2-positive dendrites of cerebellar granule neurons. Our results
revealed similar expression profiles among CDH8, CDH11 and PCDH9, with a distinct
expression pattern for FAT1. The brain areas that revealed the highest cadherin levels overlap
with those reported to be associated with autism. The temporal expression and the subcellular
localization of cadherins are consistent with the proposed functions in synaptogenesis. Taken
together, the present study highlights that cadherins of different subfamilies are expressed in a
developmental time window and in brain areas implicated as vulnerable in autism. Support:
Hussman Foundation grant #HIAS15007

Disclosures: J.A. Frei: None. G.J. Blatt: None. Y. Lin: None.
Poster

117. Cellular and Molecular Mechanisms of Autism
Location: Halls A-C

Time: Sunday, November 12, 2017, 8:00 AM - 12:00 PM
Program#/Poster#: 117.09/C11

Topic: A.07. Developmental Disorders

Support: P7/2007-2013

Title: Modelling SHANK2-related autism using human induced pluripotent stem cells and
derived neurons

Authors: *A.-K. LUTZ, M. DEMESTRE, T. M. BOECKERS
Inst. for Anat. and Cell Biol., Ulm, Germany

Abstract: Autism spectrum disorders (ASD) are a group of neurodevelopmental disorders
characterized by deficits in social interaction and repetitive behavior. ASD comprise a
heterogeneous spectrum of syndromic and non-syndromic forms of autism and rise by a variety
of possible causes including environmental factors as well as genetic factors. Among these
genetic factors, genes encoding the postsynaptic scaffolding ProSAP/SHANK protein family are
interesting candidates, since up to 1% of all ASD patients have copy number variations or
deletions in one of the SHANK genes, a considerable high number regarding the heterogeneity of
the disease. Moreover, 0,17% of all ASD patients harbor variations in SHANK2. In this study,
human induced pluripotent stem cell (hiPSC) lines were generated by reprogramming
outgrowing keratinocytes from plucked human hair of a family originally described by Leblond
et al. 2014. The family consists of father, mother and an affected child (patient) who harbors a de
novo heterozygous deletion of 1.8Mb containing all exons of SHANK2. Generated hiPSC lines
were characterized for pluripotency and found to fulfill all criteria demanded from pluripotent
stem cells. Regarding expression of SHANK2, a nearly 50% reduction in mRNA expression and



approximately 25% less protein was found in patient-derived hiPSCs. We generated hiPSC-
derived neuronal cells, in which a similar SHANK?2 reduction was found. To study the
consequences of this SHANK?2 reduction, we screened the mRNA expression of synaptic
proteins and transcription factors during neuronal development. In the patient-derived neurons,
we found alterations that point towards an imbalance of excitatory and inhibitory signaling and
disturbances in the expression of specific neuronal transcription factors. Multiple ASD-
associated genes, for example MeCP2 and Neuroligins 1-4, are already described as putative
causes for disturbances in GABAergic and glutamatergic circuits in the human brain. However,
molecular effects of Shank2 deletions have only been studied in rodent models so far,
highlighting the importance of this study in human cells. Our data indicates disturbances in
synaptic proteins in mature neuronal cells along with alterations in transcription factors essential
for proper neuronal development. Thus, we provide evidence that neurons derived from hiPSCs
harboring a heterozygous SHANK?2 deletion serve as a suitable model to mimic an ASD-like
phenotype, and to explore specific defects associated with this deletion.
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Abstract: A key question facing autism researchers is how the hundreds of rare genetic autism
risk factors fit into convergent biochemical pathways to produce the characteristic behavioral
phenotypes of the disorder. Recently, several groups have proposed that neuronal activity-
dependent signaling processes may be one such convergent pathway. We have applied
Quantitative Multiplex co-Immunoprecipitation (QMI) to an interconnected protein network
consisting of the protein products of 20 autism-linked genes that are physically localized to the
glutamate synapse. QMI performs ~400 simultaneous co-immunoprecipitations and reports the
fold-change of each dynamic protein-protein interaction in response to the experimental



stimulus, allowing network-scale modeling of protein complexes as they respond to synaptic
inputs. In mouse neurons, we find that these ASD-linked proteins respond to activity by broadly
changing their patterns of co-association. Moreover, distinct synaptic stimuli targeting ionotropic
and/or metabotropic glutamate receptors (KClI, glutamate, NMDA and DHPG) each produce
characteristic “biosignatures’: stereotypical, input-specific, network-scale rearrangements,
suggesting an information-processing function. Weighted correlation network analysis reveals
co-regulated modules of interactions that differentially respond to mGIuR vs. NMDA receptor
stimulation, and that sum together to produce a glutamate biosignature. Ongoing work is
focusing on the contribution of known signaling second-messengers such as intracellular calcium
or specific kinases to the overall network biosignature. Preliminary data suggests that calcium
plays a major role in NMDA-responsive modules, but several examples of calcium-independent
signals have also been identified. Our data suggest that this protein network constitutes a
signalosome, a dynamic information-processing biochemical system. In the broader context of
autism, we propose that this synaptic signalosome, composed of the protein produces of autism-
linked genes, may be convergently disrupted in many different genetic forms of autism, and may
represent an attractive ‘druggable target’ that is accessible and plastic throughout the lifespan.
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Abstract: Synaptic transmission controls information flow in the brain and synaptic dysfunction
is likely a biological basis for several neurodevelopmental disorders including autism spectrum
disorders (ASDs), Down syndrome, and neuropsychiatric disorders such as schizophrenia.
Recent human genetic studies revealed that an increasing number of mutations in neuroligins
(NLGNSs) and neurexins, synaptic cell-adhesion proteins, are linked to ASDs and schizophrenia.
The first defined gene mutation identified in idiopathic autism was an arginine (R) to cysteine



(C) missense mutation at position 451 of NLGN 3 (NLGN 3 R451C). Numerous studies using
knock-in animals and heterologous overexpression systems have suggested that NLGN 3 R451C
may act as both a loss and gain-of-function mutation, however the detailed molecular
mechanism(s) by which it causes behavioral pathology and synaptic dysfunction remain unclear.
Recent advances in stem cell biology have allowed the efficient conversion of human stem cells
into defined neural subtypes and we hypothesized that studying the R451C mutation using this
simplified and species-specific approach may yield new insight into its molecular etiology. To
test this hypothesis, we have generated isogenic knock-in human embryonic stem cell lines
harboring NLGN 3 R451C and an additional putative loss-of-function frameshifted NLGN 3
allele. Surprisingly, cultured R451C human neuronal cells exhibited a previously unidentified
enhanced synapse formation phenotype, but no gross changes in neuronal membrane properties,
excitability or neurite outgrowth, suggesting that this effect is selective and not due to a general
increase in neuronal maturation. Furthermore, human neuronal cells harboring the loss-of-
function allele also exhibited a significant increase in synapse formation indicating the
phenotype is, at least in part, likely due to a loss of NLGN 3 gene function rather than a gain-of-
function effect produced by the R451C missense mutation. Ongoing experiments are defining the
correlating functional and biochemical parameters in both excitatory and inhibitory human
induced neurons to determine the molecular basis for these observations.
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Title: An autism-associated mutation in CEP290 disrupts Shh-signaling, impairs regulation of
ciliary protein mobility and affects cell proliferation
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Abstract: Recent advances in genetic sequencing have greatly expanded the set of mutations and
chromosomal alterations suspected to play a role in the progression of autism. However, the
spatiotemporal mechanisms by which the products of this altered genetic material act to impede
normal neurodevelopmental processes are to-date largely unknown. Results from whole exome
sequencing from individuals with autism identified mutations in the centrosomal protein CEP290



which is a crucial component in the formation and function of the primary cilium. CEP290 is a
major ciliopathy risk gene, e.g. in Joubert Syndrome, Meckel Syndrome and Bardet-Biedl|
Syndrome. Interestingly, defects in cerebellar development and autistic traits are occasionally
observed in these ciliopathy patients. The primary cilium is a microtubule-rich cell protrusion
important for cell proliferation, differentiation and migration. Moreover, the primary cilium
serves as the confined compartment for selective cell signaling and for cell-environment
communication. Sonic Hedgehog (Shh) signaling, a biological pathway necessary for proper
tissue development and maintenance, is preferentially localized to the primary cilium and is
essential for proliferation of granule cell progenitors (GCP) during cerebellar development.
However, to-date not much is known about the role of the primary cilium in neurodevelopment
and in the establishment of mature neural circuits. Consequently, how CEP290 plays a role in
regulating brain function is still unclear.

In the present study we examined the effects of autism-associated CEP290 mutations on a
cellular level and focused our investigation on the molecular aspects of Shh signaling regulation.
A battery of imaging analysis methods were used to assess changes in primary cilium-dependent
cellular processes in NIH/3T3 cells overexpressing of CEP290 WT and mutated constructs. We
found that one of the missense mutations, R1747Q, generated a defects response to Shh, failed to
regulate normal localization of the Shh receptor Smoothened (Smo), changed the mobility of
ciliary proteins, e.g. Arl13b, and altered cell proliferation.

In summary, our investigation describing the cellular mechanisms affected by a specific autism-
associated mutation in the CEP290 gene provides novel information on the role of the primary
cilium in regulating tissue development in neurological conditions.
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Abstract: Autism spectrum disorder (ASD) is a heritable neurodevelopmental disorder
characterized by the early onset of social and communication deficits, repetitive behaviors, and
cognitive inflexibility. Although several monogenic syndromes with a high incidence of ASD
have been well characterized, these only account for a small portion of all ASD cases. Therefore
the majority of ASD genetic risk factors and causative genes are still elusive. Multiple lines of
evidence suggest that dysregulated translational control is one molecular underpinning of ASD.
We searched the exome sequencing data of Simons Simplex Collection families with a child
affected by autism for single nucleotide variations (SNVSs) in genes encoding proteins that make
up the elF2 translation initiation signaling network and found numerous ultra rare heritable and
de novo autism-associated SNVs. Therefore, we hypothesized that these ultra rare heritable and
de novo missense and nonsense ASD-associated SNVSs in genes encoding components of the
elF2 signaling network would disrupt their protein structure and function, leading to
dysregulated translation initiation resulting in abnormal development and cognitive function.
Using bioinformatics and cell-based assays we screened >40 ASD-associated SNVs. Our cell-
based assays showed several Loss-of-Function (LoF) mutations in EIF2AK4, EIF2AK3, and
EIF2AK2 which encode the elF2a kinase GCN2, PERK, and PKR respectively, dysregulate
global protein synthesis. Because LoF EIF2AK4, EIF2AK3 and EIF2AK2 mutations should
result in carrier haploinsufficiency for eIF20 kinases, we examined Eif2ak4*", Eif2ak3*" or
Eif2ak2*" mice. Both PERK* and GCN2*"- mice displayed a range of cognitive dysfunction and
ASD-like behaviors. Surprisingly we observed distinct behavioral impairments in Eif2ak4*- and
Eif2ak3"" mice suggesting eIF2a kinases may play a unique and indispensable role in various
brain regions and/or neuronal subtypes governing specific behaviors. In addition, we found two
ASD-associated mutations in the EIF2S1 gene that encodes elF2a subunit. Characterization
studies of the EIF2S1 mutations are currently ongoing, but our preliminary data indicate that at
least one ASD-associated mutation alters the elF2 heterotrimer, disrupts global protein synthesis,
and alters neuronal morphology. Taken together, our findings suggest that heritable and de novo
LoF ASD-associated SNVs in the elF2 signaling network disrupt protein synthesis and give rise
to phenotypes consistent with intellectual disability and ASD, implicating aberrant elF2
regulation in abnormal neurodevelopment. Supported by NIH grants NS034007 and NS047384.
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Abstract: Since the generation of the first mouse model of Fragile X (FX) syndrome a broad
range of neurophysiological phenotypes have been reported. However, it remains unclear which
phenotypes are casually related to the cognitive deficits associated with FX and which are an
indirect consequence of abnormal development or experience. FX syndrome is characterized by
developmental delays, and recently we have demonstrated an in vitro developmental delay of
spontaneous Up state activity (Motanis et al., 2015)—suggesting that this neural phenotype is a
direct consequence of the FX mutation as opposed to an indirect product of compensation or
abnormal development. Here we use two different in vitro approaches (whole cell recording and
calcium imaging of cortical cultures) to further characterize spontaneous and evoked activity and
to determine whether FX circuits adapt normally to chronic external inputs. We first determined
whether evoked activity was different in WT and FX circuits at different developmental ages
using whole-cell recordings. At 11-15 days in vitro (DIV) evoked EPSP strength was not
different between WT and FX cortical circuits, however evoked network activity was
significantly reduced in FX circuits (p<0.01). At 25-30 DIV WT circuits exhibited a
developmental change in synaptic strength as evidenced by an increase in the asymptote of the
input-output curves, EPSPs in FX circuits, however, were significantly weaker (p<0.005). By 35-
40 DIV there were no differences in EPSPs strength or evoked network activity between WT and
FX circuits—indicating that evoked activity is developmentally delayed in FX circuits.

Next we explored network-level plasticity, by examining activity-dependent modulation of
evoked activity. We used chronic optogenetic stimulation (COS) to emulate an increase in
externally driven activity and induce homeostatic plasticity of network activity. WT and FX
slices were stimulated for two days at 25-30 or 35-40 DIV. COS resulted in significant reduction
of evoked EPSP strength (p<10-7 , p<0.05), with no genotype difference. These results indicate
that FX circuits exhibit normal homeostatic plasticity and suggest that some previously described
neural phenotypes observed in FX may be compensatory.

Two-photon calcium imaging recording confirmed previous observation that spontaneous
activity between WT and FX circuits were not different at 25-30 DIV. Two-photon calcium
imaging allowed us to record from all layers of the cortex and determine that during Up states
some “trigger” neurons were consistently activated before others. We are currently examining
whether FX circuits exhibit deficits in a form of temporal in vitro learning.
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Abstract: The excitability of cerebellar granule cells is strongly regulated by an ion channel
complex consisting of Cav3 (T-type) calcium and Kv4 (A-type) potassium channels (Cav3-Kv4).
We recently found that long-term potentiation of mossy fiber input to granule cells involves a
dramatic increase in postsynaptic excitability through an ERK-mediated phosphorylation and
reduction in A-type current. The reduction in A-type current derives from a hyperpolarizing shift
in Kv4 voltage for inactivation (Vh) and activation (Va) that depends on joint mGIuUR/NMDAR
activation and ERK-mediated phosphorylation. This study examined how regulation of Cav3 and
Kv4 channels could contribute to disorders of synaptic plasticity in the Fragile X Syndrome
(FXS) model of Autism Spectrum Disorder. FXS derives from a loss of FMRP, a key regulator
of protein translation that includes Cav3, Kv4, and ERK kinase, with abnormally high levels of
ERK in FXS. We found that ERK1/2 phosphorylates both Cav3.1 and Kv4.3 in rat cerebellum
but not KChIP3, the calcium sensor of the Cav3-Kv4 complex. Direct infusion of activated ERK
(PERK) through a patch recording electrode evoked a hyperpolarizing shift in VVh of Cav3.1 and
Kv4.3 in tsA-201 cells and granule cells of wt animals. Moreover, FMRP coimmunoprecipitated
(colP) with both Cav3.1 and Kv4, but with loss of the Cav3.1-FMRP association at 50 uM [Ca],
a physiologically relevant elevation of [Ca]i. Infusion of FMRP through a recording electrode
again shifted Va and Vh of Cav3.1 channels in tsA-201 cells and Kv4 in granule cells. These
findings are important in revealing a previously unrecognized association between FMRP and
both Cav3 calcium and Kv4 potassium channels that has a direct influence on biophysical
properties at the plasma membrane level. The loss of FMRP in FXS predicts important effects on
the ability for granule cells to process mossy fiber input that will be determined through studies
of granule cell excitability in wt vs FXS animals.
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Abstract: Fragile X Syndrome (FXS) is an inherited developmental disorder characterized by
disturbances in emotional and social behavior. Our studies have revealed suppressed
hippocampal PKCe expression in Fmrl knockout (KO) mice, the leading model of FXS. To
compensate for this deficiency in PKCe expression, we stimulated PKCe in neonatal mice by
administering a selective PKCe activator, dicyclopropyl-linoleic acid (DCP-LA), and studied its
effect on hippocampal neurons and a proximal target of the hippocampus, the hypothalamus,
which regulates social and emotional behavior. We observed that at postnatal day 18 (P18), the
KO mice displayed increased surface localization of the 3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) receptor subunit GIuUR2 in the CA1 region, indicative of
increased excitability within the hippocampus. Since the hippocampus is known to exert an
inhibitory influence on the hypothalamus, we tested if this possible CA1 stimulation was
associated with a suppression of oxytocin synthesis in the hypothalamus. Intriguingly, in the
number of oxytocin+ cells in the paraventricular nucleus (PVN) of P20 KO mice was sharply
suppressed. Furthermore, the increased surface localization of GluR2 and the suppression of
oxytocin+ cells in the KO mice were rescued by DCP-LA treatment from P6-14, to levels
comparable to that in the wild-type controls. Finally, neonatal DCP-LA treatment rescued hyper-
anxiety and social behavior deficits in adult (>P60) KO mice. Thus, we present a novel strategy
to circumvent aberrant brain development in FXS and accompanying behavioral deficits, by
activating PKCeg signaling during neonatal development.
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Abstract: Fragile X syndrome (FXS) is a developmental intellectual disability caused by the loss
of fragile X mental retardation protein (FMRP) function. The loss of FMRP, particularly in post-
synaptic neurons, abolishes its repressive function on protein synthesis, contributing to altered
synaptic activity and behavior phenotypes observed in mouse models of FXS and FXS patients.
Recently, accumulating evidence has begun to demonstrate that non-post-synaptic expression of
FMRP plays important roles in the pathogenesis of FXS. We recently generated inducible
astroglia-specific Fmrl conditional knock-out (i-astro-Fmr1-cKO) and restoration (i-astro-Fmr1-
cON) mouse models in which the fmr1 allele is selectively disrupted or restored in astrocytes,
respectively. We showed that selective deletion of astroglial FMRP plays a primary role in GLT1
reduction in FXS in vitro and in vivo. In the current study, we investigated whether the selective
loss or restoration of FMRP in astrocytes affects synaptic activation and typical FXS-related
behavior phenotypes. We first measured the mEPSC of layer 5 pyramidal neurons in i-astro-
Fmrl-cKO and i-astro-Fmr1-cON mice. Although the frequency of mEPSC in these mice is not
significantly different from their respective control mice, the mEPSC amplitude is significantly
increased in cKO mice compared to control and is reversed in cON mice. We then recorded
synaptic AMPAR and NMDAR currents and calculated AMPA/NMDA current ratio of
individual neurons and found a significantly decreased AMPA/NMDA current ratio in cKO
mice, especially at older (P38-45) but not in younger (P21-27) age. In some patched neurons,
NMDAR currents are significantly increased in cKO compared to control slices, while AMPAR
currents are highly similar. We observed similarly decreased AMPA/NMDA ratio in Fmrl KO
mice. Selective re-expression of FMRP in astrocytes, however, reversed the decreased
AMPA/NMDA current ratio. Encouraged by physiological changes in cKO and Fmrl KO mice,
we performed the open field test on these mice. We observed significantly increased total
running distance within 12 minutes in the open field chamber with cKO mice when compared to
control mice (P30-40), suggesting that the selective loss of astroglial FMRP is sufficient to
induce hyperactivity. Importantly, this hyperactivity phenotype is rescued in cON mice



compared to control. We are currently testing the social interaction phenotypes in i-astro-fmri-
cKO and i-astro-fmr1-cON mice. These results suggest that astroglial FMRP levels sufficiently
modulate synaptic activation and behavior phenotypes in mouse models of FXS.
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Abstract: Fragile X Syndrome (FXS) is the leading monogenic cause of autism and intellectual
disability and results from the silencing of the Fmr1 gene, which codes for the translational
regulator, FMRP. FXS is characterized by structural and functional defects at the synapse,
specifically long, thin dendritic spines and aberrant LTD. Structural defects in axons have also
been observed. Glia are known regulators of synapse growth and elimination. Despite FMRP
expression in glia and reports of glial defects such as altered astrocytic glutamate signaling in
FXS, little is known about glial function and dysfunction in FXS. Our lab has identified a defect
in glial phagocytosis in the Drosophila model of FXS. This is associated with decreased levels of
activated glia, marked by expression of Draper, the Drosophila homolog of the mammalian
astrocyte phagocytic receptor, MEGF10. Whether such a defect occurs in vertebrates is
unknown.

The mouse retinogeniculate projection is a classic system in which to study synapse refinement.
As retinal ganglion cell (RGC) axons extend from each eye to the dorsal lateral geniculate
nucleus (ALGN), their arbors and synapses from opposite side (contralateral) and same side
(ipsilateral) eyes overlap. During the first postnatal week, excess branches and synapses are
refined. By postnatal day 10 (P10), each dLGN neuron only receives inputs from a single eye—
either contralateral or ipsilateral. Both microglial and astrocytic phagocytosis are known to
participate in this synapse refinement. We are investigating the role of glial phagocytosis in



synapse refinement in the mouse retinogeniculate system in FXS. We first examine gross
synaptic refinement in the retinogeniculate system of the Fmrl KO mouse by labeling RGCs
from each eye with anterograde tracers (CTB) conjugated to different fluorophores and
quantifying the extent of ipsilateral and contralateral overlap in the Fmrl KO mouse as
compared to WT littermates. Fmrl KO refinement is enhanced in the first postnatal week (P7)
compared to WT. At P14, refinement in the Fmrl KO mutant is comparable to WT, but by
adulthood (P40), retinogeniculate inputs are less refined in the Fmrl KO dLGN than in WT. To
investigate whether these biphasic alterations in refinement are driven by astrocyte-mediated
phagocytosis of synapses, we generated an astrocyte-labeled Fmrl KO mouse (Fmrl
KO;Aldhll1-eGFP). In combination with CTB-labeling of RGCs, we are assessing astrocytic
engulfment of presynaptic inputs in the Fmrl KO mouse. This work will help to advance our
understanding of the role of FMRP in glial function and will elucidate the role of glia in
development and adult-stage refinement of the visual system.
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Abstract: Fragile X Syndrome (FXS) is a neurodevelopmental disorder which can lead to
intellectual disability, epilepsy, and tactile hypersensitivity in patients. The mouse model of FXS
(Fmr1) displays impaired synaptic function, which may explain features of this disease.
Excitatory synaptic transmission in mature neurons occurs at dendritic spines which show
normal density and only nanoscale differences in structure in the Fmr1”Y mouse. Fmr1 mice
are exemplified by enhanced neuronal circuit activity, which is at odds with perceived reduced
synaptic function. Given that FXS patients and the Fmr1”Y mouse model both have sensory
hypersensitivity; the somatosensory cortex may be an ideal target to identify the synaptic
mechanisms underlying FXS. Despite this, little is known of the function of spines in Fmr1”Y
mice, nor how they integrate in a spatiotemporal manner driving neuronal output. To address this
we have examined the structure and function of dendritic spines on the principal excitatory
(stellate) cells in the juvenile somatosensory cortex.

We combined 2-photon photolysis of caged-glutamate with correlated super-resolution STED
imaging to show that while spine density and shape are unaffected by the loss of FMRP, single
spine synaptic currents are larger in FXS mice, have higher NMDA:AMPA ratio, with more
“silent” spines. These observed synaptic alterations may result from the increased incidence of
individual spines forming synaptic contacts with multiple independent presynaptic boutons,
which is accompanied by increased frequency of NMDAR miniature synaptic events. In Fmr1”Y
mice we show that dendritic spines on somatosensory stellate cells show excessive dendritic
summation in response to near simultaneous photolysis of caged glutamate at multiple spines
leading to increased dendritic gain. This enhanced dendritic summation is due, at least in part, to
lowered HCN-mediated currents, which also contribute to the altered intrinsic physiology of
somatosensory stellate cells in the Fmr1”Y mouse. We show for the first time that somatosensory
neurons in FXS mice display altered input and output function giving rise to local
hyperexcitability and aberrant sensory processing. These findings provide a plausible
explanation for sensory hypersensitivity observed in FXS patients, and may provide potential
therapeutic targets.
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Title: Impaired synaptic scaling but intact homeostatic intrinsic plasticity in cortical neurons
from FMR1 KO mice
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Abstract: Patients with Fragile X Syndrome (FXS), the most common cause of heritable
intellectual disability and the leading cause for autism spectrum disorder, experience a wide
range of debilitating symptoms, from sensory hypersensitivity and seizures to sleep disturbances.
Foundational studies in a mouse model of FXS, the Fragile X Mental Retardation 1 (FMR1) KO,
suggest that an impaired excitatory/inhibitory (E/I) balance may underlie symptoms associated
with FXS. The E/I balance would be expected to depend on homeostatic plasticity mechanisms,
which act to stabilize network activity levels. Consistent with this idea, one form of homeostatic
plasticity, called synaptic scaling, is absent in hippocampal organotypic slice cultures from
FMR1 KO mice. Synaptic scaling is defined by a multiplicative increase or decrease of all
miniature postsynaptic current (mPSC) amplitudes in a neuron, and is thought to be in place to
maintain network spiking activity following network activity-perturbation, for example by
concurrently blocking the sodium voltage-gated channels with TTX and the NMDA receptors
with APV. Consistent with previous hippocampal studies, we now show that AMPAergic
synaptic scaling is also absent in ~DIV 12 FMR1 KO primary cortical neurons following 48 hour
treatment with TTX and APV. Thus, impaired synaptic scaling may also significantly contribute
to the deficits previously reported in FMR1 KO cortical circuitry. The finding that synaptic
scaling is absent in cortical FMR1 KO neurons, motivated us to assess whether other homeostatic
mechanisms may be perturbed. Homeostatic intrinsic plasticity regulates network excitability
levels by adjusting intrinsic cellular excitability levels in a homeostatic fashion, e.g. through Na*
channel insertion following spike blockade. We hypothesized that homeostatic intrinsic plasticity
might be relied upon to a greater extent in cortical FMR1 KO neurons to compensate for the lack
of AMPAergic scaling. We followed the same activity perturbation protocol as for synaptic
scaling (TTX+APV 48 hr) and measured threshold voltage/current and instantaneous firing
frequencies in FMR1 KO and WT neurons, which reflect the excitability level of a neuron. We
found that homeostatic intrinsic plasticity is intact in FMR1 KO primary cortical neurons at
~DIV 12. This finding supports our hypothesis that FMR1 KO cortical neurons rely more on
homeostatic intrinsic plasticity mechanisms to maintain a stable network activity level than WT
neurons. Ongoing work in the lab is exploring this hypothesis further using multi-electrode
arrays.
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Abstract: Many of the fragile X syndrome (FXS) clinical phenotypes, including hypersensitivity
to auditory stimuli and seizure susceptibility, are recapitulated in the Fmrl knock out (KO)
mouse model of the disorder. Extracellular signal-regulated kinase (ERK; active when
phosphorylated) has long been implicated in FXS pathophysiology and basal levels of ERK
activation have been shown to be increased in brain regions important for fear processing and
cognition. ERK signaling is thought to be a convergence point for a variety of altered cellular
signaling cascades and is used as an indication of aberrant cellular signaling in both mouse and
human studies. In normal behaving rodents, cell-type and region-specific coordination ERK
activation and deactivation is known to be required for a variety of behaviors, with activation
associated with neuronal activity. Here, we show an increased number of phosphorylated ERK
(PERK) positive cells in the central amygdala (CeA; main output center of the amygdala) with
no differences in the lateral amygdala (LA; main input center of the amygdala) in behaviorally
naive juvenile Fmrl KO mice compared to wild type littermates. However, immediately
following an audiogenic seizure (AGS) paradigm, ERK is dramatically deactivated in the CeA
and hyper-activated in the LA of Fmrl KO mice that experience tonic/clonic seizure activity
compared to both WT and Fmr1 KO mice that do not seize. These data indicate that region-
specific alterations in neuronal activity within the amygdala may contribute to AGS
susceptibility. Furthermore, ERK phosphorylation following behavioral challenge may be a more
informative indicator of circuit level defects in the Fmrl KO brain than basal pERK
observations. As both dynamic regulation of amygdalar ERK and CeA activity are required for
the formation and consolidation of fear memory, we performed fear conditioning experiments,
but found no phenotype in the acquisition/presentation of cued or contextual fear memories in
juvenile Fmrl KOs. To explore molecular phenotypes in the juvenile Fmrl KO CeA which may
contribute to its altered activity during AGS, we performed RNA-seq from CeA tissue punches.
While this analysis identified few differentially expressed genes, analysis of gene ontologies and
KEGG pathways revealed significant alterations in various processes such as activity dependent
intracellular signaling cascades including the ERK pathway and synapse structure and stability.



Given this evidence for a synaptic phenotype in the CeA, studies are ongoing utilizing Golgi-
Cox stain to describe any alterations in dendritic spine density or morphology.

Disclosures: M.H. Davenport: None. R.A. Becker: None. S.E. Fitzpatrick: None. C.K.
Robinson: None. T.L. Schaefer: None. C.A. Erickson: None.

Poster

118. Fragile X: Mechanisms of Pathophysiology
Location: Halls A-C

Time: Sunday, November 12, 2017, 8:00 AM - 12:00 PM
Program#/Poster#: 118.09/C24

Topic: A.07. Developmental Disorders

Support: NIH Grant MH090237

Title: Widespread conservation of axonal fragile X granules in the adult mammalian
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Abstract: Local axonal protein synthesis plays critical roles in the formation and plasticity of
neuronal circuits. Understanding the roles of this mechanism requires identifying circuits that
contain axonal ribonucleoprotein particles (RNPs) and how these vary across

development. Fragile X granules (FXGs) are axonal RNPs found in a stereotyped subset of
mature axons in the intact brain that contain the Fragile X protein and translational regulator
FMRP along with mRNA and ribosomes. Remarkably, the developmental pattern of FXG
expression in hippocampus is species-dependent. In adult humans and rats, FXGs are found in
the hippocampus in both dentate mossy fibers and CAS3 associational fibers. In contrast, in adult
mice, FXGs are absent from hippocampal axons despite their presence in hippocampal circuits in
juvenile mice. To better understand this species-dependent FXG expression, we examined adult
hippocampus from species representing a broad variety of mammalian taxa separated by up to
160 million years of divergent evolution. We found FXGs in adult hippocampus in mammalian
species that are distantly related, including prosimians (treeshrews), Xenarthra (armadillos), and
marsupials (opossums). Within rodents, we found FXGs in adult hippocampus of voles, deer
mice (Peromyscus), and rats. In contrast, we did not observe FXGs in adult hippocampus in a
total of eight lab-adapted and wild-derived Mus musculus strains, including members of both the
domesticus and castaneus subspecies. Since FXGs were found in adult hippocampus of animals
raised in animal colonies (including rats, Peromyscus, and opossums), adult FXG expression
does not require exposure to an enriched or natural environment. Further, adult FXG expression
does not obviously correlate with body size. Instead, adult hippocampal FXGs and their
associated translational machinery seem to have been selectively lost in the mouse lineage



sometime after mice and rats diverged. FXG-regulated axonal translation therefore appears to be
a broadly conserved mechanism for regulating the axonal proteome in mature axons in the adult
mammalian hippocampus.
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Abstract: Fragile X syndrome (FXS) is a common genetic cause of autism spectrum disorder
(ASD) and intellectual disability resulting from a mutation in fragile X mental retardation protein
(FMRP). The mutational basis of this disorder is abnormal trinuclotide CGG repeat expansion in
the 5' untranslated region of the FMR1 gene, leading to its silencing and lack of FMRP
expression. FMRP is an mRNA binding protein with functions in mRNA transport, localization
and translation. Thus, mRNA translation is altered in FXS and many studies strongly link this
elevated translation to pathophysiology of FXS, including abnormal synaptic function and
morphology. Neurodevelopment is also altered in Fmrl KO mouse, a model of FXS, as
evidenced by presence of abnormally immature dendritic spines and delayed circuit maturation
(Pan, 2010, Harlow, 2010). However, due to differences in nervous system development between
humans and mice, Fmrl KO mouse model may not fully recapitulate human neural development.
In addition, FMR1 gene epigenetic silencing that causes FXS occurs only in humans (Brouwer
2007). We used induced pluripotent stem cells (iPSCs) derived from FXS and normal control
subject fibroblasts to study neurodevelopment in FXS. We examined signaling by mechanistic
target of rapamycin (mTOR) and protein synthesis during neural differentiation of hiPSCs to
neural precursor cells and neurons. MTOR, a serine/ threonine kinase, is a master regulator of
cell growth that integrates diverse signals to promote protein synthesis and its activation is
elevated in FMR1 KO mouse brain (Huber 2015). Activation of p70-S6K1 (S6K1), a
downstream target of mTOR, is also enhanced in FXS mouse model, and genetic or
pharmacological targeting of S6K1 can ameliorate biochemical, behavioral and morphological
phenotypes in FXS mouse model (Bhattacharya 2012, 2016). We observed enhanced activation



of S6K1 and its downstream targets in FXS iPSC-derived neural cells. In addition, basal protein
synthesis was perturbed in FXS cells and treatment with PF-4708671, an isoform-specific
inhibitor of S6K1, normalized S6K1 activation and protein synthesis. Future studies will
determine the effects of perturbed mTOR -S6K1 signaling on neural cell development and
neurogenesis in FXS cells, as mTOR signaling plays important roles in neural stem cell
differentiation and development.
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Abstract: Axonal protein synthesis is important for the formation, plasticity, and regeneration of
neuronal circuits. This local translation is regulated in a circuit-dependent manner by axonal
ribonucleoprotein particles (RNPs) that contain RNA binding proteins such as FMRP, the protein
mutated in the autism-related disorder Fragile X syndrome (FXS). FXS is characterized by a
constellation of symptoms including both motor and sensory deficits that arise from dysregulated
neuronal protein synthesis. FMRP is a constituent of circuit selective axonal RNPs termed
Fragile X granules (FXGs) that also contain the FMRP related proteins FXR1P and FXR2P.
FXGs are exclusively localized to axons that have synaptically integrated into circuits where
they associate with ribosomes and MRNA and influence the composition of the axonal proteome.
These granules exhibit circuit-dependent protein composition, with FMRP a constituent of
forebrain FXGs but absent from most hindbrain FXGs. Whether FXGs are also found in axons in
spinal cord circuits has not been examined. To begin addressing whether FXG-regulated axonal
translation may contribute to spinal cord function, we examined spinal cords from mice ranging
in age from 15 days old to three months old. FXGs were expressed in spinal cord circuits across
this range, with particularly robust expression in 30 day old animals. We therefore further
investigated their localization within spinal cord axons in mice at this age. FXGs were most
prevalent in alpha-motor neuron axons innervating the ventral roots as well as in primary and
second order nociceptive afferents. Investigation of FXG protein composition revealed that all
spinal cord FXGs contain FMRP, similar to the FXGs in the forebrain. As with brain FXGs,



ribosomes were found in association with all populations of spinal cord FXGs. Consistent with
past observations in forebrain, FMRP negatively regulates FXG abundance in spinal cords as
preparations from Fmrl null mice exhibit an increased density of FXGs. Together, these findings
suggest that FXG-regulated axonal protein synthesis contribute to nociceptive and motor
function in the spinal cords. Moreover, dysregulation of this axonal translation may contribute to
sensory and motor deficits observed in Fragile X patients.
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Abstract: Fragile X syndrome (FXS) is the most common form of hereditary mental retardation
and results from the absence of Fragile X mental retardation protein, an RNA-binding protein
that regulates the translation of several mRNAs. By a comparative proteomic analysis of cortical
synaptosomes of 21 days old wild-type and Fmr1 knockout (KO) mice, a model of FXS, we
found twenty-one differently expressed proteins, including up-regulated mitochondrial glycerol-
3-phosphate dehydrogenase (mG3P-DH), a key component of the glycerophosphate shuttle.
Furthermore, an increased activity of mG3P-DH and of all mitochondrial respiratory chain
complexes was detected in Fmrl KO mouse cortex at different ages, whereas no change
occurred in the activity of cytoplasmic glycerol-3-phosphate dehydrogenase and key glycolytic
enzymes. We show for the first time that in FXS the activities of mitochondrial enzymes are
increased, suggesting a possible mitochondrial hyper-activation that could have potential
implications in whole energy metabolism in this disorder.
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Abstract: The medial nucleus of the trapezoid body (MNTB) provides synaptic inhibition to
many auditory brainstem nuclei and thus contributes to information processing in these auditory
centers. MNTB also receives inhibitory inputs. However, not much is understood of the
inhibition the MNTB itself receives and it remains entirely unknown how this inhibition is
regulated. Here, we investigated group | metabotropic glutamate receptor (mGIuR I, consisting
of two members, mGIluR1 and mGIuR5) modulation of the glycinergic and GABAergic inputs to
MNTB neurons in both wildtype (WT) mice and a fragile X syndrome (FXS) mouse model, in
which the fragile X mental retardation gene 1 is knocked out (Fmrl KO). Loss of the FMR
protein results in exaggerated activity of mGIuR 1, allowing for comparisons of mGIuR 1
function under normal and altered conditions. The KO and WT mice (with a background of
C57BL/6J) were purchased from the Jackson Laboratory and bred at NEOMED. Brainstem
slices (250 um) were prepared from P14-P25 mice. Whole-cell voltage clamp was used to record
spontaneous and electrically evoked IPSCs (sIPSC and elPSC) in MNTB neurons at 35 °C.
Glycinergic and GABAergic IPSCs were pharmacologically isolated with bath application of
gabazine (10 puM) and strychnine (1 pM), respectively. Immunohistochemistry detected
expression of mGIuR5 in both neuronal and non-neuronal cells in the MNTB. Activation of
group | mGIuRs by 3,5-DHPG (200 puM) increased sIPSC frequency and amplitude in both WT
and KO neurons in a voltage-gated sodium channel dependent fashion for glycinergic
transmission, but did not modulate glycinergic elPSCs. For GABAergic transmission, 3,5-DHPG
did not increase sIPSC frequency or amplitude, but did suppress elPSCs in WT neurons, which
could be prevented by the application of a CBR1 antagonist, AM251 (5 uM). The effect of 3,5-
DHPG on GABAergic elPSCs was highly variable in the KO, which supports the notion of
impaired GABAergic signaling in the FXS model. The differential modulation of sIPSC and



elPSC suggests that there may be differences in the mechanisms responsible for spontaneous and
evoked glycine release. Additionally, group I mGluRs differentially regulate glycinergic and
GABAEergic inputs to the MNTB.
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Abstract: Fragile X syndrome (FXS) is the most common inherited intellectual disability in
humans, and also the most common monogenic cause of autism spectrum (AS) symptoms. FXS
is typically caused by the transcriptional silencing of the FMR1 gene on the X chromosome,
which codes for the fragile X mental retardation protein (FMRP), an mRNA-binding protein
integral to synapse formation and function. Large-conductance potassium (BK) channels are part
of the molecular machinery that regulates neuronal membrane potential following action
potential propagation and synaptic transmission, and are themselves regulated by FMRP through
an interaction between FMRP and the B-subunit of the BK channel. We have recently shown that
BK channel activity is regulated in an activity-dependent manner, highlighting the importance of
BK channels for synaptic remodeling. Mice that have had the fmrl gene silenced or removed are
a commonly-used animal model of FXS. In fmrl knockout mice, BK channel hypoactivity is
associated with neuron firing irregularities and aberrant synapse formation, and systemic
activation of BK channels in these mice partially rescues AS-related symptoms. We
hypothesized that medial prefrontal cortical (mPFC) infusion of the BK channel activator BMS-
204352 would be sufficient to rescue AS-related executive function abnormalities commonly
observed in fmrl knockout mice. Single-housed knockout mice treated with BMS and subjected
to a behavioral battery displayed improved social recognition as measured by a 3-chamber social
exposure test, yet displayed no changes in either anxiety or motor activity relative to saline-
treated control knockouts. Group-housed knockouts treated with BMS also displayed improved
social recognition compared to saline-treated controls, but did not display changes in compulsive



behavior as measured by a marble burying task. Future molecular and electrophysiological
research will assess the role of BK channels in mPFC synaptic plasticity in fmrl knockout mice.
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Abstract: Fragile X syndrome (FXS) is caused by the epigenetic silencing of the FMR1 gene
during embryonic development with the consequent loss of the Fragile X mental retardation
protein (FMRP) expression. The pathological mechanisms of FXS have been extensively studied
using the Fmr1 knockout mice model, and the findings underscore the critical roles for FMRP in
proper development, maturation, and organization of the neural network. However, the
equivalence of those observations in human nervous systems is unexplored, and molecular
mechanisms underlying the dysfunctions in FXS are still largely uncertain.

We show that the expression of glial markers GFAP and S100B are markedly upregulated in the
human iPSC-derived FMR1-deficient neuronal progenitor cells (NPCs) as well as in the FMR1-
deficient human NPC line ReNCell-CX. In contrast, the transcription factors important for
neuronal development such as NEUROD1 and NEUROG2 were downregulated. Furthermore, in
silico analyses showed that LIM domain kinase (LIMK) 2 signaling pathway was upregulated,
whereas LIMKL1 and bone morphogenic protein receptor signaling pathways were
downregulated, in human iPSC-derived FMR1-deficient NPCs. Interestingly, aberrant gene
expressions in both NPCs were rescued by treatment of LIMK2 inhibitor LX7101, although the
LIMKZ1/2 dual inhibitor LIMKIi-3 which could suppress synaptic abnormalities through
inhibiting the actin depolymerizing factor cofilin in Fmrl knockout mouse had no such effect.
Our findings support the previous observations that the functional deficiency of FMRP could
cause abnormal gene expressions during nervous system development, and further suggest that
LIMK1 and LIMK?2 are differently associated with the downstream of FMRP. Inhibition of
LIMK2 may become a novel approach for the treatment of FXS.
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Abstract: Fragile X syndrome (FXS), a form of inherited mental disability, results from a
mutation in the regulatory region of the fragile X mental retardation 1 (fmrl) gene. This mutation
leads to an increase in the number of CGG repeats, expanding the gene and resulting in hyper-
methylation, transcriptional silencing, and loss of the gene product Fragile X Mental Retardation
Protein (FMRP). FMRP is important for the regulation of mMRNAs involved in synapse growth
and function; its inhibition leads to increased protein synthesis within synapses. Mutations in
fmrl also impact the function of adult neural stem cells (NSC), causing decreased hippocampal
neurogenesis and learning deficits in adult mice. Our goal was to determine how FMRP regulates
adult neurogenesis using a simple model, the cricket Acheta domesticus. We hypothesized that
inhibition of FMRP would induce structural changes within the adult neurogenic niche and lead
to a decrease in neurogenesis. We first used RNA-Seq to assemble the cricket transcriptome and
identify the fmrl gene sequence in A. domesticus. Ad’fmrl was found to be highly conserved
with 76% and 99% sequence similarity to the fruit fly D. melanogaster and cricket Gryllus
bimaculatus, respectively. In-situ hybridization revealed intense expression of Ad’fmrl in the
neurogenic niches of the adult cricket brain, and we used RNA interference (RNAI) to create a



loss-of-function phenotype in adult male and female crickets. On the first day of adulthood,
crickets were given a 2ul injection of fmrl dsRNA. Animals were then sacrificed at different
times post-injection (n=6 at each time point) and the optimal concentration for effective
knockdown (KD), and duration of KD, was determined. RNAI effectiveness was validated using
gPCR. Two days after injection of 2.5ug of fmrl dsRNA, fmrl transcript levels in adult male
brains were not significantly different from control crickets injected with 2.5ug of DsRed?2
dsRNA (DsRed2 is a coral gene not found in insects). However, by 8d post-injection (dpi)
transcript levels were decreased by 47% and transcript levels continued to decrease with time,
such that by 29dpi males exhibited a 78% decrease in gene expression. In contrast, the effect of
the KD occurred more quickly in females, with fmrl transcript levels reduced by 75% as early as
2dpi. As in males, RNAI produced a long-term decrease in fmrl expression in the female brain,
with fmrl expression levels reduced by 83% at 29dpi. We are currently examining the impact
this inhibition of fmrl expression has on the structure of the neurogenic niche in order to provide
insight into FMRP’s role in neural stem cell function and neurogenesis in the adult brain.
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Abstract: Fragile X syndrome (FXS) belongs to a broad range of Autism Spectrum Disorders
(ASDs) and occurs in approximately 1/4000 males and 1/8000 females. It is the most frequent
cause of inheritable mental retardation and is due to an increase in the number of trinucleotide
CGG repeats in the FMR1 gene leading to transcriptional silencing. FMR1 encodes the fragile X
mental retardation protein (FMRP). FMRP is highly expressed throughout the brain, including in
the hippocampus at dendritic spines, the major site of synaptic transmission. FMRP binds
various cell mRNAs and functions as a translational repressor. The dendritic morphology in FXS
patients is significantly impaired, with dendrites appearing long, thin and tortuous with a
decrease in total synaptic area and receptors, resembling immature spine precursors, filopodia.
This is thought to be one of the causes underlying the neuropsychiatric phenotypes seen in FXS
patients. The Fmrl KO mouse, a rodent model of FXS, exhibits many of the same traits as seen



in FXS patients, including spine abnormalities. Here we have investigated the developmental
profile of Golgi stained CA1 pyramidal neurons in four different postnatal groups (P15-20, P30-
40, P60-80 and P120-140) of Fmrl KO mice and compared them with C57BL/6 WT mice. We
have studied apical and basal dendrite trees using Scholl analysis, spine density as well as several
other different spine morphological parameters. Preliminary analysis of our data suggests that
Fmrl KO neurons have less branching in both the apical and basal dendritic tree, except in the
early groups (P15-20 and P30-40) where no clear differences were observed between WT and
KO in the number of apical branching. Next, the differences in spine density were largest at
earlier development time points (P15-20 and P30-40) with a ~20% reduction in KO. At >P30-40
no clear differences in density between apical KO and WT spines were observed. At P15-20, KO
spines were slightly longer (7%) than WT. At P30-40, no difference in spine length was found.
At >P30-40, KO spine length was shorter (12-20%) than WT. Interestingly, apical KO spine
heads were smaller at all developmental stages (6-36%) as also reflected in a reduction in the
total spine volume in the KO, which likely corresponds to an overall shrinkage of KO spines.
Our data suggest that there are strong developmental abnormalities in dendritic branching, spine
density, and spine shape between Fmrl and WT mice in hippocampus with strong deficits in the
Fmrl KO mouse.
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Title: Impaired long-term plasticity of temporoammonic inputs to hippocampal CA1 neurons in
a mouse model of Fragile X syndrome
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Abstract: Fragile X syndrome (FXS) is the leading monogenetic cause of autism and intellectual
disability. Dendritic dysfunction and changes in voltage-gated ion channels are rapidly
expanding areas of research in FXS. We previously showed that the functional expression of h-
channels (In) is higher in CA1 pyramidal neuron dendrites of the fmr1-/y mouse model of FXS



(Brager et al., 2012). Dendritic Iy plays a critical role in controlling long-term potentiation of
temporoammonic inputs (TA-LTP) by limiting both synaptic integration and the duration of
dendritic calcium plateaus. We hypothesized that the elevated dendritic Iy in fmrl-/y CAl
pyramidal neurons will thus reduce TA-LTP. We used whole-cell current clamp to record EPSPs
before and after theta-burst stimulation of TA inputs. There was no significant difference in
either paired-pulse ratio or input-output relationship between wildtype and fmr1-/y neurons either
during baseline or after TBS. TBS significantly potentiated TA EPSP slope in wildtype
(430+193%) but not fmr1-/y slices (109+45%). The total amount of depolarization and the
number of spikes fired during TBS was significantly greater for wildtype neurons compared to
fmrl-/y neurons. To test the impact of higher dendritic I, we repeated the TBS-LTP experiments
in fmr1-/y neurons with h-channels blocked by intracellular application of ZD7288. Although the
amount of depolarization during TBS was significantly greater with In blocked, TA-LTP was still
significantly smaller than wildtype TBS-LTP. Our results suggest that long-term potentiation of
temporoammonic inputs to CA1 pyramidal neurons is impaired in FXS. Further study of the
mechanism underlying the impairment of TA-LTP in fmr1-/y CA1 neurons will utilize dendritic
recordings and calcium imaging. The lack of TA-LTP in fmr1-/y CA1 neurons may contribute to
hippocampal circuit dysfunction in FXS.
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Title: The de novo proteome in FXS reveals multi-tiered flaws in homeostatic and mGlur-
stimulated translation

Authors: *H. L. BOWLING!, A. BHATTACHARYA*, G. ZHANG?®, D. A. ALAM?, J. Z.
LEBOWITZ? S. ARYAL? S. GHOSH-DASTIDAR®, N. BOHM-LEVINE’, D. LIN, P.
ANAND®, R. PUCKETT?, L. ZHOU?, K. SHARP?, R. S. MUDDASHETTY?, K.



KIRSHENBAUMS?, E. BERRY-KRAVIS?, T. A. NEUBERT®Y, E. KLANN

2Ctr. for Neural Sci., 3Dept. of Chem., *New York Univ., New York, NY; “Ctr. for Brain
Develop. and Repair, Instem-Ncbs, Bengaluru, India; Weill Cornell Med. CLC and MCC, New
York, NY; Ctr. for Brain Develop. and Repair, Inst. for Stem Cell Biol. and Regenerative Med.,
Bengaluru, India; ‘Oberlin Col., Oberlin, OH; 8Dept. of Pediatrics, Rush Univ. Med. Ctr.,
Chicago, IL; °Inst. For Stem Cell Biol. and Regenerative M, Bangalore, India; °New York Univ.
Sch. of Med., New York, NY; $Ctr. for Neural Sci., New York Univ. Ctr. for Neural Sci., New
York, NY

Abstract: The current hypothesis for fragile x syndrome (FXS) pathology is that the loss of
fragile X mental retardation protein (FMRP) results in the improper trafficking of normal FMRP
targets leading to inappropriate translation in response to synaptic activity. However, due to
technical limitations, there has been limited exploration of which transcripts are de novo
translated following synaptic activity and in steady state, homeostatic conditions. To address this
problem, we measured the de novo proteome in adult FXS model mouse hippocampal slices and
compared it to that of wild-type littermates at both steady state and in response to mGIluR-
stimulation. Surprisingly, we noted divergent profiles for homeostatic and activity-dependent
protein synthesis with few known FMRP targets being differentially translated. We noted that in
contrast to the normal translational response to mGluR-stimulation, the de novo proteomic
profile in FXS slices was disorganized proteomic. In addition, we analyzed the de novo
candidates for a consensus in mMRNA length, GC content, G-quadruplexes, and miRNA binding
sites and found some trends consistent with previous reports, but no unifying characteristics. We
confirmed our top candidates using multiple levels of validation and report differences in de
novo synthesis versus accumulation of total protein for some targets, which informs the
interpretation of protein expression studies in FXS. These findings suggest that FXS pathology is
not solely due to the loss of translation of FMRP targets and disrupted activity-dependent protein
synthesis, but also involves the aberrant synthesis of many previously undescribed targets in both
homeostatic and activity-dependent conditions. To establish the relevance of these proteomic
changes to human tissue, we examined three protein candidates in human patient plasma and
found alterations in abundance in two proteins compared to healthy controls. One of these
candidates was also rescued in FXS mouse blood by treatment with a S6K1 inhibitor, which
previously was shown to ameliorate FXS phenotypes. In summary, our data suggest that the
current understanding of translation changes underlying FXS are incomplete and that proteomic
profiling may be useful in future biomarker efforts.
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Abstract: Neural communication and the intricate choreography of signals required for the
formation and preservation of neural connections is heavily dependent on reciprocal neuronal
and glial interactions. Astrocytes are key participants in neurodevelopmental processes and
defects to astrocyte signaling are implicated in many disorders, such as Fragile X Syndrome
(FXS). In FXS, the loss of the Fragile X mental retardation protein (FMRP) expression from
astrocytes is associated with improper synapse formation. These findings emphasize the
importance of astrocyte-derived signals to the establishment and maintenance of neuronal
connections.

During development astrocytes release a wide range of gliotransmitters and ATP is one of the
predominant means of communication between astrocytes and neurons within the CNS. ATP is a
fast, excitatory neurotransmitter known to act on astrocytes, modulate glio-neuronal
transmission, and in this way regulate synaptic function. Given the integral role of ATP and its
various metabolites to the regulation of synaptic development and function, we compared the
physiological responses of astrocytes isolated from either postnatal wild-type (FMRP**) mice or
from transgenic fmr1 knockout (FMRP”") mice to exogenous purinergic stimulation.

The quantitative analysis of intracellular calcium levels revealed a significantly greater flux of
intracellular calcium in FMRP” astrocytes in response to ATP (and UTP) in comparison to
FMRP** astrocytes. Interestingly, blockade of several P2 receptors with suramin returned
abnormal astrocytic calcium flux to wild-type levels. In addition, protein analysis demonstrated
greater expression of several purinergic receptors belonging to the P2Y family in FMRP”-
astrocytes over the wild-type counterparts. Furthermore, enhanced expression of P2X7, an
ionotropic channel responsive to ATP, was evident in FMRP- neurons. The differential
expression of purinergic receptors may underlie the enhanced sensitivity of both FMRP”-



astrocytes and neurons, leading to atypical neural communication. Future analysis of the effects
on astrocyte-neuron purinergic signaling in the FMRP~ model will help elucidate the role these
signals play in synapse function and the therapeutic relevance to FXS.
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Abstract: The neurological symptoms of Fragile X syndrome (FXS) largely arise due to altered
communication at tripartite synapses. At the tripartite synapse, astrocytes act as gatekeepers of
brain function by secreting proteins which ensure robust and accurate neuronal signaling. One
such astrocyte-secreted protein is thrombospondin-1 (TSP-1). In FXS, loss of FMRP in the
developing brain decreases both TSP-1 production and secretion, impairing the structure and
density of hippocampal dendritic spines as well as the formation of immature excitatory
synapses, and thus clearly demonstrating TSP-1’s importance to neuronal signaling. Both the
production and secretion of TSP-1 are regulated through ATP- or UTP-induced activation of
purinergic P2Y receptors, specifically P2Y4. However, the impact of purinergic signaling on
TSP-1 expression remains unstudied in the context of FXS, or more broadly, Autism Spectrum
Disorder. Adjusting the concentration of UTP in vitro sheds light on the ability of Fmrl
knockout astrocytes to regulate TSP-1 expression, and by extension, to form immature synapses.
We therefore isolated astrocytes from postnatal transgenic Fmr1 knockout (FMRP") and control
wildtype (FMRP**) mice, and investigated their response to exogenous UTP stimulation in vitro.
Both knockout and wildtype astrocytes demonstrated striking intracellular expression of TSP-1
following UTP treatment. This suggests that a failure in endogenous astrocyte activation could
underlie the TSP-1 deficit seen in FXS, an impairment which we hypothesize is mediated



through the P2Y4 receptor. Future directions therefore include the use of agonists and
antagonists to the P2Y4 receptor in vitro during UTP treatment, to further investigate this
receptor’s modulation of UTP-driven TSP-1 production in FMRP” astrocytes. P24 receptor
activity will also be correlated with the TSP-1-mediated synaptic rescue effect previously
reported by our lab following TSP-1 treatment of Fmr1 knockout astrocyte/wildtype neuron co-
cultures. By further investigating the molecular mechanisms underlying TSP-1 expression at the
FXS tripartite synapse, we can begin to elucidate the potential therapeutic relevance of this
protein to FXS.
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Abstract: Tenascin C (TNC), a secreted extra-cellular matrix glycoprotein, is known to
contribute to cell migration, axonal guidance, and synaptic plasticity. In the adult CNS, its
expression remains high during neurogenesis. TNC also functions as a damage associated
molecular patterns molecule (DAMP), through toll-like receptor 4 (TLR4) interaction. TLR4
activation by lipopolysaccharides (LPS) or TNC has been shown to induce pro-inflammatory
cytokine production, stimulating interleukin-6 (IL-6). In FXS, plasma IL-6 levels are
dysregulated, and in turn modulate responses associated with neurodevelopment. Impaired cell
adhesion, migration, and excessive formation of excitatory synapses caused by elevated 1L-6
levels may contribute to the altered cellular mechanisms of FXS. Thus, elevated levels of TNC
may be responsible for the dysregulation of interleukin-6 through TLR4 activation, promoting
excitatory synaptogenesis.

TNC, TLR4, and IL-6 expression were measured in the postnatal FMR1 KO mouse model of
FXS at postnatal (P) day 1, 7, 14, and 21. A significant increase of TNC and IL-6 expression was
determined at P7, P14, and P21. No significant changes were seen in the expression of TLR4.
Immunocytochemistry confirmed the expression and spatial distribution of the three targets in



vitro in primary astrocyte cultures. Since FXS is linked to functional changes in neural circuitry
associated with an imbalance of excitatory and inhibitory synapses, activation of the TLR4 with
LPS and exogenous TNC will be performed to determine if IL-6 will effect the formation of
excitatory synapses.

Completion of this research will be the first to determine a role for TNC in FXS, in terms of
activating TLR4 and inducing pro-inflammatory cytokines. By assessing the cellular
mechanisms involved in the activation of an inflammatory response, potentially through TNC, a
novel therapeutic option could be made available to target inflammation in FXS.
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Abstract: Fragile X syndrome (FXS) is an inherited form of intellectual disability and a leading
cause of autism. The underlying pathophysiological feature of FXS involves loss of the FMRP
protein due to fmrl gene silencing leading to enhanced glutamatergic signaling, synaptic
dysfunction, oxidative stress and mitochondrial dysfunction. However, the biochemical signaling
pathways involved in the altered cellular signaling in FXS are mostly unknown. In this study, we
studied a role of the poly (ADP) ribose dependent mechanism in the Fragile X knockout mouse
model and in primary astrocyte cultures obtained from FMRP” mice. Poly (ADP) ribose
polymerase-1 (PARP-1), an important enzyme of poly(ADP)-ribosylation with a key role in the
regulation of transcription and the development of excitotoxicity is associated with the
pathogenesis of various disorders of the CNS. Immunoblot analysis of PARP-1 protein levels in
vivo from FMRP” mice and in vitro with primary cortical astrocytes showed PARP-1 cleaved
products. A significant increase in the levels of 89kDa protein fragments was observed at
postnatal day-7 and -14 in the hippocampus and the cortex. However, no significant change was
observed at postnatal day 21 in both the hippocampus and cortex. Analysis of FMRP”- primary
astrocytes culture showed a significant increase in 89kDa PARP-1 cleaved fragments as compare



to the wild type astrocytes. Our findings suggest that PARP-1 activation and cleavage is an
important event in the pathology of FXS and may be involved in FMRP dependent
downregulation of glutamate receptors and transporters in the pathophysiology of FXS.
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Abstract: Activating Group 1 metabotropic glutamate receptors elicits multiple translation-
dependent neural plasticity mechanisms that are crucial to animal behavior and circuit
development. Dysregulated Gp1l mGIuR signaling has been observed in numerous neurological
and psychiatric disorders. In this study, we identified a novel mechanism through which Gp1l
mGIuR mediates protein translation and neural plasticity. Using a multi-electrode array (MEA)
recording system, we showed that activating Gpl mGIuR elevates spontaneous spike frequency
and burst activity. Importantly, we validated that elevating neural network activity requires
protein translation and is dependent on fragile X mental retardation protein (FMRP). In an effort
to determine the mechanism by which FMRP mediates protein translation and neural network
activity, we demonstrated that a ubiquitin E3 ligase, murine double minute-2 (Mdmz2), is
required for Gpl mGIluR-induced translation and neural network activity. We found that Mdm?2
acts as a translation suppressor, and FMRP mediates its ubiquitination and degradation upon Gp1l
mMGIuUR activation. These data revealed a novel mechanism by which Gp1 mGIuR and FMRP
mediate protein translation and neural network activity, potentially through de-repressing Mdmz2.
Our results introduce an alternative way for understanding altered protein translation and brain



circuit excitability associated with Gpl mGIuR in neurological diseases such as fragile X
syndrome (FXS).
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Abstract: Behavior is governed by both genetic and environmental factors, yet the genetic basis
for normal behavior remains poorly explored in spite of a need to better understand it for human
health. Given that single gene alterations account for features present among multiple
neurodevelopmental disorders, genetic rodent models with high construct validity provide the
opportunity to experimentally test and evaluate how these genes contribute to aspects of behavior
such as sociability and memory in both healthy and disease states. One example of a monogenic
neurodevelopmental disorder that has shaped our understanding of behavior in this context is
Fragile X syndrome (FXS). FXS is caused by trinucleotide repeat expansions in FMR1 encoding
FMRP and accounts for one of the leading forms of inherited intellectual disability. Co-occurring
behavioral conditions such as autism, anxiety and hyperactivity are also highly prevalent. The



Fmrl rodent models have played a key role in delineating the relationship between FMRP
deficiency and behavioral features; however, the less than favorable outcomes in recent clinical
trials for FXS clearly highlight the complexities concerning its pathophysiology. Moreover, these
results have brought the field to a crossroads with respect to current animal models of FXS,
underscoring the need to understand how best to leverage these tools for studies of actionable
translational relevance. Here, we set out to test the hypothesis that features of FXS may be
differentially sensitive to the spatio-temporal function of FMRP as one possible explanation for
some of the discordance observed in studies of FXS individuals in comparison with animal
models of the disorder. To this end, we first identified reproducible neurobehavioral phenotypes
in an Fmrl mouse model, replicating previously reported alterations in anxiety-like behavior,
spontaneous exploratory activity, sensorimotor gating and some aspects of learning and memory.
We then compared the neurobehavioral outcomes in mice selectively lacking FMRP in either
excitatory or inhibitory neurons of the brain, and tested whether these features can be normalized
upon genetic restoration either in early development or during adulthood. Taken together, our
work identifies a novel conceptual paradigm for FXS, suggesting the presence of both
developmental and non-developmental features that occur due to FMRP deficiency in distinct
neural cell types. These findings are also highly instructive, yielding insight into therapeutic
windows of intervention with respect to lifespan that may need to be specifically targeted for
improved outcomes in the treatment of FXS.
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Abstract: CYFIP1 is a binding partner of FMRP, and CYFIP1 has been proposed as a risk gene
for several neuropsychiatric disorders, which are characterized by cognitive, social, and
emotional dysfunction. Mice with a loss-of-function mutation of the Cyfip1 gene (Cyfip1*") have
a synaptic phenotype similar to Fmr1” mice. To examine whether mutations causing CYFIP1
and FMRP deficiency interact on common molecular targets, which may affect behavioral
phenotypes, we crossed Cyfip1* and Fmr1” mice. Individual and crossed mutants (3 weeks old)
show an exaggerated mGIuR-LTD phenotype that was significantly different from wild type
mice and similar between all mutants supporting the use of a shared mechanism. We next tested
Cyfip1*" /Fmr1” double mutant mice for additional synaptic phenotypes that could arise as a
consequence of genetic interaction. Double mutant mice showed no differences in paired pulse
facilitation, but showed significantly diminished LTP (induced by a single 100 Hz stimulation)
and displayed decreased NMDA receptor-dependent LTD (induced by low frequency
stimulation), phenotypes that are not seen in either single mutant. To test for social deficits that
are relevant to autism, we are using a sociability test that has proven to be robust in mice. All
four genotypes (Cyfip1*", Fmr1™, Cyfip1*" /Fmr1” double mutant, and wild type) are being
examined in the three-chamber social interaction test. Preliminary data suggest that Cyfipl+/-
/[Fmr1-/y double mutant mice show reduced social interaction behaviors when exposed to a novel
mouse, compared to single mutant Cyfip1+/- or wild type mice, which displayed robust social
exploration, sociability, and preference for a stranger novel mouse. Our data support that
CYFIP1 shares some roles with FMRP, but has an interactive effect with FMRP in the regulation
of postsynaptic function in mature synapses and suggest a means by which altered levels of
CYFIP1 could increase disease severity.
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Abstract: Social behaviour is an important function of the brains of humans and mice. However,
the neurological basis of natural and longitudinal social interactions are poorly known. While
mouse studies have been useful in understanding this relationship, social behaviour is typically
quantified in artificial paradigms over short-timescales. Using a combination of video and Radio
Frequency ID (RFID) tracking, we tracked and phenotyped several groups of individually-
identifiable mice in standard laboratory housing. RFIDdata was analyzed using models from
statistical physics and information theory to calculate social and non-social behaviour metrics.
Fast semi-automatic quantificationof video data was used for validation. Our behavioural
measures captured knownsocialibity differences in the BTBR andC57BL6/J mouse strain. BTBR
mice were on average further apart from their cagemates than C57BL6/J mice and C57BL6/J
mouse positions are highly influenced by their neighbours. C57BL6/J mice were monitored
simultaneously over several weeks, through the development periods of puberty and early
adulthood. In conjunction, Manganese-Enhanced MRI was used to obtain longitudinal in-vivo
neuroanatomy over this observation period. We found that the size of cerebellar, hippocampal,
and frontal cortical regions are significantly associated with mouse social behaviour.
Furthermore,cerebellar and frontal cortical volumes in neonatal life are associated with social
behaviour post-puberty. By tracking individually-identifiable mouse positions and measuring
longitudinal neuroanatomy, were able to identify neuroanatomical structures that correlate with
social behaviours.
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Abstract: Neuroligin-1 (NLGNL1) is a postsynaptic protein involved in synapse specification and
maintenance in an activity-dependent manner. NLGN1 function may shape brain circuitry in part
by modulating synaptic function through the local stabilization of NMDA receptor clusters.
Active synapses where NLGNL1 is expressed may be more stable than inactive synapses and
those not expressing it. Furthermore, genetic studies in humans show that mutations in NLGN1
could be involved in the pathology of autism spectrum disorders (ASD). Knockout mice
constitutively deficient in NLGN1 present phenotypes in the repetitive/restricted interests and
social domains considered relevant to ASD. To further test the importance of this protein in some
of these phenotypes, we knocked down Nlgnl by Adeno-associated virus-driven expression of a
known Nlgnl-specific microRNA. Large areas in the dorsal and ventral striatum, active during
grooming behavior, were specifically targeted. Surprisingly, in contrast to mice where Nlgnl was
depleted from birth, knockdown of Nlgn1 in these brain regions in the adult mouse does not
increase grooming but may affect motor memory as seen in the rotarod. Besides its function in
motor control, the striatum is now believed to also modulate cognitive functions. In our
experiments, adult Nlgn1 knockdown also affected expeditious decision-making as seen in a
cued choice water maze task and in a reversal test in the “water” version of the Y maze. In these
tasks, speed of decision-making was significantly reduced after knockdown of Nlgn1l, a
phenotype that was exacerbated upon contingency changes. Our findings seem to support recent
literature suggesting that the dorsal striatum is involved in selection and initiation of actions
whereas the ventral striatum is thought to be where the value (the motivational/emotional
component) of sensorimotor stimuli is integrated according to outcomes. Future experiments will
differentiate between effects mediated by dorsal or ventral striatum and will examine associated
changes in synaptic function using acute striatal slices.
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Title: Social behavior deficits in a SPRED1 knockout mouse model of Legius syndrome
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Abstract: Legius syndrome is a Rasopathy disorder stemming from mutations in the SPRED1
gene. SPREDL is a member of the Sprouty/Spred1 family, which acts as a negative regulator of
the RAS-MAPK pathway. Legius syndrome presents as a milder phenotype of
Neurofibromatosis type 1, a well-characterized Rasopathy disorder stemming from mutations in
neurofibromin. Common to these disorders are neurological problems including cognitive
deficits and increased incidence of autism spectrum disorder (ASD) or ADHD. A Spred1-/-
mouse model for Legius syndrome demonstrates spatial learning deficits, however it is not
known whether this model also recapitulates other aspects of the disorder, such as ASD-like
symptoms. To further study this phenomenon, we examined social behaviors in Spred1-/- and
Spred1+/- mice, to ask if social deficits are observed in these models, and whether any observed
deficits can be rescued. Both Spred1-/- and Spred1+/- mice displayed abnormal social behavior
in the automated tube test. Other social behaviors were also impaired in Spred1-/- mice,
including nesting, an intrinsic social behavior. Social deficits in Spred1-/- could be reversed in
adult mice by inhibiting the RAS-MAPK pathway. Conditional knockout strategies have been
used to explore the regional role of Spredl. These findings suggest that deficits in social
behaviors that are core symptoms of Rasopathies can be reliably modelled in Spred1-/- mice, and
that RAS-MAPK pathway overactivation underlies altered social behavior in this model.

Disclosures: S.C. Borrie: None. E. Plasschaert: None. Y. Elgersma: None. S.A. Kushner:
None. E. Legius: None. H. Brems: None.

Poster

119. Neurodevelopmental Disorders: Behavioral Studies

Location: Halls A-C

Time: Sunday, November 12, 2017, 8:00 AM - 12:00 PM

Program#/Poster#: 119.04/C45

Topic: A.07. Developmental Disorders

Support: Kenyon College Summer Science Scholars
Kenyon College Department of Neuroscience

Title: GABA A alpha 2 receptor subunit agonism improves sociability and object recognition
memory in BTRT+ tf/J mice

Authors: S. NAGUIB?, *H. G. MCFARLANE?
Neurosci., 2Neurosci. and Psychology, Kenyon Col., Gambier, OH



Abstract: Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder with an unknown
etiology, characterized by impairments in communication, social interaction deficits and
repetitive, restricted behaviors. The inbred BTBR T*tf/J (BTBR) mouse strain displays behaviors
that are analogous to these cardinal traits of ASD. Specifically, compared to C57BL/6J (B6)
controls they show poor social interactions, elevated repetitive self-grooming and memory
deficits. Additionally, BTBR mice have been shown to have reduced GABAergic
neurotransmission in comparison to B6 mice. Previous studies have demonstrated that social
behavior in BTBR mice can be improved by concurrently agonizing both the GABAA a2 and a3
subunits. The GABAAq receptor subunits are heavily localized in the hippocampus (HP),
striatum(STR) and the amygdala(AM) and when stimulated, have been shown to modulate
anxiety and working memory. The aim of the present study was to determine whether agonism of
the GABA 4«2 receptor subunit is sufficient to improve social behavior and memory in adult (42-
90 days old) male BTBR mice. Social approach behavior and object recognition memory were
tested using the Three Chamber Social Approach test. Three groups of mice were tested: vehicle
treated B6 controls, vehicle treated BTBRs and BTBRs treated with the selective GABAA«
agonist TCS-1105. Testing began ten minutes after treatment. As expected, B6 mice showed a
statically significant preference for the social environment over the non-social one and vehicle
treated BTBRs showed a significant preference for the non-social environment. BTBR mice
treated TCS-1105 showed a significant preference for the social environment, similar to B6
controls. TCS-1105 treated BTBR mice also showed a significant drop in self grooming
behavior. In the object recognition test, the B6 mice and the treated BTBR mice spent
significantly more time investigating the novel object, whereas the untreated BTBR mice showed
no preference. Given the distribution of GABAAa« subtypes in HP, STR and AM, it is possible
that dopamine signaling plays a role in the improvement seen in BTBR memory and social
behavior.

Disclosures: S. Naguib: None. H.G. McFarlane: None.

Poster

119. Neurodevelopmental Disorders: Behavioral Studies
Location: Halls A-C

Time: Sunday, November 12, 2017, 8:00 AM - 12:00 PM
Program#/Poster#: 119.05/C46

Topic: A.07. Developmental Disorders

Support: ARC Discovery Grant (DP150102496)

Title: Sex differences in extinction of conditioned fear in juvenile rats

Authors: *C. PARK?, D. E. GANELLA?Z, J. H. KIM3
The Florey Inst., Melbourne, Australia; 2Florey Inst. of Neurosci. and Mental Hith., Melbourne
University, Australia; 3The Florey Inst. of Neurosci. and Mental He, Parkville, Australia



Abstract: By 6 years of age, the prevalence of anxiety disorders is more than twice as high in
female than male children. The present study explores sex differences in the relapse propensity, a
core pathology of anxiety disorders, in juvenile (i.e. postnatal day 14-21) rats. All rats were fear
conditioned with 3 white-noise - footshock pairings and extinguished with 60 white-noise
presentations, on day 1 and 2. Experiment 1 investigated renewal of fear. Rats were tested with a
2-min white-noise presentation in either the extinction or a non-extinction context on day 3.
Female rats tested in the non-extinction context showed significantly higher levels of freezing
compared to those tested in the extinction context (i.e. displayed renewal), whereas male rats did
not show renewal. Experiment 2 investigated reinstatement. Rats received either a mild reminder
footshock or were merely exposed to the extinction chamber on day 3, and were tested with
white-noise in the extinction context on day 4. At test, female rats from the reminder group
showed significantly higher levels of freezing compared to the non-reminder group (i.e.
displayed reinstatement). Male rats did not reinstate despite receiving a reminder shock.
Experiment 3 investigated spontaneous recovery. Rats were tested in the extinction context either
on day 3 or 7. Female rats tested on day 7 showed significantly higher freezing compared to
those tested on day 3 (i.e. displayed spontaneous recovery). Male rats did not spontaneous
recover, regardless of the test day. In summary, our findings indicate juvenile female rats
demonstrated renewal, reinstatement and spontaneous recovery, which are readily observed in
adult rodents. Additionally, these behaviours were not observed in juvenile male rats. Thus,
juvenile female rats may be more behaviourally mature compared to juvenile male rats, possibly
due to more adult-like neural circuitry underlying extinction learning.
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Abstract: Prenatal exposure to valproic acid (VPA) has been linked to autism spectrum disorder
(ASD) in humans. Therefore, prenatal VPA treatment in rodents has become an acceptable
model of ASD. Specifically, prenatal VPA has been shown to induce social deficits,
perseveration, and hyperserotonemia. In this study, postnatal VPA was tested for ASD-like
behavioral and neurochemical deficits. Mice (C57BL/6) were treated on postnatal days 7 or 14
with 300 mg/kg (P7) or 400 mg/kg (P14) VPA. Treatment at either time caused regression (loss



of acquired skills) in age-appropriate tests of development. Further, treatment on P14 caused, in
adult mice, perseveration and delayed reversal learning in a water Y maze task, while task
acquisition was normal. Treatment on P14 also led to hippocampal, striatal, and cerebellar
hyperserotonemia in adulthood. After either P7 or P14 VVPA, no deficits in a social approach
task, using the social chamber test (considered a measure of general sociability), were seen at
P30 (adolescence) or P90 (adulthood). Future studies will determine if other measures of social
interaction (e.g., social play or social contextual conditioning) reveal deficits in social interaction
in mice treated on P7 or P14 with VPA. Nonetheless, it appears that VPA treatment on either P7
or P14 may be an effective model of autistic regression.
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Abstract: The precise formation and refinement of synapses during development are important
to the overall wiring of functional neural circuits in the adult animal. Thus, alterations in synaptic
transmission affect neural activity that may ultimately impinge on behavior and mental function.
Previously, we demonstrated that the class 3 semaphorin 3F (Sema3F) acting through Neuropilin
2/Plexin-A3 (Nrp2/PIxnA3) holoreceptor complex signals in vivo to restrain dendritic spine
morphogenesis of cortical pyramidal neurons and hippocampal neurons during post-natal
development. Loss of semaphorin signaling increases spine number, distribution, and excitatory
synaptic transmission in these neurons. While members of the Semaphorin family and their
receptors (Neuropilins and Plexins) have been implicated in the etiology of a number of
neurodevelopmental disorders, including autism spectrum disorder, the effects on behavior and
mental function of dysregulated semaphorin signaling have not been fully addressed. In this



study, we examined learning, sensorimotor, and emotional behavior in mice harboring a
mutation of the PIxnA3 gene. Additionally, we examined the effects of systemically-
administered 2-Methyl-6-(phenylethynyl)pyridine (MPEP), a selective mGIuR5 antagonist that
reduces cellular excitability, in PIxnA3 mutant animals’ behavior compared to age-matched
controls. Adult PIxnA3 null mutants showed significant impairments in object recognition
memory and preference for social novelty when compared with control mice. Furthermore, the
mutant animals displayed impaired motor function in the rotarod test and showed excessive
repetitive stereotypic grooming behavior. Our results demonstrated that MPEP has a significant
effect in normalizing the grooming behavior of the PIxnA3 mutants. Currently, we are
performing additional behavioral tests such as the elevated zero maze and marble-burying test to
examine anxiety in both mutant and control animals. Our results suggest that loss of PIXnA3 may
induce aberrant behaviors through increased excitatory synaptic transmission that is remediated,
in part, by inhibiting mGIuRS5 function. Collectively, our studies will provide a better
understanding of how changes in dendritic spine morphology and synaptic transmission at the
cellular level influence complex behavior output in the animal.
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Abstract: Autism spectrum disorder is characterized by poor social interaction. Symptoms
appear in early life and persist in adulthood. Early social stimulation can help revert some of the
symptoms, but the biological mechanisms of action are unknown. Our aim was to analyze the



effects of early social stimulation on autism-related behavior in the mouse and its consequences
on brain function. To this aim, we exposed mice to valproic acid (VPA) at gestational day 12.5.
We show that these mice play less as juveniles and, when reared with other VPA mice, they
perform less social interaction in adulthood. However, when VPA animals were caged with
control animals between postnatal day (PD) 21 to PD60, this behavioral alteration was rescued.
Interestingly, repetitive behaviors (time in self-grooming, and arm alternation in the Y-maze) and
depression-related behaviors (immobility in tail suspension and forced swim tests) were not
affected by this protocol of social enrichment. Moreover, anxiety related behaviors assayed in
either the elevated plus maze, the open field, and the dark/light box were not affected by either
the prenatal or the postnatal treatment. We then used [18F]-FDG preclinical PET imaging for an
unbiased analysis of the whole brain of these mice, and found that VPA animals present high
levels of metabolism in basal conditions, mainly in the piriform cortex (Pir), a region involved in
social behavior in mice. Remarkably, this effect was reversed after social stimulation. In
addition, we found increased dopamine turnover in the Pir in VPA-VPA mice, which is
normalized in peer-rescued animals. Finallly, we evaluated the activation of the Pir in response
to novel social stimuli, in all our experimental groups.
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Abstract: Adolescent abuse of methamphetamine (meth) is a significant social and public health
concern worldwide, and a growing problem in Australia; however, few studies have investigated
addiction in adolescence. Drugs of abuse trigger the activation of dopamine receptors in brain
regions implicated in reward processing. My first aim is to investigate the developmental
trajectory of dopamine receptor 1 (D1R) and 2 (D2R) expressing neurons in the striatum,
amygdala and insula cortex across adolescence, starting from the juvenile period (postnatal day
P17) to adulthood (P70). My second aim is to examine potential age differences in meth



conditioned place preference (CPP) in adolescent (P35) and adult (P70) D1R- and D2R-green
fluorescent protein (GFP) mice and investigate the involvement of D1R and D2R expressing
cells in these behaviours. I hypothesise that adolescents form stronger meth CPP compared to
adults, which is associated with age differences in D1R- and/or D2R-expressing cells in discrete
neural regions.

Preliminary stereology data showed that male dorsal striatum D1R cell population, D1R cell
density, and volume do not change across adolescence (p’s>0.05). Our meth CPP study observed
that mice, irrespective of age, acquired meth CPP at doses of 0.1 and 0.3mg/kg (p’s<0.001), but
not 1 and 3mg/kg (p’s>0.05). At the 3mg/kg dose, there was a weak trend for an adolescent
propensity to form a preference versus aversion (p=0.1). Only mice that formed a preference to
the 0.1 and 3mg/kg doses proceeded to extinction. Seven sessions of extinction reduced the meth
CPP in adult compared to adolescent mice at 0.1mg/kg dose (p<0.05). Similar extinction did not
reduce meth CPP with 3mg/kg meth (p>0.05), irrespective of age.

Taken together, results suggest male dorsal striatum volume and D1R cell population and density
are similar across development and therefore unlikely to explain differences in meth CPP
behaviours in adolescent compared to adult mice.

Disclosures: E.R. Cullity: None. J.H. Kim: None. H. Madsen: None.
Poster
119. Neurodevelopmental Disorders: Behavioral Studies
Location: Halls A-C
Time: Sunday, November 12, 2017, 8:00 AM - 12:00 PM
Program#/Poster#: 119.10/C51
Topic: A.07. Developmental Disorders
Support: R21HD080498
0OD011107
Title: A non-invasive eye tracking study using rhesus macaques

Authors: *T. MURAI**, C. PHI}, M. D. BAUMAN!23

ICalifornia Natl. Primate Res. Ctr., Univ. of California-Davis, Davis, CA; ?Dept. of Psychiatry
and Behavioral Sci., *The MIND Inst., Univ. of California-Davis, Sacramento, CA; “Biomarker
Group, Drug Develop. Res. Labs., Sumitomo Dainippon Pharma Co., Ltd., Osaka, Japan

Abstract: Visual information is one of the most important cues in social cognition for both
humans and non-human primates (NHPs). Individuals diagnosed with neurodevelopmental or
neuropsychiatric disorders, such as autism or schizophrenia, display aberrant gaze patterns
toward social stimuli. Investigating the nature of gaze patterns of NHPs and comparing them
with those in humans could help us understand etiology of and drug effects on the disorders. In



this study, social and nature videos (30 seconds long) were presented to two age-category rhesus
monkeys and their gaze patterns were investigated using a non-invasive eye-tracking protocol.
Six infant (one male and five females) and four juvenile (two males and two females) rhesus
macaques were presented five social and five nature videos in each session. Each monkey
performed six eye tracking sessions within 60 days with a minimum 3-day interval between
sessions. The social videos included rhesus macaque social behaviors such as aggression,
grooming, play, mounting, foraging or sitting in groups without overt social behavior
(nonspecific social behavior videos). The nature videos depicted birds, insects/invertebrates, land
mammals, marine mammals/fish and landscapes/flowers. Six different stimulus sets were
prepared, and every animal saw the same stimulus set at each testing time point. Calibration and
data acquisition succeeded in all sessions. It is noteworthy that none of the animals were trained
or habituated prior to testing. In both age groups, monkeys looked at the social videos
significantly longer than the nature ones. Interestingly, juveniles looked at each video longer
than infants. These results suggest that rhesus monkeys recognize conspecifics and are attentive
to their behaviors from an early age. In addition, attention to visual information appears to
increase during the juvenile stage. In future studies, this non-invasive eye tracking method can be
applied to monkeys with low-sociability, either spontaneous or drug-induced, and it can
contribute to a better understanding of monkeys’ visual processing of social cognition and
development of novel treatments for neurodevelopmental and neuropsychiatric disorders. This
study is funded by R21HD080498 and OD011107.
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Abstract: Fragile X syndrome (FXS) is a neurodevelopmental disorder caused by silencing of
the fragile X mental retardation 1 gene (FMR1). It is the most common heritable cause of
intellectual disability and the largest monogenic cause of autism with which it shares a number
of symptoms including cognitive inflexibility and social anxiety. The fmrl knock-out (KO)



mouse recapitulates numerous symptoms of the condition including learning deficit, abnormal
sociability and sensory hyperreactivity. Isolation-induced ultrasonic vocalization (USV) is a
reliable measure of social communication in neonatal mice, and we have previously reported that
both male and female fmr1 deficient pups exhibit reduced frequency of USV during the first
postnatal week relative to wild type (WT) pups. Specifically, while the number of USVs did not
change in WT mice over time, KO pups showed reduced vocalizations at P4 and P8, but a
significant increase at P12; data suggestive of delayed onset of distress-induced social
communication in fmrl deficient pups. Abnormal pup vocalizations have been observed in a
number of mouse models of neurodevelopmental disorders and, in human, reduced and delayed
onset of infant vocalization has been linked with subsequent diagnoses of autism. However,
reduced isolation-induced USVs in our model were accompanied by altered maternal care as
measured by increased pup retrieval latency and duration, maternal behaviors which could
influence pup vocalization patterns. To assess whether the delay in isolation-induced USV in KO
pups was indicative of a neurodevelopmental delay or a behavioral response to suboptimal
postnatal maternal care, we cross-fostered WT and KO pups on P1 to dams of either the same or
differing genotype and assessed USVs as previously described. Although the crossfostering
procedure increased the baseline frequency of vocalizations across all pup sex and age groups,
KO pups reared by WT dams continued to show reduced USVs during the first postnatal week
relative to WT pups reared by WT dams, while WT pups reared by KO dams produced
comparable vocalization patterns to this control group. These data indicate that postnatal
maternal care does not induce the observed deficit in neonate USVs, and that exposure to a
postnatal fmrl WT maternal environment cannot rescue the reduced and delayed pattern of
distress vocalization exhibited by fmrl KO pups. Therefore this deficit in early social
communication is a potential marker of fmr1-dependent neurodevelopmental changes associated
with adult social behavior.
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Abstract: Early-life inflammatory insults have been connected to a variety of behavioural
abnormalities such as altered anxiety as well as autism- and schizophrenia-like symptoms.
Previously, we were able to show that amygdala dependent behaviours (social behaviour and fear
memory) are affected by exposure to endotoxin on postnatal day (P) 14. In this work we
investigated whether P14 LPS alters risk assessment, another behaviour largely mediated by the
amygdala. To this aim we injected animals with LPS on P14, weaned them on P21 and tested
them during adolescence. In a novel object exploration task (P38-40) we found that P14 LPS
increases the time animals investigate a novel item. Our preliminary data suggests that voluntary
ethanol consumption may also be affected by early-life inflammation in rodents. In a two-bottle
choice paradigm animals were given the option of consuming either water or water containing
10% ethanol and 1% artificial sweetener between P35 and P50. Then animals were retested for
their alcohol consumption on P60. Our data indicate that the initial habituation to alcohol
between P35 and P50 is not altered by P14 LPS. However, when animals were habituated during
adolescence and then retested on P60, P14 LPS animals consumed significantly more alcohol
than saline injected controls. We also tested whether the treatment groups or sexes will
differently consume the artificially sweetened water during the same time frame. Sweetened
water consumption appears to be unaffected by P14 LPS, consistent with previous findings. Risk
seeking and associated addictive phenotypes are highly affected by external factors. Our data
suggest that early-life inflammation may contribute to increased risk seeking and addictive
behaviours in adults.
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Abstract: A single gene knockout of the Fmrl gene has been used to model Fragile X
syndrome. The Fmrl mouse model has been previously reported to have robust behavioral
deficits that track Fragile X syndrome phenotypes spanning several modalities, including activity



level, motor coordination, perseveration, and cognition. Here, we measured behavior of Fmrl
knockout mice bred on two different backgrounds. There were many behavioral phenotypes that
did not replicate in our colony of Fmrl knockout mice. We found no significant differences in
marble burying, novel object recognition, object place location memory, and behavioral
flexibility in Fmrl knockout mice compared to wildtype littermate controls. While we observed
decreased performance in the rotarod task, this phenotype was protocol-dependent. Interestingly,
we found significant hypoactivity in Fmrl knockout mice compared to wildtype littermate
controls during the dark phase. Physical phenotypes from the human disorder, such as increased
weight and macroorchidism, were recapitulated in the Fmrl knockout mice compared to
wildtype littermate controls. Together, we find that the behavioral phenotypes in the Fmrl
knockout mice are highly variable. Thus, the continued use of this mouse model to research the
underlying molecular mechanisms of behavioral deficits in Fragile X syndrome must be
approached with caution.
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Abstract: Many neurodevelopmental disorders such as Autism Spectrum Disorder and
Schizophrenia are characterized by disruptions in social cognition. Studies in humans and
animals demonstrate that the prefrontal cortex (PFC) is important in regulating social cognition,
however, modeling complex social behavior development in rodents remains challenging. Here,
we investigated social dominance hierarchies, known to be plastic to manipulations of synaptic
efficacy in PFC, in group-housed male mice as a model of social behavior development. Using
the tube test, a well-validated assay to assess dominance ranks between pairs of mice, we show
that baseline hierarchies among group housed mice are more flexible during early adolescent
periods and stabilize into adulthood. Social disruption specifically destabilized hierarchy during
adolescence, but not in adulthood, implicating a distinct critical period of heightened plasticity in



social dominance. Using an animal model of open-ended critical period for cortical plasticity, we
found heighted plasticity within adult mouse hierarchies, suggesting mechanisms regulating
hierarchy plasticity are shared with other forms of cortical plasticity, such as plasticity in primary
sensory areas. These results suggest that social dominance development provides a novel animal
model to assess adolescent plasticity, and underlying neural correlates of social behavior
maturation. *Equal first author.
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Abstract: Cortical maturation extends from adolescence into early adulthood and establishes
connectivity between distal cortical areas to mediate complex cognitive processes such as
attention. Notably the onset of psychiatric disorders coincides with this protracted long range
development and accumulating functional and structural connectivity studies of these disorders
report failed long range projection maturation. Yet limited knowledge of normal processes
governing long range cortical circuit development hinders further pathophysiologic insight. Here
we examine long-range cortico-cortical circuit development in a “top-down” frontal cortex
projection to sensory cortex that is essential to modulate sensory processing. In the visual
system, top-down neurons in the anterior cingulate cortex (ACA) directly project back to the
visual cortex (VIS) to modulate visual processing, a hallmark component of visual attention.
Importantly, dysregulated functional connectivity is observed between the frontal cortex and VIS
during visual attention tasks in attention deficit hyperactivity disorder, schizophrenia, and
autism. We thus aim to establish adolescent contributions to long-range top-down cortical circuit



maturation in murine frontal cortex and its impact on cognitive behavior later in life.

Rabies mediated circuit-specific mono-synaptic input mapping alongside dendritic spine analysis
and electrophysiology interrogation reveal that top-down adolescent ACA->VIS neurons receive
more local pre-synaptic connectivity coupled to higher density of post-synaptic excitatory spines
on proximal dendrites compared to adulthood. These developmental changes result in a relative
increase in connectivity with distal brain regions in adulthood. Transient chemogenetic
inactivation of top-down cortical circuit selectively during adolescence produces long-lasting
deficits in visual attentional behavior later in life at adulthood that also disrupts circuit formation.
Collectively, our data demonstrate that adolescence is a key critical period for top-down cortical
circuit to refine their local excitatory connectivity in an activity dependent way to engage more
distal connections in order to establish adult attention behaviors. These findings may provide
insight into the pathophysiology and intervention strategy for impaired visual attention in
neurodevelopmental and psychiatric disorders.
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Abstract: Social processing is a domain that is commonly dysregulated in psychiatric disorders,
and is poorly treated by available psychiatric medications. In humans and rodents, portions of the
evolutionarily conserved medial prefrontal cortex (mPFC) are part of a network that regulates



social behavior. Many disorders with shared social processing deficits show impairments in
inhibitory neurotransmission within the brain, particularly in the mPFC, suggesting a role for
PFC inhibitory action in regulating social behavior. We investigated the role of prefrontal
parvalbumin interneurons (PV1s), a major class of cortical inhibitory neurons, in social behavior
of adult mice by leveraging chemogenetic technologies. First, we selectively expressed hM4Di,
an inhibitory DREADD (Designer Receptor Exclusively Activated by Designer Drugs), in PVIs
in the mPFC. Acute selective suppression of mPFC PVIs decreased sociability in a 3-chamber
test and disrupted social recognition in a habituation-dishabituation paradigm. Suppression of
PVIs did not affect olfactory discrimination, locomotion, or anxiety-related behaviors,
suggesting a specific effect of PVI suppression on social behavior. We next tested whether
increasing PVI activity could rescue a social deficit caused by social isolation during a 2-week
adolescent window, by expressing the excitatory DREADD in mPFC-PVIs. We found activating
PVIs in adult mPFC rescued a persistent social deficit induced by transient adolescent social
isolation. These results demonstrate that PV1 activity in the mPFC mediates appropriate social
behavior in mice.
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Abstract: Attention is a goal-directed process that facilitates discriminatory detection of relevant
sensory stimuli from the environment. Attention deficit symptoms are frequently observed in
psychiatric disorders, yet finite understanding of the neural circuits mediating attentional
behavior has limited pathophysiologic insight. Previous studies across species have demonstrated
that the frontal cortex—especially the anterior cingulate cortex (ACC) — plays a key role in
implementing attention through “top-down” control of sensory processing. However, the precise



neural circuit mechanisms effecting attention remain largely unknown. Here we identify the
specific frontal cortex projecting neurons that mediate “top-down” control of visual attentional
behavior in mice by integrating circuit-based techniques that monitor and manipulate neural
activity in mice performing freely moving attentional behavior with a translational automated
touchscreen system.

Our initial unbiased global mapping of neural activity specifically when mice are engaged in an
attention task reveals recruitment of a subpopulation of ACC neurons with the long-range
cortico-cortical projection to the visual cortex. Selective chemogenetic inhibition of this long
range frontal-sensory cortical projection impairs attention performance, without disrupting
additional detectable readouts of decision-making capacity, motivational state, motor activation,
impulsivity, and compulsivity. Circuit-specific fiber photometry imaging and optogenetic rescue
studies within this behavioral context are underway. Collectively, our data demonstrate that a
long range frontal-sensory projection is a key enactor top-down control of attentional behavior.
Our finding may provide circuit-based insight into the pathophysiology and intervention strategy
for impaired visual attention in neurodevelopmental and psychiatric disorders, particularly
attention deficit hyperactivity disorder, schizophrenia, and autism when dysregulated functional
connectivity is observed between the frontal cortex and visual cortex during visual attention
tasks.
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Abstract: Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized by
a set of core atypical social and repetitive behaviors. Individual profiles are highly
heterogeneous, however, and can include language skills ranging from nonverbal to hyperlexic.



To date, causal mechanisms underlying ASD remain poorly understood, but likely include a
complex combination of polygenic and environmental risk factors. Heritability rates range from
70-90%, and up to 1,000 risk genes have been identified, indicating a complex genetic
architecture. One ASD-risk gene is SHANK3 (SH3 and multiple ankyrin repeat domains 3).
Heterozygous deletions or point mutations of SHANKS are thought to be the main cause of
Phelan—-McDermid Syndrome (PMS) -- a genetic disorder characterized by global developmental
delays, delayed or absent speech, moderate to severe intellectual disability, dysmorphic features,
neonatal hypotonia, seizures, and a strong co-morbidity with ASD. Haploinsufficiency of
SHANKS3 due to deletion or de novo mutation is also observed in approximately 1% of non-
syndromic ASD, making SHANK3 one of the most well-replicated ASD risk genes (though
SHANKS3 variants have also been linked to schizophrenia and intellectual disability). SHANKS is
a synaptic scaffolding protein enriched in the postsynaptic density of excitatory synapses. This
protein plays a crucial role in the formation, maturation, and maintenance of synapses. In order
to more closely evaluate the contribution of SHANKS in neurodevelopment and behavior, a
knockout mouse model characterized by a mutation within the PDZ domain was created by the
Feng lab (Peca et al., 2011). Initial research found that genetic disruption of Shank3 in mice
leads to compulsive/repetitive behavior and impaired social interaction, thus modeling two of the
core features of ASD. More recent research revealed that Shank3B heterozygous mice were
slower to reach criterion in the pairwise visual discrimination task, and exhibited trends toward
making more errors (first trial errors). These results indicate a deficit in discrimination learning
in the Shank3B model of PMS and ASD (Copping et al., 2016). The current study was designed
to further examine the behavioral profile of Shank3B heterozygous and homozygous knockout
mice, specifically with regard to features that might map onto atypical language in ASD
(auditory processing skills, learning and memory). We also examined sensorimotor ability and
social behavior to confirm consistency with prior reports. We found that Shank3B KOs display
typical auditory processing abilities, together with repetitive behaviors and learning impairments.
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Abstract: Atypical central auditory processing despite normal hearing can encompass deficits in
processing rapidly changing acoustic information, as well as difficulties perceiving speech
sounds in background noise. Auditory processing deficits have in turn been associated with
speech and language delays, and early indices of rapid auditory processing (RAP) robustly
predict later language outcomes in both typically developing and at-risk populations (Benasich et
al., 2006). Auditory processing disorder (APD) is also associated with atypical speech and
language outcomes, though APD may be comorbid with other disorders (e.g., attention deficits
and learning disabilities). Individuals affected by APD struggle to interact in noisy group
activities, impacting school performance (Moore et al., 2013). Although underlying causes for
RAP deficits and ADP remain largely unknown, Newbury et al., (2015) recently reported that
individuals with a heterozygous mutation of USH2A might show previously undetected APD,
along with a distinct style of speech and severe language comprehension deficits. These results
were surprising, since these individuals are carriers for Usher Syndrome but were previously
thought to be phenotype-free. Usher Syndrome is an autosomal recessive form of congenital
deafness and blindness that results from a mutation in both USH2A gene alleles, with sensory
deficits emerging due to dysfunction of hair cells (stereocilia). However, since cilia also play a
crucial role in neurodevelopment, and cilia dysfunction is implicated in neuronal migration
anomalies relevant to neurodevelopmental disord