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Abstract: Motile cilia, which are small extensions emanating from the surface of cells, generally
beat in a concerted fashion to generate a directional fluid flow. In the brain ventricles, ependymal
cells extend their cilia into the cerebrospinal fluid (CSF) and thereby contribute to CSF flow.
Although cilia are not the only contributors to the overall flow, their functioning is crucial, as
human patients having defective motile cilia develop clinical features including hydrocephalus.
Traditionally, the functions of CSF flow were regarded as transport of nutrients and disposal of
waste. However, recently, the complexity of this flow and its interplay with the nervous system
are increasingly recognized. Nevertheless, these interactions, as well as the mere generation of
the CSF flow, remain poorly understood. To address these shortcomings, we study the motile
cilia and CSF flow in the ventricles of larval zebrafish. Our results show that ependymal cells,
which harbor motile cilia are spatially organized in the brain ventricles and generate a directional
CSF flow upon active ciliary beating. While the cilia-driven flow is prominent within an
individual ventricular cavity, there is surprisingly little exchange of fluid between ventricles.
Interestingly, these ventricular boundaries are abolished during bodily movement, thus
highlighting the influence of external factors on the overall CSF flow. As our results imply that
CSF flow is important for regionalizing molecules, we are currently investigating the
developmental significance and regulation of such compartmentalization. Altogether, we expect
our work to provide a better understanding of the interaction between the brain and the CSF, and
to ultimately unravel the neural mechanisms regulating the flow of molecules in the brain.
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Abstract: The gonadotropin-releasing hormone (GnRH) pathway in the brain is the primary
controller of the hypothalamic pituitary gonadal (HPG) axis and hence reproduction and allied
behaviors in most vertebrates. While previous studies have focused on GnRH neurons in the
HPG axis, the observation of GnRH neurons of the spinal cord have been limited. However there
have been studies indicating the presence of some GnRH neurons in the spinal cord and effects
of GnRH on spinal control of animal behavior. To date there has not been a comprehensive study
of these neurons in the spinal cord of the developing embryo. In a stable transgenic line of
zebrafish with GnRH3 neurons tagged with green fluorescent protein (GFP), we have observed
GFP expressing neurons along the developing spinal cord starting 1 day post fertilization (dpf)
persisting through hatch at 3dpf. This study characterized the development of these neurons in
living embryos using immunohistochemistry, epifluorescence and confocal microscopy.
Embryos were dechorionated on day 1 and embedded in 1% agarose made in embryo medium
and examined under the microscope at 20x magnification and 488nm excitation/512 nm
emission. Embryos were returned to the incubator post observation to be reexamined on both 2
and 3dpf. We observed a steady decrease in neuron numbers beginning 1dpf through 3dpf (n =
12, p <0.01). While there was a decrease in neuron area between 1 and 2 dpf, no differences in
neuron area was observed between 2 and 3 dpf embryos (n =12, p <0.01). Aside from discrete
observations, we have also performed continuous confocal monitoring of these spinal cord
neurons to observe and record dynamic changes in the spinal cord during this early period of
development. Proximity to motor neurons were also assessed using whole embryo
immunohistochemistry with mnx-1 antibody at various developmental stages. We are in the
process of quantifying levels of apoptosis in the spinal cord between 1 to 3dpf using caspase
immunohistochemistry to determine if neural numbers are decreasing because of cell death or
migration. This is a novel study characterizing GFP expressing GnRH neurons in the early
developing embryo.
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Title: Translational control of the cerebrospinal fluid (CSF) stem cell niche

Authors: *R. M. FAME!, K. F. CHAU'?, M. L. SHANNON?, N. DANI!, M. L. CALICCHIO?,
H. STEEN!, S. ALEXANDRESCU?, M. K. LEHTINEN?®?

pathology, Boston Children's Hosp., Boston, MA; 2Program in Biol. and Biomed. Sci., Harvard
Med. Sch., Boston, MA

Abstract: The mammalian brain forms around cerebrospinal fluid (CSF)-filled ventricles.
Secreted signals in the CSF instruct neural progenitor cell health, identity, and neurogenesis.
While CSF components can reflect the overall health of the entire CNS, the choroid plexuses
(ChP) are the tissues specialized to secrete CSF. Our goal is to elucidate mechanisms by which
the ChP secretome and CSF proteome are regulated and how fluid system interacts with adjacent
neural tissues, with direct diagnostic and/ or therapeutic applications to neurodevelopmental
diseases.

To investigate the changing CSF composition during neural tube closure, we analyzed the
developing amniotic fluid and CSF proteomes by mass spectrometry. We observed
downregulation of protein biosynthetic machinery throughout early brain development. Parallel
transcriptome analyses of the adjacent forebrain neuroepithelium uncovered a similar trend in
progenitor cell transcriptomes. Specifically, transcriptome analysis suggests that c-MYC is
normally downregulated in forebrain precursors after neural tube closure, as is ribosome
biogenesis. Expression of c-Myc is required for neural tube closure. Using mouse models, we
tested the molecular mechanisms regulating the protein biosynthetic machinery in forebrain
precursors, because any missteps in their development can have devastating consequences on
later brain function. We found that persistent c-MY C expression in neuroepithelial progenitor



cells results in a mouse with a large brain and fully penetrant choroid plexus carcinoma (CPC)
and ciliary body medulloepithelioma (CBME).

These initial data suggest that selective protein translation provides an additional regulatory step
for producing the CSF proteome. We therefore directly tested the hypothesis that translation is
differentially regulated in the ChP. Using translating ribosome affinity purification (TRAP) in
the embryonic and adult ChP after neural tube closure, we identify a changing landscape of
specific age-dependent translation targets as the ChP matures. We also identify differential
translation targets in the adult choroid plexus over the much shorter diurnal time scale. These
data implicate translation as a key regulatory step governing ChP activity and the CSF proteome
over time.
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Abstract: The vertebrate embryonic retina is composed by multipotent progenitors in a
neuroblastic layer, which generate diverse cell types. Intrinsic and extrinsic factors modify the
rate of proliferation, differentiation, maturation and cell death, accelerating or slowing the
appearance of new retinal cells. As cannabinoid receptors are highly expressed at early stages of
embryonic retina, we asked whether the mixed CB1/CB2 receptor agonist WIN 55,212-2 (WIN)
could modulate death, proliferation, whole cell and mitochondrial stress and functional calcium
responses to known transmitters on retinal progenitors. Retinal cells were obtained from chick
(Gallus gallus domesticus) embryos at the seventh embryonic day and cultured for two days
(E7C2). A fluorescence-based viability (Live/Dead) assay was performed exactly as suggested



by the manufacturer (Invitrogen, Carlsbad, CA). Quantification of live and dead cells was carried
out using Image J (NIH, Bethesda, MD). In single cell calcium imaging experiments, free
intracellular calcium levels ([Ca?*]i) were measured in retinal cells in culture using the protocol
adapted from (de Melo Reis, 2011) and (Freitas et al., 2016). To evaluate proliferation, retinal
cultures at E7C1 were stimulated for 24 h with increasing concentrations of the selected drugs
and incubated with 0.25 uCi [*H]-thymidine for 60 min, at 37 °C. Samples were filtered, dried
and the radioactivity determined by scintillation spectroscopy. Intracellular ROS accumulation
was evaluated in live cells using a chloromethyl derivative of H2DCFDA, CM-H2DCFDA.
Readings were carried out at 485/535 nm using a VICTOR X Multilabel Plate Reader (Perkin
Elmer, Inc). Additionally, a fluorogenic assay (MitoSOX Red) targeted to mitochondrial
superoxide in live cells, was performed exactly as suggested by the manufacturer
(ThermoFisher). Quantification of fluorescence intensity, and subtraction of background values,
were performed using Image J (NIH, Bethesda, MD). Treatment of retinal progenitors with a
CB1/2 agonist, WIN, reduced cell viability (up to 4-fold decrease), increased mitochondrial
stress (similar to H202-induced stress), abolished functional (KCI, glutamate and GABA) and
upregulated ATP shifts in terms of [Ca?*]i responses. Finally, WIN and endocannabinoid-
degrading enzymes regulated proliferation of these retinal progenitors (up to 5-fold reduction).
Cannabinoid receptors play a role in the regulation of survival and proliferation in the chick
embryonic retina. This effect may involve mitochondrial stress and increases in purinergic
responses from retinal progenitor cells.
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Abstract: The process of folding of the cerebral cortex (gyrification) has been intensely studied,
and recent theories and investigations have largely focused on the role of the cortical plate.
However, differences in cortical plate gene expression between gyri and sulci, and a possible role
in the process of gyrification, remain unexplored. We used Laser Capture Microdissection to
sample the cortical plate of the fetal sheep brain at mid-gyrification (90 dg, term ~147 dg) and
used RNA Seq approaches to determine differentially expressed genes between gyri and sulci.
While no differentially expressed genes were detected in silico using standard RNA Seq
approaches, alternative approaches for selecting differentially expressed genes and further in
vitro validation of selected genes display significant differential expression between gyri and
sulci. Two-way ANOVA analyses found significant differences in gyri and sulci expression of
BDNF (p < 0.0001), CDK5 (p < 0.0001), HDACS5 (p < 0.01) and MeCP2 (p < 0.001) at 90 dg,
that are absent in the cortical plate at 70 dg; i.e., pre-gyrification. Also, there were no differences
in expression rostro-caudally of these genes at either stage, showing that the differences between
gyri and sulci were consistent throughout the cortex. A common feature of these genes is their
participation in the neurite outgrowth process of maturing neurons, which coincides with the
time of gyrification. This raises the possibility that the impact of neurite outgrowth on regional
volume expansion may be a fundamental cause of gyrification (i.e. this process is different
between gyri and sulci); a process currently under investigation.
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Abstract: The retina being an easily accessible extension of the central nervous system (CNS)
provides an opportunity to study many of the vital processes occurring in this elaborate system.
The CNS, while comprised of some of the most metabolically active tissues of the body, is
unable to store nutrients and is therefore completely reliant upon the vascular system to supply
its needs. Vascular development in the CNS is tightly regulated by a variety of signaling
pathways. Vascular growth in the mouse eye begins postnatally and progresses into the first 3
weeks of life making it an exceptional model to explore the mechanisms involved in
angiogenesis. In this study, we investigate previously unexplored mechanisms and signaling
pathways involved in the outgrowth and subsequent remodeling of the retinal vasculature. The
caspase family of proteases is typically confined to roles in apoptosis and inflammation, however
several members of this family have been found to have essential non-apoptotic functions.
Preliminary data has revealed that activation of caspase-9, an initiator in the intrinsic apoptosis
pathway, in endothelial cells does not lead to death of these cells suggesting an alternate role for
this protease in the vasculature. To confirm the presence of caspases in the retina during
angiogenesis, we performed immunofluorescence analysis on the retinas of wild-type C57BL/6
pups isolated during the first 2 weeks postnatal. We find that caspase-9 and caspase-8, as well as
downstream effector caspases, are present at varying levels in endothelial cells and microglia
during the 2-week time course with little indication of apoptosis occurring in those cells at the
time points analyzed. Ongoing studies aim to explore the specific roles of these proteases in
retinal angiogenesis. We employ cell-specific genetic knock out models of caspase-9 and
caspase-8, as well as whole tissue caspase inhibition using protease-specific cell permeant
inhibitors followed by immunofluorescence analysis. This study potentially reveals a novel
pathway in the regulation of retinal angiogenesis and may provide insight into mechanisms
behind pathologic vessel formation in the eye.
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Abstract: Zika virus (ZIKV) is a mosquito-borne flavivirus that is of significant concern due to
the association between ZIKV infection in pregnant mothers and an increased risk of



microcephaly and other neurological conditions in the fetus. While the widespread 2015-16
epidemic in North and South America may be behind us, there remains much to be learned about
the virus’s pathogenesis and mechanism of infectivity, as well as the potential long-term neural
consequences and behavioral deficits in the infants born to infected mothers. By developing a rat
model of maternal ZIKV infection, our lab is working to address some of these unanswered
questions. In order to deepen the current understanding of ZIKV infection, we have measured the
level of infectivity in the mother and the pups, the rate of viral clearance, the effect of ZIKV on
the expression of inflammatory genes, cortical thickness, microglia morphology, apoptosis, and
other important aspects of brain development in the affected neonatal rat pups. Unlike other
Flaviviruses, ZIKV has an apparent selective tropism for developing neural stem cells, thus we
are currently examining the long-term consequences of prenatal ZIKV infection on later-life
neurogenesis in brain regions important for learning and memory. Overall, this model and our
findings will help us to better understand the underlying mechanisms of ZIKV infection in the
maternal-fetal interface and the immediate and long-term impact of the virus on the developing
brain.
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Abstract: The dentate gyrus (DG) is a subregion of the hippocampus that is made up of two
distinct populations: a formative population added in development and an additive population
created in adulthood. We have previously shown that cells born in development show stable
survival until young adulthood, where they undergo a delayed period of cell death, a pattern not
seen in adult-born cells. It is possible that this cell death balances out the continued addition of



adult born neurons. Here, we looked at the relationship between these two populations in terms
of activity patterns. We hypothesized that activity in older, developmentally-born neurons
depends on the numbers of adult-born neurons that are present. To test this, we either inhibited or
enhanced adult neurogenesis and quantified activity using immediate-early gene expression in
developmentally-born cells after rats explored a novel environment. Rats were injected with the
mitotic marker BrdU at the peak of DG development and were given one of two treatment types
in adulthood (2 to 6 months of age). To inhibit adult neurogenesis, a transgenic rat model
(GFAP-TK) was used. We found that inhibition of adult neurogenesis increased activity in the
developmentally-born cells. To increase adult neurogenesis, rats received a combined treatment
of running and memantine. Increasing adult neurogenesis led to compensatory decreases in
activity of developmentally-born cells. These data suggest that adult-born neurons inhibit
developmentally-born neurons, and there is a homeostatic regulation of activity levels in the DG.
We are also examining whether rates of loss of developmentally-born neurons are proportional to
adult neurogenesis rates across the lifespan. If there is a balance between these cell populations,
we would predict that as adult neurogenesis is known to decline with age, we can see how this
relationship changes as animal age progresses, as it is not known how the survival of the
developmental population is effected by the age related changes in adult neurogenesis. To test
this, we injected rats with the mitotic marker CldU at the peak of DG development and rats were
given a second mitotic marker 1dU in adulthood (@ either 1, 3, 5, 11, or 17 months) and cells
were visualized 4 weeks later. Collectively, these data will clarify whether there are interactions
between neurons born at different stages of development, which may shape how information is
retained in the hippocampus.
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Abstract: The rapid spread of Zika virus (ZIKV) and its association with abnormal brain
development constitute a global health emergency. Congenital ZIKV infection produces a range
of mild to severe pathologies, including microcephaly. These pathologies are specific to fetal
brain tissue, where neural stem cells are targeted. To understand the pathophysiology of ZIKV
infection, an in vivo mouse model of fetal brain development was used to recapitulate the human
cytoarchitecture of early to mid-gestation. ZIKV PRVABCS59, isolated from the blood of a
patient in Puerto Rico in 2015, was used to characterize ZIKV infection of neural progenitors
and resulting changes in mouse brain development. Multiple dose concentrations, inoculation
periods, and time points in development have been investigated to characterize the development
of congenital Zika syndrome. Gross brain size and cortical thickness have been measured to test
what age and inoculation periods result in microcephaly. The targeted neural precursor types
were identified at various stages of brain development using in utero electroporation and
immunohistochemistry. Changes in neural precursor proliferation and cell death were quantified
to determine how these cellular processes may contribute to ZIKV-induced microcephaly.
Infection of embryos allowed for the study of developing mice and whether there was cross-
transmission between infected fetuses and the maternal circulation. This model provides a
platform for robust in vivo screens of potential pharmacotherapeutics designed to limit ZIKV
transmission and to promote healthy development in infected fetuses. Together, ZIKV infections
in mothers and in developing mice at varying doses, inoculations, and stage in development
combined with cell type specific in utero electroporation techniques will further elucidate the
etiology of congenital Zika syndrome and microcephaly in an in vivo model of mammalian
development. Future work will include single cell RNA sequencing to identify changes in neural
precursor populations over short and long ZIKV inoculation periods.
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Abstract: The chromatin remodeler CHDS8 has been identified as an autism spectrum disorder
(ASD) associated high risk gene, mutations in which will cause severe developmental delay or
ASD. CHDS8 is highly expressed in the developing brain. CHDS is detected in the neural
progenitor cells, neurons and oligodendrocyte lineage cells. However, its function in
neurogenesis has not been fully defined. Here we demonstrate a critical role of CHDS8 in
controlling cortical progenitor cell development. Genetic ablation of CHD8 in cortical
progenitors leads to a loss of basal progenitors, while the PAX6" apical progenitors was
unaffected in the subventricular zone. This results in a decrease in cortical thickness and the
subventricular zone in postnatal stage. In addition, the mutant mice exhibit cortical
dyslamination, especially in upper layer neurons. Intriguingly, the apoptosis of basal progenitors
in the early stage is correlated with p53 activation. Furthermore, knocking out p53 partially
rescues the neurogenesis defect in the mutant mice. Together, our observations demonstrate
CHD8 regulates the survival of basal neural progenitors and is a critical factor for apical
progenitors to basal progenitor transition.
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Abstract: Primate research is on the decline worldwide due to several factors, including the
exorbitant cost of primate housing and care, mounting regulatory hurdles, and changing attitudes
toward primate use for medical research. MacBrainResource is a newly established resource that
will foster new primate brain research by making archived macaque brains housed in the
Department of Neuroscience at Yale available to researchers across the globe for their own



research purposes. MacBrainResource is currently comprised of five collections of histologically
prepared slides and EM blocks derived from macaque studies conducted in the laboratories of
Dr. Pasko Rakic and the late Dr. Patricia Goldman-Rakic. These include Collection 1: tritiated
thymidine injections, Collection 2: tract tracing injections, Collection 3: prenatal and postnatal
lesions, Collection 4: prenatal irradiation, and Collection 5: EM blocks. Brain materials may be
analyzed on-site by arranged visit or remotely via website access (http://macbrainresource.org).
Here is an example of how to use MacBrainResource. Click on Collection 1 (the same principles
apply to the other collections) on the MacBrainResource website home page to open a list of 112
tritiated thymidine injected cases, i.e., monkey brains. The cases, e.g. 101673A E30-P76, are
designated by case identifier (101673A), followed by age of experimental treatment (embryonic
day 30: E30) dash age of sacrifice (postnatal day 76: P76). Request desired slides for your study
based on age of exposure to tritiated thymidine, age of sacrifice, brain region, etc. The requested
slides will be scanned at 20x or 40x (if justified by special request) on the Aperio CS2 Scanner
and uploaded to the MacBrainResource digital database. Remotely, slides will be available via
eSlide Manager, a free application for high resolution viewing of scanned slides, yielding
zoomable images that can be saved as jpeg files. MacBrainResource is designed to be a “living”
resource that enables contemporary analysis of these archived primate brain materials. Studies
utilizing this resource can further our understanding of neurodevelopment and neuroanatomy
without the need to sacrifice a single additional valuable animal.
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Abstract: Introduction: During the development of the sympathetic nervous system, the p75
neurotrophin receptor (p75) triggers apoptosis upon binding to BDNF. Apoptotic signaling
through p75 requires activation of the stress kinase, c-Jun N-terminal kinase (JNK), that
increases the regulated receptor proteolysis in response to pro-apoptotic ligands. The cleavage
facilitated ubiquitination of the DNA binding protein NRIF, a zinc finger protein that interacts



with the intracellular domain of p75, resulting in nuclear translocation of NRIF. Moreover, this
leads a second wave of activation of JINK. All this is required for a long-term apoptotic signaling
of p75.

Rab5 regulates the trafficking of receptors by regulating early endosomes dynamics.

Results of our lab have shown that p75 transiently interacts with Rab5 positive endosomes in
sympathetic neurons and accumulates in other endocytic organelles.

Our aim is to clarify the role of Rab5 activity on apoptotic signaling of p75 and the relevance of
JNK in retrograde apoptotic signaling of p75.

Material and Methods: Sympathetic neurons were dissected from the superior cervical ganglia
(SCGs) of postnatal day one Sprague Dawley female and male rats. We over-expressed a
constitutively active (Rab5CA) or dominant negative (Rab5DN) Rab5 mutants in 6 DIV SCGs
and then we treated with BDNF. Them, we evaluated the interaction between p75 and Rab5, the
internalization of p75, NRIF nuclear translocation and cleaved caspase-3. Moreover, we used
compartmentalized culture of SCGs to evaluate JNK activation in axons. In addition, we used
SP600125 (JNK inhibitor) to evaluate the role of JNK in the trafficking and apoptotic signaling
of p75.

Results: Here, we report that the interaction between p75 and Rab5 is preferentially with the
active form of Rab5. When a Rab5CA mutant was expressed, p75 was accumulated in Rab5
positive organelles and we observed an increased nuclear translocation of NRIF in response to
BDNF. Nevertheless, inhibition of Rab5 activity reduced cleaved-caspase 3 as well as nuclear
accumulation of NRIF. Moreover, we found that BDNF activated JNK in axons, and that INK
activity mediated internalization and retrograde axonal transport of p75. Inhibition of INK
activity by SP600125 decreases the internalization and retrograde axonal transport of p75.
Discussion: Our findings suggest that the apoptotic signaling of p75 requires the activity of Rab5
when the receptor is activated by BDNF. In addition, our results are evidence of a new role of
JNK in the axonal trafficking of p75.

Disclosures: C.A. Cabeza: None. C. Escudero: None. F. Bronfman: None.
Poster

113. Nervous System Patterning and Developmental Cell Death
Location: SDCC Halls B-H

Time: Sunday, November 4, 2018, 8:00 AM - 12:00 PM

Program #/Poster #: 113.13/A13

Topic: A.01. Neurogenesis and Gliogenesis

Support: Nina Ireland endowment to the UCSF Department of Psychiatry
NIMH R37 MH049428
NIGMS R35 GM119831
Science without Borders Fellowship by CNPq (Brazil)



Title: DIx transcription factors organize a core gene regulatory network required for basal
ganglia development and interneuron specification
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Abstract: Mammalian brain development is guided by a network of activating and repressive
signaling pathways orchestrated by transcription factors (TFs). The systems that control early
neurodevelopment are strongly conserved among vertebrates at the level of cis and trans
signaling factors. Major advances in characterizing gene regulatory networks (GRNs) have been
achieved via application of genomic assays to understand TF function. We have been working
towards defining the mechanisms guiding lineage specification and patterning in the brain
governed by the interaction between transcription factors (TFs), regulatory DNA elements (RES),
and chromatin structure. Using a comprehensive approach, we characterized the regulatory
wiring of early telencephalic GABAergic neuron development organized by DIx family
transcription factors, integrating in situ hybridization, transcriptomic, and epigenomic data from
wild-type and DIx1/2 knockout ganglionic eminences (embryonic mouse basal ganglia - BG).
We show that binding of DIx2, DIx1, and DIx5 at proximal and distal DNA regulatory elements
is required for the establishment and/or maintenance of both ganglionic eminence-specific
chromatin and transcriptional states, and regulation of gene expression patterns during stages in
the specification of BG-derived projection neurons and interneurons (including cortical
interneurons). DIx factors bind extensively across the genome, however, a small subset of the
DIx binding sites show strong perturbations to their chromatin state and relevant gene expression
in the DIx1/2 knockout. These sensitive loci form the hub of a core GRN that is organized by
DIx and controls patterning and specification in the developing basal ganglia. Our analysis of
DIx TFs contributes to the growing understanding of how combinatorial binding of REs by
master transcriptional regulators regulates specific region- and cell-type restricted expression
patterns during early brain development. By integrating across genetic, genomic, and
neuroanatomical approaches, we hope to decode the genomic wiring guiding cell type
specification in the mammalian brain.
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Abstract: Axon degeneration and subsequent demyelination are crucial events in the nerve
regeneration after peripheral nerve injury. Upon peripheral nerve injury, the activated Schwann
cells start to clear myelin debris along with the inhibitory factors for axon growth. Sterile alpha
and HEAT/Armadillo motif (SARM) is a highly conserved Toll/interleukin-1 receptor (TIR)-
containing adaptor protein that is believed to negatively regulate signaling of the pathogen
recognition receptors TLR3 and TLR4. Previous study has provided evidences that initial axonal
cytoskeletal breakdown of injured nerves are blocked in SARM mutants Drosophila and Sarm”-
mice. However, whether SARM functions in the process of myelin breakdown is unclear. In the
recent work, we found that two dominant-negative forms of SARM proteins can slow myelin
breakdown in ex vivo nerve culture, indicating SARM regulates myelin breakdown besides its
axon function. Mice with myelin specific depletion of Sarm is under-generation to further
confirm the myelin breakdown of SRAM in the future. Myelin breakdown is required for axon
degeneration after nerve injury as well as the pathogenesis of demyelinating diseases. Our results
will provide new approaches to the regulation of these biological processes.

Disclosures: D. Guo: None. C. Pan: None. S. Zhang: None. Z. Ying: None. X. Wang: None.
Poster

114. Transplantation and Regeneration (PNS) and Neuroglial Interactions

Location: SDCC Halls B-H

Time: Sunday, November 4, 2018, 8:00 AM - 12:00 PM

Program #/Poster #: 114.02/A15

Topic: A.04. Transplantation and Regeneration

Support: NS095017

Title: Molecular and cellular identification of the immune response in peripheral ganglia
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Abstract: Neuroinflammation accompanies neural trauma and most neurological diseases.
Axotomy in the peripheral nervous system leads to dramatic changes in the injured neuron: the



cell body expresses a distinct set of genes known as regeneration-associated genes, the distal
axonal segments degenerate and their debris is cleared, and the axons in the proximal segment
form growth cones and extend neurites. These processes are orchestrated in part by immune and
other non-neuronal cells. Macrophage accumulation in peripheral ganglia play an integral role in
supporting regeneration. We have explored the molecular and cellular components of the injury-
induced immune response within these ganglia. Adult male wild type (WT) and Ccr2 -/- mice
were subjected to a unilateral transection of the sciatic nerve and axotomy of the superior
cervical ganglion (SCG). Antibody arrays were used to determine the expression of chemokines
and cytokines in the dorsal root ganglia (DRG) and SCG. Flow cytometry and
immunohistochemistry were utilized to identify the cellular composition of the injury-induced
immune response within ganglia. Chemokine expression in the ganglia differed 48 h after nerve
injury with a large increase in macrophage inflammatory protein-1y in the SCG but not in the
DRG, while CCL2 was highly expressed in both ganglia. Differences between WT and Ccr2 -/-
mice were also observed with increased CCL6/C10 expression in WT DRG compared to Ccr2 -/-
DRG and increased CXCL5 expression in Ccr2-/- SCG compared to WT. Diminished
macrophage accumulation in the DRG and SCG of Ccr2 -/- mice was found compared to WT
ganglia 7 d after nerve injury. Interestingly, neutrophils were found in the SCG but not in the
DRG. Cytokine expression, measured 7 d after injury, differed between ganglion type and
genotype. Macrophage activation was assayed by colabeling ganglia with the anti-inflammatory
marker CD206 and the macrophage marker CD68, and an almost complete colocalization of the
two markers was found in both ganglia. Thus, both molecular and cellular differences in the
nerve injury-induced immune response were found between DRG and SCG and between WT
and Ccr2 -/- mice. (Supported by NS095017).
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Abstract: Axons of the PNS readily regenerate while those of the CNS do not because of
differences in both intrinsic and extrinsic properties. Intra-axonal translation of mMRNAs is a
critical intrinsic property for regeneration in the PNS. Peripheral axotomy of DRG neurons
induces retrograde signaling that increases regenerative capacity. Previous studies suggested that
peripheral axotomy causes sprouting of centrally projecting dorsal root ganglia (DRG) axons
(Woolf et al., 1992; Shortland and Woolf, 1993; Woolf et al., 1995). Here, we asked if peripheral
axotomy changes localization and translation of mMRNAs in the central axons of DRG neurons,
which could contribute to sprouting in those axons. Since mMRNAs localize in peripheral axons
and intra-axonal translation of mRNAs is important for regeneration (e.g., GAP-43), we
hypothesized that similar localization of growth associated mMRNAs as well as a change in the
translational capacity will occur in central DRG axons after peripheral axotomy. Using reverse
transcriptase droplet digital PCR, we show that GAP-43, calcitonin gene related peptide (CGRP)
and neuritin 1/candidate plasticity gene 15 (Nrn1/CPG15) mRNA levels are increased in the
axoplasm of central axons of DRG neurons from adult rats 7 days after sciatic nerve crush
compared to the naive condition. Analysis of translational machinery showed alterations in levels
in the centrally projecting axons 7 days following peripheral crush injury. Taken together, these
data suggest that retrograde signaling responses following peripheral axotomy is propagated into
the centrally projecting sensory axons, which could affect the growth capacity of these axons.
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Title: Comparative analysis of primary cultured fibroblasts between sensory and motor nerve
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Abstract: Recent study indicated that fibroblasts had pro-regenerative effects on Schwann cell
behavior and neurite outgrowth. Whether fibroblasts express distinct sensory and motor
phenotypes, which are associated with peripheral nerve development and regeneration, has not
been fully addressed. In this study, we used whole rat genome microarray analysis and identified
total of 121 genes differentially expressed between primary cultured motor and sensory



fibroblasts. The genes with higher level of expression in sensory fibroblasts were related to
biological aspects including proliferation, migration, chemotaxis, motility activation, protein
maturation, defense response, immune system, taxis, and regionalization, while the genes with
higher level of expression in motor fibroblasts were related to biological aspects including
neuron differentiation, segmentation, and pattern specification process. The significant difference
in expression level of some key genes involved in proliferation and migration, including Abcc9,
Cxcl10, Cxcl3, Syk, Cb5arl, Pf4, and Ptgs1, was validated by quantitative real time PCR. The cell
proliferation or migration analysis showed that the rate of cell proliferation or migration was
higher in sensory fibroblasts than in motor fibroblasts. Besides, down-regulated chemokine (C-
X-C motif) ligand 10 (CXCL10) and chemokine (C-X-C motif) ligand 3 (CXCL3) expression
suppressed the proliferation rate of sensory fibroblasts, while enhanced the proliferation rate of
motor fibroblasts. But the migration rate of sensory and motor fibroblasts were suppressed by
down-regulated CXCL10 or CXCL3 expression. Our findings indicated that fibroblasts express
distinct sensory and motor phenotypes that are associated with different gene expression and
biological process. We believe this analysis may provide a basis for further study of the
biological differences between sensory and motor fibroblasts, including the role in nerve
regeneration.
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Title: Basic helix-loop-helix protein is a crucial transcription regulator of axonal regeneration
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Abstract: Patients with proximal nerve injury such as brachial plexus nerve injury, motor
functional recovery is largely limited even after surgical repair. One explanation for this
phenomenon is that regrowth of injured peripheral axons is extremely slow (1-2mm/day) after
peripheral nerve injury (PNI). Injured axons can regenerate over a long distance to reach their



target muscle; however, they fail to form functional synapses at motor end plate after prolonged
denervation. Hence, it is necessary to develop new therapy to promote axonal regrowth, and the
subsequent sensory and motor functional recovery in patients with PNI. Basic helix-loop-helix
(bHLH) protein forms homodimers and binds to E-box motif CAGCTG of its target genes to
regulate gene expression. bHLH protein is a key regulator of cell proliferation, migration and
differentiation. In nervous system, bHLH protein is abundantly expressed in forebrain especially
during developmental stages. Recent study demonstrated that an upstream regulator of bHLH
protein could promote cell survival and axonal outgrowth of retinal ganglion cells after optic
nerve injury. We thus hypothesized that bHLH could also promote axon regeneration resulting in
early sensory and motor functional recovery after PNI. Here, we demonstrated that bHLH
expression was essential for intrinsic growth of injured neurons after PNI. Marked up-regulation
of bHLH was detected in 3 and 5 days after PNI. Knockdown of bHLH using target-specific
short interfering RNA (siRNA) reduced neurite outgrowth from primary dorsal root ganglion
(DRG) neurons, and abolished pre-conditioning effect of injured peripheral neurons. In vivo
knockdown of bHLH resulted in delayed sensory and motor functional recovery following PNI.
We then assessed the possible growth-promoting effects of bHLH overexpression using adeno-
associated virus (AAV). Two weeks after injection, intrathecal injection of AAV8.2-bHLH
successfully transduced over 60% of lumbar 4 and 5 DRGs that supply sciatic nerve directly.
bHLH overexpression markedly enhanced the extent of axonal regrowth as assessed by nerve
pinch test and regenerating axons quantification three days after sciatic nerve crush injury.
Bioinformatics analysis to identify small molecules that activate signaling pathways associated
with bHLH-induced growth-promoting effects will provide new insight for developing
therapeutic approach to promote functional recovery in patients with PNI.
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Title: Modulation of microtubule dynamics regulates axonal regeneration after peripheral nerve
injury
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Abstract: Proximal peripheral nerve injury (PNI) requires injured neurons to regenerate its
axons over a long-distance, and to re-establish connection with target sense organ and motor
functional unit that could take months or even years. This results in limited functional recovery
after proximal PNI due largely to the slow rate of axonal regrowth. Our previous study showed
that injured axons must reach their target muscle within a “critical period’ of 35 days in adult
mice for complete motor function recovery. Potential therapies aim to modulate and promote
axonal regrowth can be made possible to improve functional recovery after PNI. Formin proteins
which share highly conserved formin homology FH1 and FH2 domains, are abundantly
expressed in both central and peripheral nervous system. Growing evidence suggests that FH1
and FH2 domains modulate microtubule stability and dynamic, which is one of the key events in
regulating axonal regrowth. We first demonstrated that PNI induced downregulation of mRNA
and protein expression level of formin significantly, while robust axon regeneration was
observed after sciatic nerve crush injury. We therefore knock down formin protein expression in
primary dorsal root ganglion (DRG) neurons by short interfering RNA (siRNA) silencing which
promoted axonal regrowth and axon branching of primary DRG cultures. We further examined
the in vivo promoting effect of formin protein knockdown on axonal regrowth and peripheral
nerve regeneration. We knock down formin expression by in vivo siRNA silencing, and
examined peripheral axonal regeneration by nerve pinch test. In line with our in vitro results, we
showed that the distal extent of axonal regrowth was increased significantly 3 days after sciatic
nerve crush. Neurobehavioral and electrophysiological studies on formin-siRNA-treated mice
showed improved sensory and motor functional recovery. Ongoing experiments showed that
similar results were obtained from formin completed knockout mice. An in-depth understanding
of the molecular mechanisms underlying formin-mediated modulation of microtubule dynamics
could lead to development of strategy to accelerate peripheral nerve regeneration.
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Title: Investigating site-specific roles for macrophages after peripheral nerve injury using CCL2
conditional knockouts
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Abstract: Peripheral nerve injury stimulates a complex coordinated neuroimmune response that
ultimately increases the regenerative capacity of injured neurons relative to uninjured
counterparts; a phenomenon termed the conditioning lesion (CL) response. Recent work has
shown that the innate immune system, and in particular macrophages, are necessary for the CL
effect and can stimulate growth of CNS and PNS neurons. Production of the macrophage
chemokine CCL2 is one of the early steps in the injury response, and CCL2 production by
neurons in the dorsal root ganglia (DRG) and by Schwann cells distal to the injury serves to
recruit macrophages to the DRG and distal nerve, respectively. However, the relative
contribution of macrophages at each location to regeneration is still unknown. To address this
question we used a floxed CCL2 allele with either Advillin-Cre, or PO-Cre to knock out CCL2 in
sensory neurons or Schwann cells, respectively, and assessed degeneration and regeneration in a
sciatic nerve injury paradigm. We show that the Advillin-Cre knock out of CCL2 is incomplete,
implying that Advillin-Cre is not expressed in all DRG neurons or another cell type in the DRG
expresses CCL2. Further, neither macrophage recruitment to the DRG nor in vivo regeneration is
significantly impaired, suggesting that the CL response is intact. It may be that the remaining
CCL2 is sufficient to preserve these effects, or another factor could compensate for the decrease
in CCL2. We also show that loss of CCL2 in Schwann cells decreases macrophage recruitment
in the distal nerve and decreases clearance of myelin after injury, but, importantly, does not
impair regeneration in vivo, implying that the CL response in the cell bodies renders neurons
insensitive to the inhibitory effects of myelin. Our results suggest distinct roles for macrophages
in the DRG and the distal nerve, but a more complete knock down of CCL2 in DRGs is needed
to demonstrate the role of macrophages recruited there. (Supported by grant NS095017)
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Abstract: INTRODUCTION: Functional recovery is often poor for individuals with peripheral
nerve injuries, especially for more severe injuries or for delayed repairs. For small nerve gaps, an
end-to-end repair is preferred, even under slight tension. Autologous or synthetic grafts/conduits
are used to bridge larger gaps, to eliminate tension at the site of repair. However, because axons
must grow into, through, and out of the graft to reach their targeted end organs, the efficiency of
regeneration and functional recovery may be impaired. We propose the application of a novel
device for gradual stretching of the proximal nerve stump towards the distal stump, to allow for
an end-to-end repair. This strategy builds on data that tensile loading accelerates the growth of
axons. METHODS: A 1cm gap was created in the sciatic nerve of Lewis rats. In the autograft
(gold standard) group (n=8), the transected nerve segment was reversed and sutured to the
proximal and distal stumps. Rats recovered for twelve weeks. In the experimental (device) group
(n=8), the proximal stump was secured to the lengthening device, and the nerve was stretched 1
mm/day for two weeks using an extracorporeal actuator. The device was then removed, nerve
ends trimmed, and an end-to-end repair was performed. Rats recovered for ten more weeks.
Sciatic Functional Index (SFI) was used to assess functional recovery and immunolabeling to
examine structure. RESULTS: In both groups, SFI improved over time after surgery, though not
to pre-operative levels. While there was no significant difference in SFI between the device and
autograft groups, there was significant improvement between two and eight weeks in the device
group (p < .0001) but not the autograft group (p < .2316), suggesting improved recovery with
nerve lengthening. Also, rats in the autograft group were more likely to display a contracture
(Autograft: 7/8 vs. Device: 3/8 with contracture), consistent with significantly shorter paw length
in autograft group vs. device. Axon counts were significantly higher (p<0.05) and more evenly
distributed across the nerve cross-section in device vs. autograft. DISCUSSION: We conclude
that nerve lengthening is a viable method for repairing large gaps in peripheral nerves. Nerve
lengthening resulted in equal or better functional improvement compared to autografts, with
reduced likelihood of contracture. This suggests more and/or more evenly distributed axons into
tibial and peroneal branches of the sciatic nerve. This method has potential to be used to bridge
large nerve gaps for which a graft is not viable.
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Title: Inactivation of dual specificity phosphatases(DUSPs) attenuates axonal plasticity in adult
Sensory neurons
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Abstract: Diabetic polyneuropathy (DPN) is a neurodegenerative disorder that targets sensory
neurons. In some neuropathy models, it has been reported that MAP kinases including DLK
promote progression of axonal degeneration whereas Dual Specific Phosphatases (DUSPS)
inactivate MAP kinases and may antagonize their actions. Microarray data showed that both
DUSP1 and DUSP4, two DUSP variants, were upregulated in the dorsal root ganglia of mice
with chronic (5 month) type 1 diabetes mellitus and neuropathy. Expression of both DUSP
variants were confirmed in rat DRG neurons with or without axotomy. Interestingly, sciatic
nerve axotomy was associated with a trend toward the reduction of both DUSP1 and DUSP4
MRNA and protein in rat DRGs. Confocal imaging suggested a decrease in both nuclear and
cytoplasmic expression of DUSP after injury. In vitro knockdown of either DUSP1 or DUSP4
using siRNAs, in comparison to scrambled sequence siRNAs, decreased neurite outgrowth of
adult sensory neurons, indicating an ongoing role for these proteins in baseline outgrowth and
plasticity. Next, we analysed neurite outgrowth in primary sensory neuron cultures exposed to
capsaicin, normally toxic to adult sensory neurons in higher doses, and studied whether DUSP1
knockdown influenced their ability to withstand capsaicin axonopathy. Knockdown of DUSP1
was associated with an apparent greater attenuation of neurite outgrowth at intermediate doses of
capsaicin. DUSPs are intrinsic sensory neuron proteins that offer a constitutive role in supporting
normal neuron plasticity and may protect neurons from axonopathy. DUSPs may be relevant to
axon protection therapeutic strategies.
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Title: Histone deacetylase 3-dependent epigenetic regulation delimits myelin growth and
functional regeneration
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Abstract: Reciprocal axo-glial communication is critical for establishing proper myelin
thickness for saltatory nerve conduction, but how myelinating cells such as Schwann cells in the
peripheral nervous system interpret a key axonal signal, neuregulin, to control myelin thickness
has been unclear. Upon functional screening for small-molecule epigenetic modifiers, we
identify a histone-modifying enzyme, Hdac3, as a potent inhibitor of Schwann cell maturation
and an antagonist of neuregulin-PI3K/AKT signaling activity through a negative feedback
inhibition loop. Pharmacological attenuation of Hdac3-mediated deacetylase activity markedly
enhances myelin sheath growth and regeneration and improves functional recovery after
peripheral nerve injury. Integrative genome-occupancy and transcriptome-profiling analyses
revealed that Hdac3 not only represses the pro-myelinating program but also recruits p300
histone acetyltransferase to activate a myelination-inhibitory network. We identified a
Hdac3/p300 target gene, encoding the HIPPO signaling effector Tead4, as a potent inhibitor of
peripheral myelin sheath growth. Schwann cell-specific deletion of either Hdac3 or Tead4 results
in a profound increase of myelin thickness in sciatic nerves, and remyelination is enhanced in
Hdac3-deficient nerves after injury.

Moreover, in the central nerve system, ablation of Hdac3 promotes remyelination in lysolecithin-
induced demyelination lesion. HDACS3 inhibitor treatment not only promotes remyelination in
cuprizone-feeding induced demyelinating mice, but also restores the motor function in the
experimental autoimmune encephalomyelitis (EAE) demyelinating animal models. Thus, our
findings identify an HDAC3-dependent pathway as a cell-intrinsic

inhibitory machinery that counters myelinogenic signals and maintains myelin homeostasis,
highlighting a therapeutic potential of transient HDAC3 inhibition for improving myelin repair in
both central and peripheral nervous systems.
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Abstract: Peripheral nerve injury (PNI) results in a broad range of sensory and motor symptoms
that depend on the severity and types of nerves involved. Many attempts to repair PNI have
yielded poor outcomes and failed to attenuate the sensory and motor deficits. Since

physical training has shown to promote the synthesis of nerve growth factors needed to facilitate
axonal regeneration, we aim in the present study to examine whether intensive motor training
improves the sensory and motor functions in rats with sciatic nerve compression. Adult male
Sprague-Dawley rats that had their right sciatic nerve crushed were randomly divided into 4
groups and subjected, for a month, to different types of motor exercises (5 days/week). Rats in
groups 1 and 2 were trained for 1 hour (two 30 min sessions separated by 10 min resting period).
For group 1, rats were placed on a horizontal treadmill daily (8m/min), and those in group 2 were
placed on the Rotarod (35 rpm; 8m/min). Rats in group 3 were trained using treadmill (30 min)
followed by Rotarod (30 min). The training sessions were separated by a 10 min resting period.
Group 4 served as control, in which rats were housed in standard cages for an equivalent period
of time. To assess nerve regeneration, behavioral, histological and electrophysiological tests
were performed. All rats were evaluated for sensory recovery, and hypersensitivity to thermal
and mechanical stimuli at 1, 5, 12, 19 and 26 days post injury. Fine motor skills were

also assessed using the staircase test. Counting the number of toes grips and the time taken to
climb up and down the stairs were done before and at different time points post surgery. Whole
mount immuno-florescence staining protocol was also used to examine the extent of regenerating
axons using antibodies against neurofilament and myelin basic protein. Images of the stained
nerves were then visualized using a laser scanning confocal microscope. Nerve conduction
velocity (NCV) and the compound motor action potential (CMAP) were recorded twenty-six
days after physical training to assess functional connections and recovery of functions in the
compressed sciatic nerve. Our data have revealed that rats subjected to a combination of
treadmill and Rotarod training showed significant recovery of sensory and motor functions



compared to other groups. The observed functional recovery highlights the role of intensive
motor training in promoting axonal regeneration following injury.
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Abstract: Although Cyclin-dependent kinase 5 (Cdk5) is known to be involved in diverse neural
functions, its role in nerve repair is not known well. Here, we explore functional involvement of
Cdk5 activity in axonal regeneration after sciatic nerve injury in rats. Cdc5 protein levels were
induced in the regenerating axons following nerve injury. Levels of p35, an activator of Cdk5,
were decreased, but its proteolytically cleaved form p25 was upregulated in the injured nerve.
We further find that the production of signal transducer and activator of transcription 3 (STAT?3)
was elevated in the regenerating nerve area, and its phosphorylated form at Ser727 (p727-
STAT3) was increased in the injured nerve as well. Immunoprecipitation analysis revealed
binding interaction between Cdk5 and STATS3. In vivo administration of Cdk5 inhibitor
roscovitin abolished the production of p727-STATS3 in the injured nerve. However, treatment of
MEKZ1 inhibitor U0126 did not alter Cdk5 phosphorylation, suggesting that STAT3 is
phosphorylated by Cdk5 activity in the injured nerve. In animals administered with roscovitin,
retarded axonal elongation was observed after nerve injury, and attenuated neurite outgrowth
was seen in cultured DRG neurons. While cotransfection of the plasmid constructs
overexpressing Cdk5 and p35 in DRG neurons increased the phosphorylation of STAT3 and
neurite outgrowth, transfection of dominant negative forms of Cdk5 or non-phosphorylatable
mutant STAT3 at Ser727 (S727A) also resulted in decreased neurite outgrowth, suggesting that
Cdk5 phosphorylation of STAT3 may have growth-promoting effects on neurite elongation.
Fractionation analysis of protein extracts and confocal image analysis for injured nerves revealed
that both STAT3 and p727-STAT3 were heavily localized in the mitochondria of growth cone-



like structures in regenerating axons. We also identified that STAT3 in the injured nerve has a
binding property with stathmin 1. Collectively, our data present new evidence that STAT3 and
its phosphorylation by Cdk5 may be dynamically regulated in the injured nerve and play a role in
promoting axonal regeneration.

Disclosures: J. Hwang: None. U. Namgung: None.

Poster

114. Transplantation and Regeneration (PNS) and Neuroglial Interactions
Location: SDCC Halls B-H

Time: Sunday, November 4, 2018, 8:00 AM - 12:00 PM

Program #/Poster #: 114.13/A26

Topic: A.04. Transplantation and Regeneration

Support: RO1INS085272
UL1TRO000090
RO1INS042617

Title: Neurotrophic skin stroma reprograming using tissue nanotransfection (TNT) rescues
diabetic peripheral neuropathy

Authors: *S. KHANNA, A. CLARK, N. HIGUITA-CASTRO, D. GALLEGO-PEREZ, C. K.
SEN

Ctr. for Regenerative Med. & Cell-Based Therapies and Dept. of Surgery, The Ohio State Univ.,
Columbus, OH

Abstract: TNT is a non-viral nanotechnology-based platform that may deliver ABM (Ascl1,
Brn2, and Myt1l) and induce neurogenic reprograming of murine skin in vivo (Nat Nano 2018).
Induced neural cells (iN) develop in the skin and acquire functional electrophysiological
properties. In this work we report that TNT-ABM, in addition to reprograming skin cells to iN,
reprograms the skin stroma such that the resulting neurotrophic environment support
development of iN in the skin. Neurotrophic stromal environment of the skin following TNT-
ABM may be utilized to rescue pre-existing cutaneous nerve fibers in a setting of diabetes. The
objective of this work was to apply TNT towards rescuing cutaneous nerve fibers from diabetic
peripheral neuropathy (DPN). Although the pathogenic mechanism underlying DPN are not fully
understood, it is known that bolstering the neurotrophins at the site of the target tissue, i.e. the
skin is able to protect adult peripheral nerve fibers from the grasp of progressive DPN. In DPN,
neurotrophin signaling mechanisms become dysfunctional, particularly in regard to nerve growth
factor (NGF). Increasing the level of NGF within the skin has the potential to create a more
neurotrophic environment that sustains nerve fiber density throughout the progression of DPN.
Nanoelectroporation mediated transfection of mouse embryonic fibroblasts (MEF) with ABM
caused reprogramming into induced neurons and increases NGF expression in vitro. TNT- ABM



converted skin cells in C57BI/6 mice into induced neurons. Along with this cell conversion, we
observed significant increase in NGF expression in ABM transfected skin in both C57BI6 and
genetically diabetic (db/db) mice. Following, TNT-ABM of the hindlimb of db/db mice,
intraepidermal never fiber density (PGP9.5 positive nerve fibers), was significantly higher
indicating a possible rescue from diabetes-dependent loss of fiber density. In these mice, TMT-
ABM induced keratinocyte NGF. In summary, the current state of evidence points towards the
possibility that topical TNT-ABM, a 0.1 sec procedure, of skin may induce a neurotrophic
response that can be leveraged to rescue peripheral diabetic neuropathy.
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Abstract: The relationships between regenerating axons and the glia and substrates they contact
have been examined in detail. The interaction of different classes of regenerating post-natal
axons with one another, in contrast, are less well known. We now present an organotypic model
of post-natal nerve regeneration in which sensory and motor axons are color-coded with
fluorescent proteins so their interactions can be observed in real time. Spinal cord slices (P5) in
which motoneurons express YFP (thyl-YFP-16) and DRG explants from mice (2-4 weeks old)
expressing RFP (ROSA mT/mG) were used to populate cultured mouse femoral nerves (P5-P7)
with either green motor axons alone (M) or both green motor and red sensory axons (SM).
Sensory axons were fed retrograde into the femoral sensory branch, and motor axons into the
femoral muscle branch. One week later the femoral nerve trunk, where sensory and motor axons
intermingle, was transected and axons were grown out on unstructured collagen/laminin mats.
Additionally, the regeneration environment was modified by crushing the femoral sensory
branch to mechanically delay sensory outgrowth, or by treating the cultures with antibodies to
NCAM or L1 to reduce axonal adhesion. After 5 days, cultures were imaged in vitro and axons
were counted at each 0.25 mm increment from the cut nerve end. Motor axons regenerated



significantly farther and in greater numbers when they were not accompanied by sensory axons.
Mean motor axon counts were: 0.25mm, SM=27, M=77, p=0.0; at 0.5mm, SM=10, M=70,
p=0.0; at 0.75mm, SM=4, M=51, p=0.0002; at 1mm, SM=1, M=29, p=0.0016. Additionally, in
the SM group a mean of 81% of total motor axon length was in direct contact with sensory
axons. Motor axon growth was restored to normal in SM cultures by delaying sensory axon
regeneration to eliminate contact between motor growth cones and sensory axons. Antibodies to
L1 and NCAM equalized the length of sensory and motor axons by reducing sensory axon
outgrowth. These experiments quantify the interaction of two distinct populations of regenerating
post-natal axons. They reveal that sensory axons extend more rapidly than motor axons, and thus
precede them during the early stages of regeneration. Furthermore, motor axons adhere to
sensory axons throughout most of their length. As a result of this previously unappreciated
interaction, sensory axons inhibit motor axon growth. Delay of sensory regeneration results in
normal motor axon growth, while blocking function of the adhesion molecules NCAM and L1 to
reduce axonal interactions retards sensory axon outgrowth but does not enhance motor
regeneration.
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Abstract: During development extensive axonal growth continues for neurons following target
innervation as the body continues to grow in length. In addition to this mechano-stimulated
growth, mechanical properties of the surrounding environment play an integral role in
developmental neuronal growth guidance. However, it remains unknown if mechanical
stimulation plays a role in the axonal growth potential of adult injured neurons. Adult neurons of
the peripheral nervous system (PNS) are able to regenerate following injury rather adequately



restoring function however their adult central nervous system (CNS) counterparts lack this
ability. A prime model of this juxtaposition is the dorsal root ganglion (DRG) whose
regenerative PNS branch differs in growth capacity from its non-regenerative CNS branch after
axonal injury. The repetitive movement of the musculoskeletal system during exercise, such as
extending and bending the knee in walking or running, applies cyclic mechanical tension upon
peripheral nerves. Often attributed exclusively to neurotrophin release the biomechanics of such
an event in the regenerative process has been primarily overlooked. Although the spinal column
does flex, it remains far more rigid and lacking of repetitive stretch on enclosed neural structures.
It has been discovered that cultured adult DRG neurons can surprisingly extend their neurites up
to several millimeters in length in response to cyclic mechanostimulation.

Here, we aim to understand if cyclic mechanostimulation of either the PNS branch or the CNS
branch of the DRG in an explant model leads to increased axonal growth potential in vitro.
Moreover, we ask if the extent of stretch of the nerve (5-20%) leads towards growth potential
differences in various DRG neuronal populations. For this we designed and built a bioreactor
suitable for oscillatory stretch of explants from lumbar rat DRG (L4-L5) attached to either their
central or peripheral (sciatic) nerve branches. We observed that cyclic mechanostimulation of the
PNS and CNS DRG branches leads to enhanced neurite outgrowth (PNS: control
257.9+104.5um, 10% stretch 445.5+186.4um; CNS: control 244.4+94.0um, 10% stretch
466.2+101.08, unpaired t-test P<0.05). In addition, the extent of stretch appears to have an
influence in the response of given neuronal populations (TrkB*, TrkC*™ and CGRP*). We show
here that mechanostimulation may play a role in CNS axonal growth and we believe that
deciphering the molecular mechanisms underlying this will allow us to pharmacologically mimic
the relevant events in vivo and therapeutically reawaken the CNS regenerative potential to
overcome traumatic axonal injury.
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Abstract: Transection of the chorda tympani nerve (CTX) results in well-characterized changes
to the taste structures of the anterior tongue, and these outcomes vary across development.
Following chorda tympani loss in adulthood, fungiform taste buds degenerate within 2 days and
subsequently return following re-innervation by the chorda within several weeks. Conversely,
CTX early in life (e.g., neonatal or juvenile ages) results in more extreme losses which are
accompanied by permanent nerve degeneration. One proposed explanation for the developmental
difference in chorda nerve regeneration is age-related differences in immune response to injury.
Neutrophils have been shown to be upregulated following CTX in aged animals compared to
adults, a group which also exhibits comparatively poor nerve regeneration and taste bud
recovery. To examine the innate immune system across early development, we quantified the
neutrophil response in female, Sprague-Dawely rats after CTX at neonatal (P10), juvenile (P25)
or adult (P65) ages and counted myeloperoxidase positive leukocytes in the anterior tongue at
12, 24 or 48 hours after surgery. At no point did the average number of neutrophils significantly
differ between the cut and intact sides of the tongue following unilateral CTX, regardless of
surgical age. Comparisons were also made between the denervated side of the tongue in CTX
animals and an equivalent area in age-matched, non-surgical animals. CTX at P10 or P65 led to
neutrophil counts that were consistently elevated above controls at each post-surgical time point.
Juvenile animals had a significantly increased immune response at 24 hours post-surgery. In
total, these results suggest that the innate immune system responds to gustatory denervation
across all ages of development. As an additional comparison, we evaluated the number of
neutrophils on the CTX side of the tongue at each age, across the various post-surgical times.
When compared within the denervated condition, a developmentally-mediated pattern of effects
emerged such that the immune response increased more quickly after injury, the earlier the
surgical age. By the end of the experimental window, the response in the younger animals had
peaked and diminished but the adult immune response was comparatively elevated. This time
course of suggests that younger animals undergo a greater immune response earlier, but that the
adult response may be prolonged by comparison.
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Title: mTORCL1 activation enhances regenerative growth of nociceptive sensory neurons by
altering their pro-regenerative gene expression landscape
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Abstract: Axons in the peripheral nervous system regenerate relatively well after a traumatic
injury, but poorly in the central nervous system. Mechanistic Target of Rapamycin Complex 1
(mTORCY1) activation, through deletion of negative regulators Tuberous Sclerosis Complex
(Tsc) or Phosphatase and tensin homolog (Pten), enhances regenerative axon growth in both
peripheral and central neurons. However, the mechanism by which mTORC1 enhances axon
growth in peripheral neurons is poorly understood, as are the types of sensory neurons that
respond to increased mTORC1 activation. We have previously shown that Tsc2 deletion
activates mTORC1 in all dorsal root ganglia (DRG) neurons, enhancing regeneration following
sciatic nerve crush. We now extend those findings to show that Tsc2 deletion facilitates
enhanced regenerative growth of nociceptors both in vivo and in vitro after sciatic nerve crush.
Using fluorescence-associated cell sorting (FACS) of Nav1.8-positive DRG neurons followed by
RNA-seq analysis, we identified several canonical regeneration-associated genes (RAGS)
upregulated in uninjured neurons lacking Tsc2, suggesting that these neurons are in a primed
state for axon growth. Interestingly, RAG expression levels were similar in injured control and
Tsc2-deleted neurons. Consistent with this finding, axon growth rate after a conditioning lesion
was similar in control and Tsc2-deleted neurons. Together these data suggest that Tsc2 deletion
and mTORCL1 activation in DRG neurons enhances initiation of regenerative axon growth.
Current experiments are aimed at analyzing the rate of functional recovery of several sensory
modalities to determine if constitutive mTORC1 activation confers a long-term growth
advantage to regenerating axons after a peripheral nerve injury. We are also characterizing the
effect of mMTORCL activation on regenerative axon growth following dorsal root crush, an injury
that does not result in profound activation of RAGs such as observed after sciatic nerve injury.
These studies show that Tsc2 deletion primes sensory neurons for axon growth in a manner
similar to the case of a prior injury or conditioning lesion. Together these data expand our
understanding of mMTORCL1 role in enhancing axon regeneration of peripheral sensory neurons.
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Abstract: The sensory neurons (OSNs) of the olfactory epithelium (OE) are vulnerable to injury
because of their direct contact with the external environment. To maintain olfactory function,
stem cells in the OE give birth to new OSNs throughout life, making the OE a powerful tool to
study the mechanisms underlying neural regeneration. Two stem cell populations drive
neurogenesis via a kind of dichotomous homeostasis; while the globose basal cells (GBCs)
maintain the tissue when replacement of only neurons is needed, the otherwise dormant
horizontal basal cells (HBCs) activate to multipotency and participate in epithelial regeneration
after severe injury. Nonetheless, olfactory dysfunction is rife among the aged, with consequences
for diminished quality of life, compromised nutrition, and endangered safety. The transcription
factor (TF) ANp63 is the molecular switch that mediates the transition of HBCs from dormancy
to active multipotency. A decrease in ANp63 protein level following injury is both necessary and
sufficient to accomplish HBC activation. Consequently, we tested the hypothesis that the
ubiquitin-proteasome system (UPS) mediates the transition from dormancy to activation.
Treatment of ex vivo and primary in vitro HBCs with bortezomib (a proteosomal inhibitor) led to
the enrichment of ANp63 protein via FACS and immunoblot analysis, respectively. When
primary in vitro HBCs are treated with cycloheximide (a protein synthesis inhibitor) and
bortezomib (a proteasomal inhibitor), ANp63 levels remain unchanged.
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Abstract: The process of myelination in rats begins at birth and continues through the first 1-2
weeks of development. Myelinating Schwann cells (SCs) insulate large-diameter axons of the
peripheral nervous system to promote salutatory conduction and to maintain the integrity of the
axon. Following nerve injury in adults, myelinating SCs undergo de-differentiation to support
axonal regeneration. Transcription of genes that produce myelin are down-regulated, and in turn,
the Schwann Cell Repair Program is activated.

We have demonstrated that in response to peripheral nerve injury, SCs express greatly increased
levels of the endocytic and cell-signaling receptor LDL receptor related protein-1 (LRP1). In
conjunction with its co-receptor, the N-methyl-d-aspartic acid receptor (NMDA-R), which also is
expressed by SCs, LRP1 mediates many of the changes in SCs that are necessary in the response
to PNS injury by inducing robust c-Jun and ERK1/2 phosphorylation.

To study this transition in LRP1 expression in greater detail, we applied a model of SC
differentiation in vitro. Rat SCs were induced to differentiate by culturing in the presence of
ascorbic acid, NRG-1, forskolin, and L-glutamine for 48 hours. Differentiation was confirmed by
increased expression of the mRNA for myelin basic protein, by increased PO protein expression,
and by decreased expression of p75.

Importantly, LRP1 expression in differentiated SCs was significantly down-regulated, consistent
with our observations in vivo. As expected by changes in LRP1 expression, treatment with LRP1
ligands did not activate cell signaling, as illustrated by the absence of ERK1/2 phosphorylation.
During rat development, LRP1 expression appears to be inversely associated with development
of the myelinating phenotype. We collected sciatic nerves from uninjured, developing rats on
postnatal days 0, 7 and 29. LRP1 was maximally expressed at DO, and significantly decreased by
day 7 (**P<0.01), a time when nerves are undergoing myelination. Further, LRP1 levels
remained low at postnatal day 29 (*P<0.05). Collectively, these results suggest a model in which
LRP1 is mainly expressed by SCs that are de-differentiated and specifically when LRP1 is
necessary as a component of the Schwann Cell Repair Program.
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Title: Schwann cell p75 neurotrophic receptor and type 2 diabetic neuropathy
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Abstract: The most common cause of peripheral neuropathy in the United States and Europe is
type 2 diabetes, affecting 30-50% of diabetic patients. The vast majority of clinical and basic
research in diabetic neuropathy (DN) has focused on the neuronal component of the nerves,
presumably from the perspective that the neurons are the functional signal transmitting cells.
However, substantial amount of data categorically define Schwann cells (SCs) as indispensable
components when it comes to maintaining neuronal structure and function. With this project, it is
our main goal to expand the concept of Schwannopathy as an integral factor in the pathogenesis
of type 2 DN, and evaluate how disruption of the interactions between SCs and axons contribute
to the disease progression. By using a cell viability assay, our data indicate that high levels of
glucose in the media induce primary wild-type (WT) SC death, possibly in a mechanism
dependent on p75NTR activation since SCs lacking this receptor seemed to be significantly
resistant to apoptosis when cultured in hyperglycemic conditions. Neuron-SC communication in
conditions resembling diabetes in vitro was evaluated with the myelination assay. Briefly, SCs
were seeded on top of purified and differentiated sensory neurons and allowed to expand for a
week. After ascorbic acid stimulation, both under euglycemic and hyperglycemic conditions,
myelination was assessed by confocal microscopy. Results highlight a compromised ability of
WT SCs to myelinate axons when exposed to a hyperglycemic environment, which was even
intensified in co-cultures with SCs lacking p75NTR. Due to the results in vitro, the role of SC
p75NTR on type 2 DN was analyzed in vivo by crossing an MPZ Cre with a p75NTR fl/fl. About
30% reduction in both p75NTR protein and mRNA was observed when analyzing the whole
sciatic nerve, indicating p75NTR expression by other cell types present in the nerve. Type 2
diabetes was induced in these mice, together with WT littermates, with a high fat diet (HFD). 24
weeks after, WT mice fasting blood glucose levels were increased in animals feed with the HFD.
Surprisingly, in SC-p75NTR KO mice, fasting blood glucose levels were equally high in animals
feed with either HFD or control diet. This suggests that peri-islets SCs must be targeted in this
model and that p75NTR expressed in these cells may have a role for glucose metabolism. DN
was confirmed by mechanical allodynia and decreased sensory and motor conduction velocities
equally in WT or SC-p75NTR KO. We now will investigate pre-clinical signaling alterations in
the peripheral nerve by RNA sequencing to disclose genetic regulation depending on p75NTR
signaling and its modulatory role in DN.
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Abstract: Terminal/Perisynaptic Schwann cells (TPSCs) are a perisynaptic glial cell at the
neuromuscular junction (NMJ) that regulate synaptic function, maintenance and regeneration
after peripheral nerve injury. In a transcriptomic screen, the KCNJ10 gene encoding the
inwardly-rectifying potassium (K*) channel Kir4.1 was upregulated in embryonic muscle with
vs. without Schwann cells. During embryonic and early postnatal development, the expression of
Kir4.1 was observed in both axonal Schwann cells (ASCs) along peripheral nerves as well as in
TPSCs at the NMJ. At older ages, Kir4.1 expression was lost by ASCs but maintained by TPSCs.
The expression of Kir4.1 in TPSCs was lost in Wnt1-Cre, conditional KCNJ10 mutants which
target neural crest derivatives including Schwann cells. Wnt1-Cre, conditional KCNJ10 mutants
survived but developed a tremor and exhibited muscle weakness. Ongoing genetic studies are
determining whether this phenotype is caused by the selective absence of Kir4.1 in TPSCs, as
well as whether the formation, function and maintenance of neuromuscular synapses are affected
in Wnt1-Cre, conditional KCNJ10 mutants. These results suggest that the decline of muscle
strength observed in patients with seizures, sensorineural deafness, ataxia, mental retardation,
and electrolyte imbalance (SeSAME/EAST syndrome), caused by congenital loss-of-function
mutations in KCNJ10, may be caused by peripheral effects. Moreover, these studies highlight the
importance of TPSCs in regulating neuromuscular function.
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Abstract: Schwann cells are the glial cell of the peripheral nervous system. They wrap around
axons and produce the myelin sheath, a specialized layer of lipids and proteins that allows the
propagation of axon potentials through salutatory conduction. Recently, the activation of YAP by
mechanical stimuli in Schwann cells and its role in the regulation of myelin length have been
described. However, the molecular mechanisms that control YAP transcription and the
mechanosensor responsible for the activation of YAP in Schwann cells are not known. Here we
show that mechanical stretching of primary Schwann cells cultured in the absence of growth
factors, ECM or serum induces tyrosine phosphorylation of ErbB3 receptor independent of
heterodimerization with ErbB2. Phospho-proteomic analysis following mechanical stretching of
Schwann cells reveals an ErbB3-dependent intracellular signaling cascade that leads to activation
and nuclear translocation of YAP. PLA using phospho-ErbB3 and YAP antibodies revealed
protein-protein interaction in the nucleus of Schwann cells. Finally, YAP ChIP-sequencing of
mechanically stretched Schwann cells with and without ErbB3 knockdown, identified direct
transcriptional targets of YAP that depend on mechanical activation of ErbB3 receptor. In
conclusion, we identified an unknown role of ErbB3 receptor tyrosine kinase as mechanosensor
that modulates Y AP-dependent transcription in Schwann cells.
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Title: Translational readthrough isoform, L-MPZ, exhibits unique localization pattern and
functional aspects in the PNS myelin which differ from canonical myelin protein zero (PO/MPZ)
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Abstract: Translational stop codon readthrough expands the potential of gene function to
produce an isoform extended extra-functional domain at the C-terminus, which had been
observed particularly in lower organisms. Recently, several groups have reported readthrough
isoforms in physiological status of mammals including humans. Our identified large myelin
protein zero (L-MPZ) is the first reported molecule among common mammalian proteins
produced by stop codon readthrough of myelin protein zero (PO/MPZ) in the PNS. VEGF-Ax
and AQP4ex are other readthrough isoforms of vascular endothelial growth factor A (VEGF-A)
and aquaporin-4 (AQP4) gene, respectively. Thus, the translational readthrough is now gaining
popularity in higher animals. Although VEGF-Ax and AQP4ex are demonstrated to modulate
canonical gene function, the detailed distribution and the physiological role of L-MPZ in the
PNS myelin is still unknown. In this study, to clarify these issues, we analyzed the localization of
L-MPZ in developmental and adult mouse sciatic nerves (ScNs), and generated a mouse line (L-
MPZ mouse) synthesized only L-MPZ by using CRISPR-Cas9 system. In the
immunohistological analysis of ScNs prepared from postnatal day (P) 0-21 and adult ICR mice,
L-MPZ-positive signals were colocalized with myelin basic protein (MBP) in compact myelin.
These signals were dramatically increased during PO-10. In addition to the detection with MBP
in compact myelin where PO/MPZ is mainly distributed, L-MPZ signals were enriched in
Schmidt-Lanterman incisures (SLI) and paranodal regions at adult age. In the analyses of motor
functions, homozygote of adult L-MPZ mouse exhibits motor impairment in rotarod and tail
suspension tests, weaker grip strength, and abnormal conduction velocity. In the
immunohistological analyses, L-MPZ mouse demonstrates aberrant myelin structure and shorter
internode. While the primary structure of L-MPZ is identical with PO/MPZ except C-terminal L-
MPZ-specific domain, PO/MPZ can not be replaced by L-MPZ. These results suggest that the
role of L-MPZ is different from PO/MPZ in the formation and maintenance of the PNS myelin.
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Title: Characterization of store-operated calcium entry in autonomic neuron-satellite glia unit

Authors: *S. KIM, S. KANG, S.-W. JEONG
Yonsei Univ., Wonju, Korea, Republic of

Abstract: Satellite glial cells (SGCs) ensheath the cell bodies of neurons within the autonomic
ganglia. The unique anatomical arrangement suggests some signal exchanges between the
autonomic neurons and SGCs. To date, however, little is known about the functional roles of the
autonomic neuron-SGC units. In this study, we investigated the molecular mechanisms
underlying calcium homeostasis in SGCs in responding to the various extracellular stimuli. In
this regard, we isolated sympathetic superior cervical ganglion (SCG) neurons which are
attached with SGCs by a partial enzymatic digestion, and then performed calcium imaging with
Fura-2/AM. Both neurons and SGCs exhibited a store-operated Ca?* entry (SOCE) when the
internal storage of Ca?* was depleted by cyclopiazonic acid (CPA) along with the removal of
extracellular calcium. This depletion was further recovered rapidly on restoration of extracellular
calcium via SOCE. The magnitude of SOCE was much larger in the SGCs than in the neurons.
Unlike the neurons, interestingly, the SOCE in the SGCs was accompanied with a large Ca?
oscillation. Using quantitative RT-PCR, we detected the expression of Orai 1/2/3 channels,
stromal interaction molecules 1/2 (STIMs - endoplasmic reticulum calcium sensors), and the
transient receptor potential cation channels 1/3/6 (TRPCs) which are responsible for SOCE. The
blockade of TRPCs with lanthanides significantly decreased SOCE and severely attenuated the
calcium signals of both neurons and SGCs, indicating the engagement of TRPC channels in
SOCE. Taken together, the SOCE is mediated by both Orai and TRPC channels and may
contribute to the calcium signaling pathways in the autonomic neuron-SGC units.
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Abstract: Neurofibromatosis type 1 (NF1) is a common autosomal dominant disorder that
affects 1:3,000 individuals worldwide. Currently, there is no effective pharmacological treatment
for this disease. A predominant characteristic of NF1 is the growth of benign tumors called
neurofibromas in peripheral nerves. All nerve cell types, including fibroblasts/perineurial cells,
macrophages, and Schwann cells (SCs) are present in neurofibromas, but only SC contain
inactivating mutations in both alleles of the NF1 gene. Perineurial cells, on the other hand, form
the blood-nerve-barrier, and it has been suggested that a leaky perineurium may enable nerve
tumorigenesis. We found that the perineurial barrier is disrupted in our well characterized
DhhCre;Nf1 1o¢1x neyrofibroma mouse model. To find genes, other than NF1, that contribute to
neurofibroma formation and/or affect the perineurium, we performed microarray analysis. We
identified the purinergic receptor P2RY 14 (GPR105) as overexpressed in SC precursor-like
tumor initiating cells as compared to SCs, and P2RY 14 enhanced self-renewal of these cells in
vitro. We next examined P2RY 14 expression in Dhh-Cre;Nf11¥1o% neyrofibroma, in mice bred
to P2RY14 mutants with a B-galactosidase cassette inserted into the P2RY14 locus. -
galactosidase immunostaining detected P2RY14 expression in Sox10+ SCs and in Glutl+
perineurial cells. An anti-P2RY 14 antibody confirmed P2RY 14 expression in human
neurofibroma, in SC and perineurial cells. Importantly, perineurium disruption was reduced in
P2RY 147 Dhh-Cre;Nf11o/1* mice. Although double mutant mice ultimately succumbed to
neurofibroma, preliminary data indicates that P2RY14”- Dhh-Cre;Nf1"%/1 mice have a
significant survival advantage compared to Dhh-Cre;Nf11¥oX mice. We conclude that P2RY 14
is expressed in Schwann cell precursor like-tumor initiating cells, in Schwann cells, and in
perineurial cells, and that this receptor contributes to the aberrant perineurium in neurofibroma.
We expect that understanding the mechanisms by which P2RY 14 receptor contributes to
tumorigenesis and perineurial integrity will allow us to identify novel points of therapeutic
intervention to treat NF1.
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Abstract: Mounting experimental and clinical evidence shows that sustained chronic activation
of the innate peripheral immune system in autoimmune diseases like rheumatoid arthritis is
associated with altered pain perception, fatigue and mood disorders like anxiety and depression.
However, a precise mechanistic understanding of how the peripheral immune system
communicates with the central nervous system is currently lacking. We previously demonstrated
in a human TNF-a transgenic mouse model of rheumatoid arthritis that chronic activation of the
peripheral immune system induces severe erosive arthritis with increased joint and serum
cytokine levels paralleled by an impaired locomotion (Suess et al, Brain Behavior Immunity
2017). Here, we interrogated the role of peripheral overexpression of human TNF-o on CNS
myeloid cell function in the human TNF-a transgenic mouse model. We detected infiltration and
activation of myeloid cells by flow cytometry and pinpointed CD45" leukocytes and

CD169 myeloid cells selectively in the cortex, striatum, and thalamus of TNFtg mice. The
observed myeloid cell phenotype, in contrast, was absent in the hippocampus and cerebellum.
Accordingly, we observed inflammatory gene expression by bulk RNA-seq and gPCR
predominantly in the cortex, striatum, and thalamus, but not the hippocampus and cerebellum of
TNFtg mice. Gene enrichment analysis showed overrepresentation of genes associated with
leukocyte activation, response to cytokine stimulus and interferon-gamma. Myeloid cell
activation and infiltration was reversible upon late-onset intervention with the anti-TNF-o
antibody infliximab. Given these findings, chronic innate peripheral inflammation induces
differential CNS myeloid cell activation and monocyte infiltration in distinct brain regions in
rheumatoid arthritis and that neuroinflammation in this model is reversible upon treatment
targeting TNF-a.
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Abstract: Recently, it has been reported that a polymorphism of RNF213 gene or the numerical
reduction of circulating endothelial progenitor cells (EPCs) might induce its abnormal vascular
phenotype as the pathogenesis of MMD. However, the etiology and pathogenesis of Moyamoya
disease (MMD) are still unknown. In this study, we investigated the biological activities of EPCs
contributing to vascular formation in MMD patients using the newly developed vasculogenic
culture of peripheral blood mononuclear cells (PBMNCs). In EPC colony forming assay, the
cultured PBMNCs exhibited the reduction of definitive EPC colony forming potential in MMD
patients, although the increase in healthy controls. In secretory cytokines of the cultured
PBMNCs measured by cytometric bead array, the level of 1L-10 was significantly lower in
MMD patients than in healthy controls. The cultured PBMNCs of MMD patients with addition
of human recombinant I1L-10 restored the definitive EPC colony forming potential up to the same
level in healthy controls. Furthermore, in flow cytometry following phorbol 12-myristate 13
acetate (PMA) stimulation of the cultured PBMNC:s, intracellular IL-10 storage recognized in the
main cell populations constituting the cultured PBMNCs, i.e., CD3+ T cells and
CD11b+CD206+ M2 macrophages, was augmented in MMD patients, compared to healthy
controls. In conclusion, these in vitro findings indicate that the abnormal vascular phenotype as
the critical pathogenesis of MMD might derive from the impaired EPC differentiation based on
the insufficiency of IL-10 secretion from blood cells under vasculogenic environment.
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Abstract: Myelination is supported by two different glial cell types, oligodendrocytes in the
central nervous system (CNS), and Schwann cells (SC) in the peripheral nervous system (PNS).
Despite the developmental PNS/CNS segregation, SC can invade and repair the CNS under
pathophysiological conditions. To note, SC remyelination of CNS axons has been frequently
observed close to blood vessels (BV). However, how SC invade the CNS to remyelinate central
axons remains undetermined, and whether BV have a role in their CNS invasion has not been
explored. To gain insights into the modalities of SC invasion of the CNS, we studied their
migratory behavior ex vivo and in vivo after exogenous transplantation in the demyelinated spinal
cord. Our data highlight for the first time that SC migrate preferentially along blood vessel
perivascular space, avoiding CNS myelin. Among the myelin components involved in cell
segregation and guidance, EphrinB3 has been reported as a ligand for several SC receptors and
appeared as a good candidate for SC-CNS myelin inhibition. We demonstrate that SC migration
within the CNS occurs by virtue of a dual mode of action of Ephrin/Eph receptor. We show in
vitro and in vivo that EphrinB3, present in myelin, interacts with SC Eph receptors, to drive SC
away from CNS myelin, and trigger their preferential adhesion to ECM components, such as
fibronectin via integrinf1 interactions. This complex interplay enhances SC migration along the
BV-ECM network to reach the lesion. In addition, vascular remodeling occurring in the lesion
site facilitates SC spreading into this lesion. These novel findings elucidate the mechanism by
which SC can invade spinal cord lesions and contribute to their repair.
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Abstract: Hedgehog signaling regulates a variety of essential biological processes, including cell
proliferation, migration and differentiation. Recent studies have shown that stimulation of the
Hedgehog signaling pathway also improves functional recovery following neural injury.
However, abnormally elevated Hedgehog signaling is also associated with a number of forms of
cancer. Therefore, if we are to manipulate Hedgehog signaling therapeutically, we must
understand exactly how this pathway regulates the various processes underlying tissue
regeneration. Using a tail regeneration model in Xenopus laevis tadpoles, we demonstrate that
Hedgehog signaling through Smoothened is necessary immediately following amputation for
normal regeneration of both spinal cord and muscle. Treatment with the Smoothened activator
SAG blocks spinal cord regeneration, while inhibiting Smoothened with cyclopamine permits
spinal cord regeneration, but blocks muscle regeneration. We also show that treating with
GANT®61 to directly inhibit Glil/2, the downstream transcriptional activators of canonical
Hedgehog signaling, has comparatively modest effects on regeneration, strongly suggesting that
non-canonical Hedgehog signaling is a primary regulator of regeneration. Strikingly, we find that
the activity of Glil/2 is repressed following tail amputation, and that Glil actually acts as a brake
on spinal cord and muscle regeneration. These results indicate that Hedgehog signaling acts
through multiple pathways downstream from Smoothened, opening up opportunities for targeted
manipulation of canonical and non-canonical hedgehog pathways in treating injury to the spinal
cord and muscle.
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Abstract: Restoration of vision in patients blinded by optic neuropathies requires regenerating
the optic nerve. Intraocular transplantation of retinal ganglion cells (RGCs) alone is insufficient
to regenerate the optic nerve due to failure to sustain axon growth and/or insufficient directional
cues. There is much interest in the potential role of electrical fields (EFs) in promoting long
distance axon growth. The body has naturally occurring electrical currents and it is established
that motor neuron and dorsal root ganglion cell axons can grow directionally when exposed to an
EF. Whether EFs can direct RGC axon growth is unknown, as are the mechanisms through
which EFs mediate directional growth. Members of the Rho Kinase signaling pathway have been
shown to meditate EF-induced directional growth of spinal nerves. We hypothesize that EFs
direct and sustain RGC neurite growth by signaling through the Rho kinase pathway. To test this
hypothesis, retina was isolated from post-natal mice and cultured in an electrotaxis apparatus.
Retina was then exposed to varying EF strengths with/without ToxinB, a non-specific inhibitor
of Rho Kinase signaling. Time-lapsed microscopy was performed and videos used to quantify
the direction and rate of neurite growth. In the absence of an EF, RGC neurites demonstrated
indiscriminate directional growth from the tissue edge. Retinal cultures that were exposed to an
EF of 200mV/mm, however, showed marked asymmetric growth: 81.2% were directed at the
cathode, while 4.8% and 14.1% were directed towards the anode or perpendicular to the field,
respectively (p<0.001). EF did not affect the rate of RGC axon growth. Interestingly, RGC axons
retain their ability to respond to acute changes in EF polarity by changing their direction of
growth. Finally, ToxinB neutralized EF-induced (200mV/mm) directional growth of retinal
neurites. However, when the field strength was increased to 270mV/mm and 350mV/mm,
directional growth was restored. Here, we demonstrate that RGC neurites exhibit directional
growth when exposed to an EF. The acuity with which RGC neurites respond to changes in EF
polarity suggests that the effect of EFs on RGCs is direct. Additionally, our data suggest that Rho



Kinase signaling is necessary to translate EFs into directional cues in RGC neurites. The
significance of this work lies in its potential to advance the field of optic nerve regeneration.
Application of electrical currents may be necessary to direct the growth of newly transplanted
RGCs.
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Title: Overexpression of protrudin in primary cortical neurons enhances regeneration after laser
axotomy through multiple mechanisms
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Abstract: Numerous extracellular and intracellular processes contribute to the failure of long-
range regeneration in the adult central nervous system (CNS) after injury. One reason why adult
CNS axons have poor regenerative capabilities is that a developmental change occurs where
essential growth molecules such as integrins and growth factor receptors become excluded from
axons. These growth-promoting molecules are normally transported along axons in Rab11-
positive recycling endosomes by motor proteins/adaptor complexes. However, this transport
declines with maturation leading to a decline in regenerative capacity. Protrudin, a member of
the ZFYVE family of zinc-binding proteins is a membrane-associated protein involved in neurite
outgrowth and directional membrane trafficking in HeLa, PC12 and primary hippocampal cells
(Shirane et al., 2006). Phosphorylated protrudin preferentially binds to Rab11-GDP, an
association which is required for neurite outgrowth and for anterograde movement of this
complex.

We hypothesised that increasing the phospho-protrudin/Rab11 interaction would result in



anterograde transport of growth-promoting molecules to the tip of injured axons enabling
regeneration of primary cortical neurons after laser axotomy. To test this, two phosphomimetic
forms of protrudin were created at phosphorylation sites known to play an important role for its
association with Rab11. We found that both constitutively phosphorylated protrudin forms (64%,
70%) and also wild-type protrudin (60%) increased the proportion of regenerating axons
compared to control (27%). Live-cell imaging experiments are currently being performed to
investigate whether the increase in regenerative capacity is indeed due to its association with
Rab11 and increased anterograde transport of integrins. Protrudin is a complex molecule with
numerous cellular functions such as ER shaping, vesicular transport, interactions with spastin — a
microtubule-severing protein and many more. In order to unpick the mechanisms of action of
protrudin on regeneration, five mutants were created — each targeting a specific region of the
protein important for its involvement in various molecular pathways (AFYVE, ARab11-binding-
domain, AKIF5, AFFAT, ASpastin). These mutants were overexpressed in primary cortical
neurons and their effects on regeneration were tested. Protrudin was found to promote
regeneration through multiple mechanisms, some of which, such as ER function have not
previously been associated with the process of axon regeneration. Protrudin’s ability to promote
regeneration is currently being tested in vivo in models of acute and chronic injury.

Disclosures: V. Petrova: None. R. Eva: None. J.W. Fawcett: None.
Poster

115. Transplantation and Regeneration in the CNS

Location: SDCC Halls B-H

Time: Sunday, November 4, 2018, 8:00 AM - 12:00 PM

Program #/Poster #: 115.06/B11

Topic: A.04. Transplantation and Regeneration

Support: International Spinal Research Trust (NRB110)
ERANET NEURON grant AxonRepair (013-16-002)
Christopher and Dana Reeve Foundation (JFC-2013(3), JFC-2013(4))
Medical Research Council (G1000864 018556)
Cambridge Eye Trust (RG80564)
Fight for Sight (RG74504)

Title: Elevated phosphoinositide 3-kinase activity promotes axon regeneration of central nervous
system neurons

Authors: *B. NIEUWENHUIS!? R. EVANS?, C. S. PEARSONS?, A. C. BARBER?, J. CAVE?,
P. D. SMITH#* J. FUCHS?®, B. J. EICKHOLT?, H. M. GELLER?, K. R. MARTIN!, R. EVAL, J.
W. FAWCETT?®

1Univ. of Cambridge, Cambridge, United Kingdom; 2Netherlands Inst. for Neurosci.,



Amsterdam, Netherlands: NIH, Bethesda, MD: “Carleton Univ., Ottawa, ON, Canada; °Charite
Univ. Med., Berlin, Germany; ®Inst. of Exptl. Med., Prague, Czech Republic

Abstract: Injury to the central nervous system (CNS) has severe consequences because adult
CNS axons do not regenerate. PtdIns-3,4,5-P3 (PIP3) signaling is essential for axon growth
during development of the nervous system. Silencing PIP3 phosphatase PTEN leads to increased
regeneration in the corticospinal tract and optic nerve after injury, showing that PIPz is crucial for
axonal regeneration. However as neurons mature, phosphoinositide 3-kinases (P13Ks) activating
receptors are excluded from axons. We hypothesize that a developmental decline in axonal PIP3
signaling contributes to restricted axonal regeneration in the CNS. The objective of this study is
to explore whether overexpression of PI3Ks, which generates PIP3, could promote axonal
regeneration of CNS neurons.

We first confirmed that there is a decline of PIP3 levels in cultured cortical neurons in line with
maturation by using immunocytochemistry. Overexpression of activated PI3K increased axonal
growth by 50% in developing neurons (4 days in vitro, DIV). Expression of activated PI3K in
matured cortical neurons (14 DIV) resulted in an enlarged the soma size (by 100%) and more
complex dendritic morphology in vitro. Expression of constitutively activated PI3K, but not
wildtype PI3K, resulted in a six-fold increase of the PIP3 signaling pathway in these neurons —
visualized by staining for the phosphorylated ribosomal protein S6. To investigate whether
PI3Ks can enhance the regeneration capacity of CNS neurons, we overexpressed these in cortical
neurons and applied in vitro laser axotomy. We confirmed that 14 DIV neurons have a restricted
axon regeneration capacity after in vitro laser axotomy (only 15% of the axotomised neurons
regenerate). Importantly, expression of PI3Ks increases the success rate of axonal regeneration
(approximately 60% of the axotomised neurons regenerate). We recently started to explore
whether PI3K can promote optic nerve regeneration in vivo. Using a transgenic mouse line with
cre-inducible expression of constitutively activated PI3K, we found that the AAV2-cre condition
had significantly increased axon regeneration beyond the optic nerve crush site compared to
controls.

In summary, cultured cortical neurons have a decline of PIP3 signaling and this could contribute
to their decreasing regeneration capacity during maturation. Overexpression of activated PI3Ks
promotes developmental axon growth, and axonal regeneration of CNS neurons in vitro and in
vivo. The mechanisms of PI3K-induced axon regeneration have not been investigated in great
detail. We are currently investigating whether PI3K acts by stimulating axonal transport of
regeneration-associated proteins.
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Title: Lin28 protein regulates CNS axon regeneration in adult mammalians
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Abstract: Severed CNS axons fail to regenerate in adult mammals and there are no effective
regenerative strategies to treat patients with CNS injuries. Several genes, including PTEN and
Kruppel-like factors, regulate intrinsic growth capacity of mature neurons. However, none of
these approaches were translated to clinics yet and thus there is a persistent need to identify
better targets and improved delivery methods. Lin28, an RNA-binding protein, enhances
translation of multiple genes including metabolic enzymes for increasing glycolysis and
oxidative phosphorylation, and is essential for cell development and pluripotency in worms and
mammals. Lin28 is a gatekeeper molecule to control switch between pluripotency and committed
cells and its reactivation stimulates repair of several tissue systems, including hair, cartilage,
bone, and mesenchyme. In this study, we reprogram mature CNS neurons with Lin28 activation
to increase their growth capacity after CNS injuries. Especially, we evaluated the role of Lin28a
in regulating regenerative capacity of different types of CNS neurons in adult mammals. Using
neuron-specific Thyl promoter, we generated transgenic mice that overexpress Lin28a protein in
multiple neuronal populations, including multiple descending projection tracts and retinal
ganglion cells. We demonstrate that upregulation of Lin28a in adult transgenic mice induces
significant long distance regeneration of descending motor axons after spinal cord injury and
optic fibres following optic nerve axotomy. Importantly, overexpression of Lin28a by post-injury
treatment with AAV2 vector also stimulates dramatic regeneration of corticospinal tracts after
spinal cord injury and optic axons after optic injury. Upregulation of Lin28a also enhances
survival of retinal ganglion cells after injury and activity of Akt/mTOR signalling pathway in
various CNS neurons. Therefore, Lin28a is critical for regulating growth capacity of CNS



neurons and may become an important molecular target for treating for CNS injuries, including
traumatic spinal cord and brain injury.
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Title: Functional recovery and regeneration in sea lampreys after spinal cord re-transection
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Abstract: Many invertebrate and vertebrate species can reliably regenerate their tissues,
including the nervous system. Sea lampreys (Petromyzon marinus) provide a highly regenerative
model in which to study regeneration of the central nervous system (CNS) following spinal cord
injury (SCI). Lampreys fully recover their swimming behaviors within 10-12 weeks after a
complete spinal cord transection. This robust functional recovery is accompanied by lesion
repair, as well as axon and synapse regeneration beyond the lesion site. However, very little is
known about whether the regenerative processes are similarly as robust after a second spinal cord
transection. To test this, we performed spinal transections on lampreys and allowed them to
recover for 11 weeks. We then re-transected the spinal cords in the same location as the first and
allowed them to recover for another 11 weeks. Compared to lampreys that underwent single
spinal transections, the swimming behaviors of re-transected lampreys recovered along the same
time course, as shown by semi-quantitative movement scoring. Similarly, repair of the spinal
lesion was comparable in both transected and re-transected lampreys. Bulk anterograde labeling
revealed similar axon regeneration patterns. Immunostaining also revealed similar re-distribution
of axons, synapses and several cytoskeletal elements in both transected and re-transected spinal
cords. We also took advantage of the large, identified reticulospinal (RS) neurons in lamprey
brains, which possess known regenerative potentials with some being especially “good” or
“poor” regenerators. Histological staining revealed that the same giant RS neurons survived after
spinal re-transection as occurred after a single transection. Retrograde fluorescence labeling
revealed that the same surviving neurons regenerated their axons. After spinal transection, the



giant RS neurons displayed a tight positive correlation between neuronal survival and axon
regeneration (R? = 0.90) that was similarly observed after spinal re-transection (R = 0.93).
Together, these findings indicate that lampreys can recover just as well after a spinal re-
transection as after the first injury, further indicating the high regenerative potential in the
lamprey CNS. Understanding the regenerative processes in this model could help elucidate the
factors that are limiting in regeneration-incompetent species and has important implications for
pro-regenerative mechanisms after CNS injuries.
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mouse retinal ganglion cells survival after optic nerve crush
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Abstract: Introduction and objectives: Retinal ganglion cells (RGC), like other central nervous
system neurons, have reduced regenerative capacity and, once damaged, the axons of adult RGC
do not regenerate at long distances through the optic nerve. In addition, RGCs are extremely
sensitive to axonal damage and most of them die after damage to the optic nerve. There are, to
date, no clinically applicable therapies capable of protecting RGC and increasing the
regeneration of their axons in an efficient and prolonged way. Recently, bone marrow-derived
cells have been used to increase regeneration and/or functional improvement in several animal
models of neurological diseases. In visual system, mesenchymal stem cells (MSC) were able to
increase survival of RGC in glaucoma models and after axonal transection or optic nerve crush,
as demonstrated by previous studies from our group. However, even inducing a significant
increase in survival and regeneration of RGC, MSC therapy was not able to promote functional
recovery. In this work our main objective is to potentiate this regenerative response through the
use of a mouse transgenic MSC line expressing the human trophic factor IGF-1 (mMSC-hIGF1),



which has neuroprotective and neuroregenerative action. Methodology: SVEv129 adult mice
were submitted to optic nerve crush and intravitreal injection of vehicle or 90,000 or 200,000
MMSC-hIGF1/control-mMSC. 14 days after surgery retinas were dissected and
immunohistochemistry for TUJ1, marker of RGC, was performed. Results and discussion:
Intravitreal injection of 90,000 mMSC-IGF1 cells after optic nerve crush was enough to induce
the same significant neuroprotection evoked by 200,000 control-mMSC, leading to an increase
of about 45% in the number of RGC compared to animals treated with PBS. Injection of 200,000
mMSC-hIGF1 promoted an even more robust and significant neuroprotective response, with an
increase of about 90% in the number of RGC detected in relation to the PBS group. These data
suggest that IGF-1 expression is capable of significantly potentiating the neuroprotective action
of MSCs. It remains to be determined whether this effect is sustained after long periods and if it
also results in an increase in axonal regeneration through the optic nerve.
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Title: Subtypes of axotomized adult retinal ganglion cells survive and regenerate long axons in
response to an extrinsic cue in a permissive environment
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Abstract: The failure of mammalian central nervous system (CNS) projection neurons to
regenerate injured axons and to restore long-distance connections between neurons severely
limits recovery from ischemic or traumatic injury in the CNS. For example, blindness caused by
trauma or stroke to the optic nerve disrupts the retinal ganglion cells’ (RGCs) axons, through
which the information from the eye is passed into the brain, resulting in irreversible blindness.
Manipulating a number of cell-autonomous and extrinsic factors identified to date stimulates
only modest axon regeneration in the CNS, and no therapeutics are available that could help
patients with axonal injuries. Therefore, the failure of RGC and other CNS axons to regenerate
over long distances after injury remains a major unmet problem. Here, we used bioinformatic
analysis of RNA-seq transcriptome profiles of RGCs to predict extracellular matrix (ECM)



molecules with which embryonic RGCs (that grow axons robustly) could interact, and then
tested their effect in culture on adult RGCs (which do not grow long axons in culture) isolated by
immunopanning for Thy1.1. We found that one of these ECM molecules (identity masked due to
proprietary information) enabled a subset of axotomized adult rodent RGCs to survive for a long
period, and also stimulated long-distance axon growth in a permissive culture environment.
Next, we analyzed developing RGCs with single-cell RNA-seq and clustering algorithms, which
enabled segregating RGC population into 40 subtypes based on the differences in their
transcriptomes. We found that consistent with our observation, that only a subset of RGCs
responded to the predicted ECM, only certain RGC subtypes expressed the ligand that could
interact with this ECM. Thus, the identified ECM molecule may hold potential for promoting
axon regeneration of certain RGC subtypes after injury to the optic nerve and perhaps other parts
of the CNS, in which neurons express this ligand.

Disclosures: J. Kim: None. B.A. Rheaume: None. M.S. Sajid: None. E.F. Trakhtenberg:
None.

Poster

115. Transplantation and Regeneration in the CNS

Location: SDCC Halls B-H

Time: Sunday, November 4, 2018, 8:00 AM - 12:00 PM

Program #/Poster #: 115.11/B16

Topic: A.04. Transplantation and Regeneration

Support: MSSOC Grant

Title: Inhibition of miR-383 promotes axon regeneration following injury
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Abstract: Neuroinflammation can positively influence axon regeneration following injury in the
central nervous system (CNS) but the molecular mechanisms underlying this effect are not fully
understood. We have evaluated how microRNAs may be regulated in the context of
inflammation because they target multiple mMRNASs simultaneously and may help to identify
signalling hubs that can be targeted to promote regeneration. We identified miR-383 as a miRNA
that is down regulated in neurons in response to neurite outgrowth-promoting astrocyte
conditioned media (ACM). We also found that miR-383 was down regulated in Retinal Ganglion



Cells (RGCs) exposed to zymosan, a yeast cell wall protein that stimulates inflammation in the
eye and promotes axon regeneration following optic nerve crush. miR383 down regulation
promotes axon growth in vitro and injection of a miR-383 inhibitor into the eye promotes axon
regeneration following optic nerve crush. Previous studies have demonstrated that astrocyte-
derived CNTF, signals to injured RGCs and promotes their regeneration in response to zymosan
injection. We found that neurons treated with CNTF down regulated the expression of miR-383.
Further, we have acquired evidence that inhibiting miR-383 de-represses the expression of
mitochondrial antioxidant genes and microtubule-associated proteins that are important for the
pro-regenerative effects of the miR383 inhibitor. Together, we have implicated miR-383 as a
molecule that suppresses axon regeneration and that can be further explored to identify novel
signalling hubs that may be targeted to promote repair.
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Abstract: Rationale: Postnatally, central nervous system (CNS) neurons rapidly lose their ability
to regenerate axons. The limited capacity for repair in the CNS remains a significant medical
challenge. Requirements for successful neuron regeneration and functional recovery include
long-distance axon growth and correct pathfinding to reestablish synapses with proper targets.
Growth, motility and guidance functions are executed by a specialized structure at the tip of a
growing axon - growth cone (GC). Protein components of the GC has been reported to be
important players in a damaged axon regrowth. Yet, the question of whether GC membrane has
unique lipid composition has not been comprehensively addressed. Objective: The aim of this
study was to investigate spatial compartmentalization and temporal dynamics of lipids in the
neuronal GC. Method: GC particles and non-GC membrane (nonGCM) fractions (n=6) were
prepared from embryonic day 18 (E18) and postnatal days 1, 3, 6 and 9 (P1, P3, P6 and P9)
forebrains of C57BL/6J mice by subcellular fractionation (Pfenninger et al., 1983). To test for
enrichment efficiency, fractions were analyzed by Western blotting. Lipids were extracted using
chloroform, methanol and water mixture to obtain phase separation. We then used untargeted



high-performance liquid-chromatography tandem mass spectrometry approach to define GC and
nonGCM lipid composition in a robust and unbiased manner. Results: For an overall assessment
of lipidomic similarities and differences between GC and nonGCM, we employed principal
component analysis (PCA). Clear separation occur between GC and nonGCM samples (PC1
82.1%). GC fractions show lipidome transition profile from E18 to P9 (PC2 6.9%). Using
ANOVA-simultaneous component analysis (ASCA), we identified major patterns of lipid classes
associated with group: sulfoquinovosyldiacylglycerol (SQDG) enrichment in GC and dihexosyl
ceramide (CerG2) in nonGCM fractions; and time factor - ganglioside GD1a upegulation in GCs
from P3-P9 mice. Conclusion: GCs have distinct lipid composition. Lipids associated with GC
may regulate conversion of a neuron to a growth-plausible phenotype. Further elucidation of
their role in GC biology could open up new directions to successful axon regeneration.
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Title: Cellular mechanisms involved in retinal neuroprotection and neuroregeneration after optic
nerve crush and mesenchymal stem cell therapy in rats
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Abstract: Cell therapy has been widely used in different animal models of neurological
pathologies. Our group has been using a model of optic nerve crush in rats to study
neurodegenerative conditions of the central nervous system, as the optic nerve is easily accessed
and manipulated. This is also an interesting model to study specific ocular diseases that affect the
optic nerve, such as optic neuropathies that lead to gradual death of retinal ganglion cells (RGCs)
and often result in irreversible blindness. Previous work of our group have shown that one
intravitreal injection of 500.000 rat bone marrow mesenchymal stem cells (rMSCs) immediately
after optic nerve crush has a sustained effect increasing RGCs survival and axonal regeneration
for 28 days. Adult Lister Hooded rats of both sexes (3-5 months old) were subjected to unilateral



optic nerve crush, keeping the contralateral eye as a control. Here, we investigated the glial
response to optic nerve crush followed by rMSCs or vehicle intravitreal injection. We performed
a blinded analysis of two different glial subpopulations, microglia and Miiller cells, by
immunohistochemistry against ionized calcium-binding adapter molecule 1 (IBA1) and glial
fibrillary acidic protein (GFAP), respectively, in 20um-thick retinal sections. There was an
increase in the number of IBA1-positive microglia in the group treated with rMSCs 3, 7 and 14
days after crush in relation to vehicle-injected group. In contrast, the number of GFAP-positive
processes in Mller cells decreased in retinas treated with rMSCs when compared to vehicle
group. Thus, understanding the mechanisms and the cellular populations involved in the
neuroprotective and neuroregenerative effects of rMSCs therapy after optic nerve crush may
open up new perspectives for the treatment of neurodegenerative diseases.
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Abstract: The chondroitin sulfate polysaccharide proteins (CSPGs) are the main components of
the scaring matrix that hinder the regeneration of axons following spinal cord injury. They are
mainly secreted by activated astrocytes. In previous research, enzymatic digestion of chondroitin
sulfate promoted the axonal regeneration. However, other studies have found that CSPGs, acting
as an extracellular matrix, have an indispensable function in repairing spinal cord injury. In this
study, proposed to intervene CSPGs by active short peptide nanohydrogels loaded short
molecular compound “ISP&ILP” which can bind to PTPc and LAR, relieving CSPGs-mediated
inhibition. The motor tract was detected by biotinylated dextran amine (BDA, 10KDa)
anterograde tracing. AAV-retro/GFP that was injected into sciatic never conformed sensory-
motor tract regeneration. Moreover, at the mercy of the hind limb muscle, the gastrocnemius
muscle be infected with pseudorabies virus (PRV-GFP). The behavior recovery was studied by



BBB locomotion assessment. Two weeks after injury, axon regeneration was obviously observed
with many newly born neurons. Two months later, motor and sensory tracts were significantly
reestablished. Hind limb functions were significantly improved as compared with the rats
without interventions. Therefore, our study documented a feasible strategy for neural
regeneration after spinal cord injury.
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Abstract: Unlike in mammals, retinal ganglion cells (RGCs) are able to survive and robustly
regenerate their axons following optic nerve (ON) injury in the Canary Island wall lizard,
Gallotia galloti. We have previously shown that this regenerative process occurs in the presence
of CNS myelin and oligodendrocytes and that the regenerating lizard RGC axons are not
sensitive to the neurite growth inhibitory (NI) protein, Nogo-A. Thus, we hypothesized that
neuron-intrinsic properties might hold the key to survival and successful axon regeneration of
RGCs in G. galloti. Doublecortin (DCX) family proteins are widely expressed in differentiating
CNS neurons and are downregulated after RGC axotomy in mice, while DCX overexpression
has recently been implicated in promoting neuron survival, growth cone formation and axon
regeneration in the injured mammalian visual pathway. These observations suggest a central role
of DCX family proteins in axon growth and regeneration - however, no information is available
on the expression of DCX in the visual system of non-mammalian vertebrates during
spontaneous RGC axon regeneration. We therefore studied the regulation of DCX expression
after short and long-term post-injury intervals in the optic pathway of the lizard. Using a panel of
antibodies to DCX and markers identifying neurons and glial cells, we observed significant
upregulation of DCX immunoreactivity in RGCs following ON cut or crush injury. DCX
upregulation in RGCs gradually increased up to 3 months post lesion and persisted at high levels



throughout the observation period of up to one year. Strong DCX upregulation was also observed
in reactive astrocytes of the ON at all post injury intervals. Our results are consistent with an
important role of DCX family proteins in neuronal survival, initiation and maintenance of the
regenerative response of RGCs in G. galloti.
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Title: Epigenetic regulation during neurodevelopment and regenerative response
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Abstract: Neurons in the adult mammalian CNS lose their capacity of regenerating axons after
injury during maturation. On the contrary, neurons in the adult PNS can reclaim their intrinsic
axonal growth competence following a spontaneous regenerative response toward injury.
Emerging evidence has suggested that the switch from non-regenerative state to regenerative
state of injured PNS neurons largely involves changes in the epigenetic landscape and chromatin
accessibility. For example, a previous study demonstrated that the injury-triggered HDAC5
nucleus export increases histone acetylation to activate a regeneration-supportive gene
expression program. A study in our lab showed that the level of H3K27 trimethylation is
elevated in the PNS neurons after injury and such elevation is necessary for the neurons to regain
axon regeneration potential and is rendered through orchestrated Ezh2 upregulation and
Utx/Jmjd3 downregulation. Although these studies have characterized the functional roles of
some epigenetic modifiers in axon regeneration, the functions of many other chromatin
regulators are yet to be determined. Using a series of sequencing and array approaches, we



analyze how chromatin structures and related regulators change during neurodevelopment and
after injury. The results provide a systematical view of epigenetic changes and related regulation
of gene expression governing axon growth and regeneration.
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Title: The axon transportome in retinal ganglion cells isolates mediators of neuronal
degeneration
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Abstract: After acute injury and in degenerative diseases like glaucoma, retinal ganglion cells
(RGCs) lose their synaptic connections and eventually die. Decreased axoplasmic transport in
the presence of increased intra-ocular pressure (IOP) remains a long-standing hypothesis for the
pathology of glaucoma. Which specific proteins, and by what mechanisms, show altered
transport after injury or glaucomatous insult? To study this question, we have developed new
mass spectrometry strategies (Schiapparelli et al 2014) for analyzing proteome translation in the
retina and its axonal transport into the optic nerve (ON). We call this population of axon-
transported proteins in the ON “the transportome.” We are using these methodologies to address
two main questions: (a) How are specific proteins transported from the cell body of RGCs
affected in response to optic nerve injury? (b) Does disrupted protein transport affect local
signaling dynamics in the cell body or in the axon?

To examine the transportome after injury, we labelled all retinal proteins with NHS-biotin, which
binds covalently to all proteins present at time of injection, and isolated and analyzed biotin-
modified peptides from the optic nerve. We identified proteins whose transport down the optic
nerve decreased in the 24 hours after optic nerve crush (ONC), including key motor protein
Kif5a, and others whose transport increased. To examine the retinal response to injury, we
labeled newly synthesized retinal proteins with azidohomoalanine (AHA) following ONC in



adult rats and identified ~50 proteins whose synthesis and subsequent transport to ON
significantly changed 24 hours after ONC, including RNA transport and translation machinery.
We then analyzed if changes in transport of key proteins found in our proteomic results could be
associated with ON injury-mediated RGC degeneration. We found that Kif5a loss alone leads to
progressive RGC neurodegeneration resembling that observed after ONC. Kif5a knockout in
adult RGCs led to progressive and total RGC death within 4 months. We are currently extending
our methodology to identify and quantify differentially translated and transported proteins in
RGCs in the context of glaucomatous injury. We hypothesize that identifying specific proteins
that are synthesized and transported to an injury site will lead to new understanding of
pathophysiology of injury and new approaches to promoting regeneration.
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Title: SDF1 is highly expressed in macrophages and contributes to inflammation-induced optic
nerve regeneration
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Abstract: Inflammation plays a key role in peripheral nerve regeneration and can also be
recruited to promote regeneration in the CNS. Like other mammalian CNS neurons, retinal
ganglion cells (RGCs), the projection neurons of the eye, normally fail to regenerate injured
axons, but this failure can be partially reversed by inducing an inflammatory reaction in the eye.
One key mediator of this phenomenon is Oncomodulin (Ocm), a small Ca?*-binding protein that
is expressed by neutrophils and macrophages and that binds to a high-affinity receptor on RGCs
in a CAMP-dependent manner. Here, we report that stromal cell- derived factor 1 (SDF1,
chemokine CXCL12) also contributes to the effects of intraocular inflammation and, when
introduced exogenously, increases the level of regeneration induced by Ocm/cAMP. One day
after intraocular injection of zymosan, invasive macrophages (but not neutrophils) express high
levels of SDF1 mRNA and protein. Deletion of SDF1 in macrophages (using cxcl12™/MX_ysmCrei*
mice) or deletion of its receptor (CXCR4) in RGCs (cxcrd™™ mice injected intraocularly with
AAV2-Cre virus), resulted in ~ 30% reduction in optic nerve regeneration 2 weeks after nerve
injury combined with intraocular zymosan. Thus, SDF-1 contributes to inflammation-induced
optic nerve regeneration. In purified early postnatal RGC cultures, SDF1 showed direct effects
on cell survival and neurite outgrowth, and in adult mixed retinal cultures, SDF1, uniquely
among many growth factors tested, strongly enhanced the effects of Ocm/cAMP. The
mechanisms of SDF1’s activity involve increasing cAMP level and enhancing PI3K signaling
and S6 phosphorylation. In vivo, exogenous SDF1 augmented levels of regeneration induced by
Ocm or intraocular inflammation, and when combined with Ocm/cAMP and pten deletion, SDF1
increased the number of axons that crossed the chiasm and entered the brain. Thus, SDF1 is a
constituent of intraocular inflammation and is potentially useful as an agent to augment
regeneration after optic nerve injury.
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Title: The histone demethylase inhibitor gsk-j4 promotes axon regeneration in optic nerve
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Abstract: Previous studies have shown that optic nerve axons seldomly regenerate after injury,
leaving optic nerve injury no cure. One of the primary reasons for the CNS neurons failed to
regenerate axons is the loss of intrinsic regenerative capability related to gene transcription. The
process of axon regeneration after injury usually requires actions of coordinated genes, which
suggests that a set of regeneration-associated genes may potentially be regulated by some
epigenetic mechanisms. Indeed, our unpublished data shows that histone 3 trimethylation at
lysine27 (H3K27me3) is elevated in mature mouse dorsal root ganglion after sciatic nerve
axotomy. This increase of H3K27me3 was shown to be induced by an increase of
methyltransferase EZH2 and a decrease of demethylase JIMJD3/UTX in dorsal root ganglion
after sciatic nerve axotomy. We hypothesized that a similar change in JIMID/UTX level could
promote axon regeneration in the optic nerve after injury. GSK-J4 is a novel, selective inhibitor
of the jumonji family of histone demethylases IMJD3/UTX. The specific aim of the current
study is to examine if increasing the level of H3K27me3 by either genetical or pharmacological
inhibition of IMJD3/UTX could promote optic nerve regeneration after axonal injury. First,
intravitreally AAV2-Cre injected IMID3"/UTX" mice is utilized to investigate the effect of
conditional double-knockout of JIMJD3/UTX on optic nerve axon regeneration after injury. In
addition, optic nerve axon regeneration is analyzed after the intravitreal injection of IMJD3/UTX
inhibitor GSK-J4. Retinal ganglion cell survival rate after GSK-J4 treatment is analyzed to show
the toxicity of the drug. Further, the levels of H3K27me3 and JMJD3/UTX are measured in fixed
retina. Finally, GSK-J4-induced widespread changes in gene transcriptional programs are
assessed with high throughput approaches, which provides insights into detailed mechanisms of
CNS axon regeneration after IMJD3/UTX inhibition.
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Title: Resveratrol promotes neural regeneration and blocks ultraviolet stress induced attenuation
of neurogenesis
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Abstract: Resveratrol is a polyphenolic compound which is found in various foods. The
antioxidant and antiproliferative effects of resveratrol are well characterized and have resulted in
the investigation of resveratrol as a potential treatment or adjuvant for treating diseases such as
cancer, cardiovascular disease, autoimmune disorders and even attenuation of aging. Considering
the widespread effects of resveratrol, we decided to investigate the effect of resveratrol on neural
regeneration, using a planarian model system. Planaria were halved and left to regenerate in a 10
uM resveratrol solution, under normal conditions and under stress conditions (UV light) for
seven days post amputation. UV light was applied for 12 h per day. With respect to locomotor
activity after three days of regeneration, the anterior and posterior ends of the resveratrol
exposed group showed a significant increase in mobility. Furthermore, resveratrol was able to
rescue the sedentary phenotype that resulted from UV exposure. At 24 hours post halving, the
anterior end of the resveratrol exposed groups evidenced a significantly larger population of
neurons in the anterior blastema, with UV exposure attenuating neurogenesis. In these planaria,
UV exposure increases reactive oxygen species formation and resveratrol works to reduce ROS
formation. The sum of our data suggests that the antioxidant properties of resveratrol work to
ameliorate environmentally mediated damage to the regenerating nervous system. Our work
suggests that resveratrol may be an effective compound to promote neural regeneration.
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Title: Manipulation of the phosphoinositide 3-kinase pathway promotes axon regeneration
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Abstract: We aimed to determine the effect of manipulating the phosphoinositide 3-kinase
(P13K) pathway and assess its effects on axon regeneration in vivo. The optic nerve, comprised
of retinal ganglion cell (RGC) axons, carries visual signals from the retina to the brain. The optic
nerve is easily accessible and provides a robust injury model when crushed behind the eye globe.
The PI3K pathway converts phosphatidylinositol (3,4)-bis-phosphate (PIP2) lipids to
phosphatidylinositol (3,4,5)-tris-phosphate (PIP3). Phosphatase and tensin homolog (PTEN) acts
as a pathway regulator by converting PIP2 back into PIP3. PIP3 is a secondary messenger
molecule for a number of pathways, including the mTOR pathway. Others have demonstrated
that activation of the mTOR pathway promotes regeneration of both RGCs and cortical neurons.
Transgenic mouse lines were generated that express different PI3K isoforms upon Cre
recombination. In addition, two viral vectors where generated: AAV2.hyperexpressive-PI3K and
AAV2.shPTEN.GFP. Validation studies were performed to confirm successful viral transduction
and upregulation of the mTOR pathway. Adult transgenic mice were intravitreally injected with
AAV2.Cre.GFP or AAV2.GFP as a control. In addition, adult wildtype C57bl/6 mice were
intravitreally injected with either AAV2.hyperexpressive-PI3K, AAV2.GFP,
AAV2.shPTEN.GFP or AAV2.shScram.GFP. For each virus, retinal tissues were collected 2
weeks post injection. GFP expression was analysed and mTOR pathway upregulation was
assessed using immunohistochemistry (IHC) for pAkt and pS6. Regeneration studies were
performed using adult mice who received intravitreal injections of the appropriate viral vector 2
weeks prior to optic nerve crush. The optic nerves and retinas were collected 4 weeks post-crush.
Cholera toxin-B was used to visualise axons and the number of regenerating axons was assessed.
GFP expression in retinal wholemounts demonstrated efficient transduction across the retina
with all viral vectors. In addition, the percentage of GFP-labelled RGCs that co-localised with
pS6 and pAkt was quantified. A significant upregulation of pAkt and pS6 was demonstrated in
GFP-labelled RGCs in eyes treated with AAV2.Cre.GFP, AAV2.Hyperexpressive-PI3K and
AAV2.shPTEN.GFP compared to eyes receiving injection of the control viral vectors including
AAV2.GFP and AAV2.shScram.GFP. Together these data indicate successful activation of the
mTOR pathway. Finally, a pro-regenerative effect was observed.
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Abstract: Axon degeneration accompanying CNS injury or disease typically results in
permanent loss of function in human patients. This is largely due to an inability of mammals to
reinitiate axon growth in adult CNS neurons. Mammalian optic nerve injury models have been
successfully employed to discover signaling pathways that transform mature retinal ganglion
cells into a growth competent state. Nevertheless, directed axon regrowth to appropriate brain
targets continues to be a challenge for functional CNS regeneration in mammals. Zebrafish share
common mechanisms with mammals for constructing the visual circuitry during development,
and like mammals, they downregulate developmental growth and guidance signaling pathways
during maturation of the visual system. However, unlike mammals, zebrafish respond to optic
nerve injury by reinitiating programs of axon growth and guidance, leading to re-establishment
of the visual circuitry. To identify pathways that contribute to functional CNS regeneration, we
have conducted a temporal analysis of regulatory networks driving successful optic nerve
regeneration in zebrafish. We are specifically interested in pathways governing distinct stages of
regeneration, including initiation of axon growth, guidance across the midline, and re-innervation
of the brain. Here, we examine changes in gene expression (RNA-seq) and chromatin
accessibility (ATAC-seq) that accompany each stage of regeneration. Pathway analysis of the
temporal changes in gene expression have identified distinct cellular processes characterizing
each phase of the regenerative process. We are currently analyzing regeneration associated
transcription factors induced in stage-specific patterns, and the accessibility of their putative
binding sites. Together, this will enable us to distinguish key regulators of stage-specific
transcriptional networks underlying the regeneration process. We anticipate that this approach
will reveal key components of the gene regulatory networks that promote successful CNS axon



regeneration in zebrafish. Our long-term goal is to establish the efficacy of such pathways in
promoting regeneration in mammalian CNS injury models.
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Title: Pleiotropic roles for Ankyrin-R in the Nervous System
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Abstract: Ankyrin (Ank) proteins, are found throughout the body and act as the primary link
between the spectrin-based cytoskeleton and the cytoplasmic domain of many membrane-
associated proteins. Although AnkG and AnkB are well recognized as important domain
organizers within the nervous system, few studies have investigated AnkR’s role. Our lab
recently showed AnkR can compensate for a loss of AnkG and cluster Na* channels at nodes of
Ranvier. Additionally, multiple studies have indicated various neurological disturbances have
disruptions in AnkR, including cerebellar dysfunction. However, the role of AnkR in the nervous
system remains poorly understood. Our expression analyses show, unlike the other ankyrin
proteins found widely throughout the brain, AnkR is highly expressed in the somatodendritic
domain of a subset of neurons, including cerebellar Purkinje cells and forebrain parvalbumin-
positive (Pv®) interneurons with 94 + 1.2% and 93 + 0.9% of Pv* cells expressing AnkR in the
cortex and hippocampus, respectively. To elucidate the role of AnkR in these cells, we used the
Cre/Lox system to create AnkR conditional knockout mice (AnkR cKOs). Exons 26 and 27 of
Ank1 were flanked by loxP sites, upstream of the spectrin binding domain. The Cre-mediated
removal of these exons causes a frame-shift mutation resulting in a premature stop codon in exon
28. This strategy is similar to that successfully used to create the AnkB- and AnkG- cKO mice
where loxP sites flank exons 23/24 and 22/23, respectively. We found AnkR cKO mice have



disrupted gait and cerebellar Purkinje cell degeneration marked by abnormal accumulation of
beta-amyloid precursor protein (BAPP) and calbindin-D. In order to identify the molecular
mechanisms underlying these changes, we have performed mass spectrometry screens and
biochemical analysis yielding AnkR’s interactors, which include multiple beta-spectrin binding
partners in the brain. Taken together, these data suggest AnkR is important for tethering
somatodendritic molecules to the spectrin cytoskeleton in specific neuronal populations.
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Abstract: Highly-concentrated ion channels at axon initial segments (AIS) and nodes of Ranvier
are necessary to initiate and regenerate action potentials in axons. The cytoskeletal protein 4-
spectrin is proposed to stabilize voltage-gated sodium (Nav) channels at nodes. Previous studies
suggested that B1-spectrin can preserve nodal Nav channels after loss of p4-spectrin. However,
the necessity of B-spectrins for Nav channel clustering at nodes has not been elucidated.
Furthermore, the function of B1-spectrin in the nervous system is unknown. To determine if 1
and P4-spectrin are required at the nodes and AlIS, we generated mice lacking these proteins in
neurons. Mice lacking B1-spectrin retained Nav channel clustering at nodes, and loss of B4-
spectrin also showed normal Nav clustering due to the compensatory effects from 1-spectrin.
Mice lacking both B1- and B4-spectrin showed ataxia and reduced conduction velocity of
compound action potentials. With increasing age, there was progressive loss of nodal Nav
channels. In addition, loss of B1-spectrin in the central nervous system showed normal AIS
integrity, whereas loss of f4-spectrin reduced Nav channel immunoreactivity. Unexpectedly, B1-
spectrin was only detected at the AIS of parvalbumin-positive interneurons in 34-spectrin



deficient mice. Mice lacking both 1 and 4-spectrin showed severe seizures throughout
development. These data suggest that 3-spectrins are necessary to maintain Nav channels at
axonal excitable domains. Furthermore, p4-spectrin is the primary stabilizer, while B1-spectrin
performs secondary functions in a context-dependent manner.
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Title: Neuronal adaptor FE65 interacts with ELMOL1 to stimulate neurite outgrowth
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Abstract: FE65, also known as amyloid beta precursor protein binding family B member 1, is a
brain-enriched adaptor that has been shown to stimulate Rac1-mediated neurite outgrowth.
However, how FE65 promotes neurite elongation remains elusive. In a yeast-two hybrid screen,
ELMO1, a subunit of ELMO1-DOCKZ180 bipartite Racl GEF, is found to be a novel FE65 N-
terminal region interactor. In rat primary neurons, overexpression of FE65 and/or ELMO1
enhances whereas knockdown of FE65 or ELMOL1 inhibits neurite outgrowth and Racl
activation. The effect of FE65 alone or together with ELMOL is attenuated by an FE65 double
mutation that disrupts FE65-ELMOL interaction. Intriguingly, FE65 is found to activate ELMO1
by diminishing ELMOL intramolecular autoinhibitory interaction and to promote the targeting of
ELMOL1 to the plasma membrane where Racl is activated. Our study reveals a new mechanism
that FE65 stimulates Rac1-mediated neurite outgrowth by the recruitment and activation of
ELMOL1.
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Abstract: The roles of intermediate filaments (IFs) are often thought to be primarily structural,
including IFs in neurons, but IFs have also been implicated in regulating kinase signaling
pathways in many cell types. Nestin is a unique IF protein required for Cyclin Dependent Kinase
5 (CDKJ5) activity and localization during development of neuromuscular junctions through a
direct interaction between nestin and the CDKS5 activator p35. In neurodevelopment, nestin is
well established as a neural stem cell marker, but we have identified a population of embryonic
cortical neurons (in vitro and in vivo) that transiently continue to express nestin in their axons
early in the process of differentiation. The transient expression of nestin in neurons raised the
question of what roles neuronal nestin might play, and we hypothesized that nestin may affect
CDKS5 dependent processes in neurons. Semaphorin 3A is an early developmental axon repulsive
guidance cue and known to activate CDK5. We now show that nestin-expressing neurons are
more sensitive to Semaphorin 3A filopodial retraction and growth cone collapse in vitro,
compared to neurons not expressing nestin. We then evaluated a number of known CDK5
substrates for nestin binding and identified doublecortin (DCX), a microtubule binding protein
important for growth cone guidance, as a novel nestin binding protein. Biochemical experiments
suggest that nestin acts a scaffold for active CDK5 and DCX, and promotes phosphorylation of
DCX. Phosphorylated DCX has a decreased affinity for microtubules, leading to a decrease in
microtubule stability, and to greater sensitivity to Semaphorin3a. In agreement, we found that
DCX null neurons were more sensitive to Semaphorin3a, but, unlike wild-type neurons, in a
nestin independent manner. This suggests that nestin acts as a Semaphorin3a “gain control”
modulator through its interactions with DCX, to allow for different levels of microtubule
stability and responsiveness to Semaphorin3a. Evaluation of other neuronal IFs reveal that that
Neurofilament Medium (NF-M), which is expressed later in neuronal maturation, suppresses
CDK5-mediated DCX phosphorylation. Temporally expressed scaffolds (such as nestin and NF-



M) may allow for substrate specific regulation of CDKS5 activity and set up different
maturational states of neurons with distinct response profiles to extracellular cues. How this
affects axon targeting in vivo is a concern for future investigations.
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Abstract: Rheb (Ras homolog enriched in the brain) is a small GTP-binding protein and it plays
an important role in cell signaling through mTORC1 (mammalian-target-of-rapamycin-complex-
1), an essential regulator of the different biological process including protein synthesis and
cytoskeleton formation. During development, Rheb’s role in maintaing callosal axon projections
in the brain is relatively unknown and promoting axonal elongation may have applications for a
number of neurological disorders including autism. With a Rheb-dominant negative (DN)
overexpression, it reduced mTORCL activity, and promoted axonogenesis. However, treatment
with rapamycin, a specific inhibitor of mMTORC, reduced both mTORC1 and axonogenesis. With
Rheb-DN overexpression, Rab35 was activated to promote axonal elongation with rapamycin-
treatment not following a similar pathway in axonogenesis. Rab35-DN and Rheb silencing offset
the positive effects of Rheb-DN on axonogenesis. The test model for Rheb-DN overexpression
and its effect on callosal axon elongation was transfection of Rheb-DN via in utero
electroporation (IUE) in the ventricles of mouse embryo by ) at days E13.5 and E15.5 and
observing callosal axon projections at E18.5 and P2. Rheb-DN transfected neurons had a longer
axonal extension than the control DNA transfected neurons and we found that with the Rheb-DN
mutant transfection the projections of callosal axon could be maintained with proper axon fiber
conditions. As such, there could be therapeutic applications with the Rheb-DN construct for a
number of neurological conditions due to defective axonal growth.

Significance statement



Contralateral axons projections from layer 1l/111 neurons and in ASD callosal projections
degenerate rapidly. One of possible cures for ASD could be restoration of the callosal
projections. Rheb-DN therapy would be a solution for such a degenerative disorder. Moreover,
this study provides an insight to the molecular pathways involving Rheb and Rab35 without
involving mTORCL1.
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Abstract: The transcription factor Pax6 is a pleiotropic player during neural development. In the
central nervous system, Pax6 is mostly expressed by neural progenitors, where its functions have
been most extensively studied. However, in the anterior diencephalon, the prethalamus, Pax6 is
expressed in both neural progenitors and post-mitotic neurons. This distinctive expression pattern
of Pax6 makes the prethalamus a unique place in which to further explore the functions of Pax6
and its mechanisms of action during development.

We have found that Pax6 removal from the prethalamus significantly deregulates the activity of
various genes involved in canonical and non-canonical Wnt-signaling pathways. Our data
indicate that in the prethalamic ventricular zone, where neural progenitors reside, Pax6 seems to
suppress the expression of various canonical Wnt-signalling pathway effectors by promoting the
expression of antagonists of Wnt-signaling pathways, such as Sfrp2 and DKkk3.

However, in post-mitotic prethalamic neurons, Pax6 seems to regulate the process of neuronal
morphogenesis. Gene ontology analysis on our unpublished RNAseq data revealed that when
Pax6 is removed from the prethalamus, genes involved in neuritogenesis, establishment of
neuronal polarity, axon elongation and axon initial segment (AIS) were significantly
differentially expressed.



To further explore this, we performed dissociated cell cultures of prethalamus at embryonic day
13.5. Various aspects of neuronal morphogenesis were analysed in these primary neurons
cultured for 1-9 days in vitro (DIV). We found that Pax6-null prethalamic neurons constantly
displayed fewer neurites and a disturbed rate of neurite elongation. Additionally, they showed
expansion of AIS into their distal axons and dendritic branches, indicating a miss-specification of
axonal-dendritic identities in these neurons when Pax6 is lost.

These results point to a cell-autonomous regulation of neuronal morphogenesis by Pax6 in the
prethalamic post-mitotic neurons. Investigation on establishment of neuronal polarity and in vivo
studies of neuronal morphogenesis of these prethalamic post-mitotic cells are currently
underway.

These results reveal novel and distinct functions of Pax6 in prethalamic cells of different
developmental stages, providing insight into the temporal and spatial regulation governed by
master regulators such as Pax6 during brain development.
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Abstract: The a-tubulin is a component of microtubules which are cytoskeletal organization of
axons and growth cones and a-tubulin acetylation is associated with axon elongation. Sirt2,
NAD-dependent deacetylase, plays a role in microtubules deacetylation in nervous system. In
this study, we demonstrated that Inhibitor of DNA binding 2 (Id2) binds to a-tubulin and the
interaction of 1d2-a-tubulin disrupts Sirt2-a-tubulin complex formation. Moreover, we found that
Id2 inhibits deacetylation of a-tubulin, inhibiting the access of Sirt2 to a-tubulin. Furthermore,
Id2 localizes to the growing plus-ends of microtubules and interacts with plus-end tracking



protein (+TIP) EB3. Thus, our data suggests that 1d2 promotes axon elongation acting as
microtubules +TIPs, controlling a-tubulin acetylation.
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Abstract: Consisting of an aglycone attached to a xylose residue, xylosides are known to affect
glycosaminoglycan (GAG) biosynthesis both in vitro and in vivo. Most commonly utilized in
research at high concentrations (>1mM), xylosides inhibit endogenous GAG chain production.
At these high concentrations, xyloside treatment shows no obvious effect on neuronal
morphology. However, we have found that acute treatment of isolated neurons with significantly
lower concentrations of xyloside (<500nM) leads to altered neuronal cytoskeleton in vitro
evidenced by enlarged growth cones and lamellipodia. In enlarged growth cones, it is apparent
that both microtubules (MTs) and actin are misregulated. MTs show extensive looping and
altered F-actin staining. Examining two of the major players in actin turnover and MT
stabilization, we found changes in phosphorylation in both cofilin and GSK3 signaling
pathways. Additionally, increased expression levels of some cytoskeleton related proteins have
been observed implicating possible abnormal regulation of gene expression. Chronic low
concentration xyloside treatment of more dense neuron cultures leads to a significant increase in
area of the well covered by neurites as compared to controls, a marked change from the high
level of fasciculation that occurs with chronic high concentration xyloside treatment. This
research indicates that exploring LCX treatment may provide new insights into the role of GAGs
in regard to cytoskeleton stabilization and how xylosides may have additional actions to their
being PG synthesis inhibitors.
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Abstract: Axon growth is promoted by several extracellular signals, which activate a complex
network of intracellular effectors including signaling cascades and cytoskeletal proteins at the
growth cone that convey information to critical transcription factors in the nucleus. This growth
cone-to-nucleus signaling to coordinate gene expression is critical for sustained axon extension
and connectivity both during development and for axon regeneration after injury. The stimulus-
dependent transcription factor, serum response factor (SRF), is a major effector of gene
expression, necessary for axon growth, downstream of actin-treadmilling in the growth cone. We
had previously shown SRF is critical for axon growth during development in vivo, and in vitro.
Following activation by GSK-3, SRF forms a complex with its cofactors, MRTF-A and -B and
results in the expression of the actin-binding and focal adhesion protein, vinculin. Knockdown of
vinculin resulted in attenuated axon growth in vitro. However, the molecular mechanisms by
which vinculin regulates axon growth is poorly understood. In this study, we carried out
structure-function analyses to understand how vinculin regulates axon growth. Vinculin has a
head, neck and tail domain. It interacts with talin and integrin receptor through the head domain
and helps to tether F-actin to focal adhesion site through the tail domain. We expressed several
mutant forms of vinculin which were either truncated to express only the head or tail domains or
were defective in binding with other proteins (talin, PIP2) in neocortical primary neurons in
vitro. Interestingly we found expression of only the tail domain of vinculin (Vin-T) caused
excessive branching in neurons with significantly shorter axons. Furthermore, when we mutated
the actin binding region of vinculin from the tail part, this branching decreased. Through live
imaging we found out that tail domain caused decrease in actin retrograde flow. Analysis at very
early time point (12 hours) showed that Vin-T expressing neurons had more number of filopodia.
In contrast, a constitutively active form of vinculin showed faster growth of axons and
significantly longer axons both in vitro and in vivo. Interestingly, mutation of the talin binding
domain did not have any appreciable effect on axon growth. Together, our findings suggest that



talin binding might be dispensable for vinculin function while constitutively active vinculin can
promote faster axon growth
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Abstract: The axon initial segment (AIS) initiates action potentials and maintains neuronal
polarity, and its disruption is prominently associated with nervous system diseases and injuries.
It is located at the proximal axon and is defined by clustering of ankyrin-G (AnkG), neurofascin-
186 (NF186), and BIV-spectrin, as well as voltage-gated ion channels. However, these known
proteins likely represent only a subset of the ‘toolkit’ necessary for AIS function, assembly, and
maintenance. For example, despite a few recent studies, the molecular determinants of neuronal
polarity and vesicular trafficking at the AIS remain poorly understood. To identify the AIS
interactome, we conducted an unbiased screen via proximity-dependent biotinylation in cultured
hippocampal neurons. We introduced constructs containing known AIS proteins (NF186,
NDEL1, and TRIMA46) tagged with the biotin ligase BirA*, and identified neighboring
biotinylated proteins after streptavidin pulldown and mass spectrometry. Importantly, the
constructs target to different subdomains of the AIS and produced partially overlapping datasets
that also contain other known AIS proteins. Here, we demonstrate the utility of this approach and
identify a number of putative AIS components with roles in cytoskeletal organization and vesicle
trafficking. Our results show that some of these candidates localize to the AIS and are capable of
interacting with a variety of known AIS proteins. Furthermore, we investigated the role of these
candidates through loss-of-function and gain-of function experiments and found significant



disruptions to AIS formation and maintenance. In summary, we have begun to map the AIS
interactome and propose these studies provide a path for future studies of the AlS.
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Abstract: The targeted growth of neurons is a key event in development, and is fundamental for
establishing neural circuitry. Hippocampal neurons develop in a morphologically stereotyped
manner, involving the rapid outgrowth of processes (neurites) from their soma, and guided by
actin-rich, sensory-motor structures called ‘growth cones’. However, the specific mechanisms
that regulate neurite extension remain to be understood. Recent evidence implicates the brain
extracellular matrix molecule hyaluronan in the control of mature synaptic functions. However,
the role of hyaluronan in neuronal development is largely unknown. The aim of the present study
was to examine the expression and function of neuronal hyaluronan in hippocampal neurite
development. Dissociated hippocampal neuron cultures devoid of glia were generated from
Sprague Dawley rat embryos (E18), and collected at 1-3 days in vitro. Cultures were fixed for
immunocytochemical localisation studies. Live-cell images were obtained with a Nanolive 3D
Cell explorer microscope, a label-free and non-invasive technique to resolve the leading edge of
each neurite. Actin cytoskeleton dynamics were visualised with the fluorescent probe SiR Actin
(40 nM, in phenol-red free neurobasal media), and live recordings were made using total internal
reflection fluorescence (TIRF) microscopy. We found a neuron-specific expression of
hyaluronan synthase (HAS 2-3) enzymes and the CD44 hyaluronan receptor on neuronal soma,



neurites, and growth cones (n=20 cells from 4 independent cultures). Pharmacological inhibition
of hyaluronan synthesis with 4-methylumbelliferone (4-MU; 300uM) reduced the size and
number of growth cones at DIV 1-3, and increased the length of neurites, compared with DMSO
vehicle-control cultures (for each treatment, n=10 neurons from 2 cultures; images were
processed by morphological tracings using Neurolucida software and blinded to the treatment).
Further, in preliminary TIRF recordings, 4-MU increased the speed of cytoskeletal actin
trafficking in neurites (quantified as an increased rate of SiR Actin signal recovery after
photobleaching; n=11 cells) compared with DMSO controls (n=8 cells). These data suggest a
role of hyaluronan, synthesised by neurons, in the early development of the neuronal
cytoskeleton, including growth cones and neurites.
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Title: A novel mechanism for axon growth revealed by live imaging of a pioneer axon in its
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Abstract: We show that live imaging of the TSM1 growth cone in the developing Drosophila
wing reveals a novel mechanism of axon growth that is fundamentally different from the familiar
adhesion-clutch model of growth cone matility. For a growth cone like that of TSML1 that is
dominated by filopodia, rather than lamellipodia, we find that actin accumulates in a
concentrated bolus in the distal portion of the extending axon, and that the axon advances by
‘inchworming’ of this actin mass, with cycles of de-condensation of the actin, followed by its re-
condensation at a slightly more distal position. Additionally, we show that the actin mass locally
creates a zone of active filopodial protrusion. Advance of the actin mass therefore causes
advance of the protrusive zone, which in turn leads to directed extension of the axon.
Specifically, we find that the peak of the actin distribution leads the peak of filopodial density by
3.2 £ 0.62um on average, corresponding to a time delay of about 12-15 minutes between



advance of the actin and consequent advance of the active filopodial domain. We further show
that the Abelson tyrosine kinase (Abl), which is an essential target of many guidance receptors,
appears to facilitate axon growth primarily by regulating actin organization. Abl knockdown
(KD) and overexpression (OE) cause the actin distribution to be grossly fragmented, and its
orderly evolution over time to be disrupted, as revealed by quantitative metrics derived from
information theory. Our analysis also reveals a systematic, dose-dependent modulation of the
width of the actin bolus in these experimental conditions. Strikingly, Abl KD by RNAI causes an
aberrant end-stage phenotype in 45% of TSM1 axons, which is enhanced to 84% by inactivation
of a single copy of the Abl gene. Axonal defects also are observed in the Abl OE condition.
These data strongly suggest that organized fluctuations in the structure of the actin mass is
critical for TSM1 growth cone motility and axon extension. Taken together, our data suggest a
simple, but unexpected, model for the regulation of axon growth, with receptors that activate Abl
promoting extension of the actin mass, and thus the growth cone, toward the source of the signal,
and receptors that reduce Abl activity promoting local consolidation of the growth cone. This
work reveals a novel mechanism of growth cone motility, and one that can account for the
growth and guidance of many axons, particularly pioneer axons in the developing nervous
system.
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Title: NuMAL1 regulates the axon initial segment formation during early development
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Abstract: The axon initial segment (AIS) initiates action potentials in neurons and is
characterized by proteins including ankyrinG and Na* channels. However, the molecular
mechanisms of AIS assembly and/or maintenance are still being discovered. To identify these



mechanisms, we determined down-regulated proteins in AlS-deficient mouse brain. Specifically,
we performed a comprehensive proteome analysis using wild type mouse brain and Nestin-Cre;
ankG™™ mouse brain homogenate. We identified nuclear mitotic apparatus protein 1 (NuUMAL),
which was significantly down-regulated in ankG KO mice compared to WT mice. NUMAL is
well known as a cell division regulator. However, we confirmed NuMAL1 is also expressed in
post-mitotic neurons and is enriched at the AlS. Also, the expression of NUMAL increases
through DIV7 and then decreases during later maturation. Thus, NUMAL may play a role at the
AIS as well as in cell division.

To determine if NUMAL is associated with AIS function or not, we performed loss-of-function
studies. Knockdown of NuMAL1 by shRNA causes AIS disruption in early stage hippocampal
neurons (DIV2-6), but not in middle-stage neurons (DIV9-12 and DIV9-16), suggesting that
early stages of AIS formation require NuMA1, and NuMA1 does not contribute to AIS
maintenance in neurons. Moreover, overexpression of NUMAL and its truncated mutants
disrupted AIS formation. Taken together, NuMAL is transiently found at AIS and regulates AIS
formation during development. We also confirmed the association between NuUMAL and the
cytoskeletal protein 4.1B, which is regulated by cdk1/2-dependent phosphorylation. Notably, we
found detergent insoluble 4.1B at the AIS. Our results suggest AlS structure is modulated in
developing neurons by the interaction between NuMA1 and 4.1B. Since NuMAZ1 binds to Lisl
and dynein, which associates with Ndell and/or Ndel, the signal transduction may affect AIS
function through Lis1/Ndell/dynein-associated proteins.
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Title: Cyclin G2 is a cell cycle inhibitor well expressed in neurons that associates with -catenin
complexes in cerebellar and hippocampal tissues
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Abstract: Cyclin G2 (CycG2) is an unconventional PP2A-associated cyclin homolog that
antagonizes cellular proliferation. Here, we investigate the role of CycG2 in rodent hippocampal
and cerebellar neurons. Previous findings showed that CycG2 gene (CCNG2) transcripts are
enriched in adult mammalian brain tissue, particularly in the cerebellum. We determined that
CCNG2 mRNA levels are substantially increased during cerebellar development, reaching peak
levels as cerebellar granule cell (GC) neuron precursors exit the cell cycle and differentiate into
neurons. This observation was subsequently substantiated by online cDNA microarray and in
situ hybridization data confirming that CCNG2 transcripts are most abundant in human and
rodent cerebellar and hippocampal tissues. We now show by immunoblot analysis and
immunofluorescence microscopy that CycG2 protein expression is abundant in whole lysate and
primary neuronal cultures made from rodent hippocampal and cerebellar tissues. Our
biochemical analysis determined that CycG2 is abundant in rodent neuronal synaptosome
fractions. Moreover, immunostaining of rat dissociated hippocampal cultures reveals that CycG2
localizes proximate to synaptic markers such as PSD-95 and Bassoon and super resolution STED
microscopy has more precisely determined the proximity of CycG2 relative to these and other
synaptic proteins. As our previous work demonstrated that CycG2 forms a catalytically active
complex with PP2A/B’ and C subunits in cerebellar tissues, we examined whether CycG2
interacts with other PP2A binding partners, including -catenin. Immunoprecipitation and
pulldown experiments provide compelling evidence that CycG2 directly associates with -
catenin, and have narrowed down the binding site to less than 50 residues distinct from the PP2A
binding site in the carboxy terminus of CycG2. Interestingly, recent studies by others link CycG2
with B-catenin/Wnt signaling in mitotic cell types. Investigating the potential association of
CycG2 with other B-catenin binding partners, we discovered that CycG2 co-immunoprecipitates
with not only N-cadherin and a-N-catenin but also AKAP150, which acts as a scaffold for cAMP
signaling proteins at postsynaptic sites. These interactions suggest that CycG2 may participate
the structural stability of the synapse. We present our analysis of CycG2 subcellular distribution,
associations and interactions with [3-catenin/N-cadherin complexes and other potential binding
partners. Our ongoing studies are investigating the consequences of CRISPR mediated CycG2
knockout on neuronal, synaptic, and dendritic morphology and B-catenin-associated complexes.
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Abstract: RhoA and Racl are small guanosine triphosphates (GTPases) known for their roles in
regulating cytoskeletal rearrangements, cell motility, cell polarity, axon guidance, vesicle
trafficking and the cell cycle. Rho GTPases also are critical regulators of signal transduction
pathways in eukaryotic cells. Rho GTPases are active and able to interact with downstream
effectors when they are bound to guanosine triphosphate (GTP) and inactive when bound to
guanosine diphosphate (GDP). Rho GTPase signaling for cytoskeletal dynamics involves
recruitment of a variety of downstream serine/threonine kinases including p21-activated kinase
(PAK), mixed-lineage kinase (MLK), Rho-kinase (ROK), and protein kinase novel (PKN).
Activated Rho GTPases, working through these kinases, can either stabilize actin filaments by
inhibiting the activity of cofilin, or promote actin polymerization by activating actin nucleators.
Rac1 activation of PAK or RhoA activation of ROK activates LIM kinases (LIMKS) that
phosphorylate and inactivate the actin severing protein cofilin. Western blot and confocal
microscopic analyses show a decrease in cofilin in the cytosol compared to that with associated
with membranes after transfection with the wild-type RhoA. We have found transfection of these
constructs in rat cortical neurons increase neurite outgrowth (for non-prenylatable RhoA) and
neurite formation (for non-prenylatable Racl). Both retained the ability to be made active
independent of membrane targeting by prenylation. With emerging evidence of differential
activation of these Rho GTPases based on their subcellular localization, elucidating the signaling
cascades of the active GTPases may identify the distinct functions of these GTPases in the
cytosol and can be used as novel targets to facilitate axon regeneration in neurodegenerative and
neurological conditions.
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Abstract: Proper human nervous system development requires neuronal differentiation and
migration from birthplace into their final destination, where each type of neuron extends
processes and establishesconnections with appropriate set of target cells. Many polarity proteins
are involved in the molecular mechanisms that regulate the migration and differentiation,
affecting the actin cytoskeleton to regulate growth cone motility, axon guidance, and
development of dendritic spines. In newly born neurons, filamentous (F) actin rich structures,
including lamellipodia (sheet-like) and filopodia (finger-like projections) are formed at the
periphery of the immature neurons. These structures coalesce into minor neurites that eventually
one of them will elongate as an axon and the rest as dendrites. At the tip of the elongating axon, a
well-defined and organized growth cone. It is divided into peripheral, central, and transition zone
domains. Filopodia in the peripheral domain contain bundled linear actin filament structures.
Many actin binding proteins nucleate actin and promote polymerization and bundling. Formins
are multi-domain proteins that nucleate and polymerize actin filaments, with the Diaphanous
(Dia) subfamily regulating neurite initiation by promoting filopodia initiation and elongation.
Rho guanosine triphosphatases (GTPases) regulate function of mammalial Diaproteins, but the
molecular mechanisms directing these interactions are incompletely defined. In the current work,
we hypothesize that Rho GTPase activate mDia 2, which interacts with additional actin
nucleating proteins to promote growth cone filopodial extension. We have determined, using
immunocytochemistry, real-time reverse transcription polymerase chain reaction and western
blotting that mDia 2 is expressed in B35 neuroblastoma cells, while primary rat cortical neurons
express mDia 1 and 3. Co-immunoprecipitation and knock-down studies are being performed to
determine how different mDia proteins affect filopodial formation. We expect results from these
studies to determine novel targets for treating neurodevelopmental or neurodegenerative
conditions.
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Title: Subcellular localization of CDC42: Implications for neurite extension
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Abstract: Cdc42, a small GTPase belonging to the Rho sub-family, acts as a molecular on/off
switch for signaling cascades that affect cell motility, morphology, and neural plasticity. Like
other GTPases Cdc42 is active when bound to GTP, facilitated by guanine exchange factors
(GEFs), and inactive when bound to GDP, catalyzed by GTPase activating proteins (GAPS).
Active GTP-bound Cdc42 can interact with downstream effectors, but another form of regulation
occurs by the binding of guanine dissociation inhibitors (GDISs) to inactive GDP-bound Cdc42,
sequestering it to the cytosol. The dogma of Rho GTPase activation has been that it must
undergo post-translational modification of prenylation to colocalize at the membrane with GEFs.
Findings from our lab of activated non-prenylatable RhoA in the cytosol leads us to believe that
prenylation is not needed for activation, but is a subset of signaling pathways for Cdc42. As well
as canonical Cdc42, a splice variant found in the brain, bCdc42, differs in the c-terminus exon.
Canonical Cdc42 carboxy-terminal ends with -CVLL and bCdc42 ends in -CCIF, the double
cysteine at the c-terminal allows the splice variant bCdc42 to undergo both post-translational
modifications of prenylation and palmitoylation.

To investigate the activation of Cdc42 in different subcellular locations, we have constructed a
YFP-fused Cdc42 mutant by site-directed mutagenesis at the carboxy-terminal end to change the
cysteine to an alanine therefor preventing prenylation by preventing the recognition for
geranylgeranylation. To avoid any mistaken effector signaling of palmitoylated bCdc42 for our
mutant Cdc42, we have acquired a mutant that prevents palmitoylation as well. Restriction digest
mapping and sequencing indicate we have constructed the appropriate vectors. Current
experiments are assessing how expressing Cdc42 that cannot translocate to the plasma membrane
affect the development of axonal and dendritic processes. Furthermore, we hope to explore how
this difference in subcellular localization affects activation and the signaling pathways of active
non-prenylatable/non-palmitoylatable mutant Cdc42. It is likely that these experiments will
elucidate novel sites for therapeutic interventions in neurodevelopmental, neurotraumatic and
neurodegenerative conditions.



Disclosures: K.P. Boon: None. D. Hynds: None.
Poster

116. Axon and Dendrite Development: Axon Growth and Guidance: Adhesion and
Cytoskeletal Dynamics

Location: SDCC Halls B-H

Time: Sunday, November 4, 2018, 8:00 AM - 12:00 PM
Program #/Poster #: 116.18/C13

Topic: A.05. Axon and Dendrite Development
Support: RO1 MH062723

Title: Intrinsic regulatory factors governing formation of serotonergic ascending and descending
axonal architectures

Authors: *L. J. DONOVAN, E. S. DENERIS
Neurosciences, Case Western Reserve Univ., Cleveland, OH

Abstract: Of the estimated 86 billion neurons in the human brain only about 400,000 make and
use serotonin (5-HT) as a neurotransmitter. Yet, serotonin appears to modulate nearly all neural
circuitry in the vertebrate CNS. Pervasive 5-HT signaling is made possible by the expansive
axonal architecture issuing from this small group of neurons. 5-HT neurons generate two highly
ramified topographically organized axonal subsystems, ascending and descending, that delivers
the transmitter throughout the brain and spinal cord, respectively, to influence numerous
behavioral and physiological processes. Intrinsic regulatory programs that govern the
specification of these 5-HT neurons are known, however, little is known about the intrinsic
regulators that enable the exuberant axonal growth of developing 5-HT neurons. The LIM-
homeodomain (LIM HD) transcription factor (TF), Lmx1b, is a key intrinsic regulator of 5-HT
neuron terminal differentiation through its activation of genes encoding 5-HT synthesis (Tph2),
reuptake (Sert), and vesicular monoamine transport (VMAT2). Lmx1b deficient mice lack nearly
all brain 5-HT. Notably, Lmx1b expression continues in all 5-HT neurons through fetal to early
postnatal maturation stage during which 5-HT neurons build their axonal architectures. This led
us to hypothesize that LmxZ1b regulates other genes responsible for 5-HT axonogenesis. To
investigate this idea, we generated conditionally targeted mice (Lmx1b®K®) by crossing
Lmx1b"/MoX mice with transgenic mice expressing Cre recombinase selectively in newborn 5-HT
neurons and mice carrying the Ai9 reporter to enable marking of ascending and descending 5-HT
axons with Td-Tomato. Strikingly, despite normal numbers of 5-HT cell bodies, the spinal cord
of Lmx1b“K® mice was nearly devoid of Td-Tomato* axons from cervical to lumbar levels.
Moreover, investigation of 5-HT terminal fields in the forebrain of Lmx1b“%° mice revealed
nearly complete absence of Td-Tomato" axons in virtually all distal forebrain structures
including the hippocampus, cortex, olfactory bulbs, and ventral hypothalamic nuclei. Further
analyses suggest that 5-HT axons can initiate primary growth through the medial forebrain



bundle between E12-E15 and reach the thalamus but abruptly stop and fail to route to various
forebrain structures. To define the Lmx1b regulated axonal transcriptome that governs
serotonergic axonogenesis we are performing RNA-seq analyses with flow sorted Lmx1b®<© vs,
Lmx1b®ON ascending and descending 5-HT neurons. Our findings indicate that Lmx1b controls
the major morphological features of 5-HT neurons that enable widespread serotonergic
neuromodulation.
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Abstract: Despite the central importance of neural circuit development to brain function and
behavior, we lack the genetic information required to assemble a complete circuit. We will take
advantage of C. elegans biology -- its available ultrastructural connectome and facile genetics, to
address questions of synaptic wiring in a complete circuit. We will use the pharyngeal nervous
system, a small but largely functionally independent circuit, as a model to visualize neuronal
neighborhood and connectivity establishment in live animals. While a wiring diagram for the
adult pharynx exists, less information is known about connectivity and process placement in
embryos. To provide a snapshot of pharyngeal development we first volumetrically reconstructed
all cells in two embryonic (1.5 fold) samples. By extracting the adjacencies of all pharyngeal
cells, we were able to determine the neighborhoods of all 20 neurons in the pharynx. Using these
data as a platform, we are actively evaluating axon outgrowth and neighborhood formation of all
neurons in embryos using a unique combination of membrane-bound fluorescent reporters. To
visualize connectivity, we are using GFP Reconstitution Across Synaptic Partners (GRASP)
labeling for individual and combinations of synapses. We are also developing inducible split-
GFP drivers to reduce inter-individual variability in transgene expression and synaptic puncta.



Together our approaches and results will be useful in the broad context of understanding the
genetic logic of circuit formation.
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Title: New insights into Pannexin 1-Crmp2 regulation of neurite formation
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Abstract: Neurite extension is an important initial step in axon and dendrite formation. Work
from our lab has previously shown that the channel-forming protein Pannexin 1 (Panx1)
negatively regulates neurite outgrowth. More recently, we showed that an interaction with the
microtubule stabilizing protein collapsin response mediator protein 2 (Crmp2) is important for
Panx1 regulation of neurite formation (Crmp2; Xu et al. Front. Cell. Neurosci doi:
10.3389/fncel.2018.00124). Briefly, probenecid uncoupled Crmp2 from Panx1, increased the
concentration of Crmp2 at the distal ends of growing neurites, and promoted tubulin
polymerization and microtubule stability in Neuro2a cells. Together these data suggested Panx1
negatively regulates Crmp2 and microtubule stability to control neurite formation. Building on
these findings, here we more closely examine different aspects of the Panx1-Crmp2 interaction
and its regulation of the cytoskeleton in the context of neurite formation. Using live cell confocal
imaging of GFP-tagged EB3, a microtubule plus-end binding protein, we examine the impact of
Panx1 and the Panx1-Crmp2 interaction on microtubule dynamics in Neuro2a cells. We also
explore the relationship between the Panx1-Crmp2 interaction and other members of the Panx1
interactome with relevance to neurite formation. For example, Crmp2 and Panx1 have been



reported to interact with actin by others and us. We therefore use a combination of imaging and
biochemical techniques to better understand the spatial and functional relationships connecting
Panx1 and Crmp2 with the actin and microtubule cytoskeletons in Neuro2a cells and primary
cortical neuron cultures. Furthermore, because Crmp2 function is regulated by phosphorylation,
we also examine how this post-translational modification relates to Panx1-Crmp2 crosstalk and
its regulation of neurite outgrowth. Together this work reveals new details underlying Panx1-
Crmp2 crosstalk in the regulation of neurite outgrowth.
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Abstract: Axon initial segment (AIS) is the excitable axonal domain that regulates initiation of
action potential propagation along axons. Structural changes at the AIS have been linked to
numerous neurological disorders. One such change is decrease of AIS length, which has been
shown to reduce neuronal excitability. Type 2 diabetes is known to cause cognitive and mood
impairment in patients as well as in animal models such as db/db mice. We hypothesized that
type 2 diabetes affects the structures of the AlS. To test this hypothesis, we used male and
female db/db mice and littermate non-diabetic controls at different phases of diabetes (n=3-4 per
group). By immunohistochemical approach targeting IV spectrin, a specific structural marker
found at the AIS, we analyzed the brain regions known to be affected in type 2 diabetes, the
medial prefrontal cortex and hippocampus. Measurement of AIS was performed by researchers
blinded to animal identity. At 5 weeks of age—no or minimal diabetic signs present—we found
normal AIS in db/db mouse brains. At 10 weeks of age—after development of severe
hyperglycemia—AIS was significantly shorter in db/db mice compared to non-diabetic controls
in both medial prefrontal cortex and hippocampus. We observed no AIS shortening after exercise
treatment from 5 to 10 weeks of age, which attenuated the development of type 2 diabetes. We
did not see apparent changes in the nodes of Ranvier, another excitable axonal domain that is



structurally very similar to AIS. In conclusion, this is the first report of altered AIS morphology
in the type 2 diabetic brain. Shortened AIS, which has been shown to reduce neuronal
excitability, could account for neuropsychiatric complications associated with type 2 diabetes
and become a novel treatment target in this disease.
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Title: The diabetes-related metabolite methylglyoxal induces axon initial segment shortening
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Abstract: The axon initial segment (AIS) is a specialized structural and functional domain that
regulates neuronal output. We recently discovered that the development of type 2 diabetes in
db/db mice is associated with decreased AIS length in brain regions important for cognitive
function. Other studies report that shortened AIS decreases neuronal excitability. These results
suggest that AIS shortening may disrupt neuronal network function, contributing to neurological
complications in type 2 diabetes. To determine the mechanisms of AIS shortening in type 2
diabetes, we cultured postnatal neurons from the mouse cortex, exposed them to various diabetic
conditions, and measured AIS length under observer-blinded conditions using
immunofluorescent imaging with antibodies against the AIS protein ankyrin G. We found that
mimicking the in vivo diabetic condition of hyperglycemia in vitro, by elevating the glucose
concentration in culture media, did not change AIS length when initiated during either the
growth (days in vitro 0-10) or maintenance (days in vitro 10-13) periods. Another potential
mediator of AIS shortening in diabetes is methylglyoxal (MG), a reactive metabolite of glucose
that is elevated in diabetes and implicated in neurological dysfunction. Compared to control
cultures exposed to media only for 24 hours during the maintenance period (ranging from days in
vitro 8-14), MG (1, 10, 100, 1000 uM) exposure resulted in dose-dependent reduction of AIS
length without overt signs of neuronal damage. In subsequent 24-hour exposure experiments we
used 100 uM MG, which is consistent with purported in vivo levels in type 2 diabetes patients.
MG shortened the AIS in both Ca2+/calmodulin-dependent kinase 11 positive and negative
neurons, suggesting that MG shortens the AIS in both excitatory and inhibitory neurons. Our



previous study showed that MG activates the calcium-dependent protease calpain, which plays a
key role in AIS dismantling. MG-evoked AIS shortening was ameliorated by co-exposure to the
calpain inhibitor calpeptin (100 uM). Finally, preliminary electrophysiology recordings using a
multi-electrode array system indicate that 24-hour exposure to MG (100 uM) depresses spiking
frequency. These results suggest that MG-evoked shortening of the AIS leads to altered neuronal
activity, and therefore could be a potential mediator of neurological dysfunction in type 2
diabetes.
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Abstract: Adaptive behavior of an animal is underpinned by the complex yet precise
connectivity of its nervous system. The connectivity of a neuron within the network is
established through precise neurite guidance and synapse formation mechanisms, which give rise
to the unique topological morphology of the neuron. Although much work has revealed the
molecular and cellular basis of neurite guidance and synapse formation, the significance of
stereotypic network formation on behavioral regulation of an animal remains largely elusive.
We use Drosophila larvae as a model to study the circuit basis of action selection. We have
previously identified a segmentally-repeated command-like interneurons, that we named Wave,
which drive distinct escape behaviors in a segment-specific manner (Takagi et al., 2017).
Activation of an anterior Wave elicits backward locomotion, whereas activation of a posterior
Wave promotes forward locomotion. Wave neurons exhibit distinct dendritic and axonal
polarities in a segment-specific manner, which are closely correlated to their divergent functions
in behavioral regulation. Thus, Wave neurons serve as an excellent model to study the role of



neurite guidance in dictating animal behavior.

In the current study, we first observed the neurite extension by Wave neurons during embryonic
development. We found that Wave neurons initially project simple neurites that run along the
anterior-posterior axis, then form the mature pattern of dendritic and axonal morphology
characteristic to the neurons. We next analyzed the function of Hox genes in shaping the Wave
neuronal morphology and revealed potential roles of Abd-B in this process. We are now studying
the role of candidate neurite guidance cues and their receptors in shaping the Wave neuronal
morphology. We would like to discuss how the appropriate wiring of a command system is
regulated so that specific sensory inputs are adaptively relayed to motor outputs.
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Abstract: Schizophrenia is a neurodevelopmental disorder characterized by hallucinations,
paranoia, reduced motivation and alterations in learning and memory. Individuals with
schizophrenia have reduced levels of dystrobrevin-binding protein 1, or dysbindin, in the
prefrontal cortex and hippocampus. Dysbindin is a subunit of the BLOC-1 complex that
regulates endosomal trafficking of key membrane proteins and receptors, including the D2
dopamine receptor. Reduction of dysbindin has been implicated in abnormal neuronal
morphology and synaptic function. In this study, antipsychotic medications used in the treatment
of schizophrenia were tested on a mouse neuroblastoma cell line with reduced dysbindin protein
levels to determine their role in neurite outgrowth and cell morphology. These data will lead to a
better understand of how antipsychotic medications impact neuronal morphology in patients with
schizophrenia.
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Abstract: Endoplasmic reticulum (ER) stress transducers IRE1, PERK and ATFG6 recognize the
alternation of ER luminal environments and transduce signals from ER to cytoplasm or nucleus
(unfolded protein response: UPR) to maintain ER functions. Recent studies have uncovered
novel UPR functions not only in dealing with unfolded proteins but also in regulating cellular
homeostasis. The dendritic ER network is complexly extended from cell soma to distal dendrites
of neurons, indicating that dendritic ER functions and UPR signaling may orchestrate local
events contributing to dendritic capabilities. We focused on the machinery for dendritic functions
manipulated by ER-derived signaling including UPR. To assess the induction of UPR in
response to neuronal activities, primary cultured mouse hippocampal neurons were pretreated
with tetrodotoxin subsequently the washout to induce spontaneous excitatory synaptic activities.
The phosphorylation levels of IRE1 and PERK were transiently upregulated at spines after the
washout. The phosphorylation levels were reduced by inhibiting calcium ion (Ca?*) release from
ER, suggesting that Ca?* release and its depletion in ER lumen by the excitatory synaptic
activation triggers the induction of UPR at spines. The ER in the spines formed contact sites with
plasma membrane (PM) (ER-PM contact sites) after the excitatory synaptic activation. These
contact sites were composed of Stim1 localizing at ER membrane and Orail localizing at PM,
which are responsible for Ca?* entry from extracellular spaces to ER lumen. The knockdown of
Stim1 extended the UPR activation after the excitatory synaptic activation followed by inhibiting
spine formation and dendritic extension. These results suggest that the synaptic activation-
dependent ER-dynamics including the formation of ER-PM contact sites in spines may fine-tune
the development of dendritic spines and intricately branched dendrites through the regulation of
UPR signaling derived from spines.
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Title: Smads-dependent TGF-f signaling negatively regulates neuronal morphogenesis through
TGIF/Smad complex-mediated CRMP2 suppression
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Abstract: Functional neuronal connectivity requires proper neuronal morphogenesis and its
dysregulation causes neurodevelopmental diseases. Transforming growth factor-p (TGF-B)
family cytokines play pivotal roles in development, but little is known about their contribution to
morphological development of neurons. Here we show that the Smad-dependent canonical
signaling of TGF-B family cytokines negatively regulates neuronal morphogenesis during brain
development. Mechanistically, activated Smads form a complex with transcriptional repressor
TG-interacting factor (TGIF), and downregulate the expression of a neuronal polarity regulator,
collapsin response mediator protein 2. We also demonstrate that TGF-3 family signaling inhibits
neurite elongation of human iPSC-derived neurons. Furthermore, the expression of TGF-3
receptor 1, Smad4 or TGIF having mutations found in patients with neurodevelopmental
disorders, disrupted neuronal morphogenesis in both mouse and human neurons. Taken together,
these findings suggest that the regulation of neuronal morphogenesis by an evolutionarily
conserved function of TGF-f signaling is involved in the pathogenesis of neurodevelopmental
diseases.
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Title: Translational regulation of actin modulators fine-tune dendritic development in young
neurons
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Abstract: Dendritic patterning in neurons is a critical stage during the development of nervous
system wherein the basic cellular computational machinery is laid out. Although initially
considered as a cell autonomous process, studies have now shown that dendritic morphology is
significantly affected by external cues including trophic factors and synaptic inputs. Such cue
induced morphological changes are known to be predominantly driven by actin cytoskeletal
rearrangement mediated by various actin-binding proteins. Brain Derived Neurotrophic Factor
(BDNF) is an important trophic factor involved in neuronal survival, dendrite growth and
synaptic plasticity. BDNF has been shown to induce local protein synthesis of some key actin
modulators in mature dendritic spines. But, the role of BDNF mediated protein synthesis in the
growth and branching of immature dendrites is not well studied. Defect in protein synthesis is
thought to be a primary cause of many neurodevelopmental disorders. Our study aims to identify
the importance of activity mediated protein synthesis in the early stages of neuronal
development.

We studied BDNF induced translational changes of actin modulator proteins in DIV5 rat cortical
neurons in culture. Our data shows that BDNF regulates translation of actin modulators in young
neurons. We found that BDNF induced robust translational up regulation and increased protein
levels of LIMK1. Immunofluorescent studies showed that increase in LIMKZ1 protein level is
present in the dendritic compartment with corresponding increase in phosphorylation of its
substrate Cofilinl. Cofilinl is an actin binding protein which dictates actin polymerization
kinetics. Interestingly, total cofilin levels were unchanged on BDNF stimulation confirming the
role of its upstream kinase (LIMKZ1) which is translationally regulated in this process.

BDNF has a significant effect on dendritic arborization which requires extensive actin
rearrangements. We also observed a significant increase in total dendrite length and number of
primary branches in response to BDNF treatment. We are currently investigating how translation



induced actin dynamics is mediating this physiological outcome. Our findings point out that
dendrite patterning is a highly regulated process that also requires fine-tuning at the translational
level. This study will also help to better understand the molecular aspects of defective translation
in many neurodevelopmental disorders.
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Title: Neuroligin-3 regulates dendritic development in cultured neuron by modulating
Akt/mTOR signaling
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Abstract: Neuroligins (NLs) are a group of postsynaptic cell adhesion molecules that function in
synaptogenesis and synaptic transmission. Genetic defects in neuroligin-3 (NL3), a member of
the NL protein family, are associated with autism. The mammalian target of rapamycin (mMTOR)
signaling pathway plays a crucial role in regulating gene transcription, mRNA translation, and
cell growth and proliferation. In the central nervous system, the mTOR signaling pathway is
involved in many mental disorders including autism, epilepsy, and neurodegenerative diseases.
In our study, we found that knockdown of NL3 in cultured rat neurons up-regulated the
activation of mTOR signaling, resulting in increased protein synthesis and increased dendritic
length. The activity of AKT signaling, upstream of the mTOR pathway, was also elevated by
NL3 knockdown. Treating these neurons with rapamycin to inhibit the mTOR and LY294002 to
inhibit the AKT pathway rescued the developmental defects resulting from their lack of NL3
protein. Similarly, cultured cortical neurons from NL3 knockout mice exhibited enlarged somata,
prolonged dendritic length, and increased dendritic complexity. These morphological
abnormalities in NL3 knockout neurons were also improved by either rapamycin or LY 294002
treatment. Our results suggest that NL3 regulates the development of neurons, especially
dendritic development, by modulating the mTOR signaling pathway. Therefore, this study
provides a new drug target for treating autism associated with NL3 defects.
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Title: C120RF57 is a novel gene crucial to brain development and neuronal excitability
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Abstract: C120RF57 is a novel highly conserved gene (98% amino acid identity with its mouse
homologue Grccl0) encoding a 126 amino acid protein with no known structural homology or
function that is highly expressed in the developing or mature central nervous system. Our
collaborative team has identified patients with homozygous loss of function mutations in this
gene with clinical findings of agenesis of the corpus callosum (ACC), microphthalmia, optic
coloboma, severe intellectual disability and intractable seizures; a recent study suggests 1%+ of
all intellectual disability with genetic cause in Arabic populations are due to mutations in
C120RF57 (PMID:29383837). Based on this scientific and clinical interest, we sought to
determine the molecular function of C120RF57. Grecl0 -/- mice show severe preweaning
mortality with 90%+ mice dying before P3 as well as a shortened corpus callosum phenotype
when compared to WT mice (770 uM, 637 uM p=.0052) reminiscent of the phenotype seen in
human patients. Using the yeast-two-hybrid platform we demonstrated that C120RF57 binds to
the Calcium Calmodulin Kinase 1V (CAMK4). We further strengthened this association through
multiple functional and biochemical approaches showing decreased signaling through the
CAMKA4 pathway in the absence of C120RF57; Loss of C120RF57 causes a decrease in 30%
phosphorylation at CAMK4 primary phosphorylation site, Thr200 (p=0.0182). We also see
considerable disruption of Grecel0 -/- neuronal function in vitro. We see a decrease in the
ramification index, a measure of dendrite complexity, by a factor of 2.41 (p<0.0001) in Grccl0-
/- mouse neurons (n=60) compared to heterozygote controls (n=41). Furthermore, we have found
an increase in the number of AMPA positive synapses in Grecel0 -/- neurons (57% vs 30%
p<0.00001). Our data further show an increased seizure susceptibility to the pro-convulsant
kainic acid in Greel0 -/- mice compared to their control littermates, with Greel0 -/- mice
proceeding through all 6 Racine stages in 29% of the time of their control littermates(15 min, 48
min, p=0.0003). This finding may indeed correlate with the epilepsy found in human patients and



with the electrophysiologic homeostasis role previously reported for CAMKA4. These robust
findings in human and mouse C120RF57/Grccl0 gene absence suggest a previously
unappreciated and crucial role for this new gene in neuronal biology.
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Abstract: The mammalian Pcdhg gene cluster consists of 22 variable exons and 3 constant
exons, which encode for the gamma-protocadherins (y-Pcdhs), a family of 22 distinct cadherin
superfamily cell adhesion molecule isoforms. The majority of each isoform is encoded by a
single variable exon, while a common cytoplasmic C-terminus is encoded by the constant exons.
The y-Pcdhs are expressed broadly throughout the nervous system, with individual cells
expressing ~7 of the 22 isoforms, including ~4 of the stochastically expressed gamma-A and —B
subfamily genes plus the 3 ubiquitously expressed gamma-C subfamily genes. The proteins
dimerize promiscuously in cis, but the binding specificity across membranes is strictly
homophilic. This is thought to result in a zipper-like lattice of dimers in trans. More isoforms in
common between membranes will allow a larger lattice to form. Indeed, in cell aggregation
studies, subtle differences between cells in isoform ratios greatly affect cell binding. Thus,
through isoform combination, the y-Pcdhs, alone or in complex with the a- and B-Pcdhs, could
generate many thousands of distinct cellular recognition units. The y-Pcdhs critically regulate
multiple neurodevelopmental processes, including synapse formation, neuronal survival, dendrite
self-avoidance, and dendrite arborization, but the requirement for isoform diversity in these
functions is still unclear. Previous experiments testing isoform variety used the relatively blunt
tools of complete cluster knockouts and single isoform transgene overexpression. To more
precisely ask whether molecular diversity is essential for normal y-Pcdh functions and to
determine if any isoform(s) is critically important, we used CRISPR/Cas9 genome editing to



generate an array of mutations in the Pcdhg locus in mice. Single guide RNAs were designed to
target sequences near the start codon of each of the 22 Pcdhg variable exons, and were injected
together as a mixture into fertilized eggs. We established 30 new lines with between 1 and 19
disrupted variable exons, with disruptions ranging from small indels to large rearrangements
between guide sites. Multiple lines with substantially reduced isoform diversity are viable as
homozygotes, despite the neonatal lethality of Pcdhg cluster null mice. Furthermore, we have
preliminarily identified that specific isoforms are more essential for cell survival in the retina and
spinal cord than others, and disruption of these isoforms results in perinatal lethality. Currently,
we are generating homozygous mutants for additional lines to analyze the necessity for isoform
diversity in neurodevelopmental processes known to require Pcdhg function.
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Title: Neuronal nitric oxide synthase in the cerebellum: Implications on development of the
parallel fiber-Purkinje neuron synapses in mice
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Abstract: Parallel fibers (PFs) arising from granule cells express vesicular glutamate transporter
1 (vGIuT1) and establish excitatory synapses with dendritic spines of Purkinje neurons (PNs). In
response to burst action potentials occurring at PFs, PNs generate a fast excitatory postsynaptic
current (EPSC) mediated by ionotropic glutamate receptors, followed by a slow EPSC that
results from metabotropic type 1 glutamate receptor (mGIluR1) activation, stromal interaction
molecule 1 (STIM1) oligomerization in the endoplasmic reticulum (ER) and cation (Ca?*/Na®)
entry through transient receptor potential C3 (TRPC3) channels. Intracellular Ca?* dynamics in
PNs is essential for PF-PN synaptic plasticity and hence motor learning during development.
Neuronal nitric oxide synthase (nNOS) is abundantly expressed in PFs and critically regulates
PF-PN synaptic plasticity, and nNOS-deficient ("nNOS™") mice exhibit motor deficits. We
recently demonstrated a significantly larger slow EPSC in PNs of young nNOS”" mice in
comparison to age-matched WT controls. Given that intracellular Ca?* homeostasis is critical for
PN dendritic development, this project was set to explore the role of nNOS/NO signaling in PN
morphological development. Cerebellar tissues were collected from wild type (WT) and nNOS™-
mice at postnatal 7- and 14-days and 7-weeks. Immunohistochemistry and image analyses using
ImageJ showed that PN dendritic growth was significantly reduced and dendritic spine



morphology was notably abnormal in nANOS™ cerebella during postnatal development.
Immunofluorescence clusters of vGluT1 and mGIluR1 were significantly reduced in adult nNOS”
" cerebella. Immunoblotting assays demonstrated significantly lower expression of vGIluT1 and
mGIuR1 in nNOS™ cerebella, while the expression of STIM1 and calpain-1, a Ca?*-dependent
protease that inhibits neurite growth, was drastically increased. To explore the specific role of
NO in PN development, ex vivo cerebellar slice cultures were established and treated with the
NO-donor NOC-18 and the NOS-inhibitor N-nitro-L-arginine methyl ester (L-NAME), as well
as the mGIuR1 agonist dihydroxyphenylglycine (DHPG) and antagonist (LY367385). In nNOS™-
cerebellar tissues NOC-18 largely ameliorated the delay of dendritic growth while WT tissues
treated with L-NAME showed dendritic deficits and higher expression of calpain-1. Together,
these novel data indicate that nNOS/NO signaling in the cerebellum plays a pivotal role in PN
development by regulating calcium homeostasis during PF-PN synaptic transmission.
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Title: Krippel-like factors 9 and 13 block neurite outgrowth by cAMP pathway inhibition
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Abstract: The ability of neurons to eloborate projections declines during postnatal development,
in part due to the establishment of a new genetic program. Krippel-like factors (KIfs) have been
identified as important regulators of neuronal differentiation and regeneration. They comprise a
family of 17 zinc finger transcription factors grouped into 3 subfamilies based on the sequences
of their N-terminal domains. Our previous work focused on KIf9, a member of subfamily 3,
which promotes and maintains the differentiated state of neurons, and is thus implicated in the
loss of regenerative capacity of adult mammalian neurons. We recently identified KIf9 target
genes in mouse hippocampal neurons, and discovered that KIf9 functions predominantly as a
transcriptional repressor. One of the most strongly regulated genes by KIf9 is KIf13, also a
member of subfamily 3. Although all 17 of the KIfs are expressed in the central nervous system,
very little is known about their molecular mechanisms of action. Here we analyzed and



compared the cellular functions, and genomic targets of KIf13 and KIf9 to test the hypothesis
that these two closely related Klfs inhibit neurite outgrowth by similar mechanisms. We
engineered the adult mouse hippocampus-derived cell line HT22 to control KIf9 or KIf13
expression by addition of doxycycline. We also used CRISPR/Cas9 genome editing to generate
KIf9 and KIf13 knock out HT22 cell lines. To induce neurite outgrowth, we treated cells with
forskolin(FK)+IBMX, which increases CAMP; elevated cAMP is a hallmark of regenerative
responses of neurons to injury. Our results show that elevated cAMP reduced mRNAs for KIf9
and KIf13. Treatment with FK+IBMX increased neurite length in the parent cell line, and this
effect was strongly enhanced in KIf9 and KIf13 knock out cell lines. Conversely, the stimulatory
effect of FK+IBMX on neurite outgrowth was blocked by simultaneous forced expression of
KIf9 or KIf13. This effect on neurite outgrowth was confirmed in primary hippocampal neurons
where electroporation of KIf9 or KIf13 expression plasmids resulted in significantly shorter
neurite length after FK treatment compared with control transfected cells. Analysis of RNAseq
data obtained from HT22 cells following 8 hr of induced KIf9 or KIf13 expression showed that
both proteins perturb the cAMP signaling pathway, suggesting that, in part, these transcription
factors inhibit neurite outgrowth by inhibiting this pathway. Our results support that cAMP-
dependent neurite outgrowth in hippocampal neurons can be blocked by KIf9 and KIf13. These
two KIfs of subfamily 3 cooperate to maintain neuronal differentiation, and to inhibit
regeneration.
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Abstract: The piriform cortex (PC) is a three-layered paleocortex and the first cortical relay for
olfactory processing. Current descriptions of PC infer a convergence of sensory and intracortical



inputs onto principal cells in layer Il. They receive monosynaptic sensory inputs from the
olfactory bulb via the lateral olfactory tract (LOT), as well as local and long-range intracortical
connections. Additionally, two morphologically distinctive glutamatergic cell types predominate
in layer 11, with strikingly different properties: superficial pyramidal and semilunar cells.
Superficial pyramidal cell establish synaptic connections with the LOT in layer la and with
intracortical association fibers in layer Ib, Il and I1l. Semilunar cells are a specific population of
neurons located in the most superficial aspect of layer Il and, in contrast to pyramidal cells, their
basal dendritic tree is less complex and does not form strong associative synapses. While the
structure of the adult PC is well characterized, postnatal development and maturation of this
cortex is undetermined. In this study, electrophysiology and morphometry were combined in
order to identify developmental emergence of these differences between semilunar and
pyramidal cells. Topological and geometric morphometrics were used to describe the
morphological profile, including elongation, branching, density and complexity of the dendritic
arborizations. Insights into the circuit-specific dendritic development of the PC establish a
foundation for analyzing circuit specific alterations of dendrite development in
neurodevelopmental disorders such as Fragile X Syndrome.
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Title: Rab11 endosomes regulate both the dendrite morphology and the specific positioning of
dendritic proteins
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Abstract: The correct development of the dendritic arbor requires a proper spatiotemporal
distribution of the elements of the secretory and endocytic pathways, as well as a dynamic and
tightly regulated communication between them. One of the main players in these processes is the



Rab family of small GTPases. The members of this family of proteins not only regulate
endocytic trafficking but also act as specific markers for different types of endosomes. Emerging
evidence shows that Rab11 play a role in several neuronal processes is required for the proper
functioning of the growth cone and regulation of the synapse architecture. However, less is
known about the specific function of Rab11 in the development of the dendritic arbor. Thus, we
have focused our work on characterizing the role of the Rab11-positive (Rab11+) recycling
endosomes (REs) during neuronal development using a model of primary culture of embryonic
rat hippocampal (HP) neurons. Furthermore, we aimed to characterize the functional role of
Rab1l in HP synaptic plasticity and its correlate in an HP-dependent behavior in adult rats. First,
we determined the endogenous localization of the Rab11+ REs at different stages of the neuronal
development in vitro. The immunostaining experiments showed that during the first 24 hours and
up to 3 days in vitro (DI1V), Rab11 is mainly distributed in the neurites tips of the minor
processes and redistributed to a juxtanuclear position at later stages. Moreover, suppression of
Rab11 resulted in a shortening of the main neurite and increased number of dendritic branches.
These alterations were accompanied by a significant miss-distribution of dendritic proteins,
which were found not only in dendrites but also in axons. For example, we observed that the
reduction of Rab11 expression selectively alters the traffic and delivery to the plasma membrane
of Transferrin receptor (TfR) and AMPA receptor subunit (GIuR1). In addition, the in vivo
Rab11 suppression by injecting animals with lentiviral particles in the CA1 region led to
decrease sensitivity to induce HP long-term potentiation and to a reduced performance in
memory-related behaviors. Taken together, our experimental results indicate that Rab11 follow a
spatial pattern of distribution that changes with the neuronal stage development. The specific
REs localization at each stage seems to be a requirement, not only for the elongation and
branching of dendritic processes at early stages but also to control key aspects of neuronal
development as maturation and proper function of the neuronal dendritic tree. At later stages, in
mature neurons, Rab11 would play a role in the maintenance of synaptic transmission and in
memory formation.
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Title: Control of dendritic arborization of layer 1I/111 pyramidal neurons in developing cerebral
cortex by integrin beta 3

Authors: Z. L. HOLLEY, K. M. BLAND, Z. O. CASEY, C. J. HANDWERK, *G. S. VIDAL
Biol., James Madison Univ., Harrisonburg, VA

Abstract: Integrin subunits have been implicated in axonal and dendritic outgrowth, as well as
dendritic spine plasticity. In particular, a strong positive association has been found between
mutations in integrin beta 3 (Itgb3) and autism spectrum disorder, but little is known about
neuronal Itgh3 function in vivo. Many forms of autism spectrum disorder are thought to arise
from dysfunctional dendritic arborization and synaptic pruning. Global knockout of Itgh3 in
mice leads to autistic-like behaviors. Itgh3-/- mice also have reduced callosal volume, a key
neuroanatomical correlate of autism. Here, we test the hypothesis that Itgbh3 is required for
normal dendritic arborization in layer I1/111 pyramidal neurons of mouse neocortex. This was
achieved by causing Itgb3 loss of function through Cre-lox-mediated excision of Itgh3 in a
subset of layer 11/111 cortical neurons. Layer I1/111 cortical neurons were targeted for excision via
in utero electroporation of GFP/Cre DNA constructs to the ventricular zone of developing
telencephalon of mice in which exon 1 of Itgb3 is flanked by loxP sites. Laminar positioning,
regional targeting, and dendritic arborization of targeted neurons in juvenile mice (P23-P30)
were analyzed. Male and female mice were used for the study and analysis was done blind to
genotype. Results point to normal laminar positioning but aberrant dendritic arborization of
mutant neurons, when compared to C57BL6/J controls. Thus, integrin beta 3 appears to regulate
dendritic arborization of layer I1/111 pyramidal neurons in the developing neocortex.
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Title: The absence of the tumor suppressor p53 causes dendritic spine instability in the primary
somatosensory cortex of juvenile and young adult mice

Authors: *T. LIUY, J. WU?, S.-C. PENG?, A. DAVIDSON?, S. ZENG*, H. LU M. RICARDO®
The First Affiliated Hosp. of Nanchang Univ., Jiangxi, China; 2Nanchang Univ., Jiangxi, China;
3Dept. of Pharmacology, Tulane Univ. Sch. of Medicine, Tulane University; Dept. of Cell and
Mol. Biology, Tulane Univ., New Orleans, LA; “Tulane Univ. Sch. of Medicine, Tulane Univ.,
New Orleans, LA, °Dept. of Pharmacology, Tulane Univ. Sch. of Medicine, Tulane University;
Brain Institute, Tulane Univ., New Orleans, LA

Abstract: Aim: The tumor suppressor p53, the ‘guardian of the genome’, is modulated in
response to cellular stress, including DNA damage, ischemic stress, and neuronal excitotoxic
stress. Previous studies show that p53 is necessary for neurite outgrowth and axon regeneration
in cultured cells (Di Giovanni et al., 2006, Tedeschi et al., 2009), but the role of p53 in intrinsic
dynamics of dendritic spines in vivo as well as its role in sensory-evoked synaptic plasticity is
not known. Methods: Thyl-eGFP-M transgenic mice were crossed to p53 heterozygous mice,
both withC57BL/6 genetic backgrounds, to generate the p53-KO:Thyl-eGFP-M (KO) mice and
Thyl-eGFP-M wildtype mice (WT, control). Thyl-eGFP-M mice were used because they
sparsely express GFP and thus allow for repeated in vivo imaging of apical tuft dendrites of layer
V pyramidal neurons within the whisker barrel cortex. Chronic cranial window surgeries and
long-term in vivo two photon microscopy imaging were performed as previously described
(Mostany et al., 2013; Alexander et al., 2018) from two age groups: juvenile (aged 3 weeks) and
young adult (aged 3-5 months). Imaging sessions were carried out every 4 days (from days O - 8
and days 0 - 16, for juvenile and young adult mice, respectively) to observe changes in spine
dynamics. Adult mice were imaged before and following sessions of induction of sensory-
evoked plasticity, occurring from days 8 - 11, and that consisted of continuous stimulation of the
whiskers contralateral to the cortical area imaged with a piezoelectric actuator at 8 Hz for 10
minutes a day over these 4 days. Reults: We found that the baselines of spine density were
significantly decreased in both juvenile (0.38 + 0.08 spines/um) and adult (0.23 + 0.04
spines/um) KO mice compared with WT (0.48 £+ 0.05 and 0.32 + 0.06 spines/um, respectively).
In the absence of whisker stimulation, dendritic spine turnover is not altered in juvenile mice (P
> 0.05). However, we observed a decrease in turnover ratio from 0.12 £ 0.01 (WT) to 0.09 +
0.01 (KO) spines/um in young adult mice (P < 0.05). Furthermore, in the presence of whisker
stimulation, we observed an increased turnover ratio in WT (P < 0.05) but not in KO (P > 0.05)
adult mice. Conclusions: These results indicate that the loss of p53 gene function leads to the
abnormal dendritic spine dynamics, suggesting an important functional implication of p53 in
neurodevelopmental disorders.
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Abstract: NeuroD1 is a transcription factor with a basic-helix-loop motif, which is known to
regulate differentiation and survival of neuronal cells, enteroendocrine cells, and pancreatic beta
cells. Previous reports showed that the overexpression of NeuroD1 increased the expression of
Rab3 interactive molecule-1 RIM1, RIM2, and Munc18-1. These proteins are known to play
critical roles in exocytosis of secretory vesicles in neuronal and endocrine cells in which
NeuroD1 may function as a master transcription factor. Furthermore, NeuorD1 is related with
dendrite outgrowth and dendritic spine development. To test whether the transcription activity of
NeuroD1 is regulated by intracellular signaling molecules, we investigated the effect of Erk on
NeuroD-mediated gene expression. Several NeuroD mutants were tested for their protein
stability, transactivation in the presence of MEK inhibitors. We will discuss how Erk regulates
the functionality of NeuroD1.
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Abstract: Cerebellar Purkinje cells (PCs) display highly elaborate dendrites which are
stereotypically patterned by a process called dendrite self-avoidance. This process establishes the
mature arbor where dendrites of individual neurons are evenly spaced with minimal self-overlap.
Such a pattern maximizes the receptive field of a neuron for effective sampling of inputs. We
have shown that members of a large group of neuronal surface recognition molecules called the
clustered Protocadherins (Pcdhs) regulate PC dendrite self-avoidance. Pcdhs have the potential to
generate enormous molecular diversity through combinatorial expression of 58 genes which are
divided into three gene clusters, alpha (a), beta (b) and gamma (g). PCs randomly express
distinct subsets of Pcdh isoforms from each cluster, bestowing them with unique cell-surface
identities. In a past study, we found that deletion of Pcdhg genes in PCs leads to dendrite self-
overlaps observed as early as P15 (Lefebvre et al., Nature 2012), indicating that PC dendrite self-
avoidance is a developmental process requiring Pcdhgs. However, the role of other Pcdh
members in PCs and the cellular mechanisms of dendrite self-avoidance were unknown. Here,
we first tested whether members of the Pcdha cluster functionally interact with Pcdhgs in
regulating PC dendrite self-avoidance. Deletion of Pcdha genes led to dendrite self-avoidance
defects to a similar extent to loss of Pcdhgs, suggesting that they are equally required. Next,
using CRISPR technology, we generated a novel mouseline in which PCs lack both Pcdha and —
g genes (Ing-Esteves et al., J. Neuro. 2018). Dendrite crossing defects were far more severe in
double mutant PCs than in either single Pcdha and Pcdhg mutants, revealing that the clustered
Pcdhs interact in an additive manner. Secondly, we characterized the cellular basis of dendrite
self-avoidance by studying branching patterns during a time of dynamic branch growth,
sampling, and retraction. Developing Pcdh mutant PCs (<P12) displayed a higher density of
dendrites with reduced arbor size, suggesting a failure to retract. To determine whether Pcdh-
dependent patterning of cerebellar neurons have implications on motor outputs, we are testing
Pcdh mouse mutants in motor behavioral assays. Pcdha/g mouse mutants perform more poorly
on the rotarod and gait assays. In conclusion, our results show that Pcdha and -g cluster diversity
is required for PC dendrite self-avoidance beginning early in development and that they
contribute to proper motor function in mice.
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Title: The importance of actin binding for the plasma membrane localization and the ability to
induce neurite outgrowth of DGKf}

Authors: R. TSUMAGARI, T. KANO, S. UEDA, M. YAMANOUE, *Y. SHIRAI
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Abstract: Diacylglycerol kinase (DGK) is an enzyme converting DG to phosphatidic acid (PA).
So far, 10 subtypes of mammalian DGKs have been identified. Among them, DGKJ is
abundantly expressed in neuron, especially cerebral cortex, hippocampus and striatum. Unlike
other DGKs, DGKf shows a unique localization of plasma membrane. We previously reported
that plasma membrane localization of DGKp via C1 domain and a cluster of basic amino acids at
C-terminus is necessary for its ability to induce neurite outgrowth. In addition, DGKp has a
recoverin homology (RVH)-EF motif domain (RVH-EF), which is responsible for Ca?* binding.
However, it remains to be uncover whether Ca?* influences localization and the function of
DGKB. Therefore, we first investigated the effect of Ca?* on localization of DGKB. We found
that ionomycin induced translocation of DGKJ to the cytoplasm and constitutive active mutant
(CA) lacking RVH-EF and kinase negative mutant (KN) also showed ionomycin-induced
cytosolic localization, indicating that it independent of RVH-EF domain and enzymatic activity.
It is well known that Ca?* influx induced rearrangement of actin and DGKP has putative actin
binding site (ABS). Hence, we examined interaction between DGKJ} and actin.
Immunofluorescent staining showed co-localization of DGKf} and actin at plasma membrane in
resting state and they co-localized in the cytoplasm after ionomycin treatment. Furthermore, we
proved that DGK directly bound to actin via ABS, and the ABS deletion mutant (AABS)
abolished the neurite outgrowth ability. These results suggested that the plasma membrane
localization of DGK via actin binding is important for its localization and the ability to induce
neurite outgrowth.
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Title: The role of pea3 protein in neurite extension and neuroregenerative approaches
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Abstract: Pea3 proteins are a subfamily of the ETS transcription factor superfamily, consisting
of Pea3, Erm and Er81. These proteins, which are expressed in different tissues exhibiting
branching, play a role in a variety of events such as the formation of motor neuronal circuits in
the nervous system, retinal differentiation, neurite extension. These proteins, which have been
working for many years in our laboratory, soon began to be determined in our group by
deciphering axon elongation mechanisms. The purpose of this present study is to understand the
mechanisms of axon elongation through Pea3, to identify the genes which are regulated by Pea3
and to use this information in neuroregenerative approaches. For this, novel target gene
expression levels were investigated by microarray analysis and Real-time PCR in Pea3
overexpressed various neural cell lines. The genes were classified by KEGG analysis, the
pathways associated with neurons (neurotrophin signaling pathway, axon dynamics, etc.) were
selected and the relationship between the genes in these pathways was examined and mapped by
informatics analysis. Our results showed that the members of Pea3 family regulate the expression
of both common and unique genes in neuron-specific pathways at similar and / or different
levels. In addition, the interaction mapping was created as a result of the informatics analysis. In
order to elucidate which of these identified genes play a role in the selectivity of the motor
neuron - sensory neuron circuits in Pea3 - overexpressed cells, studies on the relationship
between different Pea3 family members in the co-culture system have been continued and the
role of the Pea3 in neurite extension and circuit formation system in the direction of the obtained
data is clarified.
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Abstract: The vast morphological diversity exhibited by neurons is critical in specifying patterns
of synaptic connectivity. Thus, elucidating the molecular mechanisms that regulate dendritic



diversification is essential to understanding the formation and modulation of functional neural
circuitry. While transcription factors (TFs) have been implicated in regulating dendritic diversity,
the molecular mechanisms by which this is achieved remain incompletely understood. In
Drosophila, recent studies have demonstrated that the TFs Cut and Knot regulate cell-type
specific dendritogenesis in multidendritic (md) sensory neurons via cellular pathways that
converge on cytoskeletal architecture. Neurogenomic analyses identified the highly conserved
PP2A serine/threonine phosphatase complex as a putative downstream effector of both Cut and
Knot. The PP2A complex is composed of a catalytic subunit encoded by microtubule star (mts),
a scaffolding subunit encoded by PP2A-29B and one of four alternate regulatory subunits
encoded by widerborst (wdb), twins, PP2A-B” and CG4733. Mutant analyses of mts and PP2A-
29B reveal severe reductions in dendritic arborization with wdb appearing to function as the
relevant regulatory subunit in CIV neurons. In contrast, mutations in mts and PP2A-29B leads to
increased dendritic complexity via de novo filopodia formation with CG4733 appearing to
function as a relevant regulatory subunit in CI neurons. Furthermore, Mts expression can rescue
cut mutant defects in CIV dendritic complexity. Cellularly, live imaging reveals that mts and wdb
mutations lead to MT destabilization, whereas the effects of these genes on F-actin are distinct,
with Mts restricting F-actin levels and Wdb promoting F-actin levels. Loss of Mts also leads to
defects in both mitochondria and Golgi localization in CIV neurons. Moreover, overexpression
analyses reveal dendritic shape is sensitive to expression levels of different complex
components, which likewise have distinct impacts on the cytoskeleton. Mechanistically, while
Mts and PP2A-29B are also part of the STRIPAK complex with Cka as the regulatory subunit,
our data suggest that the PP2A and STRIPAK complexes function in parallel to regulate
dendritic architecture. At a regulatory level, phenotypic analyses suggest that the translational
repressor FMR1 may be a functional target of the PP2A complex in CIV neurons, whereas the
transcription factor Foxo may be a functional target of this complex for in CI neurons.
Collectively, these analyses provide novel insights into the roles of PP2A phosphatase function
in promoting dendritic diversity.
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Title: Rem2 is a cell-autonomous negative regulator of dendritic complexity in the mouse visual
cortex
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Abstract: The critical period in mouse visual cortex is an epoch of heightened plasticity at the
systems, circuit, and cellular levels. However, little is known about the changes in dendritic
morphology that occur in the mammalian cortex during this time or about the molecules that may
regulate these changes. Our recent work establishes for the first time that visual experience is
necessary during the critical period for the proper development of basal arbors of L2/3 pyramidal
neurons in the mouse. Through these experiments, we also identified that the small GTPase
Rem2, a member of the RGK family, is an experience-dependent negative regulator of basal
arbor development. To better understand the role of Rem2 in establishing and maintaining
dendritic complexity, we used viral methods to achieve sparse knockout of Rem2 in the visual
cortex of mice. Sparse loss of Rem2 resulted in significant dendritic growth in just 7 days,
indicating that an endogenous, cell-autonomous function of Rem2 is to oppose this growth. We
also explored how Rem2 may impact dendritic macro-architecture, such as basal arbor polarity.
Additionally, we present here a new analysis package for assaying over a dozen parameters of
dendritic complexity from reconstructed neurons. Taken together, this work characterizes novel
functions of Rem2 in regulating dendritic architecture and provides an analysis infrastructure for
efficient identification and quantification of future molecular targets.
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Abstract: Cannabis is one of the most popular illicit recreational drugs, after alcohol and
tobacco. §%-tetrahydrocannabinol (§°-THC) is the main psychoactive ingredient in marijuana. It
has two stereoisomers, 8°(+) THC and §°(-) THC, of which the (-) enantiomer is the more active
form. Several lines of evidences suggest that the interaction of cannabinoids with their receptors
(CB1Rs and CB2Rs) depend upon the steriospecificity of the compounds. In this study we
wanted to determine the effect of brief exposure of §°(-) THC during early development. To do
this, we exposed zebrafish embryos to 8°(-) THC for 5 hours during a stage of development
known as gastrulation (5.25 hr-10.75 hr). §%(-) THC exposed embryos exhibited a dose-
dependent reduction in survival and a delay in hatching. Further, 8°(-) THC treated embryos
showed reduced body length, axial malformation and slower heart rates. Exposed embryos were
less active than vehicle controls and rested on their side by 5 dpf as opposed to vehicle controls
and wild type embryos that were upright in the water column and that exhibited short bouts of
swimming. Treated fish were less responsive to touch whereas controls exhibited robust escape
responses upon touching the head or tail with forceps. Because the movement of treated fish was
severely limited, we examined motor neuron (MN) development and activity at the
neuromuscular junction (NMJ). Fluorescent labelling of primary and secondary MNs indicated a
change in branching patterns and a reduction in the number of axonal branches in the trunk
musculature. 5°(-) THC treated embryos exhibited reduced mEPC frequency at NMJs. To further
investigate locomotor responses, we tested the ability of treated fish to respond to sound at 5 dpf.
We found that larvae exhibited a drastic reduction in the number of C-start escape responses to
sound stimuli. Together these findings indicate that zebrafish embryos exposed to §°(-) THC
during gastrulation exhibited alterations in heart rate, motor neuronal morphology, synaptic
activity at the NMJ and locomotor responses. Co-application of CB1 receptor blockers (AM251,
CP-9455) with §°(-) THC increased the survival and body length of treated embryos.
Additionally, the primary and secondary MN branching patterns were largely normal when
gastrula were treated with CBIR antagonists plus 8°(-) THC. However, co-treatment with CB2R
antagonists (AM630, JTE907) still resulted in altered MN branching. These findings suggest that
5%(-) THC may alter early embryonic development via acting through CB1Rs.
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Title: FMRP and RISC-associated RNA helicase MOV10: A novel neuronal helicase required
for normal dendrite formation and spine maturation
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Abstract: Fragile X syndrome (FXS) is the leading cause of inherited cognitive impairment
affecting 1/4000 males and 1/8000 females. FXS is caused by loss of expression of the RNA
binding protein FMRP and it is unknown how FMRP regulates translation of its bound targets.
We identified RNA helicase MOV10 as an FMRP interactor. MOV 10 is highly expressed in
brain during late embryonic and early postnatal stages, a crucial time for neurogenesis and
synaptic spine growth and remodeling. Based on cross-linking immunoprecipitation (CLIP) and
RNAseq experiments, FMRP and MOV10 bind a common set of primarily cytoskeleton-related
MRNAs. We hypothesize that both proteins act together to modulate neuronal morphology. Our
objective was to characterize the neuronal phenotype of the Mov10 +/- mouse, since the full
knockout is embryonic lethal. We also tested our hypothesis using a mouse neuroblastoma cell
line (N2A) that extends neurite-like projections, where we fully ablated Mov10 using CRISPR-
Cas9. We cultured hippocampal neurons from male and female WT, Fmrl KO mice and Mov10
+/- mice, stained for MAP2 at DIV14 and performed Sholl analysis (n > 50 neurons for all three
genotypes) to characterize neuronal morphology. Our analysis uncovered severe defects in the
Mov10 +/- neurons including reduced dendritic complexity, fewer and wider branches, smaller
soma size and an increase in the overall number of immature spines—the latter of which we
identified using Golgi impregnation. We hypothesize that reduced Mov10 leads to increased
spine elimination rate. We also recapitulated some of these phenotypes in our N2A cells, where
loss of Mov10 leads to shorter neurites. Interestingly, the RNA and protein levels of some of the
cytoskeletal MOV10 and FMRP targets decrease in N2A cells in the absence of Mov10,
suggesting that MOV 10 protects them from degradation. To validate targets, we will over-
express them in N2A and examine whether the shortened neurite phenotype is reversed
suggesting a co-regulation by MOV10 and FMRP on their common mRNA targets. We are now
attempting to uncover the mechanism behind this regulation and since FMRP and MOV10
exhibit a protein-protein interaction with AGO2, we’re exploring the role of miRNAs and
translational suppression/degradation in neurons leading to changes in cellular morphology.
MOV10 KO is embryonic lethal and when 50% of it is gone as in the Mov10+/- mice, neuronal
architecture is dramatically altered causing the neurons to exhibit an intermediate phenotype
between WT and Fmrl KO mice which we predict will have a profound impact on normal
neuronal function.
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Abstract: Retinal ganglion cells (RGCs) and bipolar cells (BCs) are two key cell types that
process visual information in the vertebrate retina. Proper design of dendritic and axonal arbors
from both cell types is critical for information to be efficiently carried throughout the visual
circuitry. Developing neurons rely on an array of molecular cues to shape arbor morphology, but
the underlying mechanisms guiding the differentiation of dendritic and axonal arbors from the
same retinal neuron remains unclear. Here we explore how Down Syndrome cell adhesion
molecule (DSCAM) differentially shapes the dendritic and axonal morphology of RGCs and BCs
in the Xenopus visual system. Our previous work showed that lowering DSCAM expression in
RGCs impacts axon branching in the midbrain of Xenopus embryos. RGC axon arbors with
DSCAM knockdown had a similar initial number of terminal axon branches as controls, but over
48 hrs of imaging failed to significantly increase their number of branches. Our results suggest
that DSCAM has a cell-autonomous role in facilitating axonal arbor development. Because
DSCAM also localizes to the dendrites of RGCs, altering DSCAM levels in RGCs may influence
dendritic arbor development as well. To determine effects of DSCAM downregulation on
dendritic arbor development in RGCs, we measured the total number of branches and branch
length of RGCs electroporated with either control anti-sense oligonucleotide morpholino (MO)
or DSCAM MO. Confocal microscopy of retinal sections showed that the number of branches
and the total length of the dendritic arbors of RGCs with DSCAM MO-mediated knockdown
were not significantly different from those of control MO transfected RGCs. In contrast, analysis
of BCs revealed that downregulation of DSCAM in retinal BCs resulted in significant
morphological changes, with neurons possessing a significantly higher number of dendritic
branches and longer total dendritic arbor length when compared to control MO transfected BCs.
To further evaluate potential effects of DSCAM downregulation on dendritic arbor morphology
on developing Xenopus retinal cells, we quantified the number of dendrite crossings and of



dendrites that overlap in both RGCs and BCs with DSCAM MO-mediated knockdown. Only
BCs showed deficits in dendrite self-avoidance, therefore demonstrating differential effects of
DSCAM downregulation that depend on the cell type. Together, these results indicate that in the
vertebrate visual system, endogenous DSCAM acts at multiple levels along the visual pathway
and independently modulates dendrite and axon arborization, where cell-autonomous roles vary
depending on the neuronal population.
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Abstract: Dynamic dendritic branches exhibit rapid extensions and retractions in young neurons,
sampling the environment and initiating new contacts with potential synaptic partners. Previous
studies have shown that synaptic contacts stabilize the dynamic branches through locally induced
calcium signaling and the motility of dendritic branches decreases once high synapse density is
established. Although dynamic dendritic branches are clearly linked to synapse formation,
molecular mechanisms regulating their prevalence during development are not well understood.
We used genetic approaches to study dendritic branch dynamics in the developing Drosophila
larval visual circuit, where dendritic arbors of ventral lateral neurons (LNvs), the postsynaptic
targets of larval photoreceptors, exhibit robust homeostatic structural plasticity when the animal
is subjected to different visual experiences.

Using high-resolution time-lapse imaging studies on single labeled LNvs in the intact larval
brain, we observed temporal correlation between heightened dendrite dynamics and
synaptogenesis. In addition, constant light exposure reduces dendrite dynamics and
synaptogenesis, while constant darkness generates opposite effects. Subsequent in vivo RNAI
screens identified Amphiphysin (Amph), a BAR-domain containing protein, that is specifically
required for cell autonomous regulation of dendrite dynamics without affecting synaptogenesis.
We further investigated how Amph exert its effects by examining its interaction with



postsynaptic proteins. We found that Amph regulates dendrite maturation and synaptic functions
through modulating the localization of Fas2, a cell adhesion molecule involved in synapse
organization and function. Taken together, our data provide additional evidences to support the
synaptotrophic model, in which dynamic dendritic branches promote synaptogenesis. In addition,
we demonstrate that synapse number is not the sole determining factor for dendrite dynamics.
Instead, we found that the prevalence of dynamic dendritic branches is regulated by the
maturation state of the dendrite, which is collaboratively determined by synaptic inputs and the
internal developmental program.
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Abstract: Dendritic filopodia are long, thin, highly dynamic structures that play a critical role in
establishing the dendritic arbor and spinogenesis. They interact with the microenvironment and
relay information that is used for local decision-making with respect to growth and synapse
formation. The mechanisms by which filopodia are briefly maintained during development, and
how their function is regulated, are critical to understanding the wiring of the brain.Recent
studies have pointed to microRNAs (miRNA), small noncoding RNAs about 22 nucleotides
long, as potential sites for integration of external stimuli to changes in local protein expression.
This can lead to rapid and local changes in filopodial and dendritic structures, a key requirement
to navigate the spatio-temporally variant signals dendrites receive. Here we investigate the brain-
abundant miRNA, miR125b, to elucidate its role in the dynamics of filopodia and the
corresponding changes in filopodial and dendritic structure during development. We inhibit its
activity in cultured hippocampal neurons as dendritic filopodia explore their microenvironment.
Using a combination of confocal microscopy and high resolution image analysis we study the



effect of miR125b inhibition on filopodial structure and density, dendritic outgrowth, as well as
the expression and perifilopodial localization of a confirmed target of miR125-b: the GIUN2A
subunit of the NMDA receptor. Using whole cell patch clamp recordings, we find that miR125b
inhibition changes the neuronal response to diffusive glutamate signals due to increased GIUN2A
expression. Using microfluidic devices, we deliver a cell permeant inhibitor of miR125b to
isolated dendrites, and study local changes in filopodial structure and GIUN2A incorporation. To
understand the effect of miR125b in the dynamics of filopodia, we use Spatial Light Interference
Microscopy (SLIM), an interferometry-based, label-free, live imaging system. Using SLIM, we
characterize the rate of filopodial extension and retraction, and stability in response to miR125b
inhibition. These high-resolution analyses reveal fresh insights into the process by which neurons
integrate multiple external signals to establish the correct connections. Such insights are critical
to understanding the implicated role of miR125b in various neurological disorders, e.g., Fragile
X Syndrome and Alzheimer’s Disease.
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Abstract: The prefrontal cortex (PFC) exhibits delayed maturation, evidenced by grey matter
thinning and dendritic spine pruning that extends late into adolescence. The protracted
maturation of the PFC may support the maturation of higher order cognitive functions but might
also confer heightened vulnerability to psychiatric disease during adolescence. However, little is
known about how different cell types in the PFC mature during adolescence or whether puberty
plays a causal role. Pyramidal Tract (PT) and Intra-Telencephalic (IT) cells are two dominant
classes of excitatory neurons that reside in layer 5 of PFC but exhibit distinct anatomical and
electrophysiological properties. Relative to PT-type neurons which are labeled by Thyl-YFP
reporter mouse lines, IT-type neurons are more difficult to access experimentally, and therefore



less is known about their structural maturation. Here, we leveraged retro-AAV with two-photon
microscopy to investigate spine pruning in cross-corticostriatal IT (CCstr-I1T) neurons in the
dorsomedial prefrontal cortex (dmPFC) of mice. C57BI6 mice were injected unilaterally into
dorsomedial striatum (DMS) with retrograde pAAV-CAG-GFP at postnatal day 21 (P21) or 52
(P52). We allowed 8 days for viral expression before perfusing mice at P29 (early adolescent) or
P60 (early adult) timepoints. Fixed tissue was then processed to amplify GFP signal and spines
were imaged on a 2 photon microscope. Microinjection (50 nL) of dilute retro-GFP virus into
DMS produced sparse labeling of neurons in the contralateral dmPFC. We confirmed that GFP+
neurons in the contralateral dmPFC exhibited IT-like intrinsic properties, including spike
frequency adaptation and limited voltage sag. We found main effect of age and sex in apical
dendritic spine density on CCstr-IT neurons, but no significant interaction. Spine density
decreased during adolescence between P29 and P60. In early adulthood (P60), apical dendrite
spine density on CCstr-IT neurons in males was significantly lower than in females of the same
age. Sex differences in spine density in early adulthood have not been observed in PT-type
neurons. Ongoing work is examining the influence of pubertal hormones on spine pruning in
CCstr-IT neurons by comparing spine density in sham or prepubertally gonadectomized mice at
adulthood (P60). In addition we are comparing intrinsic electrophysiological properties of CCstr-
IT neurons between early adolescent and adult timepoints. Together, our preliminary findings
suggest major cortical cell types undergo differential adolescent maturation in the PFC in a sex-
specific manner.
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Title: Impairment of inhibitory synapse formation and motor behavior in mice lacking the NL2
binding partner LHFPL4/GARLH4
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Abstract: Normal brain functions depend on the balanced development of excitatory and
inhibitory synapses. Our knowledge of the molecular mechanisms underlying inhibitory synapse
formation is limited. Neuroligin-2 (NL2), a transmembrane protein at inhibitory postsynaptic
sites, is capable of initiating inhibitory synapse formation. In an effort to search for NL2 binding
proteins and the downstream mechanisms responsible for inhibitory synapse development, we
identify LHFPL4/GARLH4 as a major NL2 binding partner that is specifically enriched at
inhibitory postsynaptic sites. LHFPL4/GARLH4 and NL2 regulate the protein levels and
synaptic clustering of each other in the cerebellum. Lhfpl4/Garlh4”- mice display profound
impairment of inhibitory synapse formation as well as prominent motor behavioral deficits and
premature death. Our findings highlight the essential role of LHFPL4/GARLH4 in brain
functions by regulating inhibitory synapse formation as a major NL2 binding partner.
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Abstract: The mammalian Pcdha, Pcdhb, and Pcdhg gene clusters encode a diverse group of
cadherin superfamily adhesion molecules, the a-, B-, and y-Protocadherins, respectively. The 22
v-Protocadherins (y-Pcdhs) are combinatorially expressed in the brain, and play critical roles in
synaptogenesis, dendrite arborization and patterning, and the survival of subsets of neurons in
vivo. The y-Pcdhs can interact promiscuously with each other, and with other clustered Pcdhs, in
cis, but interact strictly homophilically in trans. Mice lacking the y-Pcdhs in the cerebral cortex
in vivo exhibit severely reduced dendrite arborization (Garrett, et al., Neuron, 2012). Recently,



we further demonstrated that these cortical mutants exhibit a significant increase in the density of
dendritic spines and excitatory synapses, and found that the y-Pcdhs physically interact in cis
with neuroligin-1, a postsynaptic adhesion molecule implicated in autism and schizophrenia that
is important for the maturation of excitatory synapses. In an “artificial synapse assay” in vitro, y-
Pcdhs could inhibit the ability of neuroligin-1 to induce presynaptic differentiation (Molumby et
al., Cell Reports, 2017). While this study identified a new mechanism through which y-Pcdhs
regulate excitatory synapses, their effect on inhibitory synapse development has not yet been
examined. Here, we provide evidence that the y-Pcdhs can also negatively regulate inhibitory
synapse development in forebrain neurons. Using co-immunoprecipitation assays, we find that y-
Pcdhs interact both in vitro and in vivo with neuroligin-2, which is found at inhibitory
postsynaptic sites and promotes inhibitory synapse maturation. Utilizing the artificial synapse
assay, we find that multiple y-Pcdhs can, when co-expressed in COS cells, strongly inhibit the
ability of neuroligin-2 to promote presynaptic clustering of synaptic vesicle proteins synapsin
and VGAT in contacting axons. To ask whether the y-Pcdhs negatively regulate inhibitory
synapse density in vivo, we analyzed mice in which a conditional Pcdhg allele has been excised
in excitatory cortical neurons (the postsynaptic sites of many inhibitory synapses) using Emx1-
Cre. Using immunostaining for synaptic markers, we find that inhibitory synapse density is,
indeed, significantly increased in the absence of y-Pcdhs. Together, these data suggest that y-
Pcdhs interact with neuroligin-2 in cis at inhibitory postsynaptic sites to negatively regulate the
formation and/or maturation of inhibitory synapses.
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Title: Leptin increases GABAergic synaptogenesis via -pix in hippocampal neurons
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Abstract: Leptin is a hormone whose function is well-characterized in energy homeostasis;
however, less is known about its roles in the hippocampal physiological processes, while leptin



receptors are widely expressed in this brain region. During rodent development, leptin surges
during postnatal day 7-14, which is equivalent to third trimester in human fetal development.
Importantly, leptin deficiency in this period is associated with cognitive defects, anxiety, and
depression, and leptin replacement alleviates these symptoms, suggesting that leptin is a crucial
factor in development and mental health. In the hippocampus, mice expressing the signaling
deficient LepRb mutant (db/db), have reduced number of glutamatergic and GABAergic synaptic
connections. While several studies have addressed the molecular mechanisms in which leptin
acts through to control glutamatergic synaptogenesis, leptin-mediated GABAergic
synaptogenesis is less understood. In the present study, we aimed to determine the molecular
pathways through which leptin controls GABAergic synaptogenesis during neonatal
development of the hippocampus. Using primary hippocampal cultures, we did live staining and
showed that acute leptin treatment increases surface expression of GABAA receptors. Using
whole-cell voltage-clamping in organotypic hippocampal cultures, we recorded mini IPSCs and
showed that acute leptin treatment increases frequency of mini IPSCs, which is blocked by
targeted knockdown of the long form of the leptin receptor, LepRb. Taken together, these
observations suggest that acute leptin increases GABAergic synaptogenesis. Furthermore, using
live staining on primary hippocampal cultures, we found that Rho Guanine Nucleotide Exchange
Factor 7 (B-pix) controls leptin-dependent surface expression of GABAA receptors; specifically,
targeted knockdown of B-pix blocks the effects of leptin. Importantly, via co-
immunoprecipitation followed by western blotting in cell lines, we showed that B-pix forms a
complex with leptin receptors, and their interaction increases with leptin treatment. Based on
previous studies reporting that B-pix acts as a scaffolding protein for GABAA receptors on cell
membrane, our findings suggest that the leptin receptor might be in a complex with GABAAa
receptors in hippocampal neurons. Our study is first to identify molecular mechanisms
underlying leptin effects on GABAergic synaptogenesis during hippocampal development.
Ultimately, our study is expected to provide critical insights into the role of leptin not only in the
hippocampus but also in other brain regions.
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Title: The synaptic adhesion protein Slitrk2 interacts with MAGUKS via a carboxy terminal
PDZ binding motif

Authors: C. LOOMIS, P. SPRINGMANN, R. JANICOT, L. DREBUSHENKO, *J. E.
ROUND
Biol., Ursinus Col., Collegeville, PA

Abstract: Slitrks are a family of leucine-rich repeat containing single-pass transmembrane
proteins that promote synaptogenesis in the developing nervous system. Slitrks localize to the
postsynaptic fraction, where they induce synapse formation via trans-synaptic interactions with
the LAR family of receptor protein tyrosine phosphatases. While trans-synaptic binding partners
of Slitrks have been reported, little is known about the intracellular proteins that interact with
Slitrk’s cytoplasmic domain. It is also unknown whether these intracellular binding partners
influence the ability of Slitrks to localize to synaptic sites or induce postsynaptic differentiation.
Here we report an interaction between Slitrks and multiple members of the MAGUK scaffold
family. Coimmunoprecipitation from postnatal mouse forebrain indicates that MAGUKS bind to
Slitrk family members that contain a consensus Type | PDZ-binding motif at their carboxy
terminus. Mapping analysis in yeast confirms that the C-terminal PDZ binding motif of Slitrk2
and the PDZ domains of MAGUKS are required for the interaction. We also show that
MAGUKS induce robust clustering of Slitrk2 in 293T cells, and the C-terminal PDZ binding
motif of Slitrk2 is necessary for this clustering. These data suggest that Slitrk-MAGUK
interactions may mediate localization of Slitrks to synaptic sites and may recruit additional
intracellular signaling molecules involved in postsynaptic differentiation.
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Abstract: In the brain, neurons are joined into a network by connections called synapses, which
ensure the neurons to transmit signals with high speed and spatial precision. The formation of the
synapses is coordinated by an array of pre-and post-synaptic adhesion molecules such as



neurexins, neuroligins, PTPRs, LRRTM, NPR, etc. The roles of these synaptic adhesion
molecules in the formation of synapses has been extensively investigated, however, what are the
intracellular signal transduction pathways that mediate synaptogenesis is still largely unknown.
To address this question, we took advantage of a simplified system of synapse formation, the
artificial synapse formation assay. In this assay, we express the synaptogenic protein, for
example neurexin or neuroligin, in the HEK293 cells, and then co-culture them with mature
neuronal cells. In about 24 hrs, pre- or post-synaptic markers can be detected on the surface of
the non-neuronal HEK?293 cells, which reflects the pre- or post- synaptic
specialization/differentiation induced by this molecule. We did a small scale chemical screen in
this reduced system and found that inhibitors for INK or PKA pathway blocked both pre- and
post- synaptic specialization and the inhibitors for the P13 kinases specifically blocked post-
synaptic specialization. Also inhibition of protein synthesis did not block the artificial sysnapse
formation. Furthermore, expression of a post-synaptic targeting form of PDE (PDE_homer)
inhibited NRXN1p induced post synaptic specialization but not NL1 induced pre-synaptic
specialization. Moreover, JNK and PKA inhibitors also blocked LRRTMZ2 induced pre-synaptic
specialization and NPR induced post-synaptic specialization. Thus our data indicate that INK
and PKA signaling pathways play important roles in both pre- and post- synaptic specialization
while the P13 kinase pathway functions specifically in the post-synaptic specialization.
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Title: A new in vitro and in vivo genetic tools to study synapse formation mechanism through
semaphorin 3E signaling

Authors: *M.-H. JUNY, R. YU?, D.-G. KIM?, W.-J. OH?
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Abstract: Precise synaptic connections are essential for the proper formation of functional
circuits and the generation of complex behavior and cognitive function. During development,
axons first navigate long distances to reach their target regions and then select an appropriate



synaptic partner as well as a specific location on this postsynaptic cell to establish a synapse.
However, very little is currently known about the precise mechanisms underlying synaptogenesis
in the complicated neuronal circuit of the mammalian brain. Previously, we discovered that in
vivo interaction between traditional axon repulsive cue, Semaphorin 3E (Sema3E), and its
receptor, Plexin-D1, determines synaptic specificity in thalamo-striatal circuits of basal ganglia
system. Specifically, Sema3E-Plexin-D1 signaling normally restricts the number of thalamo-
striatal synapses formed onto direct pathway medium spiny neurons (MSNs). However, its
molecular mechanism at the subcellular level has still not been revealed due to the lack of proper
experimental tools. In this study, we successfully established the in vitro thalamo-striatal co-
culture system and confirmed the expression of PlexinD1 and GIuR1 along the neuronal
differentiation stages in this system. We also observed that overexpressed Plexin-D1 is discretely
located with GIuR1 sites, indicating that Sema3E-Plexin-D1 signaling axis regulates excitatory
synapse formation sites. In addition to the co-culture system, we also developed new knock-in
mouse model using the CRISPR-Cas9 technique, in which 3xFlag-tag is attached at the N-
terminus of the endogenous Plexin-D1 to easily detect and analyze the Plexin-D1 in the
subcellular level. We verified that the Flag-tagged Plexin-D1 behaves like the normally
expressing-Plexin-D1 using histological and biochemical methods. Taken together, this mouse
line and in vitro thalamo-striatal co-culture system will be useful genetic tools for the
mechanistic study of synaptic specificity through the Sema3E-PlexinD1 signaling.
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Title: Axo-axonic innervation of neocortical pyramidal neurons by GABAergic chandelier cells
requires ankyrinG-associated LICAM
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Abstract: Proper cortical network development and function is reliant on the generation,
maturation, and activity of numerous cell types in addition to their complex cell-cell interactions.
Essential to this process is the output of glutamatergic pyramidal neurons (PyNs), which is



highly modulated by inhibitory GABAergic interneurons. One subset of interneurons that exerts
powerful control over PyN spiking is the chandelier cell (ChC), which forms connections
specifically at the site of action potential initiation in PyNs, referred to as the axon initial
segment (AIS). Due to the unique connections formed between the terminals of ChC axonal
arbors and the AISs of large populations of spiking PyNs, ChCs are physiologically poised to
regulate the output of excitatory cortical networks. As a result, it is not surprising that disruptions
in ChC biology have been linked to autism spectrum disorder (ASD) and schizophrenia,
debilitating mental health disorders resulting from aberrant neuronal network activity. Despite
the importance of ChCs, virtually nothing is known about the molecular factors governing their
selective innervation at the AIS of neocortical PyNs. By performing a novel, in vivo RNA
interference screen against PyN AlS-specific and -enriched adhesion molecules, we intriguingly
revealed an essential role for the axonal cell adhesion molecule LLCAM in ChC/PyN AIS
innervation. Specifically, LLCAM knockdown in neocortical PyNs was found to significantly
reduce PyN AIS innervation by ChCs, thus identifying LLCAM as the only known molecule to
date to regulate this process. To further elucidate how LLCAM governs selective ChC/PyN AIS
innervation, we used molecular tools to perturb LLCAM/AIS cytoskeleton interactions and to
manipulate PyN L1CAM levels at different developmental time points. Our results indicate that
the AIS cytoskeletal proteins ankyrinG and BIV-spectrin are essential for proper ChC/PyN AIS
innervation and demonstrate a dual requirement for LLCAM during both the establishment and
maintenance of neocortical ChC/PyN AIS innervation. Together, our findings provide vital
information on the mechanisms governing PyN AIS subcellular innervation by ChCs and, as
such, shed new light on the connectivity defects underlying debilitating mental disorders.
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Title: Pannexin 1 regulates somatosensory pyramidal neuron dendritic spine density and
sensorimotor function

Authors: *J. C. SANCHEZ-ARIAS!, M. LIU*?, 0. SHEVTSOVA!, L. A. SWAYNE??
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Abstract: Pannexin 1 (Panx1) forms channels permeable to ions and metabolites and is enriched
in the central nervous system. We have previously demonstrated that Panx1 disruption increased
neurite formation in neural precursors in vitro. Our new findings demonstrate that Panx1 protein
levels drop dramatically between P14 and P30, corresponding to the critical period for cortical
dendritic spine and synapse formation. Moreover, we observed increased levels of PSD-95, a
scaffolding protein important for dendritic spine functional development, in Panx1 knockout
(KO) cortical synaptosome preparations. Based on these findings, we hypothesized that Panx1
“keeps the brakes” on dendritic spine formation in the cerebral cortex. To test this hypothesis, we
examined the impact of disrupting Panx1 (KO or block with probenecid) on primary
somatosensory cortex layer 5 dendritic spine density and length in the postnatal period (P14 and
P29) using diolistic labeling. Panx1 KO, as well as systemic treatment with the Panx1 blocker
probenecid, increased spine densities at P14 and P29. Similarly, disruption of Panx1 in primary
cortical neuronal cultures also led to increased density of dendritic spines, the majority of which
were positive for PSD-95, suggesting the additional spines were functional. Panx1 disruption in
cortical cultures also increased the number of groups of spontaneously co-active neurons, known
as network ensembles, as assessed using Ca?* imaging with Fluo-4AM, suggesting the increase
in active spines affected network properties. At the behavioural level, Panx1 KO mice performed
significantly better in forelimb sensorimotor tests compared to WT counterparts. Together, these
results support a role for Panx1 as a negative regulator of dendritic spines with implications for
network connectivity and sensorimotor function.
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Title: The role of MARKTL in synaptic plasticity and cognitive functions

Authors: *E. C. KELLY?, M. SUN?, H. ZHANG?
2Neurosci. and Cell Biol., 'Rutgers Univ., New Brunswick, NJ

Abstract: Dendritic spines are dynamic postsynaptic structures that play an important role in
cognitive functions, such as learning and memory. Abnormalities in size, shape and density of
dendritic spines may lead to learning and memory deficiencies and neurological disorders such
as autism spectrum disorders (ASD). We previously found that partitioning defective 1 ¢ (Parlc),
also known as microtubule affinity regulating kinase 1 (MARK1), regulates dendritic spine
morphogenesis and plasticity in cultured hippocampal neurons. Furthermore, studies have found
multiple SNPs of MARK1 are associated with ASD, and MARKZ1 has also been implicated in
bipolar disorder. However, the role of Parlc/MARKL1 in synaptic plasticity and cognitive
functions in vivo is still unknown. Therefore, we developed a conditional knockout (cKO)
MARKZ1 mouse model, in which MARKZ1 is depleted postnatally from pyramidal neurons of the
forebrain including the hippocampus and the cerebral cortex. Proteomic analyses show MARK1
targets synaptic proteins as well as proteins regulating cytoskeletal dynamics. In addition, we
conducted behavioral analyses of the MARK1 cKO mice. Preliminary data suggest that MARK1
regulates cognitive functions such as learning and memory. Together, our studies point to an
important role for MARKZ1 in regulating synaptic and cognitive functions in vivo.
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Title: Midazolam sedation causes cognitive dysfunction in mice and alters synapse formation
and mtor signaling in vivo and in vitro
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Abstract: Introduction: A recent safety advisory from the FDA has raised concerns that sedative
drugs may have lasting, harmful effects on cognitive functions[1]. Longer duration of exposure
is an important risk factor for anesthetic toxicity. It is of great importance to determine whether
commonly used sedative drugs have neurotoxic properties during development and the
underlying mechanism. Here we test the hypothesis that midazolam shares a mechanism of



action with many general anesthetic agents, causes lasting cognitive deficits in mice when
administered in a sedative paradigm to early postnatal mice. We further investigated the effects
of midazolam sedation on key developmental processes and the pathologic activation of the
mechanistic target of rapamycin (mTOR) pathway. Methods: For in vivo experiments, C57BL/6
mice aged P18 to P22 were intraperitoneally injected using 10mg/kg or 20mg/kg midazolam per
hour for 12 hours a day, 5 days in total to create a sedation model. The control groups consisted
of naive littermates which stayed with the dam. Behavioral tests were conducted at P60 using Y
maze and fear conditioning test. 50mg/kg BrdU was injected from P57 to P59 at 24-hour
intervals before transcardial perfusion. Immunohistochemistry (IHC) was conducted using
antibodies against BrdU, synapsin-1, homer-1, phosphorylated S6 (pS6), parvalbumin (PV). For
in vitro experiments, dissociated primary neuronal cultures obtained from E18 rat neocortex
plated on glass coverslips were used. Exposure to 50nM, 100nM, and 150nM midazolam was
conducted for a continuous 72hrs from 7 DIV to 10 DIV. IHC using anti-synapsin-1 were
performed and analysis via fluorescence microscopy was conducted. Results: The midazolam
treated groups showed memory loss in Y maze and fear conditioning test compared to the control
group. We found less BrdU positive neurons in the dentate gyrus after midazolam while the
synapsin-1 intensity was decreased but the homer-1 intensity increased, pS6 positive
interneurons were significantly increased after the midazolam treatment. In vitro, exposure to
100nM and 150nM midazolam for 72hrs significantly decreased the intensity of synapsin-
1.Conclusion: Midazolam would cause long-term learning deficiency and memory loss in mice
after continuous injections at the young age. Neuroproliferation and neurogenesis were involved,
and mTOR pathway might be a critical mechanism to explain these changes. References:1. FDA
Drug Safety Communication: FDA approves label changes for use of general anesthetic and
sedation drugs in young children. Available online:
https://www.fda.gov/Drugs/DrugSafety/ucm554634.htm (Accessed on April 28th, 2017).
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Title: Lemur kinase 1 regulates dendritic spine formation through rab11-dependent endosomal
trafficking
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Abstract: Synapses are composed of pre- and post-synaptic terminals. A postsynaptic region of
excitatory synapses forms a mushroom-like protrusion called dendritic spine. Upon long term
potentiation, spines become large and, in contrast at the time of long term depression, spines
reduce the size. Thus, the number and size of spines are critically regulated depending on
synaptic activity. The process of spine formation is well investigated, and actin cytoskeleton is
known to be a major structural component. In contrast, when spines grow and mature, they have
to increase their surface area together with synaptic proteins. For the expansion of surface area,
membrane components should be supplied. The membrane components are transported by
vesicle trafficking system that is regulated by a family of Rab small GTPases. Several previous
reports indicate the role of Rab11A in spine formation. Lemur kinase 1A (LMTKZ1A) is a novel
Ser/Thr kinase that regulates axon outgrowth and dendrite arborization negatively via Rab11A-
dependent endosome trafficking. We hypothesized that LMTKZ1A also functions in dendritic
spine formation and examined it in vivo in LMTK1 KO mouse brain and in vitro in primary
neurons.

First, we compared the number of spines in cerebral cortex of brains between LMTK1+/+ and
LMTK1-/- mouse by immunostaining with anti-PSD-95. The number of PSD-95-positive puncta
was larger in brain of LMTK1-/- than LMTKZ1+/+ mouse. Dendritic spines were also increased
in neurons of LMTKZ1-/- mouse in cultures. When we knocked LMTK1 down in hippocampal
neurons with miR-LMTKZ1, the spine density was increased about 36% than control neurons
transfected with scramble micro RNA. The effect of knockdown or expression of LMTK1A was
also confirmed in developing mouse brains using in utero electroporation. By overexpression of
Rab11A mutants in neurons under the LMTK1-knockdown background, we confirmed that
LMTKZ1 regulates spine density through Rab11A. The active form of Rab11A Q70L increased
the spine

density whether LMTK1 was knocked down or not, whereas Rab11A S25N decreased the spine
density. Taken together, these results indicate that LMTK1 regulates spine formation, maturation
and density through Rab11 activity.
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Title: Diverse extracellular and intracellular mechanisms are involved in PTP-omediated
presynaptic assembly
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Abstract: Leukocyte common antigen-receptor protein tyrosine phosphatases (LAR-RPTPS) are
hub proteins that organize excitatory and inhibitory synapse development through binding to
various extracellular ligands. Here, we report that knockdown (KD) of the LAR-RPTP family
member PTPo reduced excitatory synapse number and transmission in cultured hippocampal
neurons, whereas KD of PTPS produced comparable decreases at inhibitory synapses, in both
cases without altering expression levels of interacting proteins. An extensive series of rescue
experiments revealed that extracellular interactions of PTPc with Slitrks are important for
excitatory synapse development. These experiments further showed that the intracellular D2
domain of PTPo is required for induction of heterologous synapse formation by Slitrk1 or TrkC,
suggesting that interaction of LAR-RPTPs with distinct intracellular presynaptic proteins drives
presynaptic machinery assembly. Consistent with this, double-KD of liprin-a2 and -a3 or KD of
PTPo substrates (N-cadherin and p250RhoGAP) in neurons inhibited Slitrk6-induced, PTPo-
mediated heterologous synapse formation activity. We propose a model in presynaptic neurons
involving LAR-RPTP-organized retrograde signaling cascades, in which both extracellular and
intracellular mechanisms are critical in orchestrating distinct synapse types.
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Title: Who versus where: Effects of heterotopia on the development of cellular properties and
connectivity of principal cells

Authors: *J. D'AMOUR?, T. G. EKINS?, C. J. MCBAIN?
2|_ab. Cell/Molec Neurosci, 'NIH, Bethesda, MD; 3NIH/NICHD, Bethesda, MD



Abstract: We are interested in the role of principal cell (PC) identity and positioning in the
development of cellular properties and connectivity. PCs of the developing mouse hippocampus
arise in waves of cell birth and radial migration in an inside-out manner, over embryonic day 12-
17 to ultimately appear as a compacted layer of neurons. This results in a rough correlation
between embryonic cellular birthday and radial positioning (earliest born cells are deepest).
Here, we aim to dissociate position and identity by working in Lis1 mice (Lis1*"). Lissencephaly
is a rare human condition, most commonly due to mutations in the Lis1 gene which is involved
in neuronal migration. Lis1 mice display ectopic cellular positioning in a variety of brain
structures, particularly in area CA1 of the hippocampus where-in two or more principal cell
layers(PCLs) develop; we refer to these as deep and superficial PCLs. While in normal mice
calbindin expressing PCs localize to the superficial side of the PCL, we find that in Lis1 mice
calbindin positive PCs primarily occupy the deeper heterotopic band. Importantly, preliminary
birth dating experiments suggest this reflects an inverted layering of the same calbindin cell
population, rather than a new PC population adopting calbindin expression. Therefore, the Lis1
mouse gives us the ability to examine the same PC sub-population, uncoupled form its typical
positioning.

We find that this cell population in Lis1 mice retains a complex apical branch morphology,
hyperpolarized resting membrane potentials, and high amounts of sag current; characteristic
features of calbindin expressing PCs in normal animals. In examining synaptic inputs, staining
experiments indicate that calbindin positive cells in both normal type and Lis1 mice are
preferentially targeted by cholecystokinin expressing interneurons - which in normal mice has
been suggested to contribute to greater relative excitability of calbindin positive PCs (low I:E
ratios). Interestingly, despite being mispositioned, calbindin expressing PCs in Lis1 mice retain
this heightened excitability phenotype. Taken together, these observations indicate that
developmental mechanisms are able to substantially compensate for and overcome the mis-
lamination present in the Lis1 animal. Additionally, it suggests that layering is of secondary
importance to genetic identity in the determination of synaptic partners. These findings will
contribute to our understanding of cellular layers, how developmental disturbances perturb
intrinsic cellular properties and extrinsic synaptic connectivity, and possibly reveal circuit motifs
between interneuron and pyramidal cell sub-populations.

Disclosures: J. D'Amour: None. T.G. Ekins: None. C.J. McBain: None.

Poster

118. Synaptogenesis and Activity-Dependent Development: Synapse Formation
Location: SDCC Halls B-H

Time: Sunday, November 4, 2018, 8:00 AM - 12:00 PM

Program #/Poster #: 118.14/D19

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

Title: Two pathways of synaptic outgrowth in Drosophila neuromuscular junction



Authors: *A. VASIN?, C. L. TORRES FERRERIS?, M. BYKHOVSKAIA?!2
INeurol., 2Anat. and Cell Biol., Wayne State Univ. Sch. of Med., Detroit, Ml

Abstract: We investigated the initial steps of synaptic differentiation and maturation during
activity-dependent growth at the Drosophila larval neuromuscular junctions (NMJ). We took
advantage of larvae with GFP-tagged neuronal membranes (CD8-GFP) and mCherry-tagged
synaptic vesicle markers Synaptogyrin (SG-mCherry). The activity-dependent outgrowth in vivo
in intact larvae was observed following either intense locomotion or seizure activity. Locomotion
(3 hours) was induced by either exposing larvae to elevated temperatures or to high salt
solutions. To induce seizure activity, we took advantage of the sei fly line, which shows neuronal
hyperexcitability at restrictive temperatures. The wild type (WT) line at restrictive temperatures
was used as control. We found that both paradigms produced robust outgrowth of new synaptic
structures, including filopodia, synaptic boutons devoid of vesicles, as well as more mature
synaptic boutons containing vesicles. The experiments at the sei line demonstrated that the
mature boutons filled with vesicles can be formed rapidly, within one minute. The experiments at
dissected preparations demonstrated two different pathways of the formation of new boutons: 1)
the growth of filopodia, sometimes followed by the formation of less mature boutons devoid of
vesicles; and 2) budding of more mature boutons filled with vesicles. We found that the activity
selectively promoted the second pathway. To elucidate the molecular mechanism of the activity-
induced outgrowth, we treated the preparations with a protein-kinase A (PKA) activator
forskolin. We found that forskolin treatment selectively promoted the activity-dependent
outgrowth of more mature boutons filled with vesicles. Since synaptic growth depends on a
protein Synapsin (Syn), which is a PKA target, we investigated the synaptic growth in Syn(-)
preparations and found that the activity-dependent budding of more mature boutons is selectively
inhibited in Syn(-). Altogether, out results demonstrate that the synaptic growth occurs via two
different pathways, which produce boutons at different stages of the maturation. One of the
pathways involves the activity-dependent budding of more mature boutons filled with vesicles,
and this pathways is regulated by intense activity via the PKA/Syn dependent mechanism.
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Abstract: Thrombospondin (TSP) is an extracellular matrix glycoprotein that has been shown to
have a role in synaptogenesis in the mammalian brain. In mammals, TSP is released by
astrocytes at glutamatergic synapses. The TSP family of glycoproteins is composed of 5
members. There is a single homologous protein in Drosophila melanogaster (D-TSP) and there
IS conservation in the protein domains that are involved in TSP’s function in synaptogenesis. In
Drosophila, D-TSP has mostly been studied in the myo-tendinous junction at embryonic stages.
Not much is known about the role of D-TSP at larval stages nor whether it plays a role in
synaptogenesis. Hence, we set out to determine if D-TSP functions at glutamatergic synapses in
the larval NMJ. We hypothesized that D-TSP would be necessary for normal NMJ formation. To
test this hypothesis, we used immunohistochemistry to visualize larval NMJ structure at the 6/7
muscles in segments A3 and A4. We quantified established NMJ markers (muscles with
phalloidin, presynaptic axons with HRP, and post-synaptic density with DLG) in flies with
normal expression of D-TSP and flies with decreased expression of D-TSP. Decreased
expression was achieved by RNAI, and we knocked down D-TSP in muscle (C600-GAL4 or
C600-DCR?2), pan-neuronally (elav-GAL4), or in motor neurons (D42-GAL4 or OK6-GAL4).
Our preliminary results suggest a change in NMJ morphology in the knockdowns. For example,
there appear to be differences in muscle coverage of the innervation, NMJ area and number of
branches. We are also quantifying muscle area, number of boutons, branching pattern, and the
number of islands. In addition, we noticed that the HRP axons of the knockdown looked thinner
overall and did not have distinct boutons. We are in the process of validating the knockdown.
Our results suggest that D-TSP plays a role in synaptogenesis at the larval NMJ.
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Abstract: Neural circuit formation is guided by a complex regulatory program of gene
expression and signaling interactions among neurons and glia. Innervation of the Medial Nucleus
of the Trapezoid Body (MNTB) is used as a model system to study cell type-specific gene
expression during formation of a large nerve terminal, the calyx of Held (CH), because of its
precise and rapid timeframe for development. The CH terminal grows between postnatal day
(P)2 to P4 and removal of supernumerary inputs is mostly completed by P6. In synchrony with
this process, glia have close physical contacts with the developing terminal and the postsynaptic
neuron. Little is known about the signaling interactions between neurons and glia in the MNTB
and how these signals contribute to formation of the mature neural tissue are as of yet unknown.
We utilized single cell RNA-Sequencing (scRNA-Seq) to reveal cell type-specific gene
enrichment in order to understand intercellular signaling interactions during the development of
this neural system.

Microdissected MNTB tissue was enzymatically dissociated into a single cell suspension and
loaded into the C1 microfluidics chip for single cell capture. Over 300 single cells at P3 were
captured and analyzed. cDNA libraries were of high quality, resulting in the detection of between
5,000 and 10,000 genes per single cell library. A hierarchical clustering approach yielded five
main cell clusters, including vascular-associated cells, oligodendrocytes, astrocytes and two
distinct clusters of neurons. Through this process the cell type-specific transcriptional profiles for
these clusters were identified. Transcripts encoding for proteins related to perineuronal net
formation were assigned to specific cell types based on enrichment, which will allow for targeted
genetic knockout studies in the future. Single molecule fluorescent in situ hybridization is being
used to investigate cell type-specificity of transcripts encoding for cell adhesion proteins and ion
channels in neurons and glial cells, which will shed light on the function of glial process
organization at developing synaptic sites in a maturing neural tissue. In conclusion, the SCcRNA-
Seq database provides a platform for the development of new tools, such as conditional Cre lines
and genetic knockout mice, which can be used to investigate the functional role of neuron-glia
communication and how this signaling guides growth of the CH terminal.
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Abstract: Presenilin (PS) is a molecule that was first identified, and named, in the context of
Alzheimer’s disease, but is now known to carry out a myriad of functions that are important
during development. Here, we characterize the role of PS in the developing Xenopus tadpole
retinotectal projection, the major component of the amphibian visual system, comprised of the
retinal ganglion cell (RGC) axons that project from the eye and synapse directly onto neurons in
the optic tectum. Western blot studies confirmed that PS is expressed in the tadpole optic tectum
during the time when the retinotectal circuit is forming. To test the role of PS we inhibited it by
electroporating a PS morpholino (PS-MO) or a control morpholino (Ctrl-MO) into the
postsynaptic tectal neurons at developmental stage 45, the time when retinotectal synapse
formation is at its peak. We then tested the circuit at stage 48, when the circuit is more mature
and supporting visual avoidance behavior. We found that this manipulation greatly compromised
visual avoidance behavior, suggesting that inhibiting PS in the tectal neurons during synapse
formation disrupts proper function of the visual system. To directly test this, light-evoked
responses were measured in PS-MO and Ctrl-MO neurons by projecting a whole field flash of
light onto the retina while recording from single tectal neurons in whole cell configuration. We
found that PS-MO neurons displayed significantly smaller light-evoked currents. Minimal
stimulation experiments, designed to quantify the synaptic strengths of individual RGC axons
contacting a given PS-MO or Ctrl-MO neuron, indicate that RGC axons form weaker synapses
onto PS-MO neurons compared to Ctrl-MO neurons, and, further, that NMDA currents are
reduced in PS-MO neurons. The reduction in NMDA receptor-mediated currents observed in the
PS-MO neurons is an important result because it implicates a role for PS in the initial stages of
glutamatergic synapse formation, when NMDA receptors are being recruited to nascent synaptic
sites. Piecing together previous reports from the Robakis, Dalva, and Greenberg labs about the
relationship between PS and EphB receptors, and the intracellular domain of EphB receptors and
NMDA receptors, led to our hypothesis that PS is involved in early synapse formation by
cleaving EphB receptors, which liberates the intracellular domain of EphB so that it can then
recruit or up-regulates NMDA receptors. We are currently testing this hypothesis by expressing
the already-cleaved EphB2 intracellular domain in PS-MO neurons to determine if it will rescue
the reduced NMDA currents. Preliminary data appear to support this hypothesis.
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Abstract: Marijuana is one of the most commonly used illicit recreational drugs and is widely
used for medicinal purposes. Cannabidiol (CBD) is the major non-psychoactive ingredient in
marijuana, whereas 8°-Tetrahydrocannabinol (§°-THC) is the main psychoactive ingredient.
Several studies indicate that cannabis use during pregnancy is on the rise due to the ease of
access and that it is considered to be relatively harmless. It is reported that up to 14% of pregnant
females aged between 12 to 44 have used cannabis during their first trimester. Epidemiological
studies suggest that children exposed to cannabis prenatally exhibit neurocognitive deficits,
aggressive behavior and attention disorders. In contrast to §° THC, a limited number of studies
have focused on the role of embryonic CBD exposure on organismal development. In this study,
we exposed zebrafish embryos to CBD (1, 2, 3 and 4 mg/L of CBD) for 5 hours during the
critical stage of development known as gastrulation, allowed them to develop and then examined
the embryos and larva for a range of features. CBD treated embryos exhibited dose dependent
reduction in survival, reduced heart rates, increased incidences of axial malformations and
shorter trunks. CBD treatment also altered synaptic activity at neuromuscular junctions (NMJs),
and fluorescent labelling of primary and secondary motor neurons indicated a change in
branching patterns and a reduction in the number of axonal branches in the trunk musculature.
Furthermore, there were alterations in the a-bungarotoxin labelling of nicotinic acetylcholine
receptors at NMJs. Locomotion studies showed that larvae that had been exposed to CBD during
gastrulation exhibited drastic reductions in the number of C-start escape responses to sound
stimuli. Taken together these findings indicate that zebrafish embryos exposed to CBD during
gastrulation exhibited alterations in heart rate, motor neuronal morphology, synaptic activity at
the NMJ and locomotor responses to sound. Co-treatment of embryos with pharmacological
antagonists of either CB1 (AM251, CP-9455) or CB2 receptors (AM630, JTE907) plus CBD,
resulted in improved morphology and increased survival rates. These results indicate that both
CB1 and CB2 receptors are involved in mediating the detrimental effects of CBD exposure
during gastrulation.
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Abstract: tRNAs are ubiquitous adaptor molecules that decode mRNAs through codon-
anticodon base pairing and insertion of the appropriate amino acid into growing polypeptide
chains. tRNAs undergo extensive posttranscriptional modifications that affect stability,
efficiency, and fidelity. Although once thought to function as simple adaptor molecules, it is
becoming apparent that tRNAs can function as signaling molecules in the dynamic regulation of
translation. Importantly, disruptions to the posttranscriptional processing of tRNAs have recently
been linked to neurological disease.

We identified a neuronal tRNA methyltransferase as a novel regulator of synaptic growth
through a genetic screen in Drosophila. This tRNA methyltransferase is one of two metazoan
paralogs of a yeast enzyme, TRM9, that methylates uridines found in the wobble position of the
anticodon loop to increase translational efficiency.

For comprehensive analysis of TRM9L’s neuronal role, we generated a null allele using
CRISPR-Cas9. Consistent with our previous RNAI results, TRM9L mutants exhibit significant
synaptic overgrowth at the neuromuscular junction. Despite ectopic synapse formation, synaptic
transmission is significantly impaired in TRM9L mutants, demonstrating that TRMIL is
necessary for proper synaptic function as well as growth. Because yeast TRM9 mutants are
sensitive to a variety of stressors, we examined the role of TRMOL in stress response and found
that loss of TRMOL increases sensitivity to paraquat, a toxin that induces oxidative stress. This
suggests that translational regulation of stress response genes may be a conserved function of
TRMO9-family enzymes. Through genetic and biochemical analyses we are dissecting the
mechanism through which TRMOL regulates synaptic function and stress responses.
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Abstract: Cyclin-dependent kinase 5 (CDK5) plays critical role in neuronal development and
synapse formation. Phosphorylation activity of Cdk5 on target proteins in post-mitotic neurons is
regulated by its activators p35 and p39. In pathological conditions CDKS5 activity gets
deregulated due to increased calcium level that leads to calpain mediate cleavage of p35 into
p25. CDK5/p25 becomes deregulated and hyperactive, hyperphosphorylates its substrates
including neurofilament (NF), tau and amyloid precursor protein (APP) leading to formation of
toxic aggregates of neurofilaments, phosphorylated tau and amyloid beta plaques in cell soma
resulting in neuronal death. To protect the neurons from deregulated CDK5/p25 multiple
inhibitors have been developed however most of these inhibitors are ATP analogues, nonspecific
and toxic. Therefore, a better hyperactive CDK5/p25 specific inhibitor needed. To this end we
have developed a 24 amino acid peptide TFP5 derived from CDKS5 regulator p35 that
specifically inhibits the hyperactive CDK5/p25 in in vitro as well as in mice models. Previously
we have shown that TFPS5 can rescue Alzheimer’s disease phenotype in mice model after
intraperitoneal injections. Therefore, we decide to find out the signaling pathways affected by
TFP5 in cultured rat cortical neurons. Here we report that treatment of cultured rat cortical
neurons with 500nM TFP5 and scrambled peptide leads to their increased uptake by microglia.
We also noted increased transformation of the rounded microglia into ramified microglia in
TFP5 treated cultures. Ramified microglia have been associated with neuronal pruning and
synapse development. Further analysis of the day in vitro (DIV) 1, 2 and 3 cultured neurons
stained with acetylated alpha tubulin and phalloidin revealed enhanced neurite growth in TFP5
treated neurons. Staining with axon initial segment (AIS) enriched protein AnkG revealed well
developed AIS in the TFP5 treated cultured neurons compared to that of scrambled peptide.
Moreover, we noted increased dendritic arborizations and enhanced synapse formation in TFP5
treated cortical neurons by DIV17. Our data suggest that TFP5 plays a critical role in the neurite
development, AIS formation and synaptogenesis. Future studies using next generation



sequencing technology (RNA-Seq) of the DIV6, 12 and 17 cultured cortical neurons are under
progress and will allow us to find out the signaling pathways affected by TFP5 in different cells

types.
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Abstract: The application of whole exome and whole genome sequencing has dramatically
increased the pace at which we implicate rare genetic variants in the etiology of Autism
Spectrum Disorder (ASD). However, our ability to sequence genomes has vastly surpassed our
ability to interpret the genetic variation we discover, resulting in thousands of variants of
uncertain significance. This creates a challenging situation that requires direct assessment of the
functional effects of disease-associated variants in vivo. To determine the functional effects of
ASD-associated missense variants we developed a novel strategy based on genome engineering
in the high-throughput genetic model organism Caenorhabditis elegans. We have begun by
focusing on the high-confidence ASD-associated gene PTEN. The sole C. elegans ortholog of
PTEN, called daf-18, regulates naive positive NaCl chemotaxis such that worms harbouring
reduction-of-function mutations in daf-18 actively avoid normally appetitive NaCl
concentrations. Using a machine vision-based chemotaxis paradigm we have shown that either
directly replacing daf-18 with a single copy of human WT PTEN using CRISPR or nervous
system specific overexpression of WT PTEN is able to substitute for complete deletion of daf-18
and rescue this behavioural deficit. Surprisingly, all ASD-associated missense mutations in



PTEN assessed resulted in partial- or complete loss-of-function and failed to rescue this sensory
deficit. Collaborative complementary in vivo functional assays in yeast, and fly as well as in vitro
assays in HEK293 cells and rat neural culture directly corroborate our finding that ASD-
associated PTEN variants are loss-of-function. The wealth of in vivo empirical data from this
research will improve algorithms that estimate the pathogenicity of missense mutations, improve
diagnostic accuracy, and further precision medicine efforts to treat ASD.
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Abstract: Activity-dependent neuroprotective protein (ADNP) discovered and first characterized
in our laboratory as vital for mammalian brain formation is one of the leading genes mutated de
novo, driving the autistic ADNP syndrome (1). ADNP is regulated by vasoactive intestinal
peptide (VIP), as well as by pituitary adenylate cyclase-activating peptide (PACAP), which
change its content toward neuroprotection. ADNP contains a microtubule-dynamic enhancing
motif, the neuroprotective drug candidate NAP (davunetide, CP201). NAP enhances ADNP’s
binding to microtubule end binding proteins, thereby augmenting ADNP’s neuroprotection. In
the current study, the impact of the Adnp genotype (homozygous or heterozygous) and the



efficacy of PACAP and NAP were tested in a unique mouse model of Adnp-haploinsufficiency.
As observed before in the object recognition test that evaluates learning and memory, the Adnp
haploinsufficient mice, unlike Adnp-intact littermates preferred the familiar object in contrast to
the novel object (2). Here, intranasal treatment with either PACAP or NAP ameliorated these
cognitive deficits, suggesting regulation at the level of ADNP, and enhancement of expression
and function, respectively. Interestingly, a significantly positive correlation was discovered
between spleen Adnp mRNA expression and object recognition performance in males (r=0.637,
*p<0.05), implicating a biomarker for cognitive function and corroborating previous results
showing that serum ADNP levels correlate with 1Q tests in the elderly population (3). Together,
these results suggest a surrogate blood marker for cognition, emphasize the suitability of the
Adnp haploinsufficient mouse for translational research and promote two ADNP-related drug
candidates. 1] Transl Psychiatry. 2017 Feb 21;7(2):e1043. doi: 10.1038/tp.2017.27; Biological
Psychiatry DOI: 10.1016/j.biopsych.2018.02.1173, in press. 2] Mol Psychiatry. 2016
Oct;21(10):1467-76; Transl Psychiatry. 2015 Feb 3;5:¢501. 3] J Alzheimer’s Dis.
2016;50(1):249-60.
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Abstract: Whole-exome sequencing studies have identified a number of genes with damaging de
novo mutations in children with neurodevelopmental disorders (NDD) and Autism Spectrum
Disorder (ASD). Many of these identified genes are involved in transcription regulation,
specifically chromatin remodeling pathways. SUPT16H encodes a subunit of Facilitates
chromatin transcription (FACT), a heterodimer protein complex that has been implicated in
DNA replication, transcription, and repair. FACT has been shown to interact with H2A-H2B



dimer from the nucleosome during transcription, allowing RNA polymerase access to the
previously coiled DNA. Previously, deletions and duplications in 14g911.2 involving the CHDS8
and SUPT16H genes have been reported in patients with NDD and ASD. However, the exact
role of SUPT16H in human neurodevelopment remains elusive.

Here we describe novel SUPT16H mutations in patients with neurodevelopmental disorders,
including agenesis of the corpus callosum and ASD. We identified seven individuals with de
novo mutations in SUPT16H. Five of these individuals had de novo missense mutations, one had
an InterVening Sequence (IVS) and one had a 2.05 deletion that included SUPT16H. All the
missense variants occurred at evolutionarily conserved amino acids. Three of the missense
variants were located in the middle domain of SPT16, the larger subunit of FACT encoded by
SUPT16H. This domain has shown to associate with the H2A-H2B dimer from nucleosome.
These variants were not previously reported in The Genome Aggregation Database (gnomAD)
and Exome Aggregation Consortium (EXAC) browser. In silico prediction of effects on protein
function was assessed. When applicable, the protein products were predicted to be damaging.
Clinical symptoms in this cohort included global developmental delay, autistic behavior, speech
delay, epilepsy, macrocephaly, and craniofacial dysmorphic features. Callosal abnormalities
were seen in all patients with Brain MRIs available.

In conclusion, our findings suggest that de novo mutation in the chromatin regulator gene
SUPT16H can contribute to a genetic syndrome characterized by neurodevelopmental defects,
behavioral problems and structural brain abnormalities.
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Abstract: The neuronal actin cytoskeleton is essential for development and function of the
nervous system. Human genetic studies revealed that deficits in neuronal actin dynamics can
impair the function of nerve cells, thereby causing neurodevelopmental disorders such as autism.
Members of the ADF/cofilin and profilin family are key regulators of actin dynamics. Recently,
we have shown that mice with a specific deletion of cofilinl in excitatory neurons of the
postnatal telencephalon are impaired in paradigms of associative learning such as Morris water
maze, conditioned place preference or contextual and cued fear conditioning. They also display
deficits in novel object recognition, in the absence of any social and communication deficits and
repetitive behavior, thereby depicting cofilinl’s role in non-social cognition. To further
investigate the contribution of actin dynamics to autism-like phenotypes, in this study we have
compared juvenile mice with a brain-specific deletion of profilinl (Pfn1) and their control
littermates in behavioral assays developed to detect social communication deficits and aberrant
cognitive phenotypes. When assessing direct reciprocal social interactions, we observed a clear
reduction in time spent interacting in female but not male Pfn1 mutant pairs. Reduced social
interaction in female mutants was paralleled by fewer ultrasonic vocalizations (USV) emitted
during the entire social interaction. Detailed temporal analysis revealed that, in female Pfnl
mutants only 40% of USV occurred while mice were engaging in active social behaviors such as
anogenital sniffing and social grooming, while this ratio was ~63% in control mice, with the total
number of USV emitted during active social behavior also differing between the genotypes. The
social deficits in female mutants persisted across different tests, as they showed intact social
approach but impaired social recognition in the three-chambered box assay. Furthermore, novel
object recognition was affected by Pfnl deficiency. Female, as well as male Pfnl mutants failed
to discriminate between novel and familiar objects, and they spent equal time exploring both
objects. In summary, the present findings indicate that lack of Pfn1 leads to sex-dependent
autism-like phenotypes and an aberrant cognitive phenotype.
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Abstract: CDKL5 Deficiency Disorder (CDD) is a rare neurodevelopmental disease resulting in
early-life epilepsy, intellectual disability, and autistic behaviors. It is caused by pathogenic
mutations in the gene for cyclin-dependent kinase-like 5 (CDKLS5). Using the CDKL5 R59X
knock-in (CDKL5 R59X) mouse model of CDD, we previously reported that the mutant mice
exhibit deficits in learning and memory and social interaction along with lowered seizure
threshold. Furthermore, our Western blot analysis of glutamate receptor subunits showed
significantly decreased levels of AMPA receptor (AMPAR) subunit GIuA2 in the hippocampus,
resulting in decreased GIuA2:GIluA1l. Decreased GIuA2:GluAl is consistent with the literature of
excitatory/inhibitory (E/I) imbalance and suggests that there is an increase in the number of
GluA2-lacking, Ca2+ permeable (CP)-AMPARs at the membrane, which have a significant role
in neuronal plasticity, excitability, and disease. Indeed, we observed that CDKL5 R59X mice
have significantly elevated early-phase long-term potentiation. We now report that the functional
contribution of CP-AMPARSs is significantly greater in CDKL5 R59X mice than WT littermates,
indicated by the characteristic inward rectification of the current voltage (I-V) relationship
(p<0.01 at +20mV and +40mV, n=5). An increase in SEPSC frequency are observed with a
decrease in amplitude in the CDKL5 R59X mice when compared to WT at p28 (KI1:3.4£0.4pA
vs WT:2.1+0.3pA,; p<0.05, n=5). This suggests that the changes in neuronal activity in the
hippocampus that lead to E/I imbalance in CA1 neurons. Additionally, we show that deficits in
working memory, social interaction, and seizure threshold are rescued with acute treatment of
CP-AMPAR open-channel blocker IEM1460 (p<0.0001, p<0.0001, and p<0.05 respectively,
n=10-12 for all behavioral experiments). Acute treatment with IEM1460 partially rescued
deficits in fear conditioning. These novel results indicate that increased levels of CP-AMPARS in
the hippocampus underlie alterations in plasticity, social behavior and hyperexcitability in the
CDKL5 R59X model, and may be a therapeutic target in patients with CDD.
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Abstract: Introduction: Autism spectrum disorder (ASD) is a complex condition that can be
defined as a group of diverse neurodevelopmental disorders which are identified by
communication and social development deficits. ASD can be affected by environmental and
genetic factors. Here, we applied imaging genetics approaches to link genetic changes to
functional and structural variations in the brain. Methods: Imaging and genomics were obtained
from the NDAR. 200 individuals (80 with ASD and 120 control) were identified as having T1-
weighted MRI, resting-state functional MRI (rs-fMRI), and single nucleotide polymorphism
(SNP) genotyping. SMRI scans were processed to segment the outer cortical (pial) surface. A
“global” descriptor was obtained by approximating the surface with an 81st-order SPHARM
model and calculating the power spectrum from the spherical harmonic coefficients. A vector of
“local” descriptors was aligned on a map of select 25 Brodmann areas per hemisphere, and
taking the average Gaussian curvature of the region surface. Rs-fMRI scans were processed
using independent component analysis. The pattern of activity within each component was
scored as consistent with ASD using a fuzzy, neural network-based classifier. SNP genotyping
had been performed using the Illumina HumanOmni 2.5-8 whole-genome Kit. Raw intensity data
files were processed with GenomeStudio software to obtain SNP calls. The extracted descriptors
from both SMRI1 and fMRI were used as phenotypic information in the genomic linkage analysis
performed using PLINK software to identify associated genomic variants and were cross-
referenced with databases. Results: Using a false discovery rate (FDR) of 0.1, twelve SNPs were
significantly associated with regional brain curvature, including four intron, two coding, and six
within intergenic DNA variants. Of the SNPs strongly associated with global brain shape, five
were intronic and two intergenic. The top 5 SNPs linked with ASD-related functional
connectivity, with uncorrected p < 10, were intronic or intergenic but none were significant at
FDR = 0.1. Implicated genes include several associated with vesicles/vesicle transport, with
metal ion transport including calcium ions, and with embryonic development, and neural
migration in particular. Other affected genes may have a membrane or chromatin regulatory
function or are non-protein coding. Conclusion: We present a pipeline that uses imaging
genetics approaches to extract the most affected genes by ASD. These analyses may suggest
novel genes which impact brain structure and function which differs from traditional autism risk
genes and contribute to the heterogeneity in ASD.
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Abstract: Dysregulation of the neural development leads to several psychiatric diseases such as
autism spectrum disorder (ASD). Previously we reported that cortactin-binding protein 2,
CTTNBP2, a brain specific actin-associates protein, regulates neuronal morphogenesis through
its interaction with F-actin or microtubules. CTTNBP2 oligomer associates and bundles
microtubule in premature neuron. The interaction with CTTNBP2 stabilizes microtubules and
controls dendritic arborization. While in mature neuron, CTTNBP2 becomes highly concentrated
in dendritic spine and colocalized with PSD95. In dendritic spines, CTTNBP2 modulates the
mobility of cortactin and thus regulates local actin dynamics. The interaction between CTTNBP2
and cortactin is critical for dendritic spine formation and maintenance, because depletion of
CTTNBP2 or expression of CTTNBP2 mutant that loss the interaction with cortactin decreases
the density of dendritic spine and the width of spine head. Recently, CTTNBP2 has been reported
as a high risk candidate gene in ASD patients. The goal of the current study is to investigate how
CTTNBP2 deficit causes ASD phenotypes. We generated CTTNBP2 knockout mice and ASD
mutation knock-in mice by genome-editing methods. We analyzed the brain anatomy, dendritic
spine morphology and ASD-related behaviors such as social interaction and anxiety in our
mutant mice. Our study is expect to provide the biological insights of the mechanism of ASD.
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Abstract: Autism spectrum disorders (ASD) is a prevalent neurodevelopmental disorder with a
significant genetic component. Hundreds of ASD risk genes have been identified; how these
heterogeneous genetic disruptions lead to common neurobiological mechanisms generating the
core behavioral abnormalities, social deficits and repetitive behavior, is poorly understood. A
potential mechanism of social dysfunction in ASD is aberrant functional connectivity (FC),
which is correlated with the degree of social abnormalities (Supekar et al., 2013). Previously we
found that oxytocin (OXT) administration or activation of paraventricular nuclei (PVVN) OXT
neurons improves social deficits in mice lacking the Cntnap2 gene (loss-of-function mutation
found in recessive forms of ASD; Penagarikano et al., 2011;2015). This coupled with work
showing that OXT modulates interneuron function, increasing circuit signal-to-noise (Owen et
al., 2013), suggested that OXT might exert its effects via rescuing alterations in FC. To test this,
we used high field (7T) resting-state fMRI to assess the effects of OXT on FC in
dexmedetomedine-sedated wild-type (WT) and Cntnap2KO mice (n=15/group). At baseline in
KO mice, we observed significantly lowered mean FC between brain regions with established
functions in social behavior (e.g. PVN, septal regions, medial prefrontal cortex; p<0.001 vs WT,
Monte Carlo exact permutation test). In contrast, the mean FC between these socially-relevant
regions and other brain regions that are not typically involved in social functions (e.g. sensory
cortices, thalamus, striatum) was significantly higher in KO mice (p<0.001), similar to
observations in patients (Rudie et al., 2013). OXT administration significantly strengthened the
mean FC between the socially-relevant brain regions (p<0.001), and weakened connections
between social and other regions (p<0.001). Application of independent component (IC) analysis
to these data revealed significant OXT-induced shifts in relative FC in the following KO IC pairs
(paired t-test, FDR=0.1): visual cortex-lateral hypothalamus, anterior cingulate cortex-dorsal
striatum, and nucleus accumbens-retrosplenial cortex. These results suggest that the observed
social deficits in KO mice are related to lowered FC between social regions, which can be
temporarily normalized by OXT administration. They also identify region-specific FC changes
that may mediate the OXT-mediated behavioral rescue in these mice.To confirm and expand
these findings, we are currently performing pharmacologic and chemogenetic (DREADD) MRI
to identify the regional patterns of activity elicited by exogenous or endogenous OXT.
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Abstract: IQSEC2 is an X-linked gene which is associated with autism spectrum disorder
(ASD), intellectual disability (ID) and epilepsy in humans. IQSEC2 is a postsynaptic density
protein, localized on excitatory synapses as part of the NMDA receptor complex and is
suggested to play a role in AMPA receptor trafficking and mediation of long term depression
(LTD). Here, we present behavioral and brain-wide functional connectivity characterization in a
new mouse model with a point mutation in the 1Q domain of IQSEC2 (A350V). Animals with
A350V mutation displayed impairment in sociability and social novelty when tested in the three-
chamber social preference task. Relative to controls, A350V animals displayed equivalent motor
performance and anxiety-like behavior measured with the Rotarod and Open field tests,
respectively. Several recent studies characterized the changes in the connectivity of brain
networks in animal models for ASD, mostly using electrophysiological recordings but also using
functional connectivity MRI (fcMRI; also termed resting-state fMRI). We acquired fcMRI in
awake head-fixed mice to examine brain-wide functional connectivity changes in A350V relative
to controls, correlated individual variability in social behavior and brain functional connectivity
and the extent to which previously implicated brain networks are recapitulated in A350V. We
specifically sought to examine whether social impairment is consistent with increased
corticostriatal connectivity, a finding previously shown in other mice models for ASD. The
current novel mouse model will complement work on established mouse models (such as BTBR,
CNTNAP2, and SHANKR3) to evaluate the behavioral and neural commonalities and differences
across ASD models facilitating translation of novel therapeutic approaches in ASD.
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Abstract: The cellular basis for altered sensory processing in autism spectrum disorders (ASD)
is poorly defined. Defects in higher-order regions of the brain are thought to contribute to
abnormal sensory processing in ASD. However, abnormal development and function in primary
sensory neurons has recently been identified in mouse models of syndromic ASD. Whether
defects in primary sensory neurons can be generalized to other models of ASD remains to be
determined. The survival, differentiation, target innervation and function of somatosensory
neurons is regulated by Neurotrophin/Trk and p75 signaling. Phosphatase and tensin homolog
(PTEN), an ASD susceptibility gene, functions as an intersection point between these pathways
and is involved in differentiation and circuit formation in different neuronal populations in the
central nervous system (CNS). However, the role of PTEN in the development of the peripheral
nervous system (PNS) remains to be determined. We hypothesized that loss of PTEN during
development in the PNS might affect morphogenesis and innervation patterns of peripheral
somatosensory neurons. We generated PTEN wild type (WT), heterozygous (F/+) and
homozygous (F/F) mutant mice using the Islet 1 (IsI1Cre) and Advillin (AvilCreERT) drivers to
specifically focus on the contribution of altered PTEN levels on PNS development. We found
that loss of PTEN increases survival of primary sensory neurons, disrupting the balance of
population diversification in the dorsal root ganglia (DRG). Moreover, loss of PTEN induces
early morphological maturation and increased axonal branching in primary sensory neurons.
Defects in the timing of primary sensory neuron maturation due to PTEN loss affects central and
peripheral innervation patterns, particularly in distal targets. Overall, these data suggest that
PTEN function is critical for peripheral sensory neuron development, and provides insight into
the role of PTEN mutations in altered sensory processing in a mouse model of syndromic ASD.
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Abstract: Tuberous Sclerosis Complex (TSC) is a developmental disorder characterized by
tumor susceptibility in multiple organs, brain malformations, and neurological manifestations.
TSC is a relatively rare genetic disorder affecting approximately 1 in 6,000 individuals.
However, it is highly associated with epilepsy, intellectual disability, and autism; therefore,
understanding the mechanism of disease in TSC may also provide insights into associated
neurological conditions. TSC is an autosomal dominant disorder caused by mutations in either
the TSClor TSC2gene. Patients are heterozygous for these mutations, however some cells
become homozygous likely due to loss of heterozygosity (LOH), and contribute to the formation
of tumors or regions of dysplasia, such as cortical tubers in the brain. It is presently unclear
whether LOH is required to elicit cognitive dysfunction. Since molecular studies of the human
brain are tremendously challenging due to the difficulty of obtaining live cells, we employ a
recently developed technique that allows the conversion of somatic cells into induced pluripotent
stem cells (iPSCs). For our studies, we used iPSCs derived from TSC patients carrying
heterozygous TSC2mutations, and unaffected control subjects to generate neural progenitor cells
(NPCs), NPC-derived neurons, or induced excitatory neurons (iNs) differentiated directly from
IPSCs. We investigated in detail neuronal development and morphology, and signaling pathways
relevant to the TSC genes. A delay in neuronal differentiation was consistently identified in all
TSC patient-derived cells, and in both NPC- or iPSC-derived neuronal cultures. Furthermore, we
investigated molecular mechanisms that underlie this phenotype, and discovered specific
abnormalities in the activity of the PI3K-Akt-mTOR signaling pathway that were not previously
reported in heterozygous models of TSC. This work will lead to further studies aimed at
understanding the functional significance of the observed abnormalities, and identifying



compounds that can correct them. These compounds could then be developed as drug treatments
that could potentially benefit not only TSC patients, but also other patients that suffer from
epilepsy, intellectual disability, and autism.

Disclosures: V. Dal Pozzo: None. A. Zucco: None. N. Samper: None. O. Devinsky: None. G.
D'Arcangelo: None.

Poster

119. Developmental Disorders: Autism: Genetic Models
Location: SDCC Halls B-H

Time: Sunday, November 4, 2018, 8:00 AM - 12:00 PM
Program #/Poster #: 119.12/D37

Topic: A.07. Developmental Disorders

Support: Simons Foundation SFARI #342005
NIH Grant HD042182

Title: Increased cellular stress disrupts migration of cortical interneurons in the LgDel model of
22911.2 DS

Authors: *T. M. MAYNARD?, D. W. MEECHAN?, C. A. BRYAN? E. M. PARONETT?, A.
S. LAMANTIA?
'Pharmacol. and Physiol., 2GW Inst. for Neurosci., George Washington Univ., Washington, DC

Abstract: Cortical interneurons have been identified as key pathological targets in behavioral
disorders including autism (ASD) and schizophrenia (Scz). We showed previously in the LgDel
mouse model of 22¢q11.2 Deletion Syndrome (22911.2 DS), a neurodevelopmental syndrome
strongly associated with ASD and SCZ, that interneuron migration into the cortex is delayed and
disrupted, leading to an aberrant distribution of distinct interneuron subclasses. This disruption is
due to dysregulated signaling via the Cxcr4 cytokine receptor, which can influence cell motility
via modulation of the mammalian target of rapamycin (mTOR) signaling pathway. Microarray
analysis of FACS sorted interneurons shows reduced expression of two key mTOR inhibitors:
Ddit4 and Sesn2, consistent with mTOR signaling dysregulation. We used conditional deletion to
assess genetic interaction between mTOR signaling and heterozygous 22g11 gene deletion in
developing LgDel and WT mice. Heterozygous DIx5/6-Cre-mediated ablation of the mTOR-
repressor Tsc2 in interneuron precursors amplifies migration defects observed in the LgDel
cortex. In these LgDel: Tsc2+/- E14 fetuses, unlike their LgDel or Tsc2+/- counterparts, few
interneurons migrate into the cortex. mTOR signaling is regulated by cellular stress, including
oxidative stress and nutrient availability, and we have previously found that LgDel neurons have
abnormally high levels of oxidative stress and disruptions in mitochondrial morphology. We
used the antioxidant N-Acetylcysteine given via maternal drinking water to restore cortical
interneuron migration in LgDel fetuses, presumably by diminishing oxidative stress due to 22911



gene/mTOR related dysregulation. Apparently, increased cellular stress, likely via a
Cxcr4d/mTOR pathway impairs cortical interneuron migration due to diminished 22911 gene
dosage. Increased cellular stress and disrupted mTOR signaling have been associated with
several neurodevelopmental disorders. We suggest that that the disruptions in these signaling
mechanisms may be a point of convergence between 22q11.2 DS and other syndromic as well as
non-syndromic behavioral disorders.
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Abstract: Human chromosome 16p11.2 microdeletion is one of the most common copy number
variants conferring risk for autism spectrum disorder (ASD) and other neurodevelopmental
disorders. Animal studies suggest that 16p11.2 deletion may share pathophysiology with Fragile
X syndrome (FXS)?. Previous clinical trials suggest that the GABA-B receptor agonist,
arbaclofen, may improve symptomatology in some individuals with FXS and idiopathic ASD,
although the trials did not find statistical significant differences on their primary endpoints. Data
from mice support the possibility that arbaclofen may be beneficial for 16p11.2 deletion
syndrome?. Concerted efforts to validate early scientific findings using rigorous methodological



designs are crucial in addressing the recent paucity of success in translational research®. To
determine the robustness and reproducibility of arbaclofen’s normalizing effects on behavior in
16p11.2 deletion mice, we established a consortium of four academic labs. Three different mouse
models of 16p11.2 deletion on three background strains and their wildtype controls were treated
for at least 12 days with one of three doses of arbaclofen in their drinking water (0.25, 0.5, 1.0
mg/ml). Mice were tested on open field (OF) activity, novel object recognition (NOR), object
location memory, contextual fear conditioning and accelerating rotarod. OF activity was also
analyzed using 3D imaging and a machine-learning based algorithm that parcellates behavior to
sub-second resolution®. HPLC-MS analysis performed by a contract research organization
revealed dose-dependent levels of arbaclofen in mouse brain. Behaviorally, deficits in NOR in
16p11.2 deletion mice were rescued by arbaclofen, whereas phenotypes in other behavioral tests
were not. Analysis of OF data suggest that arbaclofen does not have sedating effects, although
some off-target effects were identified with MoSeq analysis*. Our consortium offers an example
of how to develop and execute a rigorous test of preclinical efficacy of a potential
pharmacological therapy.

Tian D, et al. Contribution of mGIuR5 pathophysiology in a mouse model of human
chromosome 16p11.2 microdeletion. Nat Neurosci 18, (2015).
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lines of 16p11.2 deletion mice. Neuropsychopharm 43(3), (2018).

3Arrowsmith J. Trial watch: Phase 11 failures: 2008-2010. Nature reviews Drug discovery 10,
328-9 (2011).
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Abstract: Autism spectrum disorders (ASD), characterized by reduced social skills, repetitive
behaviors and speech delay with frequent cognitive and epileptic comorbidities are genetically
heterogeneous disorders. Genes associated with ASD participate in a variety of cellular
processes, including neuronal proliferation, migration, synaptogenesis, neuronal maturation and
connectivity. Recent data indicate that reduced network inhibition may underlie a subset of
genetically determined ASD. Using whole exome sequencing (WES), we identified de novo
mutations in MYO9B in patients with ASD and epilepsy. MYO9B encodes a non-muscular
myosin involved in maintenance of cell shape and motility through its actin-based motor
functions and its inhibition of the RhoGTPase RhoA. Myo9b controls dendritic patterning of
pyramidal cells (PCs), but its role in the development of GABAergic interneurons (INs) is
unexplored. To determine the requirement of Myo9b in the development and maturation of
cortical networks, we generated Nkx2.1°"; Myo9b® mutant mice carrying a conditional deletion
of Myo9b specific to MGE-INs. Myo9b conditional mutant mice are viable and do not display an
obvious epileptic phenotype. At the cellular level, we observe a delay in tangential migration that
persists at P3, but that resolves by P21. We also note a reduced frequency of spontaneous
inhibitory events (IPSCs), along with a reduced number of GABAergic perisomatic boutons on
CA1 hippocampal PCs, suggesting disruption of IN connectivity. As a result, Nkx2.1°"¢;
Myo9b®c mutant mice display increased anxiety, impaired spatial learning and memory, novelty
recognition and reversal learning, and reduced socialization, reminiscent of ASD. Altogether, our
data suggest that Myo9b is a critical player regulating IN development and that reduced
inhibition contributes to the ASD phenotype associated with Myo9b loss-of-function mutations.
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Abstract: Angelman Syndrome (AS) is a rare neurodevelopmental disorder characterized by
developmental delay, impaired receptive and expressive communication skills, ataxia, motor and
balance deficits, poor attention, intellectual disabilities, microcephaly, and seizures. The genetic
cause of AS is loss of expression of UBE3A (ubiquitin-protein ligase E6-AP) in the brain,
typically due to a deletion of the maternal 15q11-g13 region. New advances in rat models have
allowed for the development and utilization of clinically-relevant assays to measure the
sophisticated outcomes of social communication, learning and memory, and other AS symptoms
across development. We aimed to utilize our innovative, clinically-relevant outcome measures to
identify AS-relevant functional phenotypes in the Ube3a mutant rat. Ultrasonic vocalizations
(USV) were collected from male and female newborn Ube3a m-/p+, m+/p-, and m+/p+ rat pups
every other day from postnatal day (PND) 4 through 18. At PND 21, brains were collected via
perfusion for MRI analysis. Developmental milestones, including body measurements and reflex
development, were assessed along the same PND 4-18 time course, which was followed by the
USV playback assay of juvenile social communication. Individual rats were presented with a
natural 50-kHz USV and an acoustic control stimulus, and subsequent USV production and
approach behavior toward the stimulus source were compared. Motor behavior was measured via
the open field assay at early and late juvenile ages, and learning and memory abilities were
assessed with the novel object recognition task, touchscreen operant learning platform, and cued
and contextual fear conditioning. This study discovered reduced pup call emissions, delayed
reflex development, altered social communication, and impaired learning and memory in the
Ube3a m-/p+ rat model of AS. The results herein lend support for the important role of Ube3a in
development, in social communication, and for the use of this rat model as a tool to study the
neurobiology underlying the behavioral phenotypes of AS.

Disclosures: E.L. Berg: None. M.C. Pride: None. R.D. Lee: None. N.A. Copping: None. L.S.
Noakes: None. B.J. Nieman: None. J. Ellegood: None. J.P. Lerch: None. S. Harris:

None. H.A. Born: None. A.E. Anderson: None. S.V. Dindot: None. E.J. Weeber: None. D.J.
Segal: None. J.L. Silverman: None.



Poster

119. Developmental Disorders: Autism: Genetic Models
Location: SDCC Halls B-H

Time: Sunday, November 4, 2018, 8:00 AM - 12:00 PM
Program #/Poster #: 119.16/D41

Topic: A.07. Developmental Disorders

Support: Foundation for Angelman Syndrome Therapeutics
NIH RO1NS097808 (JLS)

Title: Preclinical global electroencephalography and seizure characterization in an Angelman
syndrome mouse model

Authors: *N. COPPING?, J. L. SILVERMAN?
1UC Davis, Sch. of Med., Sacramento, CA; 2UC Davis Sch. of Med., Sacramento, CA

Abstract: Angelman Syndrome (AS) is a rare (1:15,000-20,000) neurologic disorder
characterized by a wide range of symptoms including seizures, ataxia, motor deficits,
developmental delay, impaired communication skills, intellectual disabilities, and microcephaly.
Due to the high prevalence of seizures (>80%) in the AS population, electroencephalography
(EEG) data are prominent and have shown abnormalities in epileptiform spike-wake discharges
and increased delta waves of AS individuals. The present experiments were designed to build
upon previous findings of abnormal epileptiform spike-wake discharges and increased delta
waves by applying a global EEG approach in the characterization of excitation/inhibition
imbalance and seizure phenotypes. C57BI1/6J males were paired with heterozygous Ube3a
females, resulting in offspring with the maternal transmission of the Ube3a mutant allele
(Ube3a™"*) and their wildtype (Ube3a™""*) littermates. At 8 weeks, mice were anesthetized
and implanted with a wireless telemetry device designed to measure EEG and EMG in freely
moving animals (DSI™). To capture global EEG, two biopotential leads were attached to
surgical screws 1.0mm anterior and 3.0mm posterior to the left and right of Bregma,
respectively. EMG activity was measured via two leads rooted in the trapezius muscles. One
week post-surgery, subject EEG, EMG, and temperature were recorded for a 24-hour baseline,
then seizures were induced with pentylenetetrazole. EEG analysis and seizure characterization
were evaluated using Neuroscore software. In support of earlier research efforts, we discovered
clear, robust phenotypes of atypical EEG activity in Ube3a™* mice, compared to Ube3a™*/P*
controls. Our results extend earlier brain region specific preclinical studies (Sidorov et al., 2017,
Born et al., 2017), with the advantage of a translational approach that will provide critical data
necessary to further investigate the possibility of a cross-species EEG biomarker and will serve
as a paramount output measure in numerous innovative therapeutic interventions, including
antisense oligonucleotides, artificial transcription factors, and stem cell based viral vector
deliveries.
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Abstract: Copy number variants in the chromatin remodeling gene AT-Rich Interactive Domain
1B (ARID1B) is a common genetic variation associated with autism spectrum disorders (ASD),
intellectual disability (ID), and Coffin Siris Syndrome (Nord et al., 2011, Halgren et al., 2012,
Celenetal., 2017, Jung et al., 2018). Here, we generated a novel mouse at The Centre for
Phenogenomics by injecting Cas9 nickase (D10A) and single guide RNAs with spacer sequences
resulting in deletion of Chrl7 from 5242523 to 5243410. Next, we characterized developmental
and adult behavioral phenotypes associated with haploinsufficiency of ARID1B. Behavioral
assays relevant to ASD, ID and Coffin Siris Syndrome were conducted from neonatal
development to adulthood to evaluate general health, anxiety-like, motor, cognitive, and social
behaviors in heterozygous Arid1b (+/-) mice compared to littermate wildtypes (+/+). During
development, Arid1lb+/- exhibited robust impairments in ultrasonic vocalizations (USVs) and
metrics of developmental growth. As adults, Arid1b+/- showed low motor abilities in open field
exploration and normal three-chambered approach. Interestingly, Arid1b+/- had learning and
memory deficits in novel objection recognition. Social interactions in the male-female social
dyad with USVs revealed social deficits on some but not all parameters. No repetitive behaviors
were observed. Whole brains of adult mice were analyzed by structural MRI to identify volume
changes in various brain regions. MRI revealed significant decreases in olfactory bulbs,
brainstem and cerebellum in Arid1b+/- compared to +/+. Finally, we applied genomic profiling
in Arid1b+/- mouse brain to identify changes due to haploinsufficiency. This study represents the



first full investigation of Arid1b+/- haploinsufficiency on behaviors relevant to development
delay, social behavior and learning and memory, with corroborative neuroanatomy and suggests
a functional role for Arid1lb+/- in growth, developmental delay, and impairments in behavior
relevant to ASD, ID and Coffin Siris Syndrome.
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Abstract: Kin of irregular chiasm-like 3 (Kirrel3), a member of immunoglobulin superfamily, is
involved in neuronal functions such as axon pathfinding and synapse formation. In humans,
genetic mutations in KIRREL3 are associated with autism spectrum disorders (ASD). At the 46th
annual meeting of Society for Neuroscience, we presented that Kirrel3-knockout mice exhibit
ASD-like behaviors such as social recognition deficits, communication deficits, repetitive motor
behaviors, and sensory abnormality (auditory hypersensitivity). However, the molecular
mechanisms underlying the ASD-like behaviors of Kirrel3-knockout mice remain unclear.
Dopamine (DA) neurons in the substantia nigra (SN) and ventral tegmental area (VTA) form
nigrostriatal and mesocorticolimbic dopaminergic systems, respectively. It is well-known that the
disruption of these dopaminergic systems leads to ASD-like behaviors. To gain insights into the
roles of Kirrel3 in DA neurons of the SN and VTA, we examined the expression patterns of
Kirrel3 in these regions by using mice that express the lacZ reporter gene under the control of the
Kirrel3 promoter. X-gal staining revealed that Kirrel3 was expressed in 34.4 + 3.2% of cells in
the SN pars compacta (SNc), 27.0 + 4.9% of cells in the SN pars reticulata (SNr), and 29.2 +
2.0% of cells in the VTA. In the SNc and VTA, almost all of Kirrel3-positive cells expressed
NeuN, a marker of neurons. Neither S100 protein nor Iba-1, markers of astrocytes and microglia,
respectively, was observed in Kirrel3-positive cells. In addition, most of Kirrel3-positive



neurons in the SNc expressed tyrosine hydroxylase, a marker of DA neurons, but not gamma-
amino butyric acid (GABA), a marker of GABAergic interneurons. In contrast, Kirrel3 was
expressed in both DA neurons and GABAergic interneurons in the VTA. Thus, Kirrel3 is
expressed in DA neurons in both SNc and VTA, and in GABAergic interneurons in the VTA.
Thus, Kirrel3 may play important roles in the development of DA neurons of the SNc and VTA,
the defects of which might contribute to ASD-like behaviors in Kirrel3-knockout mice.
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Abstract: A synaptic cell adhesion molecule, Kirrel3, is expressed in the central nervous system,
including the cerebellum and plays important roles in various processes of neural circuit
formation. Recently, the disruption of KIRREL3 gene has been reported as a candidate for autism
spectrum disorder (ASD). At the 46th annual meeting of Society for Neuroscience, we presented
that Kirrel3-knockout (Kirrel3”) mice showed ASD-like behaviors such as social recognition
deficits, communication deficits, repetitive motor behaviors, and sensory abnormality (auditory
hypersensitivity). It has been suggested that the cerebellar abnormalities are involved in ASD-
like behaviors, such as the social and communicative deficits and repetitive motor behaviors. In
particular, the abnormal development of Purkinje cells (PCs) is well-known to be associated with
the ASD-like behaviors. In the present study, we observed that Kirrel3 was expressed in most of
the interneurons of the molecular layer and in subpopulations of Purkinje cells (PCs) and granule
cells in the cerebellum. In addition, we found that Kirrel3 protein was intensely expressed in the
all PSD95-positive axonal terminals of basket cells, which form pinceau synapse around the
axon initial segment of PCs. To investigate the structure of pinceau synapse in the Kirrel3”
mice, we performed immunofluorescence staining for PSD95 in the cerebellum. The PSD95-



positive pinceau areas were increased in Kirrel3” mice compared to those in wild-type mice. In
addition, western blot analysis revealed that the protein level of PSD95 in the cerebellum was
higher in Kirrel3” mice than that in wild-type mice. It has been reported that PSD95 is localized
to septate-like junctions between axons of BCs in the pinceau. The enlargement of PSD95-
positive pinceau areas and the increase in PSD95 protein expression may reflect abnormal
development of BCs axons, including the abnormal axonal branching and pathfinding. The
abnormal synapse formation of cerebellar pinceau observed in Kirrel3”- mice may induce
abnormal pinceau synaptic activity, which cause ASD-like behaviors, such as the social and
communicative deficits and repetitive motor behaviors.
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Abstract: A member of the immunoglobulin superfamily, Kirrel3, is expressed in the brain and
involved in the various processes of neural circuit formation. It has been reported that genetic
mutations in KIRRELS3 are associated with autism spectrum disorder (ASD). At the 46th annual
meeting of Society for Neuroscience, we presented that Kirrel3-knockout (Kirrel3”) mice
showed social recognition deficits, communication deficits, repetitive motor behaviors, and
sensory abnormality (auditory hypersensitivity) as well as hyperactivity, which are relevant to
ASD with attention deficit hyperactivity disorder (ADHD). To establish Kirrel3” mice as a
mouse model of ASD with ADHD, we further examined various behaviors related to ASD and
other mental disorders comorbid with ASD, including anxiety disorder and intellectual disability.
Because ASD symptoms often exist in early childhood, we performed the separation-induced
ultrasonic vocalization (USV) recordings in wild-type and Kirrel3” pups. At postnatal day 7, the
number of USVs emitted by Kirrel3” pups significantly increased than that of wild-type pups,
indicating that social communicative abnormalities appeared in early childhood of Kirrel3™
mice. To investigate social recognition memory, we performed olfactory



habituation/dishabituation test. In this test, Kirrel3”- mice showed poor abilities to discriminate
different social odors, which may cause social recognition deficits. In both the open-field arena
and the home cage, significant increases in rearing were observed in Kirrel3” mice, indicating
that Kirrel3”- mice exhibited repetitive motor behaviors. In the light-dark transition test and the
elevated plus maze test, Kirrel3”- mice exhibited hyperactivity and normal anxiety-related
behaviors. In the Morris water maze test, Kirrel3”- mice showed normal spatial learning and
memory, suggesting normal cognitive ability in Kirrel3” mice. These findings suggest that
Kirrel3” mouse is a useful animal model for investigating the pathophysiology of ASD
comorbid with ADHD.
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Abstract: Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized by
the deficits in social communication, repetitive and stereotyped interests, and sensory
abnormalities, including hyper-/hypo-sensitivity to auditory and tactile stimuli. In human,
genetic mutation of Kin of irregular chiasm-like 3 (Kirrel3), a synaptic cell-adhesion molecule,
has been implicated in ASD. At the 46th annual meeting of Society for Neuroscience, we
presented that Kirrel3-knockout mice exhibit ASD-like behaviors such as social recognition
deficits, communication deficits, repetitive motor behaviors, and sensory abnormality (auditory
hypersensitivity). To gain further insights into the functional roles of Kirrel3 in the sensory
neurons, we examined the expression of Kirrel3 in the dorsal root ganglia (DRGs) by using
heterozygous Kirrel3-knockout mice, in which Kirrel3 gene was replaced with the lacZ reporter
gene. X-gal staining in adult heterozygous Kirrel3-knockout mice revealed that the expression of
Kirrel3 was observed in the DRG neurons (35.4 £ 1.5% of total DRG neurons) and widely
distributed throughout all size profiles. Double-immunofluorescence staining demonstrated that



about 80% of TrkB-positive mechanoreceptive neurons expressed Kirrel3 in the adult DRGs. In
addition, Kirrel3 was colocalized with both synaptophysin and vesicular glutamate transporter 3,
a synaptic marker of mechanoreceptive neurons in the spinal cord. During the development of
the DRGs, the expression of Kirrel3 was first detected at embryonic day (E) 11.5, gradually
increased, and reached the maximum levels (approximately 58% of total DRG neurons) between
E17.5 and postnatal day (P) 7. From E13.5 to P7, more than 80% of TrkB-positive
mechanoreceptive neurons contained Kirrel3 in the DRGs of mice. Thus, Kirrel3 may be
involved in the development and maintenance of mechanoreceptive neurons by regulating the
neuronal functions, including synapse formation. Our results raise the possibility that the
functional loss of Kirrel3 in the mechanoreceptive neurons of the DRGs may lead to the sensory
abnormalities in ASD.
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Abstract: Serotonin is a neurotransmitter critical for normal neurodevelopment and behavior.
The precursor to serotonin, tryptophan, crosses the placenta to feed fetal needs during pregnancy
and is understood to be the main source of serotonin synthesized by the placenta at mid
gestation. The experimental hypothesis was that with pharmacological attenuation of maternal
serotonin synthesis during pregnancy, more tryptophan would become available for the fetus and
this may improve offspring social behavior otherwise impaired. To inhibit maternal serotonin
synthesis at mid-gestation, pregnant mice were treated with saline control vehicle or 150 mg/kg
of para-chlorophenylalanine (PCPA) by subcutaneous injection daily for 3 days (gestational day
8 - 11). PCPA curbs conversion of tryptophan into serotonin by inhibiting the enzyme tryptophan



hydroxylase. At seven weeks of age, offspring from saline and PCPA treated dams were
behavior-tested utilizing three-chamber tests for social interaction and social novelty preference,
as well as the marble-burying assay for repetitive behaviors, to measure parallels of the two core
clinical features of autism. BTBR mice, with inherent sociability impairments were used to
determine if their deficits could be corrected, and sociabile C57BL/6 mice served as a strain
control. To ensure scientific rigor each treatment was performed on two cohorts of 5 dams per
treatment and strain, and sample size for groups were at least 8 offspring from different dams.
There was an interaction between sex and body weight of adolescent offspring, such that males
from PCPA dams weighed more than females (p < 0.05). In sociability preference tests, female
offspring from PCPA-treated dams exhibited greater preference for stranger mice versus novel
objects, both with measures of time in chamber and time engaged in social sniffing (Tukey’s p
<0.01). This effect was also echoed in social sniffing by the adolescent male offspring of
C57BL/6 but not BTBR mice. Social novelty preference was greater in the female saline group
and in the PCPA-exposed males as seen in time spent sniffing. In females, the PCPA treatment
significantly reduced the number of marbles buried, but there was no effect of PCPA treatment
on this measure in males. It is possible that while maternal serotonin synthesis was inhibited, the
subcutaneous injections of PCPA did not cross the placenta and thus did not impact fetal mice
ability to synthesize serotonin, as we did not see major detriments to repetitive or social behavior
in the PCPA-treated group, but instead minor enhancements that were more pronounced in
C57BL/6 mice.
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Abstract: Smith-Lemli-Opitz syndrome (SLOS) is caused by mutations in the gene for 7-
dehydrocholesterol reductase (DHCR?7), catalyzing the final step in cholesterol synthesis.
Affected individuals exhibit a range of neurological defects, including autism spectrum disorder
(ASD). DHCRY is a “syndromic” ASD gene, yet how ASD is linked to deranged cholesterol
metabolism is not directly apparent. Accumulated 7-dehydrocholesterol (7DHC)-derived
oxysterols affect function and viability of retinal cells in animal models of SLOS. Transcriptomic
analysis of a mouse cone photoreceptor cell line exposed to oxysterols showed that loss of
viability was correlated with DNA damage/repair and ER stress. Here we further screened our
data for expression of ASD genes, and genes for CNS development and synaptic organization
imputed in ASD pathophysiology.

661W cells were incubated (n=3) with 5,9-endoperoxy-cholest-7-en-3p,6a-diol (EPCD; specific
to SLOS), 7-ketocholesterol (7kCHOL), cholesterol (CHOL, a sterol control), or control vehicle
(VC). Oxysterol-treated samples with high RNA integrity were harvested before global loss of
cell viability at the doses employed. After conversion of raw data from Affymetrix Mouse
Genome arrays, mean fold changes (FC) vs. VC, and adjusted P-values (aP) were computed;
thresholds for differentially expressed genes (DEG) were FC > 1.5 and aP < 0.001. Enrichment
analysis was carried out using LRpath.

The EPCD DEG set (in contrast to 7kCHOL and CHOL) was enriched in genes associated with
synaptic structure and function (120 total, all down-regulated; P < 0.05), with 40/120 among the
“top 2500” ASD candidates listed at asd.princeton.edu. Other significantly down-regulated
annotations representing ASD-associated attributes, for both EPCD and 7kCHOL, included: cell
junctions; cell/matrix adhesion; forebrain development; Wnt pathways; and signaling via
channels, kinases, and growth factors. Compilation of relevant DEG suggested contrasting
hypermethylating vs. demethylating cellular environment outcomes for EPCD and 7kCHOL,
respectively. Both oxysterols dysregulated expression of individual ASD signature genes such
as: ankyrin-2; ataxin-1; and, putatively, those for V-ATPase subunits. Although reelin, FMR1,
and synapsins were not directly affected, DEG included signaling elements or
transcription/activity regulators for these genes. Oxysterols upregulated genes for heme
oxygenase-1, CPOX (heme synthesis), and heme-binding clock protein Rev-Erbp.

These results support hypotheses of ASD mechanisms incorporating environmental, epigenetic,
and epistatic influences, in concert with single gene loss/gain of function.
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Abstract: Social interaction deficits and anxiety are highly comorbid symptoms in several
psychiatric illnesses including autism spectrum disorder (ASD). Two brain regions that are
involved in the regulation of these behaviors are the basolateral amygdala (BLA), a well-
established regulator in the development of anxiety and social interaction, and the nucleus
accumbens (NAC), a critical region for regulation of reward and motivation. However, the role of
the BLA-NAC circuit in the regulation of social interaction and anxiety-like behaviors has not yet
been explored. We used in vivo optogenetics to assay the role of the BLA-NACc circuit in social
interaction and anxiety-like behaviors in a mouse model. Our research demonstrates that
optogenetic activation of the BLA-NAC circuit causes a decrease in social interaction, as assayed
by the three chamber social interaction task. Additionally we see increases in negative social
behaviors, and decreases in social investigative behaviors in a free social interaction tasks and
social conditioned place aversion during stimulation. We do not see an effect on anxiety-like
behavior. Additionally, our data shows the glutamatergic BLA-NAc circuit is sensitive to
endogenous cannabinoid (eCB) signaling, which has previously been shown to regulate in vivo
social behavior. We have shown that a pretreatment with JZL-184, a monoacylglycerol lipase
inhibitor that increases the eCB 2-arachindonoylglycerol, prevents decreases in social interaction
elicited by BLA-NACc activation. We will study the role of this circuit and eCB signaling in
genetic mouse models of ASD. These findings could be relevant for elucidating
pathophysiological mechanisms and therapeutic approaches for the treatment of psychiatric
disorders characterized by increased anxiety and social dysfunction including ASD.
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Abstract: The autism spectrum disorders (ASD) are characterized by impairments in social
interaction and stereotyped behaviors, but the underlying pathogenesis remains poorly
understood. Recent studies have suggested that cerebellar abnormalities and Purkinje cell (PCs)
loss were implicated in the onset of ASD. Here we report that mice lacking the ebpl gene
(pa2g4) exhibited a severe reduction in the number of PCs and defeats in the migration out of
anterior cerebellar lobes results in autistic-like behaviors, including abnormal social interaction,
repetitive behavior and open field test.

Moreover, Ebpl interacts with Ptfla, a basic helix-loop-helix transcription factor, which is an
essential regulator of Lhx1/5 and over-expression of Ebpl leads to increase luciferase activity of
LHX1/5. Here, we show that the Ebp1 prevents ubiquitination and subsequent degradation of
Ptfla by repressing FBXW?7 SCF-type ubiquitin ligase and recruiting USP7 deubiquitinating
enzyme to cleave the ubiquitin chains. Thus, we propose that Ebpl is a main controller between
an ubiquitin ligase and a deubiquitinating enzyme for a cerebellar contribution in PCs function to
cognitive disorders such as autism.
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Abstract: Autism spectrum disorders (ASDs) are neurodevelopmental disorders characterized
by repetitive behavior and severe impairments in social communication and interaction. Loss of
function mutations and structural variants in SHANK?2 have been associated with susceptibility
to ASDs, but the molecular mechanism on how SHANK2 affects neurodevelopment remains
poorly understood. We reprogrammed peripheral blood cells from a patient with loss-function
mutation in SHANK?2 into human induced pluripotent stem cells (hiPSCs) and subsequently
differentiated them into functional neurons. We showed that hiPSC-derived neurons had reduced
differentiation capability and contribute to diminished differentiation capability of TH neurons.
Morphological analysis showed a reduction in dendrite length, dendrite numbers and neuronal
soma size, but not axon length and numbers. The neurite length and branch numbers of GABA
neurons showed no change. Neurons derived from the ASD patient showed decreased frequency
of sodium currents. In summary, we report changes in neuronal phenotypes and
electrophysiology in hiPSC-derived neurons from a patient with ASD, and we are in the process
of rescuing these phenotypes by CRISPR/Cas9 correction of the point mutation in SHANK2.
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Abstract: Loss-of-function mutation in the CACNG2 gene has been associated with an increased
risk for autism spectrum disorder (ASD). Using fibroblasts obtained from a child with ASD
carrying in-frame deletion of CACNG2 and the parent as a control subject, we generated induced
pluripotent stem cells (iPSCs) and differentiated them into cerebral organoids to explore the
electrophysiological mechanism underlying ASD phenotypes. Whole-cell patch clamp was
employed using cerebral organoids in the dish. Neurons and glial cells were functionally
distinguished by their characteristic electrophysiological properties: action potential and voltage-
gated Na* currents in neuron vs. Kir currents in glia. We found that neurons with CACNG2
mutation had action potentials with a ~16% higher amplitude and ~33.0% faster upstroke
compared to control neurons (n=23-32). The minimum current (rheobase) injected to evoke an
action potential in CACNG2 mutation neurons (12.8+1.0 pA, n = 32) was lower than that in
control neurons (16.9+1.4 pA, n=22, p<0.01). We further discovered that the current densities of
voltage-gated Na* channels of CACNG2 mutation neurons (-213.8+25.5 pA/pF at -20 mV,
n=36) were significantly higher than that from control subject (-96.3+11.7 pA/pF at -20 mV,
n=23, p<0.01). We also found a hyperpolarizing shift of voltage dependence of Na* channel
activation in the mutant neurons (Vos = -35.5£1.3 mV, n=36) compared to control neurons (Vos =
-29.8+1.1 mV, n=23, p<0.01). These results suggested an elevated neuronal excitability in
CACNG?2 neurons in cerebral organoids. In addition, the amplitude and frequency of
spontaneous excitatory synaptic currents were significantly lower in mutant neurons (-6.72+0.66
pA and 0.26+0.06 Hz, n=19) compared to control neurons (-13.7+2.8 pA and 0.61+0.31 Hz, n=6,
p<0.05), indicating an impaired synaptic activity by CACNG2 mutation. The current densities of
Kir channel were not significantly different between control (-52.6+13.3 pA/pF at -140 mV, n=8)
and mutant (-47.3+13.6 pA/pF at -140 mV, n=12) glial cells. Overall, our study revealed
increased intrinsic excitability in CACNG2 neurons of cerebral organoids while the synaptic
activity seems disrupted. In the future study, we will focus on investigating alterations of
electrophysiological properties of cerebral organoids derived from other ASD mutations.
Common electrophysiological changes in ASD neurons could be the potential molecular
mechanisms that contribute to dysfunctional cortex processing in autistic individuals.
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Title: The effects of prenatal LPS on microglial fractalkine pathway modulated
neurodevelopment
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Abstract: Background: Microglia, the brain’s resident immune-cells, are critically involved in
normal brain developmental processes including the shaping of connections between neurons by
pruning superfluous synaptic spines. This important task is thought to involve the ligand
fractalkine, which is highly expressed by neurons, and its only known receptor (CX3CR1)
predominantly expressed on microglia. We previously showed a significant reduction in
CX3CR1 mRNA expression and higher spine density in the offspring brain in our prenatal
inflammation model. Here we assess immune mediators and expand our investigation on the role
of CX3CRL1 in our model.

Objective: To identify inflammatory changes and determine the role of CX3CR1 in microglia’s
spine pruning alterations in our prenatal inflammation model.

Methods: Pregnant mice were injected with a single dose of bacterial Lipopolysaccharide (LPS)
at embryonic day 15. An array of immune mediators, cytokines, was measured in maternal
plasma, fetal brains and placenta. We are further quantifying microglia density and its co-
expression with CX3CR1, as well as assaying levels of post synaptic protein PSD95, as an
indicator of pruning alterations. In separate studies, injections were performed on CX3CR1*"
dams mated with CX3CR1*" males to generate litters with all the different genotypes and we are
currently assaying PSD95 expression. Sex effects were considered in all experiments.

Results: Prenatal LPS induced a significant increase in pro-inflammatory cytokines IL-1 beta,
IL-6 and TNF alpha and anti-inflammatory IL-10 in the maternal plasma 2hrs post injection,
which normalized after 4hrs. Only IL-1 beta and IL-10 were detectable in the fetal brain
regardless of treatment and TNF alpha was the only cytokine significantly increased in the
placenta of male fetus after 2hrs. These changes are indicators of alterations in the inflammatory
milieu during gestation, that we believe are linked to changes in microglial function in general
and to the fractalkine pathway specifically, and which we expect to disentangle with our current
experimental design.

Conclusions: Previously, our results provided an early indicator that microglial function was
altered in the brain of maternally challenged progeny. We show here the inflammatory profile
within different tissues and the role of CX3CR1 in our model.
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Abstract: The 16p11.2 copy number variant is associated with multiple neurodevelopmental
disorders. There is a dosage effect of this CNV on the head size phenotype, with macrocephaly
observed in the deletion carriers, and microcephaly observed in the duplication carriers.

To study the molecular pathways impacted by this CNV, we generated human cerebral organoids
from iPSCs derived from 16p11.2 DEL/DUP affected individuals. RNA-seq was performed on
IPSCs and organoids at 1 month after generation. To process the RNA-seq data, we adopted the
“long-rna-seg-pipeline” used by the ENCODE Consortium. The size of the organoids was
monitored during their maturation, and cell migration was assessed at 1 month.

We observed that cerebral organoid models recapitulate patients’ head size phenotypes.
Transcriptomic profiling of iPSCs identified significantly differentially expressed genes with
cytoskeletal functions. Gene co-expression network analyses identified co-expression modules
that were strongly associated with 16p11.2 copy number status. One module comprised all
16p11.2 genes, and was upregulated in DUPs while downregulated in DELS, confirming strong
cis-effect of the 16p11.2 CNV. Another module upregulated exclusively in DUPs was enriched
in genes involved in cell adhesion and migration. Finally, the module upregulated exclusively in
DELs was enriched in genes with nucleosome and chromatin-related functions. This suggests
that dosage changes of the same CNV impact different biological and molecular functions.

We validated some of the molecular findings with regard to the dysregulated gene modules by
observing a defect in neuronal migration of cells dissociated from the DEL and DUP cerebral
organoids. Furthermore, immunofluorescence demonstrated defects in cell proliferation and
differentiation in the mutant organoids. Proteomics studies are ongoing to better understand
posttranscriptional impact of the 16p11.2 CNV.
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Abstract: Exome sequencing has identified the gene SCN2A as a leading monogenetic risk
factor for autism-spectrum disorder (ASD) and intellectual disability. SCN2A encodes Nav1.2, a
voltage-gated sodium channel with a known role in the axon initial segment (AlS), an axonal
subcompartment that is the site of action potential initiation. Previously, we found that the
majority of ASD-associated SCN2A variants result in a loss of channel function (Ben-Shalom et
al.), suggesting that Nav1.2 haploinsufficiency bears considerable risk for ASD. How Nay1.2
haploinsufficiency contributes to ASD pathogenicity remains unclear.

Here, we examined the consequences of Nav1.2 haploinsufficiency throughout development
using mice with heterozygous loss of one Scn2a allele (Scn2a™). We focused on layer 5 of
prefrontal cortex, a region containing neurons implicated in ASD. Within this region, we found
that Scn2a haploinsufficiency altered excitability and synaptic function within excitatory
pyramidal cells and not neighboring inhibitory cells. In pyramidal cells, Scn2a loss affected
neuronal excitability in two developmentally distinct ways. Early in development, Scn2a loss
impaired axonal excitability. In more mature neurons, axonal excitability deficits were no longer
apparent. Instead, Scn2a loss impaired dendritic excitability. Furthermore, we found that
excitatory synapse function and the capacity for synaptic plasticity was impaired in mature
Scn2a*" neurons, and that these impairments were associated with behavioral learning deficits.
Thus, these results indicate that Scn2a expression is critical for maintaining neuronal excitability
throughout life, and further identify a role for Nay1.2 channels in the dendrite that is critical for
proper synapse stability.
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Abstract: Objective: To evaluate the developmental neurotoxicity of chemicals, we utilized
electrophysiological and pharmacological approaches to analyze hippocampal slices obtained
from rat pups, prenatally exposed to chemicals of interest, such as valproic acid (VPA) or
tributyltin (TBT). VPA is commonly used as an antiepileptic drug and mood stabilizer. However,
it is known as a developmental neurotoxicant, because animal models of autism spectrum
disorder have been established by prenatal exposure to VPA. Methods: Pregnant Wistar rats
were exposed to VPA (300 mg/kg) or TBT (20 mg/kg) on day 15 of gestation. Hippocampal
slices were prepared from juvenile rats belonging to the VPA or TBT exposed and control
groups, at postnatal days (PND) 13-18. We investigated stimulation/response (S/R) relationships
of the slope of the field excitatory postsynaptic potential (FEPSP) and the amplitude of the
population spikes (PS) evoked in the CAL area. Data of fEPSP-Spike (E-S) coupling, obtained
from each individual slice, were fitted to a logistic curve and the fEPSP slope value at half
maximal PS (Eslope50) was compared among the experimental groups. Additionally, effect of
ambient y-aminobutyric acid (GABA) on the PS amplitude was analyzed using bicuculline
methiodide (BMI), an antagonist of GABAA receptors. Results and discussion: In the control
group, S/R relationships of fEPSP and PS were suddenly enhanced between PND 15 and 16. The
effect of BMI on PS amplitude was developmentally altered; BMI enhanced PS amplitude until
PND 15, but showed little effect after PND 16. In the VPA groups, S/R relationships gradually
enhanced at PND 14 and 15, which was before eye opening. Eslope50 also showed a significant
increase on PND 14 and 15. In addition, little effect of BMI on PS amplitude was observed on
PND 14 and 15, which was almost identical to that observed on PND 16 and 17. These results



indicate that VPA may hasten the developmental change in hippocampal excitability during the
synaptogenic period. In the TBT groups, PS amplitude was decreased without changes of
Eslope50 at PND 16, and a slight retardation in developmental change was observed in the effect
of BMI on PS amplitude at PND 16, before eye opening in TBT-exposed rat pups. These results
indicate that TBT, unlike VPA, may delay development. Conclusion: Some developmental
neurotoxicity can be detected during the synaptogenic period before neurobehavioral changes
become obvious in adolescents and adults, using hippocampal slices obtained from rats
prenatally exposed to chemicals. Our approaches may be useful for the earlier prediction of
developmental chemical neurotoxicity.
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Abstract: Valproic acid (VPA) is one of the most commonly used antiepileptic drugs. It is also a
teratogen that causes birth defects in humans, including neural and neurobehavioral
abnormalities in the offspring. However, the underlying molecular mechanisms of these defects
remain unclear. N-methyl-D-Aspartate receptor (NMDAR) is one type of glutamate excitatory
receptors and is involved in normal neurodevelopment, learning, and memory formation. VPA
intervenes in rat synapse formation and suppresses NMDAR-mediated neural response. We
aimed to investigate if and how NMDARs play a role in VPA-induced neurodevelopmental
anomalies. This study was carried out in fertile White Leghorn chicken eggs. VPA was injected
in different dosages (100 pg to 500 pg) into chicken embryos at stage HH4 before the process of
neurulation occurred. Embryo development, embryo growth and brain NMDAR expression were
analyzed in eggs incubated for 12 days. Our data showed that prenatal exposure of VPA causes
failure of embryo development and embryo growth restriction, which are dosage-dependent.
NMDARs expression was studied in forebrain of chicken embryos and NMDAR expression
increase was found in VPA-treated groups. The potential role of VPA in the functional



regulation of NMDARs during neurodevelopment of chicken embryos will be further studied.
And the present findings highlighted that the birth defect model created in this study could be
used to test the hypotheses causing birth defects as well as investigate appropriate preventative
strategies.
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Abstract: Autism spectrum disorder (ASD) is a neurodevelopmental condition affecting
approximately 1 in 59 children in North America. Valproic acid (VPA) is a multi-target drug
widely used to treat epilepsy. It is also a histone deacetylase inhibitor and fetal exposure to VPA
increases the risk of ASD. One important hallmark of ASD is an unusually large brain size that
presents at around the age of 2 years. The cause of this enlargement is not known, but a key
study revealed that children with autism who show early brain overgrowth have 67 percent more
neurons in the prefrontal cortex than controls do. Even though, recent studies suggest that
microglia are critical players in regulating neuronal numbers, dendrite and synapse formation
during early brain development the effect of prenatal exposure to VPA on microglial survival
during embryonic and early postnatal brain development has not been studied and may provide
potential hints regarding the etiology of this disorder. We have previously shown that prenatal
exposure to VPA significantly reduces the number of microglia in the primary motor cortex in
male mice at both postnatal day 6 (P6) and P10. Therefore, in this study, we determined the
mechanism for reduction of microglia in a VPA rat model of autism. We injected pregnant rats
with 600 mg/kg VPA on embryonic day (E12), harvested the brains on E13, E17, and E20 and
double immuno-stained microglia with lonized calcium binding adapter molecule 1 (Ibal), a
microglial marker and cleaved caspase 3 (CC3) a cell death marker. We found increased co-
localization of Ibal and CC3 in VPA treated mice at E17 and E20 in the proliferative zones of
the rat brain compared to controls. We confirmed this finding using immunoblot. These data
suggest that prenatal exposure to VPA reduces microglial number by inducing caspase 3
mediated apoptosis in these cells. Since microglia are critical players in regulating neuronal
numbers, dendrite and synapse formation during early brain development the reduction in the



number of microglia may be partly responsible for mediating the unusual brain size observed in
the pathology of ASD.
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Abstract: Impairment of the nucleus tractus solitarius (NTS) is a potential break-through finding
in the understanding of autism spectrum disorder (ASD). Cranial visceral afferents travel via the
solitary tract (ST) to contact neurons within the NTS and activate homeostatic reflexes.
Hypothalamic projections from the paraventricular nucleus (PVN) release oxytocin (OT) to
modulate visceral afferent communication with NTS neurons. However, the cellular mechanisms
through which OT acts are poorly understood. We previously showed in newborn rat villi that
colostrum OT modulates cellular stress response, inflammation, and autophagy markers impaired
in autism. Little is known about whether there are analogous responses in the brain. Here, we
tested whether brain regions rich in oxytocin receptors (OTR) mirror the effects previously
observed in gut villi. We measured signaling protein markers associated with endoplasmic
reticulum stress, including an ER chaperone, BiP, translation initiation factor, elF2a, as well as
two inflammation-signaling proteins, NF-kB and its inhibitor IkB. We measured these markers in
newborn NTS stressed by nutrient insufficiency in two conditions: unprimed, the interval
between birth and the initiation of nursing; and primed, the interval after the initiation of nursing.
Brain tissue from unprimed and primed animals was harvested from the NTS as well as from
other brain regions enriched in oxytocin receptors. In contrast to other regions tested, where
expression of BiP and NF-kB was the same in the both unprimed and primed conditions,
expression of BiP and p-elF2a in the NTS was upregulated in unprimed and downregulated in
primed tissue. Furthermore, we found in the NTS that elf2a was phosphorylated not by PKR, but
by a different kinase, general control nonsuppressed? kinase (GCN2). These results indicate that



NTS utilizes a different phosphorylation mechanism from the other regions. Collectively, our
data shows that brain responses to the stress prior to first feed may be subsequently offset by
signaling from colostrum-primed gut, a finding that highlights an important benefit from
breastfeeding. Our data also suggest that the newborn gut stress-modulating mechanism we
previously observed in enterocytes is paralleled in brain regions rich in OTR. Taken together, our
findings in the gut and in the brain, especially NTS, may in part explain both brain and gut
problems in cases of autism with abnormalities of OT/OTR function.
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Abstract: Maternal infection during pregnancy is a strongly implicated environmental risk factor
for autism spectrum disorder (ASD) in offspring. Mouse models of maternal immune activation
(MIA) corroborate this link and may provide insight into underlying pathogenesis. In particular,
prenatal exposure to the viral mimic polyinosinic:polycytidylic acid (poly(l:C)) during mid-
gestation (E12.5) produces core behavioral deficits of ASD (i.e. social impairment, abnormal
communication, and stereotypy). The medial prefrontal cortex (mPFC), a key regulator in social
cognition, is a proposed major locus in ASD pathology; however, its functional role in MIA-
related ASD remains unclear. Primarily histological abnormalities have been observed in the
mPFC of MIA offspring, including reductions in spine density and GABAergic markers. Here,
we present a detailed neurophysiological examination of mPFC function that points to
hypoactivity at the behavioral, network, and cellular levels. Adult MIA offspring displayed
resistance to fluorothyl-induced seizures, downregulation of activity-dependent gene
transcription, and diminished synaptic transmission. Large-scale synaptic deficits in excitation
and inhibition within the mPFC were primarily attributed to reduced presynaptic activation of



layer 5 pyramidal neurons, which corresponded to defective action potential initiation in whole-
cell patch clamp recordings. In addition, orthodromic axonal spikes, as detected by axon-
attached recordings, were significantly attenuated in MIA offspring and exhibited reduced
propagation velocities. Based on these results, we identify presynaptic axonal excitability as a
novel contributor to ASD-related mPFC dysfunction.
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Title: Sensory cortical alterations in mouse models of autism spectrum disorder
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Abstract: Autism spectrum disorder (ASD) is comprised of a group of neurodevelopmental
disorders characterized by deficits in social interaction and communication along with restricted
interests and repetitive behaviors. Sensory processing abnormalities such as auditory perceptual
impairments, atypical visual behavior and over-responsivity to tactile stimuli are frequently
observed in autistic individuals and might contribute to the complex behavioral symptoms
associated with the disorder. In this study, we examine two genetic mouse models of ASD: one
harboring a knockout of the contactin associated protein-like 2 gene (CNTNAP27), and the other
containing a hologous deletion of human chromosome 16p11.2. Using these genetic mouse
models, we investigated the neuroanatomical alterations in the primary sensory cortical areas,
which might underlie cortical dysfunction during early postnatal ages into adulthood. One of the
important neuropathological feature in these genetic mouse models of ASDs is the abnormal
developmental migration of neurons destined for superficial cortical layers. In our study, the
laminar organization of the primary sensory cortical areas was analyzed by labeling with CUX-1,
which is a marker for neurons normally localized to the superficial cortical layers (11-1V).
Additionally, we examined changes in the proportion of GABAergic neurons, particularly
parvalbumin expressing (PV) interneurons. Deficits in sensory processing relating to



impairments in modulating sensory inputs and changes in synaptic plasticity might also be due to
the abnormalities in the extracellular matrix structures, such as the perineuronal nets (PNNSs),
analyzed by lectin staining in these sensory cortical areas of the mutant and the control animals.
By quantifying the laminar distribution of CUX-1 positive cells in the visual, auditory and
somatosensory cortical areas of these genetic models of ASDs, our findings show increased
number of CUX-1 positive cells mislocalized to the lower layers (V and V1) of these cortical
areas as compared to the control animals. Furthermore, our results indicate an increase and a
subsequent decrease of perineuronal nets (PNNSs) co-localized with parvalbumin expressing
interneurons (PVSs) in the genetic mouse models in contrast to the controls at early postnatal ages
and adulthood, respectively. These results suggest that the neuroanatomical alterations in the
auditory, visual and somatosensory cortical areas at various postnatal ages could play a role in
the sensory processing impairments that account for some of the core autistic behaviors.
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Abstract: Autism spectrum disorder (ASD) is neurodevelopmental disorder that involves a
complex interplay of both genetic and environmental risk factors, with possible immune
alterations and atypical brain development. Cytokines act primarily as mediators of
immunological activity, but they also play a significant role in the nervous system, where they
participate in normal neural development and function. Inappropriate cytokine activity can have
a variety of neurological implications. Immunological imbalance is proposed as a major
etiological component in ASD, taking into account converging evidence of increased levels of
pro-inflammatory cytokines observed in autistic patients.

Here, we performed an integrative genomics analysis investigating immune function in ASD,
measuring cytokines profiles, transcriptomes, and genetic variation in post-mortem frontopolar
brain tissue from individuals with autism and controls. We found increased pro-inflammatory
cytokine concentrations and growth factors in ASD, compared with typically developed controls,



including FLT3L (p<0.05), PDGF-AB/BB (p<0.05), TNF-a (p<0.1), and VEGF (p<0.05). Our
whole transcriptome RNA-seq analysis bolsters evidence for a pro-inflammatory phenotype in
ASD, finding enrichment of genes in the TNF-o pathway amongst those most differentially
expressed between the groups. Detection of elevated cytokine levels, particularly related to TNF-
a signaling in autistic subjects, suggests that activation of pro-inflammatory cytokines may be
important in autism.
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Abstract: Autism spectrum disorder (ASD) is a neurodevelopmental condition that causes
significant impairments in sensory processing and behavior. Although many genetic mutations
associated with ASD are known, the downstream effects on neural circuits and impaired sensory
behavior remain poorly understood. It has been hypothesized that an imbalance between
excitatory and inhibitory activity in cortex is a major cause of ASD (Rubenstein and Merzenich,
2003). Strong evidence for this hypothesis entails measuring both cortical excitatory and
inhibitory neuron populations during impaired sensory perception.

We directly measured cortical neural activity during impairments of sensory perception in a
clinically relevant transgenic mouse model of ASD (CNTNAP27). We trained ASD mice (n =
60 sessions) and control mice (C57BL6, n=182 sessions) to detect the appearance of a visual
stimulus in the central (binocular) visual field, by licking for water rewards. Mice received
rewards only if they licked during the stimulus, and otherwise had to withhold licking for a
randomized period of time (0.5-6s) between each trial. We simultaneously monitored pupil



diameter, a known indicator of arousal. ASD mice detected stimuli with significantly longer
latencies than control mice (ASD: 0.53+0.06s; control: 0.45+0.09s; p<0.01). Signal detection
analysis revealed that ASD mice also had a significantly more conservative response criterion
(ASD: +0.53£0.39; control: -0.17+0.41; p<0.01). Differences in response criterion were not
easily explained by low arousal: pupil area and arousal were largest preceding detection failures
in both ASD and control mice (8.2+2.5% and 9.6+1.7% larger than average, respectively).
Once mice learned the task, we performed multisite electrophysiological recordings in primary
visual cortex (V1) to determine if altered cortical activity accompanied impaired sensory
perception. Broadband local field potential (LFP) power was reduced in ASD mice (n=8
recordings). Surprisingly, in ASD mice, regular spiking (RS) putative excitatory neurons fired
less (ASD: 0.42+0.99 spks/s, n=54; control: 0.71+1.14 spks/s, n=74), while fast spiking (FS)
putative inhibitory neurons fired more (ASD: 1.25+ 1.95 spks/s, n=18; control: 0.62+0.94 spks/s,
n=22). Suppressed excitation and enhanced inhibition may lead to weaker sensory signals, and
thus slower and less frequent behavioral responses. Our preliminary results provide direct
evidence that imbalanced cortical excitation and inhibition may underlie impaired sensory
perception and behaviors in models of ASD.
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Abstract: Psychiatric genetics continues to reveal the remarkable overlap in the underlying
genetic architecture in neuropsychiatric disorders, with transcriptional regulation, chromatin
biology and synaptic function among the most significant risk pathways (Cross-Disorder Group



of the Psychiatric Genomics Consortium, 2013; Gandal et al., 2018). These biological pathways
are highly interconnected. Neuronal activity drives the developing neural circuit and regulates
ongoing synaptic activity, which is dependent on appropriate gene expression. While chromatin
is the dynamic substrate on which transcriptional machinery and epigenetic modifications
orchestrate the precise patterns of gene expression, essential for regulating neuronal activity. But
the dynamic interplay between these functions is not well understood for neuropsychiatric
disease despite underlying genetic risk. We studying the dynamic regulation of open chromatin
regions (OCRs) after stress induced neuronal activity in 3 cell models that harbor mutation in
psychiatric risk genes. TCF4, MBD5 and SCN2A are highly penetrant genes associated with
ASD, ID and SCZ. These genes are associated with different aspects of the risk architecture.
TCF4 has previously been shown to transcriptionally regulate activity induced gene programs
(Rannals et al., 2016; Sepp et al., 2017); SCN2A is an ion channel essential for cortical
development (Ben-Shalom et al., 2017; Gazina et al., 2015), and MBD?5 co-localizes with
heterochromatin (Baymaz et al., 2014; Laget et al., 2010). Primary cortical cultures are generated
from the three heterozygous mutant mice. Cultures are treated with KCI to induce excitatory
stress, and TTX to reduce synaptic transmission. Changes in OCRs are then assessed using
ATAC-sequencing (Buenrostro et al. 2013); biological replicates are used in parallel RNA-
sequencing, whole-cell electrophysiology and Ca?* imaging experiments. Differential OCR
dynamics and correlational changes in gene expression provide molecular rubrics for interpreting
the impact of stress on single-cell physiology and network dynamics in these neuropsychiatric
mutant models.

Baymaz, H.1., et al. (2014). Proteomics 14, 2179-2189. Ben-Shalom, R., et al. (2017). Biol.
Psychiatry 82, 224-232. Buenrostro, J.D. et al., (2013). Nat. Methods 10, 1213-1218. Cross-
Disorder Group of the Psychiatric Genomics Consortium (2013). Lancet 381, 1371-1379.
Gandal, M.J., et al. (2018). Science 359, 693-697. Gazina, E.V., et al. (2015). Hum. Mol. Genet.
24,1457-1468. Laget, S., et al., (2010). PLoS ONE 5, €11982. Rannals, M.D., et al. (2016).
Neuron 90, 43-55. Sepp, M., et al., (2017). 37, 10516-10527.
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Abstract: Neurexins are cell adhesion molecules which interact with their postsynaptic partners
to preserve synaptic connections and maintain normal synaptic transmission. Mutations in the
gene encoding the alpha isoform of neurexin 1(NRXN 1a) were identified in patients with
schizophrenia and autism. Because of the prevalence of cognitive impairment and and emotional
dysregulation in these disorders, related brain regions such as the medial prefrontal cortex
(mPFC) and amygdala have been in the research spotlight. Although abnormal neural activity
patterns in these regions have been implicated in the pathophysiology of these diseases, it is not
known whether mutations in a high-confidence risk gene such as NRXN 1a disrupts specific
synaptic elements and connections. In this study, we investigated the impact of NRXN la
deletion on dorsal medial prefrontal cortex (dmPFC) - basal amygdala (BA) connection and
relevant behavior. Mice lacking NRXN 1o showed deficit in fear memory retrieval during
discriminative fear conditioning paradigm. Probing the putative synaptic circuits in BA, we
found a reduction in synaptic strength with a concomitant decrease in AMPA / NMDA ratio at
dmPFC - BA synapse but no change in lateral amygdala (LA) input. Activation of either dmPFC
or LA afferent inputs resulted in a decreased in feedforward inhibition, suggestive of input-
independent impairment in GABAergic transmission within BA. Using circuit mapping
technique, we analyzed inhibitory synaptic connectivity in BA and found a reduction in
connection probability in BA principal cells. Together, we identify input-specific impairment at
dmPFC - amygdala pathway, a defective inhibitory transmission in amygdala microcircuit and
impairment in amygdala - dependent behavior in NRXN 1o KO. These synaptic and behavioral
phenotypes may contribute to the etiology of emotional dysregulation observed in schizophrenia.
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Abstract: Currently, there is no pharmacological treatment available for autism spectrum
disorder (ASD). However, there are significant findings regarding genetic, structural, and
behavioral differences in individuals with ASD. Included in these findings is an imbalance in the



cholinergic system. Previously published research has shown that I-carnitine has been found to
alleviate symptoms associated with autism in humans, and acetyl-I-carnitine (ALC) has been
found to increase the release of acetylcholine in the brain (Geier, 2011; Imperato, 1989; White,
1990). Additionally, in the maternal immune activation (MIA) mouse model, which has been
found to induce ASD, maternal choline administration led to pups with less severe symptoms of
ASD or typical behaviors when compared with the litters of untreated dams (Wu, 2015). It has
also been found that acetylcholine and nicotinic acetylcholine receptors (nAChRs) are deficient
in animal models and humans with ASD, specifically a4b2 and a7 nAChRs (Anand, 2011;
Dineley, 2015; Martin-Ruiz, 2004; McTighe, 2013). Finally, treatments using
acetylcholinesterase inhibitors, which inhibit the enzyme responsible for acetylcholine
degradation, and nAChR agonists/positive allosteric modulators (PAMSs) have been found to
increase NAChR density and alleviate symptoms of ASD (Ghaleiha, 2013; Karvat, 2014; Lopez,
2006; Mostafavi, 2016; Srivastava, 2011; Wang, 2015). As a result of these findings, we believe
that a promising pharmacological target to alleviate core symptoms of ASD is the cholinergic
system, specifically a4b2 and a7 nicotinic acetylcholine receptors (nAChRs). Our study’s
purpose is to discover the effects on core symptoms of ASD when the efficacy of those specific
nAChR subtypes are increased, thereby increasing cholinergic tone in the brain. To demonstrate
these effects, we have selected NS9283 and PAM-I1, positive allosteric modulators of a4b2 and
a7 nAChRs respectively, to administer to UBE3A and BTBR genetic mice, used to model ASD.
We hypothesize that treatment with the selected compounds will alleviate core symptoms of
ASD displayed by both animal models.
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Abstract: Autism spectrum disorders (ASDs) are neurodevelopmental syndrome with
significantly higher prevalence in males. Recent emerging clinical and preclinical data suggest
that the immune system plays a critical role for etiology of ASDs, as evidenced by its association
with autoimmune disorders and maternal infection during pregnancy. To address the hypothesis
that ASD’s male prevalence is linked to sex-different regulation of immune-related genes, we
investigated molecular changes of three categories of inflammatory genes (i.e., pro- and anti-
inflammatory genes and neuroinflammation-related marker genes) in male and female mouse
brains following treatment of timed-pregnant mice with polyinosinic:polycytidylic acid (Poly
I:C) on gestational day 12.5 to produce maternal immune activation (MIA) and/or with
lipopolysaccharide (LPS) on postnatal day 9 to produce postnatal immune activation (P1A). Our
molecular studies revealed that early immune activation produced prominent sex-specific
changes in inflammation-related gene expression in the brain. Both sexes showed increases in
pro-inflammatory factors (such as TNFa, iNOS, IL-6 and IL-1p) and neuroinflammation markers
(such as Iba-1, GFAP and TSPO) but their increases were in general much higher in male mouse
brains, as reflected by levels of mMRNA and corresponding proteins. Strikingly, however, we
found that expression of anti-inflammatory factors was decreased in male mouse brain regions
but increased in female mouse brain regions. Thus, our findings demonstrate that early
developmental immune activation can produce sex-specific effects on the function of factors that
regulate inflammatory responses in the brain, which may contribute to sex differences in the
prevalence of ASD-like behaviors.
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Title: Single-cell analysis implicates upper-layer neurons and protoplasmic astrocytes in autism
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Abstract: Autism spectrum disorder (ASD), affecting 1 of 68 children in the US, is
heterogeneous in terms of clinical manifestation and associated genetic contributions. Changes in
cytoarchitecture and dysfunction of the prefrontal cortex and the limbic system have been
consistently reported in ASD patients. These areas are involved in higher-order cognitive
functions, processing of social information, emotions and empathy. Although bulk
transcriptomic studies of post-mortem tissue from patients with ASD have revealed convergence
of disease pathology on common pathways--including splicing of neuronal genes, synaptic
signaling, and microglial and astrocyte reactivity—the cell type-specific molecular pathology of
ASD is unclear. Here we utilize high-throughput single-nucleus RNA sequencing (ShRNA-seq)
of snap-frozen post-mortem brain tissue from patients with ASD compared with tissue from
neurologically normal age-matched controls to identify ASD-associated molecular changes in
specific neural cell types across three cortical regions. Our findings show that synaptic signaling
of upper-layer excitatory neurons is especially affected in ASD. Moreover, we find significant
dysregulation of grey matter astrocyte-encoded genes responsible for glutamate uptake and
modulation of synaptic plasticity. These findings indicate molecular pathological changes in
upper-layer cortical neuron circuits and aberrant astroglia-neuronal interactions in ASD and
identify potential cellular and molecular therapeutic targets.
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Abstract: CAPS2 regulates the exocytosis of dense-core vesicles containing peptidergic
neurotransmitters, peptide hormones and monoamine neurotransmitters including catecholamine.
We previously reported that CAPS2 knockout mice cause abnormalities in synaptic development
and function as well as social behavior. There are some reports suggesting that CAPS2 is a
candidate gene associated with autism spectrum disorder (ASD) due to findings in ASD patients
with an aberrant increase in a rare CAPS2 alternative splicing variant and with genetic variations
including copy number variation and single nucleotide variation in CAPS2 gene. However, it is
yet unknown whether the abnormality of this protein is directly associated with autistic-like
social disabilities. Interestingly, CAPS2 is expressed in oxytocin (OXT)-producing neurons in
the hypothalamic paraventricular nucleus (PVN) of mice. OXT is a neuropeptide to regulate
sociality, since administration of OXT could improve symptoms of ASD. Therefore, we got an
idea that abnormality of CAPS2 affects OXT secretion, resulting in social disabilities. To address
this question, we analyzed distribution of CAPS2-positive in OXT-positive neurons in the PVN.
As a result, CAPS2 protein was largely localized in OXT neurons in the PVN and was also
concentrated in the posterior pituitary, in which OXT is secreted from axon terminals of OXT
neurons to blood vessels. Next, we compared plasma OXT levels between control and CAPS2
KO mice by OXT ELISA. Our preliminary data show that CAPS2 KO mice have a change in
plasma OXT levels compared to those of control mice. These results suggest that CAPS2 plays a
role in OXT secretion. Moreover, we intraperitoneally infused exogenous OXT to both control
and CAPS2 KO mice and tried to compare the effect of OXT administration on the activities of
social behavior. Our preliminary data suggest that exogenous OXT administration displayed a
tendency to ameliorate impaired social behavior of CAPS2 KO mice. Taken together, we suggest
that the CAPS2-mediated OXT secretion mechanism is associated with OXT-related social
behavior.
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Abstract: The formation, maintenance, and remodeling of synapses require targeted delivery of
newly synthesized presynaptic cargoes from the soma to synapses. We previously identified
syntabulin as a kinesin KIF5 adaptor that mediates axonal transport of active zone (AZ)
precursors from the soma to presynaptic terminals, which is essential for synapse formation in
developing neurons and synapse maintenance and remodeling in matured neurons. Autism
spectrum disorders (ASDs) are highly inheritable neurodevelopmental disorders characterized by
impaired social interaction, reduced communication, and increased repetitive behaviors.
Mutations of genes that control synapses formation and maturation are emerging to be an
important cellular basis of ASDs. It remains elusive whether impaired axonal transport of
presynaptic proteins affects synapse formation and maturation and thus contributes to autism
pathogenesis. Interestingly, a genetic study of ASD patients identified a de-novo syntabulin
variant that changes a conserved residue within the KIF5-binding domain. We confirmed that
this mutation impairs the syntabulin-KIF5 interaction. Syntabulin gene locates on 8g23.2 within
the autism susceptibility loci 8g22-24. Thus, there is an urgent need to establish whether de-novo
syntabulin variants are associated with the autism-linked phenotypes. To address this, we
generated Nestin-Cre; syntabulin'®"1® conditional knock out (cKO) mice in which syntabulin is
null in brain since embryonic stage. Time-lapse imaging shows that hippocampal neurons of
syntabulin cKO mice display impaired axonal transport of AZ precursors from the soma to
developing presynaptic boutons and reduced mature synapse density. Electron microscopy study
reveals synapse loss of mature excitatory synapses and a decrease in docking vesicles per
synapse in cKO hippocampus CA1 neurons. Moreover, syntabulin cKO mice show reduced
frequency of miniature excitatory postsynaptic currents and impaired long-term synaptic
plasticity in hippocampal Schaffer collateral-CA1 synapses. Consequently, the syntabulin cKO
mice exhibit core autism-like traits including defective social recognition, reduced ultrasonic
vocalizations, increased repetitive behavior, and impaired spatial learning and memory. Our
study establishes for the first time that defective axonal transport contributes to the pathogenesis
associated with synaptic and behavioral abnormalities in mice that bear similarities to autism
patients, thus providing new cellular targets for therapeutic intervention. (This work is supported
by the Intramural Program of NINDS, NIH)
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Abstract: Resting-state functional magnetic resonance imaging (rs-fMRI) is a unique tool for
analyzing functional connectivity (FC) of brain networks in patients with autism spectrum
disorder (ASD). Several network metrics obtained from rs-fMRI and FC have been used in
previous studies, to elucidate the differences in network structures between ASD and control
subjects (CTL). However, contradictory results have been reported which may be due to the
small sample sizes used in these studies. To overcome this issue, we analyzed a large dataset of
ASD and CTL obtained from the Autism Brain Image Data Exchange (ABIDE) Il database.
Only male subjects aged 5-29 years were included in the study. After excluding subjects with
excessive head movement during scanning, analysis was conducted using data from 311 ASD
and 311 CTL. The mean age+S.D. of ASD and CTL was 13.9+5.2 and 13.3+5.5 years,
respectively. The rs-fMRI data were preprocessed using SPM12 and DPARSF software, and
signal changes were extracted from 90 brain regions, defined using a standard template. The
signal time courses were transformed into a 90 x 90 FC matrix for each subject, using in-house
software. Multiple linear regression was used to exclude the effect of site difference in the
matrices. The resultant FC matrices were proportionally thresholded from 5% to 50%, in
increments of 5%. The average clustering coefficient (C), characteristic path length (L), global
efficiency (Eg), modularity (Q), and small-worldness (S) were computed from the binarized
networks using Brain Connectivity Toolbox. A 2-way repeated measures (RM) ANOVA was
performed to compare the network metrics between the groups, and multiple linear regression
analysis was used to investigate the relationship between the metrics and the subjects’ age and
1Q. The results of the RM ANOVA showed that the mean values for, L, Eg, Q, and S did not
significantly differ between CTL and ASD (all p values > 0.05). The group difference in the
mean value for C was marginally significant (p = 0.053, CTL > ASD). Additionally, the results
of the regression analysis indicated that C at 35% density significantly and positively correlated
with age in CTL (r=0.17, p <0.01) but not in ASD (r =-0.01, n.s.). The results from this study
suggest that altered network structures in ASD as compared with CTL is not a robust finding,
when a large dataset obtained from multiple sites is used. The relationship between C and age
indicates that the network is efficiently clustered as advancing age in CTL, but not in ASD.
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Abstract: Autism spectrum disorder (ASD) is characterized by social difficulties as well as
frequently increased stress. The hypothalamic-pituitary-adrenal (HPA) axis and autonomic
nervous system (ANS) are independent physiological systems but likely interact and influence
socioemotional behavior in ASD. The objective of the preliminary study was to explore
differences in arousal response between a pilot sample of children with ASD or typical
development (TD) across multiple physiological systems, as atypical arousal response may
contribute to increased risk for physical and mental health conditions. Twenty-seven children
ages 10-12 years with ASD (n=14; 4 females) or TD (n=13; 4 females) participated in a social
interaction paradigm with a novel peer. Physiological measures included respiratory sinus
arrhythmia (RSA) as an index of parasympathetic regulation, pre-ejection period (PEP) to index
sympathetic arousal, and salivary cortisol to assess HPA reactivity. Cardiac measures (RSA and
PEP) were collected continuously throughout the paradigm, while cortisol was sampled before
and several times following the interaction. Repeated measures ANOVAs assessed group
differences in RSA, PEP, or cortisol across time (baseline, social interaction, recovery). Pearson
product correlations explored possible relationships between physiological variables within
groups. There were no significant between-group differences for any of the three physiological
variables (p>0.05). There were significant within-group effects of time for cortisol
(F(2.27,52.36)=12.35, p<0.001, partial eta?=0.35) and for RSA (F(3,75)=6.62, p<0.001, partial
eta’=0.21). A diagnosis*time interaction was shown for PEP (F(3,66)=3.88, p=0.01, partial
eta®=0.15), such that the two groups differed in change in PEP over time, suggesting a different
pattern of sympathetic response to social interaction. In TD children, decreased cortisol reactivity
to social interaction was associated with an increase in parasympathetic regulation (RSA) (r=-
0.63, p=0.03), while no significant relationship was seen in the ASD group. Additionally, RSA
increased from baseline to social interaction (t(12)=2.80,p=0.02, Cohen’s d=0.78) in the TD



group. Decreased HPA reactivity along with greater parasympathetic regulation likely calms the
body and primes one to socially engage. Children with ASD did not show this adaptive
relationship, which could impact social behavior and warrants further investigation. Larger
planned studies will elucidate whether substantial differences exist in arousal response across
stress systems in ASD and to what extent any differences may be maladaptive.

Disclosures: R.A. Muscatello: None. B.A. Corbett: None.

Poster

121. Autism Spectrum Disorders: Neural Correlates in Humans
Location: SDCC Halls B-H

Time: Sunday, November 4, 2018, 8:00 AM - 12:00 PM

Program #/Poster #: 121.03/E22

Topic: A.07. Developmental Disorders

Support: FTC — Portuguese national funding agency for science, research and technology -PAC
—286 MEDPERSYST, POCI-01-0145-FEDER-016428, BIGDATIMAGE, CENTRO-
01-0145-FEDER-000016 financed by Centro 2020 FEDER, COMPETE, FCT-
UID/4539/2013 — COMPETE, POCI-01-014,

BRAINTRAIN - FP7-HEALTH- 2013-INNOVATION-1-602186 20, 2013.
FLAD Life Sciences 2016
FCT Fellowships SFRH/BD/77044/2011 and SFRH/BD/102779/2014

Title: Mental imagery of emotions and observation of facial expressions requires recruitment of
the precuneus in autism spectrum disorder

Authors: *M. CASTELO-BRANCO?, M. SIMOES?, R. MONTEIRO?, J. ANDRADE?, S.
MOUGA??, G. OLIVEIRA3# P. CARVALHO®

ICNAS, CIBIT Univ. of Coimbra, Coimbra, Portugal; 2CIBIT, Coimbra Inst. for Biomed.
Imaging and Life Sciences, Univ. of Coimbra, Coimbra, Portugal; *Neurodevelopmental and
Autism Unit from Child Developmental Center, Hosp. Pediatrico, Ctr. Hospitalar e Universitario
de Coimbra, Coimbra, Portugal, Coimbra, Portugal; *CIBIT, Coimbra Inst. for Biomed. Imaging
and Life Sciences, Univ. of Coimbra, Coimbra, Portugal, Coimbra, Portugal; °*CISUC, Ctr. for
Informatics and Systems, Univ. of Coimbra, Portugal, Coimbra, Portugal

Abstract: The neural correlates of recognition of facial expressions in autism spectrum disorder
(ASD) have remained widely debated. Moreover, most studies have used static images, which
lack the inherent dynamical nature of emotion recognition and representation, and do not address
emotional imagery. We conducted an experiment directly combining for the first time both the
observation and mental imagery of dynamic facial expressions and investigated both scalp and
electroencephalography (EEG) source responses to pure face expression contrasts. Our results
show a distinct recruitment pattern of the Precuneus in autism spectrum disorder (n = 17), as



compared to healthy controls (n=17), for both observation and mental imagery conditions. These
task-related differences showed to yield signals that could be robustly classified as ASD
biomarkers. Accordingly, we conducted a machine learning procedure to automatically identify
the group that a participant belongs to, based on its EEG activity during the mental imagery of
the facial expressions. We compared several classifiers and achieved the accuracy of
approximately 93% using 25 features of the signal, from the theta, beta and gamma bands. This
level of accuracy shows that both observation and imagery-related signals reflect differences that
can be used as biomarkers of impaired processing of dynamic facial expressions.
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Abstract: Over the last 30 years, a rise in autism spectrum disorder (ASD) diagnoses has led to a
large group of aging individuals with ASD. Little is known about how aging will affect these
individuals’ neuroanatomy, compared to the neurotypical (NT) population. Recently, our group
found that older adults with ASD have reduced executive functioning and smaller hippocampi
compared to NT adults (Braden et al., 2017). This project expanded on those findings by using
Freesurfer 6.0 to perform a cross-sectional analysis of 12 hippocampal subfield volumes in adults
with ASD (n =53) and NT (n =39). Using ANOVA with discrete age cohorts (young-adult: ages
18-25 years, n=42; middle-age: ages 40-70 years, n=50), we predicted a larger magnitude of age-
related hippocampal subfield volume difference in adults with ASD, compared to NT adults.
Correlations were examined between subfield volumes and measures of executive function
(Wisconsin Card Sorting Task [WCST] and Tower of London [ToL]), as well as episodic
memory (Auditory Verbal Learning Task [AVLT]) with a false discovery rate of p=0.05 to



correct for multiple comparisons. All participants with ASD had their diagnosis confirmed with
the Autism Diagnostic Observation Schedule-2. There were significant interactions in several
hippocampal subfield volumes (e.g. left and right hippocampal tail, subiculum, CA1, molecular
layer, dentate gyrus, CA4, and fimbria, right presubiculum, and left hippocampal amygdala
transition area) such that adults with ASD showed larger age-related differences compared to NT
adults. Correlations with behavioral measures showed that AVLT performance was related to
many subfield volumes across all participants. There were no significant relationships between
hippocampal subfield volumes and WCST or ToL performance that survived correction for
multiple comparisons. Correlations between behavioral measures and hippocampal subfield
volumes were not significantly different between ASD and NT participants. Results indicate that
adults with ASD may be at risk for accelerated age-related hippocampal volume loss; however,
this warrants confirmation with a longitudinal sample (in progress). Behaviorally, our study
suggests hippocampal size is more strongly related to episodic memory than executive
functioning performance, and that this relationship does not differ between adults with ASD and
NT adults of either cohort age.
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Abstract: Individuals with autism spectrum disorder (ASD) process social information
differently than individuals with typical development (TD). When viewing static faces, adults
with ASD exhibit slower latency of the N170, a face-sensitive event-related potential (ERP),
than adults with TD (McPartland et al., 2004). Because social processing differences are most
evident in real-world situations, dynamic faces that respond to participant gaze offer an
opportunity to probe neural activity in a more ecologically valid context. This study examined
ERPs to static and gaze-responsive dynamic faces in participants with ASD and TD (n=16, 2
female; n=25, 11 female, respectively) matched for nonverbal 1Q and age. The static face
paradigm featured photographs of faces and control stimuli preceded by a crosshair to direct
attention to the eyes, nose, or mouth. The dynamic face paradigm featured faces that moved their
mouths and eyes in response to participant fixation on the mouth or eyes of the face. ERPs were
segmented to appearance of the face for the static faces and fixation to the eyes/mouth for the
dynamic faces. For the static faces, there was a significant main effect of diagnosis, such that
individuals with ASD had a slower N170 response than individuals with TD (F(1, 39)=6.04,
p<0.05), specifically in the eye and nose condition (ps<0.05). For the dynamic faces, 7
individuals (n=6 ASD, n=1 TD) did not contribute enough artifact-free trials and were excluded
from further analysis. Among the 34 included individuals, there was no effect of diagnosis
(p>0.05). In individuals who viewed both paradigms, a longer N170 latency to static faces was
associated with fewer artifact-free trials in the dynamic face condition (r(39)=-0.36, p<0.05).
Furthermore, 3 of 6 individuals with ASD who did not contribute sufficient artifact-free data
exhibited the longest N170 latencies to static faces. Although dynamic gaze-contingent socia