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Abstract: Neurons do not proliferate once their fate is determined. This is because if they
proliferated, newly generated neurons might cause electronic noise that would disturb the already
existing finely tuned neuronal cell network. Similarly, de-regulation of cell cycling mechanisms
in cells other than neurons may increase the risk of tumor formation. In order to avoid such de-
regulation, genomic DNA that defines genes involved in the cell cycling is set appropriately
according to given environmental contexts. In addition to the genes that encode proteins, next
generation sequencing technique allows to find a large group of “non-coding RNAs (ncRNA)”
transcribed from genomic DNA. We have found that bidirectional promoters are the major
source of gene activation-associated ncRNA. PC12 cells offer an interesting model for
understanding the mechanism underlying bidirectional promoter-mediated cell cycle control.
Nerve growth factor (NGF)-stimulated PC12 cells elongate neurites, and are in a reversible cell-
cycle-arrested state. In contrast, these cells irreversibly differentiate and cannot re-enter the
normal cell cycle after NGF plus cAMP treatment. In this study, using directional RNA-seq, we
found that bidirectional promoters for protein-coding genes with promoter-associated ncRNA
(pancRNA) were enriched for cAMP response element consensus sequences, and were preferred
targets for transcriptional regulation by the transcription factors in the cAMP-dependent
pathway. A spindle-formation-associated gene, Nusap! and pancNusapl were among the most
strictly co-transcribed pancRNA-mRNA pairs. This pancRNA-mRNA pair was specifically
repressed in irreversibly differentiated PC12 cells. Knockdown (KD) and overexpression
experiments showed that pancNusap 1 positively regulated the Nusapl expression in a sequence-
specific manner, which was accompanied by histone acetylation at the Nusap! promoter.
Furthermore, pancNusapl KD recapitulated the effects of cAMP on cell cycle arrest. Thus, we
conclude that pancRNA-mediated histone acetylation contributes to the establishment of the
cAMP-induced transcription state of the Nusap! locus and contributes to the irreversible cell
cycle exit for terminal differentiation of PC12 cells.
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Abstract: Although there have been many studies on the development of cerebellar granule
cells, its molecular machinery is still elusive. We found that Myeloid ecotropic viral integration
site 1 (Meis1) was strongly expressed in all cells in the granule cell lineage during development,
including mitotic granule cell precursors (GCPs) in the outer external granule layer (EGL) and
posto-mitotic granule cells (GCs) in the inner EGL, molecular layer (ML) and inner granule
layer (IGL). We generated Meis! conditional knockout mice by crossing with Atoh1-Cre-Tg
line, where Meis] gene was specifically deleted in the granule cell lineage. In Meis1™"; Atohl-
Cre-Tg mice, the size of the cerebellum was smaller than that of wild type littermates. The
structure of the cerebellum was disorganized. The cKO cerebella have multiple small lobuli. We
occasionally observed ectopic EGL, (clusters of mitotic GCPs) in the ML and/or IGL, that
expressed Atohl. We suspect that those ectopic EGL may be account for generating extra tiny
lobuli. These results suggest that Meisl is involved in cerebellar granule cell development. We
are now crossing Meis1 ™" mice with other Cre driver lines, which will be also introduced.
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Abstract: Pax6 is required for the specification of multipotent retinal progenitors. However, the
role of Pax6 isoforms in retinal development is not defined. By creating human embryonic stem
cell (hESC) lines that lack isoform-specific PAX6 and those that inducibly express specific
PAXG6 isoforms under the full PAX6 knockout background using CRISPR/CAS9, we examined
the roles of PAX6 isoforms in retinal progenitor specification from human embryonic stem cells
(hESCs), which mimics the human retinal development process in vitro. Human ESCs with
complete deletion of PAX6 fails to enter into the retina fate and generate photoreceptor cells.
Cells with PAX6 isoform d (PAX6D) knockout exhibit the same phenotype as the full knockout
while pax6 a/b isoform knockout shows normal retina lineage specification. Furthermore,
inducible expression of PAX6D rescues the capacity of Pax6 full knockout cells to produce
retinal cells. Ectopic expression of PAX6D in neural progenitor cells results in generation of
retinal cells. Our study has thus revealed that PAX6D is necessary and sufficient for retina
lineage specification.
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Abstract: Caudal cell mass (CCM) has been known to be the main player in secondary
neurulation forming the secondary neural tube. This suggest CCM may have the character of
neural stem cell (NSC). However, evidence of CCM’s character as NSC has not been shown.
The neural potential of CCM was assessed by confirming in vitro culture of neurospheres from
CCM throughout the stages of secondary neurulation (Hamburger and Hamilton (H-H) stages 12
to 32). We further evaluated whether there was spatiotemporal diversity in the neural potential of
the developing central nervous system by quantification of the in vifro neurosphere culture
results from the brain, upper spinal cord, lower spinal cord, and CCM from various stages of
development.

CCM was capable of in vitro neurosphere formation, which were able to differentiate into
neuron, astrocyte, and oligodendrocyte, and able to self-renew. This provided evidence that
CCM had characteristics of NSC. When the quantitative outcome of neurosphere formation from
CCM of various stages was evaluated, the number of cultured neurosphere was greatest at H-H
stage 28 for CCM. For brain, the greatest number of neurospheres was formed at stage 16.
Considering the trend of increase in the number of neurospheres for brain, spinal cord, and CCM,
the neural potential seemed to follow a cephalo-caudal direction as development proceeded.

This study showed that neurospheres can be cultured in vitro from CCM of various stages,
supporting its character as NSC. The spatiotemporal diversity of NSC character was also shown,
reflecting the dynamic process of neurulation during development.
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Abstract: Neural stem cells are characterized as self renewing cell populations with the ability to
differentiate into the multiple tissue types of the central nervous system (CNS). These cells can
differentiate into mature neurons, astrocytes, and oligodendrocytes. This category of stem cells
has been shown to be an effective treatment for neurodegenerative diseases such as Parkinson’s
disease and following traumatic injury to the CNS such as traumatic brain injury, stroke, and
spinal cord injury. Most treatment studies with neural stem cells in animal models use embryonic
brain derived neural stem cells. This approach presents both ethical and feasibility issues for
translation to human patients. Adult sources of tissue are a more practical source of stem cells for
transplantation therapies in humans.

Some adult tissues such as bone marrow and adipose tissue contain discrete populations of
multipotent and embryonic like stem cells. Of these stem cell populations, some are able to
respond to neuronal growth factors and can be expanded in vitro, forming neurospheres
analogous to cells harvested from embryonic brain tissue.

Here, we describe a method for the collection and culture of adipose tissue which results in a
population of neural stem cells that are able to be expanded in vitro and be differentiated into
neuronal-like cells. These adipose derived cells display a similar phenotype to those derived
from embryonic sources. When differentiated into neurons, cells derived from adipose tissue
show spontaneous spike activity which is similar in waveform to the embryonic brain derived
cell lines but show higher frequencies of spiking and bursting activity.
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Abstract: During cortical development many genes and signaling pathways are active but their
functions and interconnections are poorly understood. The protooncogene Ski is a central
integrator of signal and transcriptional activities through its interactions with different partners.
In order to assess the role of Ski, we are comparing the dynamics of various signaling pathways
in the presence and absence of Ski during cortical developmental. We use in vivo transgenic
marking of Ski-deficient neural stem cells (Hes5::GFP; Ski”") and committed neuronal
progenitors (7br2::GFP; Ski™") to identify, isolate (FACS sorting), and analyze the cells by
RNA-Seq. Analyses of the sequencing results revealed distinct patterns of misregulation of
pathways in the absence of Ski over time. Moreover, ISMARA (Integrated System for Motif
Activity Response Analysis) allowed us to identify the transcription factors that show divergent
activity profiles in Ski Wt and Ski KO neural stem and committed progenitor cells at given time
points.

Additionally, to evaluate the cell autonomous effects of Ski in progenitor cells, we are
performing in utero electroporation experiments knocking-down or over expressing Ski at
different stages of development.
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Abstract: Regulation of the neuron-glia cell fate switch is a critical step in central nervous
system development. Previously, we showed that LIM-HD transcription factor Lhx2 is a



necessary and sufficient regulator of this process in the developing hippocampus. Loss of Lhx2
causes premature astrogliogenesis, and overexpression of Lhx2 prolongs neurogenesis
(Subramanian et al., 2011). The mechanism of Lhx2 action is unknown.

To identify genome-wide targets of Lhx2 at the onset of hippocampal neurogenesis, we
performed ChIP-sequencing using E12.5 hippocampal primordia. We identified 6.4T as a
potential Lhx2 target. Mimicking Lhx2 loss and gain of function, conditional mutants of 6.4T
display enhanced GFAP in the hippocampus, and 6.4T overexpression promotes neurogenesis
and suppresses astrogliogenesis. Significantly, this function of 6.4T is preserved in the absence
of Lhx2, indicating that 6.4T acts downstream of Lhx2 and is sufficient to rescue Lhx2 loss of
function.

The Lhx2 binding site lies within an enhancer in the 3’UTR of 6.4T in a highly conserved region
across xenopus, chick, mouse, and human. A fragment of this enhancer including the Lhx2
binding site is sufficient to drive expression of a reporter transgene selectively in the
hippocampus. Together, our data suggest that the Lhx2-6.4T pathway may be part of an
evolutionarily conserved mechanism in the hippocampus that suppresses astrogliogenesis until
neurogenesis is complete.
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Abstract: Neural induction is the earliest event in the formation of the human nervous system.
Identifying the gene regulatory networks that govern this process is fundamental to our
understanding of the establishment of neuronal phenotype and is also essential to our ability to
manipulate human IPSCs to produce neural stem cells (NSCs) specified toward particular
neuronal fates. Human iPSCs readily undergo neural induction in the presence of inhibitors of
BMP signaling toward NSCs fated to an anterior forebrain fate. We have found that inclusion of
inhibitors of canonical WNT signaling switches specification of the NSCs to an olfactory
placodal fate, destined to produce GnRH-positive hypothalamic neurons. Transcriptome data was
captured at multiple time points during 8 days of neural induction. We have used these data to
identify gene expression signatures unique to NSCs specified to these alternate fates. We are
currently modeling these data to produce gene regulatory networks and use them to infer
pathways that drive specification of neural stem cells toward to anterior cortical or olfactory
placodal fates.

Key words: Olfatory placode, GnRH neurons, anterior forebrain, gene regulatory network.
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Abstract: Recent evidence indicates that during embryonic development, neural crest and
ectodermal cells contribute to the olfactory placode and give rise to olfactory sensory neurons,
gonadotropin-releasing hormone (GnRH) cells, and olfactory ensheathing cells. However the
mechanisms by which these initial neuronal fates are established and regulated in the olfactory
placode have yet to be examined. The present work seeks to identify the gene regulatory network
that governs embryonic olfactory neurogenesis. Sox proteins have been shown to play important
regulatory roles in neurogenesis in the central nervous system and olfactory placode. Sox2
cooperates with cofactors to regulate stem cell renewal and differentiation during development,



and is a component of the molecular pathway utilized in nasal placode induction. Sox21, a Sox2
target and binding partner, has been implicated in regulating differentiation, and has recently
been shown to control the progression of neuronal differentiation in the central nervous system
based on its level of expression. Although these Sox proteins appear to have roles in controlling
neuronal differentiation, their coordinated functions in the olfactory placode have not been
explored. To determine whether Sox21 may have a role in regulating olfactory neurogenesis, the
spatiotemporal expression of Sox21 is being analyzed in the developing mouse. RT-PCR and
immunocytochemistry data confirmed Sox21 expression in the neurogenic regions of the nasal
pits at E10.5-E11.5. At these ages, the olfactory placode consists of a multitude of cell
populations, including neural stem cells, neuronal progenitors, neuronal precursors and neurons.
To determine which cells express Sox21, sections were immunostained with markers identifying
cells in these different stages of neurogenesis. Sox21 was expressed in progenitor and mitotic
cells, and was absent in neuronal precursors, immature neurons, and GnRH cells. Thus, the
expression pattern of Sox21 is consistent with it having a regulatory role in the developing
olfactory placode. To understand the function of Sox21, its expression will be manipulated using
in vivo and in vitro methods, and progression of neurogenesis in the olfactory placode followed.
This work will delineate neurogenesis in the olfactory placode, and define the regulatory network
involved in a cell’s decision to stay as a progenitor cell or differentiate.
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Title: RETROSPECT: A strategy to timestamp the transcriptome of neural progenitors to
identify fate determining genes
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Abstract: A fundamental impediment to furthering our understanding of brain development is
the ability to track changes in gene expression in specific neuronal populations over time.
GABAergic interneurons provide an ideal and particularly relevant context for exploring
methods to overcome these issues. Interneurons are an extremely heterogenous population of
cells that arise from two transient structures in the ventral telencephalon, the medial and caudal
ganglionic eminences (MGE & CGE), and migrate tangentially to occupy numerous forebrain
structures. However, the genetic programs that regulate these fate decisions and maturation into
distinct interneuronal subclasses remain largely unknown. The lack of early markers that
distinguish different interneuron subgroups within the MGE and CGE, combined with the
inability to relate gene expression in progenitor populations with the mature interneurons they
give rise to, has greatly hindered progress in this area. The technique of DNA adenine
methyltransferase identification (DamID) represents one extremely promising avenue to
overcome these challenges. We aim to ‘timestamp’ the transcriptome of MGE interneuron
progenitors as they undergo fate decisions embryonically while retaining the capacity to identify
their interneuron subclass in the mature brain. The creation of a spatially and temporally
inducible Dam protein fused to RNA polymerase will allow us to methylate actively transcribed
genes within differentiating MGE progenitors for the retrospective identification of fate
determination genes in mature interneuron populations. Of note, this strategy is applicable for
transcriptomes in any cell type, particularly ones in which mature markers of specific cell types
are not present during earlier developmental timepoints.
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Abstract: In mammalian brains, each neural stem cell (NSC) progeny divides several times as a
neural progenitor, differentiates into a post-mitotic cell, and migrates into a specific region. It is
controversial if cells derived from NSCs in the perinatal period migrate to a single or multiple
region(s) and when cells become fated to migrate to specific sites. To answer these questions, we
have focused on cell lineage of lifelong NSCs in the perinatal mice’s brains, and established a
system to trace the lifelong NSC lineage with lentivirus.

At embryonic day (E) 16 or postnatal day (P) 0, mice’s brains were infected intraventricularly
with lentivirus that expresses GFP and the mice were sacrificed at P30. Tissues were collected
from cortex (Ctx), olfactory bulb (OB), and subependymal zone. Neurosphere assay was
conducted with cells from the subependymal and GFP positive neurospheres were collected after
passaging twice or more, which we regarded as cells generated from lifelong NSC. DNA was
extracted from Ctx, OB, and the neurospheres. After a lentivirus integration site in genomic
DNA of each neurosphere line was identified by an inverse PCR technique, PCR was done with
DNA extracted from Ctx and OB as templates and primers corresponding to this lentivirus
integration site. Then, electrophoretic pattern was analyzed to trace cell lineage from lifelong
NSC. Our analysis with this system indicated that (1) major portion of NSC lines did not produce
cells migrating to any of Ctx or OB, thus these cell lines were thought to be quiescent, (2) minor
portion of the cell lines promoted cells migrating to exclusively wither of Ctx or OB, thus we did
not identify a cell lineage migrating to two regions, and (3) among lifelong NSCs of the perinatal
brain, symmetric and expansive division was rare.
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Abstract: Neural stem cells (NSCs), present in both the developing and adult nervous system,
could be an ideal therapeutic tool for neurodegenerative disorders, if they differentiate into the
optimal types and numbers of neurons. Phosphofructokinase-1 (PFK-1) is a rate-limiting enzyme
in glycolysis by phosphorylating fructose-6-phosphate to form fructose-1, 6-bisphosphate, and
has been implicated in the functions of astrocytes and neurons. Here, using loss- and gain-of-
function approaches, we showed that PFK-1 negatively regulates neurogenesis by mediating the
proliferation of neural progenitors and the neuronal fate commitment of NSCs. Using in vitro
assays, we found that PFK-1 knockdown enhanced, and PFK-1 overexpression inhibited the
neuronal differentiation of NSCs, which was consistent with the findings from NSCs subjected to
5 h of hypoxia. Meanwhile, the neurogenesis induced by PFK-1 knockdown was attributed to the
increased proliferation of neural progenitors and the commitment of NSCs to the neuronal
lineage. Similarly, in vivo knockdown of PFK-1 also increased neurogenesis in the dentate gyrus
of the hippocampus. Finally, we demonstrated that the neurogenesis mediated by PFK-1 was
likely achieved by targeting mammalian achaete-scute homologue-1 (Mash 1), neuronal
differentiation factor (NeuroD), and sex-determining region Y (SRY)-related HMG box 2
(Sox2). All together, our results reveal PFK-1 as an important regulator of neurogenesis.
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Abstract: Ethanol is a known teratogen and in utero exposure can lead to a spectrum of
neurodevelopmental disorders known collectively as Fetal Alcohol Spectrum Disorders. The end
of the first trimester to the beginning of the second trimester is a particularly sensitive time to
ethanol exposure, since during this time stem cells rapidly divide to produce most of the adult
neurons. Previously, we showed that ethanol exposure during this period alters the programming
of murine neural stem cells to favor premature maturation rather than renewal. Here, we further
examined how ethanol exposure at sub-binge, binge, and chronic drinking levels (60mg/dL,
120mg/dL, and 320mg/dL) affects active cellular dynamics of gestational day 12.5 murine neural
stem cells in neurosphere cultures. Cultures were chronically treated with ethanol for 5 days and
then imaged, or allowed to withdraw from ethanol for two days before imaging. After treatment,
cells were loaded with a calcium indicator dye, Fluo-4 AM, and imaged on a confocal
microscope. Fluo-4 fluorescence allowed for the visualization of calcium dynamics in individual
cells and showed that cells within an individual neurosphere are heterogeneous with respect to
calcium dynamics. Some cells maintain steady calcium levels, while other cells exhibit dynamic
calcium activity. Preliminary data suggest that these dynamics can be altered by both ethanol
exposure and withdrawal. Notably, the mid-range, 120mg/dL dose was particularly effective at
altering calcium dynamics in the neurosphere, increasing the number of cells exhibiting calcium
oscillations as well as increasing overall frequency and amplitude of calcium spikes. After the
withdrawal period, 120mg/dL treatment appears to have a lasting influence on calcium
dynamics, with previously exposed cells showing an increased amplitude of calcium signal.
These data firstly indicate the emergence of significant and surprising cell-to-cell variability in
calcium activity among daughter fetal neural progenitors within a neurosphere niche that
originate from a common stem cell. Moreover, these data also show that ethanol exposure
continues to perturb cellular dynamics, even after ethanol is withdrawn, which may contribute to
prolonged alterations to calcium-dependent intracellular signaling pathways that control neural
stem cell growth and maturation.
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Abstract: Melatonin, an endogenous neurohormone mainly secreted by pineal gland in the brain,
has several biological functions including antioxidative and neuroprotective activity.
Additionally, melatonin is able to enhance embryonic brain cells proliferation and
differentiation. However, its potential effect on neuronal differentiation has never been
investigated in amniotic fluid mesenchymal stem cells (AF-MSCs). In the present study, we
isolated stem cells from amniotic fluid, characterized mesenchymal stem cell marker antigens
and then examined the cytotoxic, proliferative and differentiative effects of melatonin in AF-
MSC:s. After cells expansion in culture medium for 6-8 passages, the melatonin-induced
neuronal differentiation in AF-MSCs was investigated using alpha-MEM with or without
melatonin. Melatonin at 0-1,000 nM were not caused cytotoxicity and not increased proliferation
in the cells. Western blot analysis showed increase in neuronal protein (BIII-tubulin, TH, and
Nurrl) expression with dose-dependent effect in melatonin-treated cells whereas GFAP
expression was suppressed by melatonin. Flow cytometry analysis demonstrated that melatonin
increased nerve cell adhesion molecule (NCAM) and TH expression and changed differential
expression patterns of mesenchymal stem cell antigens (CD29, CD73, CD90, CD105, CD34 and
CD45). These results suggest that melatonin is able to potentiate amniotic fluid stem cells
differentiation into neuronal cells observing by increase in neuronal protein markers and
decrease in surface marker antigens of mesenchymal stem cells.

Keywords: Melatonin, amniotic fluid mesenchymal stem cells, differentiation, dopaminergic
neuron
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Abstract: Autism is a disorder of brain development characterized by impaired social interaction
and communication. The latest child autopsy studies suggest the abnormality of neuronal fate
specification during pregnancy. Microduplication in Chromosome 16p13.11 is one of known risk
factors of autism. We hypothesize that one or several candidate genes in 16p.13.11 locus could
be responsible for neurogenesis and pathophysiology of autism. After expression screening by in
situ hybridization in mouse developing brain, we examined the function of RNA binding protein
Meiosis Arrest Female 1 (MARF1). It has been already reported that oocyte form of MARF1
(oMARF1) suppresses the target molecules via its own RNase activity, and is indispensable for
oogenic process. However, the function of another isoform, somatic form of MARF1 (sMARF1)
is still obscure. Here we report the expression pattern and function of sSMARF1 in developing
mouse brain. SMARF1 protein is highly expressed in embryonic brain tissue and more in
matured differentiated neurons than cortical pogenitors. The overexpression of SMARF1 in
neuronal precursor cells which is derived from embryonic day-12.5 cortices, increases the
number of Tuj1-positive differentiated neurons, while the knockdown of SMARF1 increases the
number of Ki67-positive proliferating cell in vitro. The knockdown of sMARF1 in vivo by in
utero electroporation increases the ratio of proliferating cell and Pax6-positive radial glia in
subventricular zone. Moreover, we show that sSMARF1 promotes neuronal differentiation in vitro
via RNase activity domain. Thus, our findings suggest that sSMARF1 regulates neuronal
differentiation in developing brain through RNase activity.
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Abstract: Stem cells are able to self-renew and to undergo differentiation. The balance between
stem cell maintenance and differentiation has been proposed to depend on antagonizing
ubiquitination and deubiquitination reactions of key stem cell transcription factors. Based on this
hypothesis, the stability of such stem cell transcription factors is controlled by one or more pairs
of E3 ubiquitin ligases and deubiquitinating enzymes. Accordingly, increased ubiquitination of
the stem cell transcription factor results in its proteasomal degradation, thereby inducing cellular
differentiation, whereas increased deubiquitination stabilizes the stem cell transcription factor
leading to maintenance of the stem cell fate. In neural stem cells, one of the key stem cell
transcription factors is c-Myc. Previously, we have shown that c-Myc is ubiquitinated by the E3
ligase TRIM32 during embryonic and adult neurogenesis, thereby targeting c-Myc for
proteasomal degradation and inducing neuronal differentiation. Consistent with its role in
inducing neuronal differentiation, we have shown that TRIM32 becomes upregulated during
adult neurogenesis, as neural stem cells progress towards a more differentiated fate. This
upregulation is accompanied by a subcellular translocation of TRIM32 from the cytoplasm of
neuroblasts within the rostral migratory stream to the nucleus of olfactory bulb neurons.
However, we observed that a subpopulation of proliferative type C cells in the subventricular
zone already contain nuclear TRIM32. As these cells do not undergo neuronal differentiation,
despite containing TRIM32 in the nucleus where it can ubiquitinate c-Myc, we hypothesize that
antagonizing factors, specifically deubiquitinating enzymes, are present in these particular cells.
Here, we show by using a mass spectrometry approach that TRIM32 associates with various
deubiquitinating enzymes, including USP7. This particular deubiquitinating enzyme is of special
interest, since it has been implicated in neural stem cell maintenance before. USP7 and TRIM32
were found to exhibit a dynamic and partially overlapping expression pattern during neuronal
differentiation both in vitro and in vivo. Most importantly, we are able to demonstrate for the first
time that USP7 deubiquitinates c-Myc, thereby antagonizing TRIM32 function. Thus, we
provide a potential mechanism by which stem cell fate is determined in neural stem cells, namely
through the balanced ubiquitination and deubiquitination of c-Myc by TRIM32 and USP7.
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Abstract: In the developing and adult brain the exact cellular proliferation, migration, and
differentiation mechanisms of neural stem cells (NSCs) are of prime importance. lonizing
radiation (IR) affects neurogenesis in the dentate gyrus of the hippocampus, which may explain
learning deficits observed in patients treated with radiotherapy. NSCs are characterized by the
ability of self-renewal and to differentiate to neurons, astrocytes and oligodendrocytes.
Increasing evidence suggests that the activity of receptors and ion channels is intimately related
to the control of proliferation and differentiation into defined cell types. Here, we have studied
the physiology of early differentiation and network formation in neuronal cultures derived from
the murine neural stem cell line J1 in a 2D differentiation protocol. Upon differentiation, the J1
cells show a loss in the stem cell marker nestin and a specific expression of certain
differentiation markers and synaptic proteins like GFAP, MAP2 and PSD95, synaptophysin,
respectively. Based on this differentiation protocol, we selectively irradiated (up to 0,5 Gy)
individual differentiation stages and investigated the effects of IR on differentiation events like
synaptogenesis, migration or neuronal functionality. Since potassium channels regulate cell
behaviors such as proliferation and migration through both canonical ion permeation-dependent
and noncanonical ion permeation-independent functions, we initially assessed the properties and
composition of potassium channels expressed in different developmental stages upon radiation.
By using whole-cell patch-clamp recording and immonohistochemistry, we measured the current
responses of irradiated and unirradiated J1 NSCs in self renewal state and determined the
potassium conductance of undifferentiated and differentiated J1 cells. We can show that IR
increase the conductance of potassium channels, indicating that IR has lasting effects on the
bioelectronical settings of NSCs. Thus, we can show that even low dose radiation of neural stem
cells leads to significant variations in its electrophysiological homeostasis and the biophysical
properties (like potassium conductance) of NSCs. In conclusion, NSCs could be successfully
differentiated into functioning neural networks with differential developmental patterns upon
radiation that may lead to subtle deficits in neuronal function.
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Abstract: Fetal alcohol exposure is a leading non-genetic cause of neurodevelopmental
disability. Neural stem cells (NSCs) that give rise to most neurons of the adult brain during the
first and second trimester are particularly vulnerable. We previously found that ethanol exposure
did not result in NSC death, but rather, the loss of NSCs due to premature maturation. Moreover,
we found that a class of small non-protein-coding regulatory microRNAs (miRNAs) was
decreased following ethanol exposure. We recently found that the loss of miRNAs result in
expression of a network of genes that support premature NSC maturation. However, the question
that remains is whether ethanol also specifically prevents NSC renewal by interfering with
miRNA-regulated processes. To address this question, we assessed the regulation of the
homeobox transcription factor, Oct4/POUSF1, which is important for maintaining stem cell
renewal and pluripotency. The Oct4 family includes a number of transcribed non-protein-coding
pseudogenes. We hypothesized that these pseudogenes serve as miRNA sponges. Immuno-
precipitation studies with the miRNA binding protein, Ago-2, showed that one Oct4 pseudogene,
Oct4PS9, bound miRNAs in both the nucleus and cytoplasm of NSCs, supporting its role as a
miRNA sponge. RNA-capture analysis also showed that Oct4PS9 specifically associated with
miRNAs. Our preliminary data shows that Oct4PS9 preferentially associates with miR-21, an
ethanol-regulated miRNA which also localizes to both nucleus and cytoplasm of NSCs. These
data suggest that Oct4PS9 may regulate miR-21 availability to the cytoplasmic RISC complex in
addition to epigenetic pathways in the nucleus. Ethanol exposure resulted in an increase in
expression of Oct4PS9 transcripts, but resulted in decreased expression of Oct4 protein.
Pseudogene-miRNA interactions may protect pluripotency factors and consequently regulate



NSC renewal. These data advance a novel mechanism for ethanol teratology in that ethanol
exposure may disrupt long non-coding RNA (IncRNA)-mediated regulatory mechanisms
resulting in dysregulation of miRNA-function in fetal NSCs.
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Abstract: Differentiation of complex cell types involves multiple layers of posttranscriptional
regulation to establish the appropriate patterns and timing of intracellular protein synthesis. One
important dimension of this system is modulation of mRNA 3" poly(A) tail length as this cis-
acting structure is critical for mRNA stability and translation. Cleavage of this tail reduces both
transcript cytoplasmic stability and potential for translation, and is therefore thought to be an
important intermediate in gene repression by microRNA (miRNA) and the RNA-induced
silencing complex. In the current study, we sought to characterize genome-wide changes in
mRNA poly(A) tail length in retinoic acid differentiated SH-SYS5Y cells and explore its
relationships to steady-state mRNA levels. SH-SYSY cells were subject to a 14 day sequential
all-trans retinoic acid and brain-derived neurotrophic factor treatment regimen to obtain near-
pure cultures of neuron-like cells. Transcriptomic and poly(A) tail changes were investigated and
compared via high-throughput deep sequencing using conventional RNA-Seq and a novel high-
throughput library preparation for genome-wide analysis of mRNA poly(A) tail length, termed
PAT-Seq. After genome alignment, read-count and poly(A) tail length attribution, we identified
differentiation-associated change in poly(A) tail length in over 1,700 mRNAs whereby a strong
bias towards lengthening was observed. In addition, a striking correlation between mRNA
expression and poly(A) tail length (R* = 0.3064, p < 0.0001) was discovered, lending support to
existing research suggesting increased poly(A) tail length confers mRNA stability.



Differentiation-associated changes in poly(A) tail length also exhibited significant enrichment in
neurogenesis and cell cycle gene ontologies, which was also observed in 5,600 differentially
expressed genes (p < 0.05). These analyses provide compelling support for the role of poly(A)
tail length dynamics in the posttranscriptional regulation of mRNA during neural development.
We suspect that factors involved in the modulation of mRNA stability and translation also have
significant role in the pathogenesis of disease.
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Abstract: In the developing central nervous system, it has been widely known that Notch
signaling preserves progenitor pools, inhibits neurogenesis, and drives astrocyte differentiation.
CCP1 is known as a chloride channel protein containing membrane spanning regions. /n situ
RNA analysis indicates that CCP1 is mainly transcribed in the ventricular and sub-ventricular
zone (VZ and SVZ) in E14.5 embryonic mouse brain. In this study, we assessed the role of
CCP1 in the mammalian brain development. We first found that Notch intracellular domain
increased transcription of CCP1. Interestingly, CCP1 also synergistically increased
transactivational ability of Notch. We used a retroviral vector system to investigate the effects of
CCP1 expression on the properties of neural stem cells in vivo as well as in vitro. CCP1 induced
efficient neurosphere formation, a high level of neural stem cell proliferation, and localization of
neural progenitor population in the VZ and SVZ of developing mouse brain. Taken together, our
data indicate that CCP1 is a novel Notch target gene and also a regulator in the canonical Notch
signaling pathway.
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Abstract: Objective: Cell-cell communication among neural progenitor cells (NPCs) is essential
for proper self-organization of the nervous system, a topic of great interest in regenerative
medicine. Graph theory and network analysis have been used to study the functional connectivity
of mature neuronal circuits but not developing networks. In developing networks, different
modes of cell-cell communication dominate than in mature neuronal networks, and proximity of
cell bodies plays a key role in neural cell fate. The objective of this study is to quantitatively
describe the spatial organization of progenitor cell bodies at different stages of neuronal
differentiation in order to uncover the role of cell-cell communication during neural network
formation.

Methods: hESC-derived neural progenitor cells were stimulated to differentiate through
withdrawal of bFGF from culture medium and imaged continuously for up to 14 days. Time-
lapse image sequences were processed using custom-written algorithms, and spatial proximity of
cell bodies was used to create graph representations of NPC spatial topology. 16 graph-based
metrics describing features such as connectivity, information flow and motif counts were
evaluated in NPC graphs in order to quantify the spatial organization of cells at different time
points. Functional maturation of NPCs was analyzed using whole-cell patch clamp
electrophysiology and immunochemistry.

Results: Statistical measures of information flow in NPC spatial graphs revealed a shift from
topologies with high global efficiency to high local efficiency, around the time mature neuronal
phenotypes appeared in culture. Trends in information flow are intuitively explained by
corresponding trends in graph connectivity. Our results support the view that network-wide
signaling in immature progenitor cells gives way to more structured, hierarchical communication
in mature neural networks. We also demonstrate that the evaluation of recurring motif patterns in
NPC graphs reveals unique geometric arrangements of cells in neural rosette-like structures at
early stages of differentiation.

Conclusions: Our method introduces a tangible means to test theories about spatially-dependent



forms of neural cell communication. Our results point to spatial re-organization of progenitor
cells during electrical maturation, insights which help further our understanding of the design
principles involved in the development of functional neural networks. Applications of this work
can help pave the way for systematic modulation of neural cell self-organization for therapeutic
purposes, eg. in treating repercussions of brain injury or stroke.
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Abstract: The ependyma of the spinal cord harbours stem cells which are activated by traumatic
spinal cord injury. Progenitor-like cells in the central canal (CC) are organized in spatial domains
with cells on the lateral aspects combining characteristics of ependymocytes and radial glia
(RG), whereas in the dorsal and ventral poles they have the morphological phenotype of RG and
display complex electrophysiological phenotypes. The mechanisms regulating the behaviour of
these progenitors remain unknown. Because ATP is massively released after spinal cord injury
we hypothesized that purinergic signalling may be important in this spinal stem cell niche.We
combined immunohistochemistry, in vitro patch-clamp whole-cell recordings and Ca** imaging
to explore the effects of purinergic agonists on ependymal progenitor-like cells in the neonatal
(P1-P6) rat spinal cord. Prolonged focal application of a high concentration of ATP (1 mM)
induced a slow inward current. Equimolar concentrations of BZATP generated larger currents
that reversed close to 0 mV, had a linear current-voltage relationship and were blocked by
brilliant blue G, suggesting the presence of functional P2X7 receptors. Immunohistochemistry
showed that P2X7 receptors were expressed around the CC and the processes of RG. BZATP



also generated Ca>" waves in RG that were triggered by Ca®" influx and propagated via Ca**
release from internal stores through activation of ryanodine receptors. Taken together, we
showed that progenitor-like cells in the ependyma of the rat spinal cord have functional
ionotropic P2X7 receptors. We speculate that the intracellular Ca*" signalling triggered by P2X7
receptor activation may be an epigenetic mechanism to modulate the behaviour of progenitors in
response to ATP released after injury.
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Abstract: Asymmetric cell division (ACD) is a conserved and fundamental process in
neurogenesis for generating cellular diversity across both invertebrates and vertebrates. As the
principal neural stem cells (NSCs), radial glia progenitors (RGP) undergo ACD to generate self-
renewing and differentiating daughter cells in the developing central nervous system. Until now,
the cellular and molecular mechanisms of ACD and subsequent daughter fate choice is not well
understood in vertebrates. By using zebrafish, we have identified that the cortical polarity
regulator Partitioning defective protein-3 (Par-3) plays a crucial role in the establishment of
ACD through localizing the ubiquitin E3 ligase Mindbomb (Mib), which activates Notch by
ubiquitinating the Notch ligand unequally in the apical daughter. Using immunocytochemistry,
in vivo imaging, and other molecular genetic and biochemical methods, we are elucidating the
nature of Mib asymmetry and the underlying mechanisms that orchestrate such asymmetry.
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Abstract: The steroid hormone Ecdysone regulates Drosophila Type 11 Neuroblast
temporal patterning.

How a small population of stem cells can give rise to neuronal diversity remains a fundamental
question in developmental neuroscience. One mechanism by which stem cells have been shown
to expand neural diversity is via temporal patterning programs. Stem cells change their
expression of various transcription factors over time, conveying a unique transcriptional profile
to progeny born in each window. Traditionally, these temporal patterning programs have been
shown to be primarily cell intrinsic. Here we show that the insect steroid hormone ecdysone
serves as an extrinsic cue that governs the temporal patterning program of Drosophila type 11
neuroblasts, a central brain stem cell with a transit amplifying division pattern similar to that of
vertebrate outer subventricular zone progenitors. Ecdysone acts via its receptor EcR, a nuclear
receptor which regulates transcription of a host of developmentally relevant genes. The ecdysone
receptor EcR-B1 isoform is temporally expressed in type II neuroblasts beginning at early L3
larval stages and persists for the remainder of larval life. Ecdysone and its receptor EcR-B1 act
together in order to induce the transition between two identity factors Chinmo and Broad-
Complex, as well as inducing the expression of other transcription factors including E93,
offering both a novel mechanism by which neuroblasts regulate temporal patterning, as well as a
novel mechanism by which steroid hormones regulate development.
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Abstract: BAG3 belongs to the family of co-chaperones interacting with the heat shock protein
HSP70 through the structural domain known as BAG domain. BAG3 mediates the retrograde
transport of both misfolded proteins to the microtubule organizer center (MTOC) and autophagic
vacuoles to perinuclear region, facilitating the clearance of aggregated-prone proteins in several
cell types. Some studies reported a BAG3 transient expression in rat cerebral cortex and
hippocampus and a persistent expression in the rostral migratory stream and subventricular zone
of the lateral ventricle. However, few data are reported on subcellular localization of BAG3 in
neurons. From this point of view, we recently detected a molecular weight variant of BAG3 (40
kDA) in synaptosomes and evidenced that BAG3 mRNA is present in synaptosomal polysomes
of rat brain. The objective of the present study was to provide further insights on the expression
and subcellular distribution of BAG3 in neurons. We studied BAG3 expression in NGF-induced
neurite outgrowth in PC12 cells, by using confocal and transmission electron (TE) microscopy
and then performing morphometric analysis. Results showed that after NGF-induced neurite
outgrowth, BAG3 localized mainly in the neuritic domain compared to cell body, while in
control cells it appeared confined to the cytoplasm near the nuclear membrane. Interestingly this
phenomenon was associated only to a slight increase in the total BAG3 immunofluorescence
suggesting a change in its distribution rather than an increase in protein expression during
neuronal differentiation. This observation was corroborated by TE microscopy analysis of NGF-
treated PC12 cells showing that BAG3 was confined mainly in synaptic vesicles of the axon.
Moreover, we also investigated BAG3 expression in the developing (E18) and adult cerebral
cortex. Preliminary results indicate that BAG3 was intensely expressed in cellular processes and
some migrating cells in the developing cortex, while in the adult cortex, only a low
immunoreactivity was found in the majority of neuronal cell bodies and glial cells. Altogether



these data suggest that BAG3 could be involved in neuronal differentiation acting during the
whole process.
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Abstract: Transplanted neural cells show great potential to replace neurons in damage or disease
where neurons are lost. However, limited long-term survival and functional outcome are yet
major hurdles to overcome. Therefore, we hypothesized that the use of supporting artificial
scaffolds may increase survival, neuronal differentiation and, neurite extension and guidance of
neural progenitors. Here we initially studied the potential use of electrospun fibrous scaffolds for
supporting the culture of human neural progenitors in vitro.

We fabricated biodegradable polycaprolactone (PCL) fibrous substrates, consisting of either
randomly- and aligned oriented sub-micron fibers (fiber diameter: 550-700 nm). Human neural
progenitor cells (HNPC), mitogen-expanded multipotent cell line, were cultured for 10 days on
nanofibers and 2D (flat) glass surfaces. Survival, neurogenic potential, neurite extension and
nuclei orientation, were studied using alamar blue assay, immunohistochemistry, and compared



to flat controls. Fluorescent- and scanning electron microscopy were used.

Excellent survival of HNPCs was found at both nanofiber scaffolds, closely comparable to flat
surfaces controls. Morphological formation was strongly influenced by culture substrates, with
significantly more multipolar morphologies found at random fibers and flat controls. At aligned
fibers, a trend toward nuclei orientation in parallel with fiber orientation, more bipolar
morphologies and longer neurites extended along the fibers were found. Significant increase in
neuronal differentiation (MAP-2-positive cells) was found on nanofibers scaffolds compared to
flat surfaces. In parallel, lower numbers of cells expressing markers of immature/glial cells, i.e.
nestin-, S100b- and GFAP were found at both fibrous substrates.

In summary, PCL nanofiber scaffolds indicate biocompatibility, promote neuronal maturation of
the HNPCs and influence neuronal morphological formation. The fact that neurons extended
long neurites, a requirement for successful neuronal cell transplantation, and which can be
guided by fiber orientation support the proposal of using scaffolds that can be tailor-made for
advancing cell transplantation as a therapy.
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Abstract: Histamine H, receptors (H;Rs) are expressed in the rat neural tube from embryo day
14 (E14) to E20. Histamine reaches its highest level during the neurogenic peak (E14), and in
vivo and in vitro experiments indicate its participation in neuronal differentiation through H;R



activation. Histamine exerts differential affects on cerebral cortex and ventral mesencephalic
neuroepithelia neural stem cells, promoting phenotype differentiation in cortex deep layers
whereas in ventral mesencephalon reduces the tyrosine hydroxylase (TH) phenotype in vitro
without affecting total immature neurons. In this study E12 and E14 rat embryos were used to
study H;R expression by RT-PCR, its membranal location by radioligand binding and its tissue
distribution by immunocytochemistry. Because histamine has been proposed to participate in
neuron commitment of neural stem cells, the main cell population at E12, the H;R antagonist
clorpheniramine was intraperitoneally injected at E12 and the deep layer cortical (FOXP2, Tbrl
and SOXS5) and ventral mesencephalic (TH, Imx1b and PITX3) phenotypes were evaluated at
E14 and E16 by immunohistochemistry. Our results show H;R expression in both neuroepithelia
at E12 and E14, its presence in total forebrain/midbrain membranes with a higher density at E12
and its location in the ventricular zone. H;R inhibition negatively affects the cortical and
mesencephalic markers at E14 and E16. These results indicate that the H|R is expressed by
neural stem cells in the cortical and ventral mesencephalic neuroepithelia with a likely
membranal location, and that receptor blockade alters cortical and mesencephalic development,
suggesting an important role of histamine and H;Rs during brain development.
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Abstract: Spinal cord injury (SCI) often results in severe and permanent neurological deficits.
Recent studies have shown that neural stem cell (NSC) replacement is effective in treating SCI.



However, one obstacle of this strategy is the low efficiency of NSC differentiation. Our previous
study showed that the expression of miR-31 is significantly higher in spinal cord stem cells
(SCSCs) isolated from embryonic day 14 (E14) spinal cord ependymal layer compared to motor
neurons (MNs), indicating that miR-31 may play an important role in maintaining SCSCs in an
undifferentiated state. In the present study, we characterize the RNA transcript profiles
(transcriptomes) of SCSCs from E14 mice treated with small interfering RNA (siRNA) to lower
the expression of miR-31. Total RNA was extracted from siRNA treated and non-siRNA treated
E14 SCSCs (control) using TRIzol Reagent, and then sequenced on an Illumina HiSeq2500.
Gene expression was analyzed with Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG). We found that 1295 genes were significantly differentially expressed.
Among those genes, 549 were up-regulated and 746 genes were down-regulated in the SCSCs
transfected with siRNA compared to control SCSCs. The further bioinformatics analysis using
the GO classification shows that the molecular function of the differentially expressed genes
mainly corresponds to channel regulator activity, receptor regulator, and chemoattractant
activity, and the affected biological processes mainly are locomotion, biological adhesion,
biological phase, hormone secretion and cell aggregation. The KEGG enrichment analysis
showed that the pathways of differentially expressed genes mainly participate in focal adhesion,
MAPK signaling, cytokine-cytokine receptor interaction, and neuroactive ligand-receptor
interaction. Theses pathways are more related to neurons than stem cells. Our results
demonstrate that down-regulation of the miR-31 expression can induce the differentiation of
SCSCs, and that miR-31 plays an important role in the differentiation of SCSCs.
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Abstract: We have previously demonstrated that disruption of the Nfl-Ras pathway in the VZ
compartment at multiple signaling nodes uniformly results in rapid NSC depletion, progenitor
hyperproliferation, and gliogenic lineage restriction. Abrogation of Ets subfamily activity, which



is upregulated downstream of Ras, rescues these phenotypes and blocks glioma initiation. Thus,
the Nfl-Ras-Ets axis might be one of the select molecular pathways that is a hijacked for
initiation and maintenance in glioma. Herein, we examine the cell autonomous role of Ets
proteins during perinatal development. Expression analysis and inducible lineage tracing
indicates that Etv5 is enriched in glial subtypes. Using a novel genetic technology to
independently misexpress several EtvS variants (i.e. full-length, truncated, constitutively active)
or loss-of-function elements (e.g. miR-E shRNA against Etv5), we observe phenotypes
consistent with a putative role for Etv5 in cell fate determination of glia. Moreover, we present
findings that the ability of Etv5 to block gliomagenesis can be generalized to other driver
mutations. Thus, Ets proteins represent a key mechanism of glial cell fate determination in
gliogenesis and glioma.
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Abstract: Proteoglycans (PGs) are important to a variety of neurological functions. From neural
development to memory to regeneration and disease, both heparan sulfate (HS) and chondroitin
sulfate proteoglycans (CSPGs) play a number of promoting and inhibitory roles. While research
is clear that these macromolecules are involved, their actual role of action remains relatively
unclear. This is in part due to the lack of tools with which to study them and our incomplete
understanding of the tools that are currently available. One class of these such tools are
xylosides. Xylosides are small molecules consisting of an aglycone attached to a xylose residue
which serve as a competitor for glycosaminoglycan (GAG) chain biosynthetic machinery. Used
in research since the 1970s, treatment with these molecules leads to the inhibition of endogenous
PGs and the production of primed GAGs, or GAG chains built on the xyloside and as such lack a
core protein. Primed GAGs are pushed out of the cell and can be found in the extracellular space.



Much of the previous research has focused on high concentration treatment (= 1mM) by xyloside
and largely bypassed any role primed GAGs may play in experimental outcomes. We have found
that low concentration (< 1uM) xyloside (LCX) treatment will also alter the GAG profile of and
PG production by astrocytes, neuro2A cells, and primary neurons. Reduction in CSPGs was seen
in LCX samples at 72h after treatment, much later than observed in samples treated with higher
concentrations of xyloside which showed significant reduction at 24 and 48h. Additionally, LCX
treatment caused unexpected changes in cell behavior and morphology. LCX-treated neuronal
cells demonstrate enlarged growth cones with microtubule looping that were absent in cells that
were exposed to both vehicle and 1mM xyloside treatment. This research serves as a first step to
fully explore the potential of xylosides as a research tool and possible therapeutic for injury and
disorders of the nervous system.
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Abstract: During the development of the mammalian cerebral cortex radial glia cells (RGCs)
produce different layer-specific subtypes of excitatory pyramidal neurons. At the population
level, these cells are generated in an inside-out pattern that is highly correlated with their
birthdate. Classical models of cortical development propose that this phenomenon is due to the
progressive restriction of RGCs to generate progressively more superficial layer neurons over the
time, and experiments both in vitro and in vivo are consistent with this idea. However, recent
studies have also suggested the existence of pools of RGCs in the rodent cortex with restricted
potential to generate specific classes of pyramidal cells. In this study, we combine retroviral



lineage tracing and Mosaic Analysis with Double Markers (MADM) techniques with Cre/LoxP
mouse genetics to trace the progenies of individual RGCs in the mouse developing cerebral
cortex. By unbiasedly analysing the outcome of dozens of clones, we have obtained information
about the relative contribution of different classes of RGCs to cortical development. Our results
indicate that the most abundant progenitor cells in the rodent cortex have the potential to
generate pyramidal cells for all cortical layers, but the diversity of RGCs or their potential is
larger than previously recognised. This diversity of neural progenitors may play a prominent role
in orchestrating the complex laminar organisation of the mammalian cerebral cortex.
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Abstract: Contrary to popular belief, not every cell in the body contains identical DNA. This
phenomenon of genomic mosaicism was first identified as a driving force behind cancer, but has
more recently been found to be enriched in the brain. In particular, aneuploidy has been shown
to be enriched in cerebral cortical cells, most dramatically in neural progenitor cells (NPCs)
during embryonic development. Despite being confirmed by several independent groups using
cytogenetic methodologies, there is controversy regarding the rates and persistence of aneuploidy
in the brain. To assess this discrepancy, we used a customized single cell sequencing and
bioinformatics approach to obtain an unbiased, genome-wide assessment of the copy number
states in a variety of sample preparations. Three novel insights have been gained from our work.
First, during the development of our custom bioinformatic pipeline, we found that several



commonly used quality control measurements are biased towards excluding hypoploid cells from
analysis. Eliminating their use increased the accuracy of aneuploidy rate assessments in control
populations. Second, we developed a strategy to sequence the individual mouse metaphase
spreads, which are the gold standard for determining cellular ploidy. This approach confirmed
that single cell sequencing accurately identifies the occurrence of mosaic aneuploidy. Finally, we
applied our single cell sequencing method on over 400 interphase nuclei collected throughout
cortical development, and have confirmed that aneuploidy is both present in interphase NPCs
and can persist in adult neurons. This pipeline is being utilized to gain further insights into
neuronal aneuploidies during and beyond cortical development.

Disclosures: S.E. Rohrback: None. J. Chun: None.

Poster

492. Cerebral Cortex: Fate Specification and Neuronal Differentiation

Location: Halls B-H

Time: Tuesday, November 15, 2016, 8:00 AM - 12:00 PM

Program#/Poster#: 492.03/B20

Topic: A.01. Neurogenesis and Gliogenesis

Support: JSPS KAKENHI Grant Number 15K 18548

Title: Mechanisms that balance neuronal subtype production in the developing neocortex

Authors: *K.-1. TOMA, C. HANASHIMA;
RIKEN Ctr. For Developmental Biol., Kobe, Hyogo, Japan

Abstract: The cerebral cortex consists of diverse layer neurons that differ in their connectivity,
morphology and molecular properties. These neurons are generated in a stereotypical temporal
order during development, where neurons of deep-layer (DL) are generated first, followed by
more superficial upper-layer (UL) neurons. While DL neurons establish long-range connections
by sending axons to subcortical targets, UL neurons play central roles in higher order
information processing by integrating bilateral cortical information. Despite their functional
significance, the mechanisms by which laminar subtypes are generated at the correct timing and
in appropriate numbers remain largely elusive.

Here, we employed a non-biased genetic ablation to eliminate early post-mitotic DL neurons in
developing mouse neocortex. By using this method, we found that cortical progenitors produce
DL neurons for a longer period to compensate for the loss of DL neurons, thereby maintaining
the final ratio between DL and UL neurons. These results demonstrated that the mechanisms that
adjust the number of DL and UL neurons required for proper circuit formation utilizes feedback
signals propagated from DL neurons. We further explored the identity of this feedback signal



focusing on the molecular events that occurs during the switch in progenitor competence from
DL neurons to UL neurons. Our results indicate that this feedback signaling controls the
localization of UL neuron-specific transcription factors and determine the timing of neuronal
differentiation. This feedback regulatory system confers the sequence of DL and UL
neurogenesis, and scales the production of UL projection neurons based on the availability of
their DL neuron counterparts during development and possibly evolution.
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Abstract: For the development of the central nervous system, a large variety of neuronal cell
types are needed to be generated at defined times and locations. Cajal-Retzius (CR) cells are the
first neurons generated during corticogenesis and are essential pioneer neurons that control
neuronal migration in the cortex. CR cells are derived from specific regions within the cortex,
i.e., the pallial septum (PS) in the rostromedial cortex, and the pallial-subpallial boundary (PSB)
and cortical hem (CH) in the caudomedial cortex. However, the molecular mechanism
underlying the generation of CR cell subtypes in distinct CR cell origins is poorly understood.
We have previously shown that Dmrtal (double-sex and mab-3 related transcription factor like
family A1) is expressed in neural stem/progenitor cells in the neocortex and regulates proneural
genes (Kikkawa et al., 2013). In this study, we found that Dmrtal was expressed in the PS, PSB,
and a part of the CH, whereas Dmrt3 was strongly expressed in the CH. To reveal functions of
Dmrtal and Dmrt3 in the production of CR cells from distinct origins, we observed CR cells in



Dmrtal knockout (Dmrtal”) (Kikkawa et al., unpublished) and Dmr¢3 knockout (Dmrt3”") mice
(Konno et al., 2012). We found that Dmrt3 ablation decreased the number of p73-positive CR
cells derived from the PS and CH compared with wild type (WT) mice, suggesting an abnormal
medial-cortical structure of Dmrt3” and Dmrtal”™ Dmrt3” mice. On the other hand, Dmrtal -
mice shows the reduction of p73-positive CR cells derived from the PS. There was no
significance difference of the number of Calretinin-positive/p73-negative CR cells derived from
the PSB. These results suggest that Dmrt members are differentially involved in the development
of CR cells according to their original cortical regions.
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Abstract: The cerebral cortex holds a remarkable capacity to integrate multimodal sensory
information and generate coordinated outputs that underlies higher cognitive functions. While
the localization of neocortical areas responsible for modality-specific information processing has
been mapped over a century ago, how each area is assembled to serve its unique function has
remained largely elusive. To address this, we established a highly reproducible tracing system to
label cohorts of neurons generated at distinct developmental timing utilizing the Neurog2-driven
Cre recombinase. Upon tamoxifen administration, we specifically marked layer subtype neurons
using various fluorescent reporter lines in vitro and in vivo. Based on this approach, we
monitored the dynamics of neurons generated at different corticogenesis period. We further
applied this system in culture to assess the capacity of neuronal differentiation of these cortical
cells in vitro. These results indicated that laminar subtype identity are determined soon after the



cell cycle exit, providing a useful platform to assess the mechanisms underlying neuronal
specification in cortical establishment.
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Abstract: The majority of interneurons derive from two different embryonic structures: the
Medial Ganglionic Eminence (MGE) and the Caudal Ganglionic Eminence (CGE). Distinct
subtypes of interneurons originate from each structure, with Parvalbumin- and Somatostatin-
expressing interneurons deriving from the MGE, and Reelin- and VIP-positive interneurons
deriving from the CGE. Postmitotic interneurons are partially fate determined, and they go on to
populate numerous regions within the telencephalon. Recent clonal analysis (Mayer et al., 2015;
Harwell et al., 2015) has showed that the same progenitor cell in the MGE can give rise to
interneurons located in different structures, such as the cortex, hippocampus or striatum. In
addition, it was shown that both Parvalbumin- and Somatostatin-expressing interneurons can
derive from the same progenitors. These data seems to exclude the presence of different
progenitors pools giving rise to cortical versus hippocampal interneurons. However, little is
known regarding the mechanisms guiding the interneurons maturation and their integration in
distinct neuronal networks. Which aspects are intrinsically encoded and which ones are
dependent on environmental cues? To address this question we isolated the cortex and the
hippocampus of Nkx2.1-Cre;Ai9 mice at PO-P2, sorted the fluorescent cells and transplanted
them either homotopically (cortex-to-cortex) or heterotopically (cortex-to-hippocampus, cortex-
to-striatum) to PO-P2 wild type mice. A month after transplantation we analyzed the molecular,



electrophysiological and morphological profile of the transplanted interneurons. The data suggest
that: 1) the heterotopic environment can sculpt the maturation of the transplanted interneurons as
they integrate in the network, and 2) different interneuronal features are inherited from the donor
environment. Our findings shed light on the mechanisms regulating the interneuron development
and neuronal circuit formations.
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Abstract: The molecular linkage between neocortical projection neuron subtype and area
development, which enables the establishment of functional areas by projection neuron
populations appropriate for specific sensory and motor functions, is poorly understood. Here, we
report that Ctipl controls precision of neocortical development by regulating both subtype
identity and area identity in neocortical projection neurons. Ctip1 is expressed by postmitotic
callosal and corticothalamic projection neurons, but is excluded over embryonic development
from corticospinal motor neurons, which instead express its close relative, Ctip2. Loss of Ctipl
function results in a striking bias in favor of subcerebral projection neuron development in
sensory cortex at the expense of corticothalamic and deep-layer callosal development, while
misexpression of Ctipl in vivo represses subcerebral gene expression and projections.In parallel,



Ctipl functions in primary sensory areas to repress motor and activate sensory gene expression
programs, enabling establishment of sharp molecular boundaries defining functional areas. In
Ctip]l mutants, abnormal gene expression leads to aberrantly motorized corticocortical and
corticofugal output connectivity. Ctipl critically regulates differentiation of layer IV neurons,
and selective loss of Ctip1 in cortex deprives thalamocortical axons of their receptive “sensory
field” in layer IV, which normally provides a tangentially and radially defined compartment of
dedicated synaptic territory. Therefore, although thalamocortical axons invade appropriate
cortical regions, they are unable to organize into properly configured sensory maps.Together,
these data identify Ctipl as a critical control that couples subtype and area specification,
enabling specific functional areas to organize precise ratios of appropriate output projections.
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Title: Clonally related forebrain interneurons disperse broadly across both functional areas and
structural boundaries
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Abstract: The medial ganglionic eminence (MGE) gives rise to the majority of mouse forebrain
interneurons. Here, we examine the lineage relationship among MGE derived interneurons using
a replication-defective retroviral library containing a highly diverse set of DNA barcodes.
Recovering the barcodes from the mature progeny of infected progenitor cells enabled us to



unambiguously determine their respective lineal relationship. We found that clonal dispersion
occurs across large areas of the brain and is not restricted by anatomical divisions. As such,
sibling interneurons can populate the cortex, hippocampus striatum, and globus pallidus. The
majority of interneurons appeared to be generated from asymmetric divisions of MGE progenitor
cells, followed by symmetric divisions within the subventricular zone. Altogether, our findings
uncover that lineage relationships do not appear to determine interneuron allocation to particular
regions. As such, it is likely that clonally related interneurons have considerable flexibility as to
the particular forebrain circuits to which they can contribute.
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Title: Projection neuron class specification occurs post-mitotically in the subplate during human
corticogenesis.
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Abstract: The six-layered neocortex is unique to the mammalian lineage and has undergone
significant expansion in primates. Classic studies of mouse and primate corticogenesis have
established the inside-out nature of layer formation during development, while more recent
studies have highlighted several developmental adaptations exclusive to primates. These
adaptations together enable production of large numbers of projection neurons (PNs) that are
required to populate the primordium of the primate neocortex, namely, the cortical plate. There
are various classes of PNs on the basis of their projection hodology. While recent work has
emphasized the role of post-mitotic regulatory programs in specification of PN classes, how
these programs are executed and whether they are cell autonomous or under the influence of



signaling pathways is currently unknown. The subplate (SP) is a transient zone underneath the
cortical plate that is also greatly enlarged in primates and is known to be essential for formation
of cortical circuits. The human SP has been shown to be uniquely enriched in genes that lie near
human accelerated conserved noncoding sequences. However, the significance of SP
enlargement and its contribution to early corticogenesis remain unknown. Using a combination
of in vivo human fetal brain observations, novel genetic and computational tools for analysis,
and in vitro modeling of corticogenesis, we show that the SP is a major contributor to cortical
lamination and projection neuron class-specification. Our results establish that SP neurons
represent a novel ground state upon which post-mitotic transcriptional refinement takes place and
culminates in the major classes of PNs that populate the six layers. Furthermore, we provide
direct evidence that the human SP derives from post-mitotic preplate neurons. We also
demonstrate that the SP is the exclusive contributor to layers V-VI in parts of the developing
cortex. In addition, our in vitro and in vivo experiments provides clues to signaling pathways that
regulates these post-mitotic programs and in turn specify SP neurons to various PN classes. The
relative ratios of PN classes are thought to be altered in psychiatric and neurodevelopmental
disorders such as schizophrenia, autism, and intellectual disability. By establishing a link
between SP fate and PN class specification, our work provides a potential link between SP and
developmental disorders. Overall, these findings have strong implications for understanding
human corticogenesis, neurodevelopmental diseases, disease modeling, as well as stem cell-
based therapies.
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Abstract: Cortical GABAergic interneurons exhibit remarkable diversity in their intrinsic firing
properties, subtype marker expression, layer organization, synaptic connectivity and
morphology. The mechanisms underlying the generation of this diversity are largely unknown.
We have identified a novel rostral-caudal Wnt gradient within the medial ganglionic eminence
(MGE) that delineates the specification of the two main interneuron subtype classes. Caudally-
situated MGE progenitors receive high levels of Wnt signaling and give rise to somatostatin
(SST)-expressing cortical interneurons. Parvalbumin-expressing basket cells, by contrast,
originate mostly from the rostral MGE where Wnt signaling is attenuated. Interestingly,
canonical Wnt signaling through b-catenin is not required for this process. Wnt signals
transmitted via nuclear translocation of the intracellular domain of the non-canonical receptor
Ryk, however, are sufficient to drive interneuron progenitors to a SST fate. Inhibition of Ryk
signaling by a function blocking antibody conversely decreases the production of SST positive
interneurons. Graded Ryk gain of function experiments performed in mouse ES-derived cortical
interneurons reveal a dose-dependent effect, suggesting Ryk signaling acts in a gradient.
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Abstract: Cajal-Retzius (CR) cells, among the earliest-born neuronal population of the
developing neocortex, are crucial for brain development. They are involved in regulating
subsequent neuronal migration and laminar patterning of the cerebral cortex. Previously we
identified Ebf2 as a molecular marker for cortical neurogenesis and CR neurons during neural
development. Here, we used a transgenic mouse line that expresses EGFP in Ebf2-expressing
cells to purify Ebf2+ cell population by FACS at different embryonic stages. Gene expression
profiles of Ebf2+ and Ebf2- cell population were analyzed by next generation RNA-seq.
Bioinformatics analysis revealed differentially expressed genes in Ebf2-GFP+ cells and Ebf2-



GFP- cells and temporal gene expression dynamics during early embryonic CR neuron
development. We found that many known CR neuron-specific genes, such as Reelin and p73, are
enriched in Ebf2+ cell population, consistent with their identity being CR neurons. Based on the
dynamic gene expression pattern at different stages, CR neuron-enriched genes can be clustered
into different groups, reflecting that specific sets of genes may regulate different aspects of CR
neuron differentiation. We also identified a number of IncRNAs that are enriched in CR neurons,
confirmed by in vitro and in vivo data. In addition, we found that the upstream regulatory regions
of these IncRNAs were associated with active histone modifications by ChIP studies, indicating
epigenetic regulation of CR gene expression. Overall, our work has identified genes that are
related to early neurogenesis, particularly CR neuron identity, and will help understand the
molecular mechanisms governing the developmental function of CR neurons.
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Abstract: The extraordinary cellular diversity of the six layered cerebral cortex is critical for the
highest levels of perception, cognition and motor control. To better understand how these
functions emerge during development, it will be critical to determine how neuronal diversity is
generated within each cortical layer and how individual cell types reach functional maturity.
Toward this end, here we map the developmental expression of two important
neurodevelopmental genes, Foxp2 and Met, onto discrete and largely non-overlapping cell types
in layer 6. The majority of layer 6 excitatory projection neurons fall into 2 categories:
corticothalamic and corticocortical neurons. Through neuroanatomical tracing and molecular
profiling experiments, here we find that the transcription factor Foxp2 is enriched in



corticothalamic neurons and the receptor tyrosine kinase Met is selectively expressed by
corticocortical neurons in layer 6. This information is particularly relevant given evidence
implicating these genes in related, yet distinct disorders of higher cognitive function. Moreover,
each of these genes has been associated with aspects of neural development that distinguish these
two cell types. Ongoing experiments involving conditional mouse genetics seek to determine
how Foxp2 and Met influence the development of these important layer 6 cortical circuit
components.
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Abstract: Principal cell diversity is a central issue in the neurobiology of the cerebral cortex. We
address this issue by examining DNA content of cells in rat sensory cortex. Using fluorescence
microscopy, we have previously shown that soma and nuclear size and patterns of DAPI-(DNA)-
fluorescence vary between groups of cells in rat cortex. Layer 4 cells and non-neural cells are of
small and homogenous size, while layer 5 exhibits a remarkable size diversity of somata and
nuclei and contains some very large neurons. We also measured integrated DAPI-(DNA)-
fluorescence and counted chromocenters, spots of densely packed heterochromatic DNA. In
comparison to layer 4 neurons and non-neural cells, integrated DAPI-(DNA)-fluorescence and
chromocenter counts of layer 5 neurons were greater and more widely distributed. These results
suggested that some very large neurons in layer 5 are polyploid, owning more than two
homologous copies of each chromosome. Moreover these supposedly polyploid neurons were
differently distributed across cortical sensory areas. To better understand whether polyploidy is a



novel generator of neuronal diversity in the cortex, we recently focused on methods to directly
quantify DNA content. On the one hand, we apply flow cytometry to more rigidly measure
fluorescent staining of DNA in the nucleus. Combining DAPI-(DNA)-staining with
immunohistochemistry, we are able to differentially measure DNA content of live neural and
non-neural nuclei. Similar to previous reports', preliminary results revealed that 3-5% of cortical
neurons appear to be tetraploid, containing 4 sets of homologous chromosomes. However, flow
cytometry requires the homogenization of brain tissue and therefore curtails any insight into the
phenotype and location of supposedly tetraploid neurons. Therefore we currently focus on
approaches to directly quantify chromosomes of identified cells in brain sections. First, antibody
staining is used to distinguish different cell types. Second, chromosomes are labelled using
fluorescent in situ hybridization of telomeres with a peptide nucleic acid probe. Finally
fluorescent telomere spots are imaged using confocal microscopy and counted, whereby
supposedly tetraploid neurons will have twice as many telomeres. However, since hybridization
requires excessive digestion, the integrity of the tissue is often harmed preventing complete
hybridization. Once these challenges are overcome, we aim to combine size measurements,
chromocenter counts, flow cytometry and in situ hybridization to gain a better understanding of
how polyploid neurons contribute to cell diversity in the normal vertebrate brain. 'Lopez-
Sanchez et al., 2014
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Abstract: Distinct neocortical areas differ in regard to neuronal diversity, but how this diversity
is achieved during development is still poorly understood. Radial Glial Cells (RGCs), the neural



stem cells of the developing cortex, divide to generate neurons directly or give rise to
intermediate progenitor cells (IPCs), which also generate new neurons. Our overall hypothesis is
that distinct streams of neurogenesis underlie neuronal diversity in the neocortex. Indeed our
group recently reported that neurons exhibit distinct morphological and electrophysiological
properties in layer 3 of the mouse frontal cortex depending on their precursor type of origin.
Using a novel genetic fate-mapping technique we labeled Tbr2-expressing progenitors and their
neuronal progeny as well as those derived from precursor that do not express Tbr2 with red and
green fluorescent proteins respectively. Using this strategy, we fate-mapped neurons in layer 4 of
the barrel cortex via in utero electroporation at E13.5. At postnatal day 21, we used whole-cell
patch clamp recordings to assess the electrophysiological properties of these neurons and then
subsequently assessed their morphology using high-resolution confocal microscopy. We found
that both Tbr2 and non-Tbr2 progenitors generated both pyramidal and stellate neurons. Our
preliminary results also suggest that non-Tbr2 neurons have higher rheobase and lower firing
rates than Tbr2 neurons, consistent with our previous findings in the frontal cortex.

In addition, we studied whether neurons derived from distinct precursor streams are distributed
differentially across the depth and distinct compartments of the barrel field. Interestingly, non-
Tbr2 neurons were localized at more superficial (closer to the pia) levels within layer 4 than Tbr2
neurons. Further, the non- Tbr2 neurons were preferentially localized in the center of the barrel,
the compartment that receives input from the barrel field, while the Tbr2-derived neurons were
more frequently located in the septum.

This study contributes to a better understanding of how different streams of neurogenesis
contribute to adult neuronal diversity and provides specific insight on the development of the
barrel cortex, a commonly used system to model neocortical microcircuitry.

Disclosures: T. Guillamon-Vivancos: None. M. Medalla: None. W.A. Tyler: None. T.F.
Haydar: None. J.I. Luebke: None.

Poster

492. Cerebral Cortex: Fate Specification and Neuronal Differentiation
Location: Halls B-H

Time: Tuesday, November 15, 2016, 8:00 AM - 12:00 PM
Program#/Poster#: 492.15/C6

Topic: B.12. Glial Mechanisms

Support: CIHR Grant 410000180 - CARLEN P - CIHR - MOP 119603

Title: Connexin 43 blockade increases extracellular potassium without causing seizures in the
mouse neocortex



Authors: *P. BAZZIGALUPPI', B. STEFANOVIC?, I. WEISSPAPIR', L. LEYBAERT?, P.
CARLEN';

"Fundamental Neurobio., Univ. Hlth. Network, Toronto, ON, Canada; 2Physical Sci.,
Sunnybrook Res. Inst., Toronto, ON, Canada; 3 Dept. of Basic Med. Sci., Ghent, Belgium

Abstract: Extracellular potassium concentration, [K],, is a major determinant of neuronal
excitability. In the healthy brain [K'],, levels are tightly controlled. During seizures, [K'],
increases up to 15mM and is thought to cause seizures due to its depolarizing effect. Although
astrocytes have been suggested to play a key role in the redistribution of excess K" through
Connexin43 (Cx43)-based Gap Junctional (GJ) coupling, the relation between this highly
dynamic regulatory process and seizure generation is still unknown. Here we examined the role
of astrocytic Cx43-Gjs and hemi-channels in [K '], regulation in vivo, contrasting the effects of
selective blockers vs. broad-spectrum neuronal and astrocytic GJ blocker, Carbenoxolone
(CBX). [K'], was measured by a K-sensitive microelectrode and neuronal excitability estimated
by local field potential (LFP) responses to forepaw stimulation and changes in the power of
resting state neuronal activity. Starting at the control [K'], level of 1.61 + 0.3 mM, cortical
microinjection of CBX increased [K']oto 11 + 3 mM, whereas the selective Cx43-Gjs GAP27
increased it from 1.9 £ 0.7 to 9 + 1 mM. At these elevated [K'], levels, no seizure activity was
observed. Cx43 hemi-channel blockage by the selective peptide TAT-GAP19 increased [K'], by
only ~1 mM. Microinjection of 4-AP increased [K '], to levels comparable to those achieved with
CBX or GAP27 administration and induced spontaneous and recurring seizures. On the other
hand, external application of increased [K ], to over 12 mM did not trigger seizures. These
findings are the first in vivo demonstration that astrocytic GJs are major determinants of [K '],
but that their blockade alone does not trigger seizures in the neocortex.

Disclosures: P. Bazzigaluppi: None. B. Stefanovic: None. I. Weisspapir: None. L. Leybaert:
None. P. Carlen: None.

Poster

492. Cerebral Cortex: Fate Specification and Neuronal Differentiation
Location: Halls B-H

Time: Tuesday, November 15, 2016, 8:00 AM - 12:00 PM
Program#/Poster#: 492.16/C7

Topic: A.01. Neurogenesis and Gliogenesis

Support: NIH Grant NS075393

Title: Single-cell analyses reveal neural progenitor fate specification during cerebral cortex
development



Authors: *J. LIU', X. WU?, L. YANG?, C. BUN!, Q. LU";
1Developmental & Stem Cell Biol, 2Dept. of Mol. and Cell. Biol, City of Hope, Duarte, CA

Abstract: During cerebral cortex development, neural stem cells/progenitors first expand the
progenitor cell pool, and then undergo differentiation, generating neurons and glia sequentially.
How such developmental transitions of neural progenitor cells are regulated is not well
understood. One major obstacle is the high heterogeneity of neural progenitors, such as in the
developing cerebral cortex of mouse, containing radial glia cells (RGCs), intermediate progenitor
cells (IPCs) or basal progenitors, astrocyte progenitors and oligodendrocyte progenitors, and etc.
These progenitors coexist and were surrounded by numerous new-born or mature neurons,
making study on progenitor fate transition very difficult. In the current study, we combined dual-
reporter neural progenitor sorting with single-cell transcriptome deep sequencing (RNA-seq).
From 3 developmental stages, we acquired the global transcriptomes of 107 purified neural
progenitors: 36 at starting of neurogenesis (embryonic day E12.5); 36 at peak of neurogenesis
(E15.5); and 35 at starting of gliogenesis (E18.5). At the same time, we captured and sequenced
20 IPCs at E15.5 through Tbr2 (Eomes)-GFP/Dcx-mRFP sorting. Unsupervised hierarchical
clustering analyses for all the 127 cells classified them into different groups, which can be
recognized by cell-type specific markers. At E12.5, 75% of cells were RGCs in cell cycle, and
others were new-born and maturing IPCs. At E15.5, 7 out of 36 cells were cycling RGCs, while
a big group of neurogenic progenitors and IPCs account for the majority. At E18.5, isolated
progenitor cell population consisted with RGCs, IPCs, astrocyte progenitors, as well as
interneuron progenitors. Surprisingly, the group of neurogenic progenitors at E15.5 was more
closely related to the group of astrocyte progenitors at E18.5 than to new-born or maturing IPCs,
based on clustering analyses. Furthermore, principle component analysis (PCA) revealed two
distinct differentiation paths of RGCs: one path reflecting neuronal differentiation of RGCs via
IPCs, and the other path delineating commitment of RGCs for becoming neurogenic or gliogenic
(astrocytic) progenitors. Our data thus indicated there are two types of RGCs, each of which
appeared to follow a distinct progressive restriction scheme of fate specification during cortical
development. We will further present our most recent findings with this respect.
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Abstract: Radial glial cells (RGCs) are the origin of cell diversity in the mature cerebral cortex.
RGC:s establish the organization of different cortical layers by progressively generating specific
subtypes of excitatory neurons. At the onset of neurogenesis, early RGCs divide asymmetrically
to produce neurons directly. As neurogenesis continues, RGCs transition to give rise to
intermediate progenitors, which divide symmetrically to produce pairs of neurons through a
process of indirect neurogenesis. At present, the molecular mechanisms whereby specific
transcriptional programs control the pattern of neurogenesis by cortical RGCs are not well
understood. The family of PRDM (Positive Regulatory domain-containing) genes has important
functions in controlling stem cell renewal and differentiation in multiple tissues. In particular,
Prdm16 is part of the evolutionary conserved gene network that is expressed in both mouse and
human RGCs. Interestingly, mutations mapping within Prdm16 genomic region in human
chromosome 1 are linked to abnormal development of the cerebral cortex and intellectual
disability. Furthermore, previous evidence has suggested a role of Prdm16 in progenitor survival
and proliferation in the mouse brain. Yet, the gross brain defects and perinatal lethality observed
in Prdm16 loss of function mice has precluded a more detailed analysis. Here, we generated
cerebral cortex-specific mutant mice to investigate the role of Prdm16 in cortical development.
Absence of Prdm16 during embryonic neurogenesis increased cell cycle exit of RGCs. This
process resulted in a significant reduction of proliferating intermediate neuronal progenitors at
the subventricular zone of mutant cortices. Accordingly, quantification of the size of clonal
radial units using in vivo retroviral labeling demonstrated that Prdm16 mutant RGCs produce
smaller clones in comparison to controls. Our data suggest that Prdm16 maintains the
undifferentiated state by inhibiting direct neurogenesis, favoring the production of intermediate
progenitors and indirect neurogenesis. Currently, we are investigating the molecular mechanisms
by which Prdm16 transcriptional program in RGCs controls neurogenesis in the cerebral cortex.
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Abstract: High mobility group N (HMGN) family members are nucleosome-binding proteins
that affect chromatin structure. HMGN variants are expressed in most brain regions; however,
their effect on the fidelity of cellular transcription profile and on neurological functions is not
known. Here, we study the role of HMGN family in the modulation of transcriptome in
hippocampus, prefrontal cortex, embryonic stem cells (ESCs), mouse embryonic fibroblasts
(MEFs), and B cells of genetically altered mice and cell lines that either lack, or overexpress
functional HMGN variants. Transcription profiles of wild-type, HMGN1/HMGN?2 double
knockout, and HMGNI overexpressing mice and cell lines were analyzed by paired-end, RNA-
seq using Illumina GAIIx. The sequence reads were analyzed with Cufflinks/Cuffdiff followed
by Mixture of Isoforms (MISO) - a probabilistic framework towards detection of alternatively
spliced genes, differentially regulated isoforms and exons across samples. To discover
alternative isoform regulation of mMRNA we estimated differential transcript usage (DTU),
differential transcript expression (DTE), alternative 3 and 5’ splice sites (A3SS, A5SS) usage,
mutually excluded exons (MXE), retained introns (RI), and skipped exons (SE). We identified
that the loss or overexpression of HMGNSs in adult brain and ESCs result in alternative 3’ and/or
5’ splice sites usage of genes involved in transcription regulation such as tRNA
methyltransferase 1 (TRMT1) in prefrontal cortex or HOXA1 encoding DNA-binding
transcription factor regulating gene expression patterns responsible for morphogenesis,
differentiation, as well as placement of hindbrain segments in the proper location along the
anterior-posterior axis during development. Thus, epigenetic factors such as HMGNs could
affect the proper functioning of central nervous system by modulating the transcriptional profiles
in stem cells as well as in cortical and hippocampal neurons. This study posits a role of HMGNs



in nervous system development, and provides a basis for further hypotheses on the role of
HMGN:s in alternative isoforms regulation of mRNA.
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Abstract: During development, neurons progressively restrict their fate repressing the
expression of specific genes while differentiating. This process vastly relies on transcription and
is therefore subject to epigenetic control. The Methyl-CpG binding protein 2 (MeCP2) is an
epigenetic factor that, binding methylated DNA, participates to chromatin folding and
transcriptional regulation. Mutations of MECP2 leads to Rett syndrome (RTT), a devastating
condition whose pathogenetic mechanisms are not yet completely understood but most likely
originate from developmental derangements. We hypothesised that lack of this epigenetic factor
may alter proper cellular maturation due to misinterpretation of the DNA methylation signature
characterizing each cell type throughout its development. To evaluate this hypothesis, we
analyzed the developing Mecp2 null cerebral cortex. Interestingly, at the embryonic day 15.5
(E15.5) the transcriptional identity of proliferating cortical progenitors is increased in null
cortices compared to wt. Since proper cortical development is ensured by a tightly regulated
progression through cell cycle phases, we tested whether dynamics of neurogenesis were
deregulated in null samples. Interestingly, rather than altering cell cycle progression, lack of
Mecp2 affects the expression of markers that are typical of cells transitioning from one stage to
the next one.This suggests that null cells, switching from one cellular type to the next one, retain
parts of the previous identity, possibly due to the lack of control over transcription normally



exerted by Mecp2. Given proper proliferation dynamics of cortical progenitors are crucial for the
subsequent development of newborn neurons, it is possible to infer that the known maturation
delay affecting the developing Mecp2 null cortex could be generated by derangements in the
control of cell fate refinement.
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Abstract: The transcription factor Fezf2 has been identified as a critical determinant of layer 5
corticofugal projection neurons. This class of neurons includes corticospinal motor neurons that
are lost in degenerative motor neuron disorders such as amyotrophic lateral sclerosis (ALS).
Previous work has explored the ability of Fezf2 to reprogram cells to a corticofugal phenotype
within a very spatial and temporal window of early development. Interestingly, Fezf2 is
expressed by a large majority of dorsal ventricular zone (VZ) stem and progenitor cells. We have
developed an electroporation-based method for stably expressing Fezf2 in neural stem cells
lining the lateral ventricle. Increasing expression of Fezf2 in these cells reduces astrogliogenesis
and olfactory bulb (OB) neurogenesis. To avoid acute OB neurogenesis alterations, we
developed an inducible and reversible, 3rd generation, doxycycline(Dox)-regulated genetic
system for expressing Fezf2. When our expression vector is induced by Dox in cultures of mouse
neural stem cells or astrocytes, Fezf2 causes morphological conversion into neuron-like cells
despite the presence of growth factors and serum. When Fezf2 expression is induced postnatally
in the olfactory bulb, we see changes in nuclear size, increased ER81 expression, and evidence of
ectopic axonal growth from the olfactory bulb. Using this new technology, we are exploring the
ability of Fezf2 to reprogram heterogeneous populations of stem, progenitor and terminally
differentiated cells to corticofugal subtypes in postnatal and adult mice.
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Abstract: Pyramidal neurons (PyNs) comprise the majority of cortical neurons and underlie
nearly all aspects of cognitive operations. The progenitor cells that give rise to neocortical PyNs
mainly include radial glial cells (RGCs) and intermediate progenitor cells (IPCs) located in the
embryonic cerebral ventricle wall. RGCs divide asymmetrically to generate neurons either
directly or indirectly through IPCs, which divide symmetrically to produce pairs of PyNs. It
remains unclear how progenitor types (e.g. RGCs, IPCs), their lineage progression, and timing of
neurogenesis contribute to the specification of diverse PyN subtypes defined by axon projection,
connectivity, and physiology. In particular, the role of IPCs in the generation of PyNs is poorly
understood. The T-domain transcription factor (Tbr2) is specifically expressed in cortical IPCs.
We have generated an inducible 7br2-CreER mouse driver, which allows comprehensive lineage
tracing from IPCs and have developed a novel genetic method to fate-map neurons according to
their lineage and precise birth time. We have used the 7hr2-CreER driver and Cre-dependent
reporter mice to fate map IPCs throughout embryogenesis. In addition to assessing the laminar
position of PyN subtypes, axon projections are analyzed with a novel method utilizing viral
labeling of fate-mapped PyNs. Using retrograde virus along with our genetic driver and reporter
lines allows us to restrict cell labeling by progenitor type, birth date, and projection target. With
this method, we can further elucidate the PyN subtypes born from IPCs throughout neurogenesis,



using axon projection as more descriptive definition of cell type than laminar location. Fate
mapping experiments revealed that IPCs sequentially gave rise to PyNs with distinct laminar
patterns spanning multiple nonconsecutive layers with only a trend towards an inside-out
sequence. This suggests that IPCs do not generate PyNs in a strictly inside-out manner. Rather,
temporal cohorts of multiple fate-restricted IPCs simultaneously, as well as sequentially,
generate PyN subtypes defined by their axon projection and laminar location. Ongoing
experiments include an investigation of the PyNs that are generated by direct neurogenesis from
RGCs, in contrast to those that are generated by IPCs, and the development of a novel genetic
birth-dating strategy utilizing the Tis21 gene that is expressed in progenitors as they undergo
neurogenic division. These findings begin to link progenitor type and their time of neurogenesis
to the specification of PyN subtypes.
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Abstract: The neocortex covers the anterior-most portion of the mammalian brain and is
involved in a range of cognitive functions. It consists of multiple layers with distinct neuronal
types, of which pyramidal or projection neurons (PyNs) constitute ~80% of cortical neurons.
PyNs mediate multiple information processing streams and all the major cortical output
channels, and are diverse in terms of their laminar location, gene expression, connectivity and
physiology. However, the developmental origins of this diversity are poorly understood. PyNs
arise from mainly two types of progenitors: the radial glial cells (RGCs) and the intermediate



progenitor cells (IPCs). It is unclear how these progenitors, their lineage progression and timing
of neurogenesis contribute to specification of diverse PyN identities, for example defined by
their projection targets. In particular, the role of IPCs is not understood. We have generated an
inducible knock-in mouse driver for Tbr2 (7br2-creER), a T-domain transcription factor which is
specifically expressed by the IPCs and is necessary for their identity. This allowed us to perform
comprehensive lineage tracing for PyNs born from IPCs. Cortical neurogenesis is known to
follow an inside-out sequence of layer formation, such that neuronal birth timing relates to its
laminar identity. Fate mapping at different embryonic ages using a reporter bred with 7hr2-
creER line reveals that PyN generation does not follow the expected inside-out pattern of
sequential laminar generation. We observed that PyNs produced at specific time points span
multiple non-consecutive layers suggesting the simultaneous presence of multiple fate-restricted
IPCs at these ages. Analysis of the progenitors in terms of their location in the germinal zone,
their morphology and markers revealed that they are indeed IPCs. We hypothesize that PyNs are
born based on their projection targets, which follow a broad but not a strict inside-out sequence
of birth order. To achieve high resolution fate mapping, we have performed clonal analysis from
Tbr2(+) progenitors using MADM (Mosaic Analysis with Double Markers) and Brainbow mice.
Pairs of PyNs produced at different developmental time points are similar in morphology and
laminar positions. We are currently utilizing different clearing techniques to analyze and
compare the projections of PyNs born from a single IPC. Ongoing experiments also include axon
tracing by using viral labeling methods to characterize PyN subtypes beyond their laminar
positions.
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Abstract: Mitotic spindle and cleavage plane orientation are critical factors influencing
symmetric vs asymmetric cell division during cortical development. Their intracellular molecular
pathways and associated fate determinants have been progressively characterized. However,
soluble, extracellular signals affecting cleavage plane are now being revealed, including recent
studies in semaphorin signaling. Here we report that lysophosphatidic acid (LPA), an
extracellular lipid signaling molecule present in cerebrospinal fluid, shifts cleavage planes
through different G protein-coupled LPA receptor subtypes and downstream pathways. Dual
genetic removal of LPA; and LPA; produced changes in cleavage orientation. In addition,
perturbation of endogenous LPA levels via ex vivo cortical hemisphere cultures or in vivo fetal
cerebral cortical injections resulted in altered apical adherens junctions, cell polarity, apico-basal
mitotic spindle orientation, and subsequent altered neural fates compared with controls.
Exposure to either blood plasma or serum - known significant sources of LPA - consistent with
hemorrhage also produced similar changes. Genetic removal of both LPA; and LPA,; receptors
abrogated LPA, plasma, or serum-induced changes, yet also resulted in unstimulated cleavage
plane orientation alterations comparable to wild-type controls, indicating normal influences on
cleavage plane through endogenous LPA actions on its receptors. These data identify LPA as a
soluble, extracellular signal acting through two cognate LPA receptors to influence
neuroprogenitor cell fate under basal development and neuropathological conditions that elevate
LPA, including hemorrhage and hypoxia. These pathological stimuli alter brain development
which contribute to diseases such as hydrocephalus and likely other hemorrhage-related
neurodevelopmental disorders.
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Title: Morphological analyses of radial glial cells in the developing mouse neocortex
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Abstract: During mammalian neocortical development, excitatory neurons are generated
directly or indirectly from specialized progenitors called radial glial cells (RGCs), located in the
ventricular zone (VZ). Newly born neurons migrate toward the outermost superficial region of
the cortical plate by passing through their predecessors. In the course of this 'inside-out' manner
of neuronal alignment, radial fibers extended from RGCs to the pial surface play as a scaffold for
migrating neurons, resulting in their columnar configuration which might contribute to the
development of functional units in the future. To establish neuronal arrangement successfully,
radial fibers are required to maintain their long thin structure properly for providing for
migrating neurons.Reeling glycoprotein, which is secreted by Cajal-Retzius cells in the marginal
zone, is known to be one of the key molecules for establishing the 'inside-out' neuronal layers,
since Reelin-deficient mice, called reeler, show roughly inverted neuronal layers. Although
much about the molecular and functional basis of Reelin singling has been elucidated in the
context of neuronal migration, little is known about the effects of Reelin on the RGCs. Several
lines of evidence in mammalian neocortical development have found that Reelin can affect
morphology of radial fibers, however, the biological role of Reelin on RGC:s still remains to be
elucidated.To investigate whether structure of RGCs is disrupted in the reeler mutant mice, we
electroplated a GFP-expression plasmid into E14-16 heterozygous and homozygous reeler
embryonic cortices to visualize radial fibers with GFP. To examine the fiber morphology in
detail, we quantitively analysed the fibers after imaging at high resolution. Fibers in the reeler
mutant had occupied approximately 6um more in width when transversing the entire cerebral
wall, compared to those in the control mice. 3D imaging was also carried out to reveal
differences of radial fibers between normal and reeler mutant mice.
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Abstract: The human cerebral cortex is a remarkably complex structure comprised of billions of
cells. However, despite many years of research focused on classifying cell types using
morphological, electrophysiological, and gene expression data, a thorough understanding of the
complete range of cell types that populate the human cerebral cortex is lacking. Here we
investigated the potential of using RNA-seq on single nuclei isolated from adult human
neocortex to generate transcriptomic signatures and derive cell type classifications. Single
nucleus RNA-seq was used to capture the transcriptomes of >1000 individual nuclei isolated
from adult human postmortem brain samples. We focused our analyses on two specific layers
within distinct cortical regions, layer 1 of middle temporal gyrus and layer 5 of frontoinsular
cortex, in order to access a diversity of inhibitory and excitatory neuron types of high biological
interest. Layer 1 of middle temporal gyrus contains several anatomically and physiologically
distinct classes of GABAergic interneurons, including neurogliaform cells. Layer 5 of
frontoinsular cortex contains a variety of excitatory and inhibitory cell types, as well as a high
concentration of von Economo neurons, a type of projection neuron described in relatively few
species and particularly enriched in select regions of human cortex. Neuronal nuclei were
specifically labeled using an antibody against NeuN, and individual neuronal (NeuN-positive)
and non-neuronal (NeuN-negative) nuclei were captured using fluorescence-activated cell
sorting. cDNA libraries from individual nuclei were constructed using a modified Smart-seq?2
protocol and sequenced on a HiSeq instrument at a depth of >1 million reads/sample. Our results
indicate that single nucleus RNA-seq successfully discriminates major cell types in the adult
cortex, including excitatory and inhibitory neuronal types and glial cell types. Furthermore,
iterative clustering revealed multiple subtypes of inhibitory and excitatory neurons in our target
regions of interest. These results demonstrate the utility of single nucleus RNA-seq for
characterizing the diversity of cell types in the adult human neocortex and provide insight into
the biochemical and functional differences between cell types.
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Abstract: /n vivo manipulation of gene expression is a major way of studying the function of
individual genes in their physiological context. Here we applied the CRISPR/Cas9 system to
disrupt gene expression in neural stem cells in the developing mammalian brain in vivo.

As a proof-of-principle we first targeted GFP in a knock-in mouse line, where GFP is expressed
in a subset of neural progenitor cells during embryonic cortical development. We electroporated
embryonic brains in utero with a single plasmid encoding Cas9, guide RNA (gRNA) and a
fluorescent marker, and obtained nearly complete (90%) disruption of GFP expression two days
after targeting. Considering that changes in cell fate during cortical development typically occur
within a single progenitor cell cycle, electroporation of the Cas9/gRNA plasmid has a potential
drawback that any genome editing can only occur after Cas9 and the gRNA have been produced.
To overcome this limitation, we directly electroporated recombinant Cas9/gRNA complex and
achieved near-maximal efficiency of disruption of GFP expression already 24 hours after
electroporation. Strong disruption of GFP expression within a single cell cycle was detected after
microinjecting the Cas9/gRNA complex into single neural stem cells in organotypic slice
cultures, an approach that enabled us to trace the fate of individual cells upon genome editing.



Finally, we applied these approaches to disrupt the expression of Eomes, a gene fundamental for
neocortical neurogenesis. This resulted in a reduction in basal progenitors, a major pool of neural
progenitors in the developing cortex, and an increase in neuronal differentiation. Sequencing
analysis revealed no detectable indels in the four major off-target sites, suggesting that the
observed neurodevelopmental phenotype was indeed caused by selective disruption of the Eomes
locus.

Thus, we successfully applied the CRISPR/Cas9 system to achieve rapid, efficient and enduring
disruption of gene expression followed by fate tracing of immediate daughter cells during
mammalian brain development in vivo.
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Abstract: Heparan sulfate proteoglycans (HSPGs) are cell surface/secreted molecules expressed
by all cells. HSPGs consist of linear heparan sulfate (HS) carbohydrate side-chains attached to a
core protein and are involved in regulating key signalling pathways in the developing
mammalian brain via sugar-protein interactions. HS has an enormous variety of structures due to
postsynthetic modification. HS hypothesis states that the specificity for the interaction between
the HSPGs and particular signalling pathways is encoded by differential HS sulfation. Hs2st and
Hsb6stl are enzymes involved in generating different HS structures by sulfating the 2-O or 6-O
carbon molecule of the sugar backbone respectively. Loss of either Hs2st or Hs6st1 function has
profound, but distinct, consequences for forebrain development confirming their importance. The
distinct effects differential sulfation have on forebrain development suggests that specific HS
structures drive distinct developmental programmes via the regulation of signaling pathways



supporting the HS code hypothesis. Fibroblast growth factor (Fgf) is a family of signaling
molecules crucial for forebrain development. Fgf8 is a secreted morphogen where it functions to
pattern the forebrain via regulated gradient formation. Fgf8 protein levels and the interpretation
of the Fgf8 protein gradient are important for Fgf8 signaling. HS has been previously shown to
be involved in these processes however, the role differential sulfation plays in these processes
and particularly, the molecular mechanism(s) behind this has not been clearly resolved. Fgf8
signaling has been widely studied and its signaling mechanism well characterised. Yet, the
conventional model of its signaling mechanism could not fully explain the observations
preliminary to this work where Hs2st and Hs6st1 mutants have disrupted Fgf8/Erk signaling,
presenting a gap in our current understanding of Fgf8/Erk signaling. We developed an ex vivo
assay to probe the formation of Fgf8 gradient over time and the regulation of Fgf8 gradient
formation and signaling by differential HS sulfation. Our data shows that specific HS sulfation
regulates Fgf8 distribution and its interpretation in distinct ways supporting the HS code
hypothesis. Our ex vivo data allowed us to formulate predictions about the regulation of the Fgf8
gradient and its interpretation in vivo. Testing these predictions in vivo enabled us to model the
regulation of the Fgf8 gradient and its interpretation by differential sulfation during forebrain
development. This provides us with further insight into the role of HS in the complex but precise
regulation of mouse forebrain development.
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Abstract: Striatal medium-sized spiny neurons (MSNs), composed of striatonigral and
striatopallidal neurons, are derived from the lateral ganglionic eminence (LGE). We previously
have shown that, in Sp9 mutant mice, LGE striatopallidal MSN progenitors have reduced
proliferation. Moreover, most striatopallidal MSN progenitor cells fail to differentiate into



mature striatopallidal neurons, and die cell-autonomously through Bax-dependent apoptosis. On
the other hand, development of striatonigral MSNs is largely unaffected. In the present study, we
found that in the striatum of Sp8 and Sp9 double conditional mutant mice, none of striatopallidal
MSNs was produced. This was due to cell cycle arrest of striatopallidal MSN progenitors, which
further induced these progenitors undergoing apoptosis in the LGE SVZ, but not in the striatum.
Once again, development of striatonigral neurons appears normal. Diverse molecular
mechanisms underlying these phonotypes are currently under study.
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Abstract: Nkx2.9 (or Nkx2.8 in most other species, except for mouse) is a member of the NK
homeobox family and resembles Nkx2.2 based on homology and on its expression pattern in the
central nervous system. However, while Nkx2.2 is required for the development of serotonergic
neurons, the role of Nkx2.9 in the mid-hindbrain region is still ill-defined. In a recent paper from
our group we investigated the role of homeobox transcription factor Engrailed 1 (Enl) in mid-
hindbrain development, and designated Nkx2.9 as a possible transcriptional target of Enl
(Veenvliet et al., 2013). In the current work we elaborate on this finding by determining whether
mesodiencephalic dopaminergic (mdDA) neurons require Nkx2.9 during their molecular
development. Here, we describe for the first time that Nkx2.9 contributes significantly to the
molecular programming of mdDA neurons. Lineage-tracing reveals that a large majority of
mdDA neurons encounter Nkx2.9 expression during early embryonic development. Furthermore,



we demonstrate using next generation RNA-Seq and in sifu hybridization on Nkx2.9-ablated
animals, that Nkx2.9 influences the expression of the dopamine transporter (Dat) in mdDA
neurons.
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Abstract: Background: The previous in vivo study demonstrated that nicotine facilitates only
reinnervation of sympathetic adrenergic nerves injured by topical phenol-application in the rat
mesenteric artery, and markedly increased levels of nerve growth factor (NGF) contents and the
expression of NGF receptor TrkA in superior cervical ganglia (SCG), which were inhibited by
the pretreatment of nicotinic acetylcholine receptor (nAChR) antagonist hexamethonium
(Takatori S ef al., Eur J Pharmacol, 748: 1-9, 2015.). To clarify possible mechanisms, the present
study was further investigated the effect of nicotine on neurite outgrowth of primary cultured-
SCG cells in vitro. Methods: SCG cells isolated from Wistar neonate rats were primarily
cultured for 5 days. Numbers of neurite outgrowth from cell body were measured in the presence
of nicotine (10-3000 uM), acetylcholine (ACh) (10-3000 uM), or NGF (10-100 ng/mL).
Hexamethonium (100 pM) or a-bungarotoxin (100 nM) was incubated with nicotine for 5 days.
Results: Nicotine (10-1000 uM) concentration-dependently increased neurite outgrowth numbers
from tyrosine hydroxylase-immunopositive SCG cells, while high concentration of 3000 pM did
not increase the numbers. The nicotine-induced increase in neurite numbers was dependent on



the exposure time (8-24 hr/day) of nicotine. Combined incubation with nicotine and
hexamethonium or a-bungarotoxin did not increase neurite outgrowth of SCG cells. ACh at 10-
1000 uM had no effect on the neurite numbers, but high concentration of 3000 pM markedly
increased them. NGF also markedly increased neurite outgrowth numbers of SCG cells.
Combined incubation with nicotine (10-1000 pM) and NGF (10 ng/mL) resulted in an additive
increase in NGF-induced neurite numbers. Conclusion: These results suggest that nicotine has a
neurotrophic effect on sympathetic ganglia cells via activation of a7 nAChR. (This study was
supported by Smoking Research Foundation).
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Title: TRPMS as a candidate channel to regulate temperature-dependent changes in spinal
neuron differentiation
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Abstract: Developmental rate of ectotherms, including frogs, is dependent on the temperature of
the environment. However, it is unknown how environmental temperature influences nervous



system development. Neuronal differentiation in the spinal cord is dependent on spontaneous
Ca”" activity. We hypothesize that factors in the environment may affect neuronal specification
by modulating this spontaneous Ca*" activity. In this study, we investigate the role of
temperature in spinal neuron differentiation in Xenopus laevis.

Data show that growing tadpoles at cold temperature (14.5°C) results in larger animals that are
about 10% longer and have an overall number of cells in the spinal cord 15 and 25% higher
compared to warmer temperature-grown tadpoles (22.5 and 26.5, respectively). Strikingly, the
number of motor neurons is 100% higher in cold temperature-grown tadpoles. In addition, the
distance between sensory axon bundles projecting in the axial skeletal muscle is significantly
longer in tadpoles grown at 14.5°C than those grown at 26.5°C. Further analysis of
morphological features of both sensory and motor neurons in embryos grown at different
temperatures is underway.

To investigate the mechanisms underlying these temperature-driven changes in neuron
specialization, I assessed the effect of TRPMS, a cold sensitive channel, on spontaneous Ca*
spike activity. I first evaluated the expression of TRPMS8 by RT-PCR and immunostaining and
find that TRPMS is present in the embryonic spinal cord. Blocking TRPMS activity with 10 uM
AMTB, reverses the cold-temperature-induced increase in Ca*" spike frequency in ventral spinal
neurons. Additional experiments will further explore whether a TRPMS8-mediated increase in
Ca”" spike frequency at low temperatures influences motor neuron differentiation.

Altogether these results demonstrate that temperature regulates spinal cord development in
Xenopus laevis, and suggest this may work through TRPMS. The findings indicate that the
environment intervenes in the differentiation program of developing neurons.
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Abstract: Background and Objective Retinal ganglion cells (RGCs) are the only output neurons
that collectively transmit visual information from the retina to different regions in the brain. In
the mouse retina, some 20 to 30 subtypes of RGCs have been described based on morphology
and/or function. However, the genetic regulatory mechanism controlling RGC subtype
specification and differentiation remains vaguely understood, in part because of the difficulty in
experimentally tracing a specific RGC subtype lineage through development. Here we describe
experiments demonstrating that T-box transcription factor T-brain 1 (Tbr1) is expressed in
approximately 11% of mouse RGCs. By using genetically-directed sparse labeling and dye-
filling on individual RGC, we have uncovered two separate RGC subtypes expressing Tbrl.
Methods To conduct sparse-labeling and dye-filling in Tbr1-expressing RGCs, we generated
Tbr1 R poudf1O-AP and Tbr1 “**™%*: Ai9 mouse lines, respectively. Tamoxifen was
injected intraperitoneally into these mice for five consecutive days to activate Cre recombinase,
and hence turn on Poudf1%“%*" or Ai9 reporter lines. We then performed flat-mount alkaline
phosphatase (AP) staining on the retinas from tamoxifen-injected Tbr1 < RT2": pougf] KO-AP
mice to reveal the RGC subtypes expressing Tbrl. Furthermore, we conducted neurobiotin-
filling in individual Ai9/tdtomato-marked Tbrl+ RGCs in tamoxifen-injected Tbr1 “**1#": Aj9
mice to systematically examine the detailed dendritic morphologies of Tbrl-expressing RGCs.
Results and Conclusions With both mouse lines, we provide evidence for two morphologically
distinct RGC subtypes within Tbr1+ RGCs, including the JAM-B RGC, an upward motion-
detecting RGC subtype, and a RGC subtype which stratifies in the OFF layer of the inner
plexiform layer. These mouse lines provide a unique opportunity to investigate the
differentiation, growth, the central projection and physiology of these RGC types, and to
understand the genetic regulatory mechanisms that control the development of these RGCs.

Disclosures: C. Mao: None. C.M. Whitaker: None. P. Pan: None. T.C. Badea: None. J.
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Title: Pioneering connections from brain to retina, which might be a unique human
specialisation

Authors: *I. BYSTRON', C. BLAKEMORE?;
'Univ. of Oxford, Oxford, United Kingdom; *Sch. of Advanced Study, Inst. of Philosophy,
London, United Kingdom

Abstract: Although the proliferative zones of retina and ventral diencephalon derive from the
same region of the embryonic prosencephalon, they generate very different classes and
distributions of neurons. We are interested in the relationship between cell production and
migration in the human retina and neighboring diencephalon.

Human embryos from Carnegie stages (CS) 10-19 (29-44 days post-conception) were obtained
according to national guidelines in Russia and from the Human Developmental Biology
Resource UK. Different components of the neural stem cell niche in the diencephalon, optic stalk
and presumptive retina were reconstructed by rapid, interactive, high-resolution volume
rendering of multichannel 3D confocal data sets from a Zeiss LSM 710 confocal microscope.
We observed a previously unreported early neuronal population with a very unusual pattern of
migration. Typically, in the mammalian forebrain (including the retina), neurons born locally in
the ventricular zone (VZ) of the neuroepithelium migrate radially and accumulate under the pial
surface. However, the majority of first-born neurons in human embryonic hypothalamus (at CS
12) appear to migrate tangentially along the surface of the ventral diencephalon lining the third
ventricle, towards the optic vesicle. By CS13-14 these precocious cells, which we call Meitar
neurons, invade the neural and pigmental retina. The leading processes of Meitar neurons arrive
in the dorso-central vitreal surface of the retinal epithelium at CS16, followed at CS17 by the
appearance of the first locally generated ganglion cells at the same location. The leading and
trailing processes of Meitar neurons, with multiple varicosities, are easily distinguishable from
the smooth GAP-43-positive axons of ganglion cells. The axons of the first ganglion cells follow
the processes of the pioneering Meitar neurons into the optic head, then run through the optic



stalk, invading the basal diencephalon at late CS 18.The non-axonal processes of Meitar cells
might not only constitute a guidance scaffold for subsequent axonal navigation but also provide a
route for molecular communication between brain and optic cup, conceivably playing a part in
orchestrating local neurogenesis. In rodents, cats and monkeys, the first axons to enter the optic
stalk are from ganglion cells, and before their appearance, the wall of the stalk, like the retina, is
composed of undifferentiated neuroepithelium. In ferrets, transient retinopetal axons from the
diencephalon enter the optic stalk but do not invade the retina. No cell type comparable to Meitar
neurons has been reported in any other mammalian species.
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Title: Cyclin d2 controls the generation of a subpopulation of retinal ganglion cells in the ciliary
margin zone of the ventral mammalian retina

Authors: *F. MARCUCCI', V. MURCIA-BELMONTE?, E. HERRERA?, C. MASON';
lPathology, Columbia Univ., New York, NY; “Inst. de Neurociencias de Alicante, Alicante,
Spain

Abstract: The retina of lower vertebrates and chick grows continuously through life by
integrating new neurons from a population of proliferating progenitors located at the ciliary
margin zone (CMZ). It is unknown whether the mouse CMZ niche provides the neural retina
with retinal cells. By performing live imaging in a transgenic mouse line that expresses eGFP in
the CMZ and peripheral neural retina, we observed that some cells located in the CMZ move
laterally to populate the zone where differentiated retinal ganglion cells (RGC) reside. In



addition, we observed that Cyclin D2, a protein that regulates cell cycle progression, is highly
expressed in the proximal CMZ of the ventral retina. Cyclin D2 is required for proliferation and
generation of RGCs, in particular, the ipsilaterally projecting RGCs (iRGCs). Interestingly, in the
retina of albino mice, which have fewer iRGCs than pigmented retinas, the number of Cyclin
D2-positive cells is reduced. Together, these results support the idea that in mammals, the
developing CMZ could act as a neurogenic area, giving rise to subsets of RGCs ultimately
located in the peripheral neural retina, and that the proper generation of those RGCs depends on
the activity of Cyclin D2.
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Abstract: FOXP2 is among the few genes implicated in heritable forms of verbal dyspraxia.
Because FOXP2 is a transcription factor expressed in the brain during development, its role in
regulating developmental pathways that might be important for speech and language has been of
particular interest. By analyzing FOXP2 whole genome binding and gene regulation in human
neural progenitors (hNPs), we have found evidence that FOXP2 may actively modify the
chromatin landscape. We hypothesize that by modifying the chromatin landscape of neural
progenitors FOXP2 turns off cellular programs that maintain an undifferentiated state while
turning on programs that drive a cell towards a neuronal fate. To further understand the role of
FOXP2 in chromatin modification during neural differentiation, we identified areas of
nucleosomal depletion using an assay for transposase-accessible chromatin using sequencing
(ATAC-seq) in proliferating and differentiating hNPs with and without FOXP2. Using this
approach, we found that cells expressing FOXP2 have open chromatin near genes involved in
neuron differentiation, and closed chromatin at genes involved in development. Moreover, many
of the identified accessible sites are only present in differentiating cells expressing FOXP2,



suggesting that FOXP2 may act as a pioneer factor. Together, these data examine epigenetic
regulation by FOXP2 in human neural progenitors over development, a novel role for FOXP2
outside of its previously studied function as a canonical transcription factor.
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Title: Turn-over and function of H3K79 methylation in post-mitotic neuronal development
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Abstract: Neuronal progenitors that become post-mitotic still need to follow a long
developmental path to finally turn into mature neurons. During this time-window, gene-activity
remains heavily regulated, partly by the modification of histones. The roles of histone
modificiations in post-mitotic neuronal precursors, when new histones are only introduced by
active turnover and not by chromatin duplication, may thus depend on the balance between
methylation versus histone turn-over and demethylation. In this study we have focused on Dotl,
a methyltransferase that may play a substantial role in the fine-tuning of gene-regulation by
facilitating methylation of lysine 79 on histone 3 (H3K79), which levels correlate with
transcription. In addition, H3K79 methylation has been proposed to be conservative and no
demethylating enzyme has been found thus far. Here, we have investigated the turnover of
H3K79 methylation in post-mitotic neurons and sequentially investigated the set of transcripts
under regulation of Dotl activity, the only H3K79 methyltransferase. Herefore we have used
mouse models of dopaminergic post-mitotic development and investigated the speed of H3K79
methylation loss in the absence of Dotl. Our data indicates a high turnover of H3K79
methylation. Furthermore, we have found a level-dependent specificity in gene-regulation by
Dotl in post-mitotic dopamine neurons. Finally, loss of Dot function did not affect all
dopaminergic neuronal subtypes equally but especially lead to the reduction of substantia nigra
dopamine neurons.
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Title: Embryonic development of neurons selectively vulnerable in Parkinson’s disease

Authors: *M. A. OLIVEIRA, R. BALLING, R. M. T. FLEMING;
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Abstract: A specific set of brainstem nuclei have been proposed to be susceptible to
degeneration by histopathological analysis of subjects with suggested prodromal or established
early Parkinson’s disease. We hypothesise that neuronal vulnerability reflects a shared cellular
and molecular phenotypic characteristics that confer selective vulnerability to degeneration.
Neuronal cellular and molecular phenotypic specification is mainly the cumulative result of a
transcriptional regulatory program active during the development of the nervous system. By
manual curation of the developmental biology literature, we comprehensively reconstructed an
anatomically resolved cellular developmental lineage of the adult neurons in five brainstem
nuclei that are selectively vulnerable to degeneration in early Parkinson’s disease. We formed a
synthesis of the transcription factors that are required to be active, or required to be inactive, in
each of these five brainstem nuclei. Certain transcription factors, e.g., Ascll and Lmx1b, seem to
required for specification of many neuronal populations that are susceptible to degeneration in
early Parkinson’s disease. Systematic in vivo assessment of fate determining transcription factors
should be completed for all neuronal populations susceptible to degeneration in early Parkinson’s
disease.
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Title: An ancient neurotrophin receptor code, investigating somatosensory neuron diversification
in larval zebrafish

Authors: P. GAU, A. CURTRIGHT, D. RAIBLE, *A. K. DHAKA;
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Abstract: Zebrafish have different survival requirements than terrestrial vertebrates. Within days
post fertilization (dpf) zebrafish larvae are fully functioning animals that must survive in a
hostile environment while they develop into mature fish. As we have reported previously the
presence of nociceptive ion channels in all early born TG neurons suggests that nociceptors are
the first lineage of somatosensory neurons to develop in fish. This is distinct from terrestrial
vertebrates that develop in ovo or in utero where mechanoceptors and proprioceptors arise during
early stages of neurogenesis followed by the formation of nociceptors, suggesting that in
zebrafish nociceptors take precedence in larval survival. Notably the expression profile of
nociceptive ion channels in zebrafish is consistent with profiles observed in terrestrial
vertebrates. These observations argue that fish have substantially different somatosensory
requirements than terrestrial vertebrates yet the coding of nociceptor lineages remains largely
conserved. During terrestrial vertebrate embryonic development, progenitors differentiate into
distinct subclasses that are marked by the unique expression of neurotrophin receptors that are
instructive for their survival and specification. Nociceptors, which process pain information,
express TrkA; mechanorecepetors which process light touch information, express TrkB and
proprioceptors, which measure muscle tension and provide information about limb position,
express TrkC. In this study we explore the development of somatosensory neuron populations in
larval zebrafish by characterizing the neurotrophin receptor code of sensory neuron populations
and investigating genetic programs that shapes somatosensory neuron diversification.
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Title: Lmx1b influences the subset specification of mesodiencephalic dopaminergic neurons
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Abstract: The Lim Homeobox transcription factor 1 beta (Lmx1b) has been identified as one of
the transcription factors that play an important role during the development of mesodiencephalic
dopaminergic (mdDA) neurons. During early development, Lmx1b is essential for induction and
maintenance of the Isthmic Organizer (IsO), and genetic ablation of this factor results in the
disruption of the inductive activity from the IsO and loss of properly differentiated mdDA
neurons.

To study the downstream genetic targets of Lmx1b without affecting the IsO, we generated a
conditional model in which Lmx1b was selectively deleted in the Pitx3 expression domain from
embryonic day (E)11.5 onward. In accordance with literature, no significant changes could be
observed in general dopamine (DA) marks, like Th, Pitx3, Vmat2 and Enl at E14.5 and the
animals were born at expected Mendelian frequency, were fertile and survived to adulthood.
Next to examining the general DA marks, we also investigated several subset marks. The mdDA
system can be roughly divided into two groups, namely the substantia nigra Pars Compacta
(SNc) and the ventral tegmental area (VTA). Although the two groups originate from the same
progenitor pool, they are molecularly different and are differentially depending on transcription
factors for their proper development. The rostrolateral group, destined to become the SNc,
requires both Pitx3 and Enl to induce the DA phenotype and is closely marked by Ahd2. While
the caudal group, destined to become the VTA, is mainly dependent on En1 for the induction of
the DA phenotype and is marked by Cck. When looking at these two subgroups at E14.5, we
observed a significant up-regulation of the rostrolateral mark Ahd2, while Cck expression is
unaffected. When examining other subset marks, like Dat and Calbl, no clear differences were
observed, suggesting that Lmx1b might only be important for the regulation of Ahd2. Further
studies showed that over-expression of LMX1B in MN9D cells leads to a down-regulation of
Ahd2, while expression levels of other factors, like Th and Pitx3, remain unaltered. In addition,
we found that Lmx1b can bind to a FLAT element in the Ahd2 gene, suggesting that Lmx1b
might influence Ahd2 expression directly by binding to this element.
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Abstract: The generation of precise neuronal types in the right time and quantity, is essential for
building a functioning nervous system. In the last 20 years, we have reached a huge
understanding of the genetic mechanisms that control neuron specification during embryonic
development, in which extrinsic cues are translated into positional coordinates that determine
neuronal identity. However, the temporal contribution to neuronal diversity has been less
explored. We have recently identified a neurogenic event in the amniote spinal cord that takes
place simultaneously with glial specification, during advanced developmental stages previously
considered non-neurogenic. CerebroSpinal Fluid contacting Neurons (CSF-cN), widely
conserved in chordates, are located at the interface between the central nervous system and the
CSF and are generated from late ventral progenitors. The genetic mechanisms that allow the
differentiation of this class of neurons at gliogenic stages are unknown. In this work, we
identified that the transcription factors Ascll, Gata3 and Gata2 are sequentially expressed in
mouse CSF-cN and control their specification. Through expression analysis and mouse genetics,
we described that Gata3 and Gata2 are postmitotically expressed in CSF-cN, where they control
the acquisition of this neuronal identity. Loss of function experiments showed that Gata3 and
Gata2 play distinct roles in different CSF-cN subsets. Meanwhile, the proneural protein Ascll is
expressed in late ventral proliferating progenitors that give rise to CSF-cN and is exclusively
necessary for their differentiation in amniotes. By temporal dissection of Ascll activity, we
found that this transcription factor is an essential component of late CSF-cN neurogenesis, acting
at the time of their specification. Finally, fate mapping experiments in the absence of Ascll
demonstrated that it confers neurogenic potential to late ventral progenitors, which would
otherwise become ependymal cells. We conclude that the sequencial action of Ascll-Gata3/2
directs the late specification of CSF-cN in amniotes. Ascll acts governing the onset of neuronal
differentiation in the gliogenic neural tube and Gata3/2 control CSF-cN identity.
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Abstract: During spinal cord development, motor neuron (MN) axons exit the spinal cord
ventrally, although the molecular basis for this process remains poorly understood. STAM1 and
Hrs form a complex involved with endosomal targeting of cargo proteins, including the
chemokine receptor CXCR4. Interestingly, the absence of CXCR4 signaling in spinal MNss is
known to enforce improper extension of the axons into the dorsal side of the spinal cord. Here
we report that the MN-specific Isl1-Lhx3 complex directly transactivates the Stam/ gene and
STAMI functions in determining the ventral spinal MN axonal projections. STAMI is co-
expressed with Hrs in embryonic spinal MNs, and knock-down of STAMI1 in the developing
chick spinal cord results in down-regulation of the expression of CXCR4, accompanied by
dorsally projecting motor axons. Interestingly, overexpression of STAM1 or CXCR4 also results
in dorsal projection of motor axons, suggesting that proper CXCR4 protein level is critical for
the ventral motor axon trajectory. Our results reveal a critical regulatory axis for the ventral
axonal trajectory of developing spinal MNs, consisting of the Isl1-Lhx3 complex, STAMI1 and
CXCRA4.
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Title: The mechanistic basis by which the Bone Morphogenetic Proteins direct sensory
interneuron identity in the dorsal spinal cord
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Abstract: Inductive signaling by the Bone Morphogenetic Protein (BMP) family is reiteratively
required to direct stem and progenitor cells towards different cellular fates throughout embryonic
development. This family of growth factors is thus a critical reagent used in many stem cell
replacement therapies. As part of the effort to develop stem cell-based approaches to rebuild
damaged or diseased spinal cords, we are studying how the BMPs direct neuronal identity in the
embryonic spinal cord. The roof plate (RP), at the dorsal midline of the spinal cord, expresses
many BMPs and the collective activity of these BMPs is required to specify different populations
of sensory interneurons (INs) in the adjacent dorsal spinal cord. Surprisingly, the mode by which
the BMPs direct IN identity remains unresolved, and there is no established protocol to derive
these classes of spinal sensory INs in vitro. Previous studies have suggested that the BMPs act as
concentration-dependent morphogens to direct neural identity, largely by analogy with the Sonic
hedgehog gradient that patterns the ventral spinal cord. However, it is unclear how multiple
BMPs would cooperate to establish a single morphogen gradient. Moreover, our recent studies
have suggested that different BMPs have distinct effects on the induction of particular IN fates.
Using both in vitro and in vivo methods, we are assessing the extent to which the different BMPs
act in a concentration dependent manner, or have signal-specific activities in directing cellular
identity. Additionally, we are evaluating how the canonical BMP second messengers, the Smad
proteins, translate the activities of the different BMPs into the specification of particular neural
identities. Through these studies, we will better understand the mechanism by which the BMPs
direct IN identity during development while also developing a stem cell differentiation protocol
as a first step towards the restoration of sensory circuitry after spinal damage.
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Abstract: Understanding how the expression of neuron class-specific genes is established during
development is of key importance to the problem of neuronal diversity. Exploiting the molecular
diversity of distinct motor neuron (MN) classes in C.elegans, we show that the conserved COE-
type terminal selector UNC-3 is required for MN diversity by directly regulating the expression
of MN class-specific terminal identity genes. We further find that Hox proteins cooperate with
UNC-3 and remarkably employ two distinct, region-based strategies to generate MN diversity. In
the C.elegans ventral nerve cord, the more anteriorly expressed Hox genes, lin-39/Scr/Dfd and
mab-5 (Antennapedia-type), act as UNC-3 coactivators and directly regulate the expression of
MN class-specific genes. Conversely, the posterior Hox gene egl-5/Abd-B represses lin-39 and
mab-5 expression, thereby diversifying posteriorly located MNs. Intriguingly, Hox and unc-3
orthologs are coexpressed in mouse MNs along the spinal cord, suggesting that this
intersectional, region-based regulatory principle may be conserved across phylogeny.
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Title: Effects of response learning on medium spiny neurons and astrocytes in the dorsal
striatum
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Abstract: In the rodent, the dorsolateral striatum (DLS) is required for motor-response learning
(Packard & Knowlton, 2002). Despite strong evidence linking the DLS with response learning,
little is known about whether the region is structurally plastic in response to engagement in
response learning tasks. Such information would fill in the gaps in our knowledge of how the
striatum responds to experience and may provide clues about the mechanisms underlying
response learning. To investigate this question, we used Dil labeling to analyze dendritic spines,
primary sites of excitatory synapses, on medium spiny neurons. Our preliminary results suggest
that response learning increases dendritic spine density and head width in the DLS and produces
greater immediate early gene expression in the DLS compared to the dorsomedial striatum, a
region implicated in spatial-place learning. Next, since it is becoming increasingly clear that
neurons work in concert with nonneuronal cells to mediate synaptic function and plasticity
(Barres, 2008), we examined whether morphological differences exist in GFAP-labeled
astrocytes after dorsal striatum dependent behavior and found that GFAP-labeled astrocyte
number and size was greater in response learning animals compared to controls. Future studies
will seek to understand the functional consequences and region-specificity of these differences as
well as the potential role of astrocytes and astrocyte-neuron interactions in response learning.
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Abstract: Coordinated motor behavior is critically dependent on neural circuits that form within
the ventral spinal cord. Three types of GABAergic interneurons that are important components
of these circuits are V2b interneurons and two classes of Kolmer Aghdur (KA) CSF contacting
neurons (KA’ and KA’ cells). These three types of neurons originate from three distinct
progenitor domains in the ventral spinal cord. Although recent research has identified some
physiological functions and behavioral roles of these interneurons, little is known about how
these cells are functionally specified during development. V2b and KA neurons express post-
mitotic transcription factors Gata2, Gata3 and Tall. Using mutants for each of these genes we
have shown that these three transcription factors have unique roles in determining the
GABAergic identity and regulating the expression of several other transcription factor genes in
V2b and KA neurons. Interestingly, we found that even though Gata2, Gata3 and Tall are
expressed in all three cell types, the phenotypes of each of the three mutants affect different
subsets of KA and V2b cells.

To identify additional genes that may be involved in specifying functional properties of KA
neurons, we have isolated pure populations of these cells using FACS and performed RNAseq
analyses. We have identified 293 genes that are enriched in KA neurons compared to a pan
neuronal population. We are analyzing these genes by expression (in situ hybridization) and
functional (loss of function mutant) studies. Together, data from these studies will provide a
more comprehensive understanding of the development of V2b and KA/CSF contacting neurons.
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Title: Investigation of dopaminergic neuron lineage marker expression from human nato3
overexpression in the developing chick embryo
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Abstract: In Parkinson’s disease, the loss of mesencephalic dopaminergic neurons within the
pars compacta region of the substantia nigra could be ameliorated with cell replacement therapy.
There is no clear answer as to how Nato3, a basic helix-loop-helix transcription factor expressed
in the floorplate of the developing midbrain, affects the generation of dopaminergic neurons in
the developing nervous system. Previous studies in our lab have investigated the effects of an
overexpression of Nato3 from Mus musculus in the developing chick embryo. We found that
overexpressing Nato3 sufficiently induces ectopic expression of the floor plate cell markers Shh
and Foxa2 in the developing midbrain, as well as the immature dopamine neuron marker Lmx1b
in the developing midbrain and spinal cord. Through the use of in ovo electroporation of a
bicistronic EGFP reporter expression vector, and immunohistochemistry we are currently
examining the effects of overexpression of Nato3 from Homo sapiens in the developing chick
embryo. The results are expected to be similar to that obtained with Nato3 from Mus musculus
based on 100% identity between the two protein sequences within the loop region of the
transcription factor. The previous information obtained with Nato3 from Mus musculus provides
evidence that Nato3 affects cells within a dopaminergic neuron lineage. Characterization of the
effects of the overexpression of Nato3 from Homo sapiens could identify possible uses related to
the development of dopaminergic neurons for cell therapy.
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Abstract: Prostaglandin E2 (PGE2), one of the major lipid mediators, exerts various biological
effects by binding to 4 subtypes of E-prostanoid receptors (EP1-4). In addition, it is well known
that PGE2 induces cell proliferation and differentiation in a number of different cells. However,
the effects of PGE2 on cell proliferation and differentiation of motor neurons have not been
clarified. The purpose of this study was to elucidate the mechanism of PGE2-induced
differentiation of motor neurons using NSC-34 cells, a mouse motor neuron-like cell line.

We first examined whether exogenously applied PGE2 can suppress cell proliferation in
undifferentiated NSC-34 cells using MTT reduction assay. Exposure of these cells to PGE2 (1-
100 uM) for 48 h resulted in a reduction of MTT activity in a concentration-dependent manner.
Immunoblotting studies showed that EP2 and EP3 were dominantly expressed in NSC-34 cells
as well as motor neurons in mice. In order to clarify the subtype of EP receptors that contribute
to effects of PGE2 in the cells, we investigated effects of two different types of EP agonists on
cell proliferation in these cells. Treatment of these cells with butaprost (1-20 uM), an EP2-
selective agonist, resulted in a concentration-dependent decrease of MTT reduction, and this
effect was stronger than that that of PGE2. In contrast, sulprostone (1-30 uM), an EP1/3 agonist,
had no effect. Next, we observed morphological transformation with phase-contrast microscope
to evaluate the effects of PGE2 and these EP agonists on neurite outgrowth, and found that PGE2
and butaprost but not sulprostone promoted neurite outgrowth and increased the number of
neurite-bearing cells. We also investigated the cytotoxic effects of PGE2 and butaprost on
undifferentiated NSC-34 cells by propidium iodide (PI) fluorescent staining. Exposure of these
cells to PGE2 and butaprost for 48 h did not increase the number of PI-positive cells. Dibutyryl-
cAMP (1 mM), a cAMP analog, increased the number of neurite-bearing cells with no effect on
cell proliferation in these cells.

In conclusion, the present study showed that PGE2 promotes neurite outgrowth and suppresses
cell proliferation via EP2 subtype, and that cAMP-signaling pathway is involved in PGE2-
induced differentiation of NSC-34 cells.
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Abstract: There is clear evidence for a link between maternal obesity during pregnancy and the
offspring’s heightened risk for disease in later life, including obesity and the metabolic
syndrome. This effect has been replicated in numerous rodent and primate models of maternal
obesity. The hypothalamus is the key player in the neural regulation of body weight and energy
homeostasis. Neurons of the hypothalamus receive endocrine signals from the body and begin to
coordinate appropriate behavioural and physiological responses. Melanin-concentrating hormone
(MCH)-producing neurons of the lateral hypothalamus (LH) are orexigenic, and contribute to
body weight regulation by promoting feeding and consummative behaviours, amongst other
homeostatic roles. We and others found an increase in expression of pmch, the mRNA encoding
MCH, in offspring from obese rodent dams. However, whether this was due to an increase in the
number of pmch-expressing cells, or an increase in the amount of pmch RNA expressed per cell
was unclear. We have recently observed an increase in the number of MCH-expressing cells in
offspring from obese dams. We hypothesise that this change in cell number occurs due to altered
expression of developmental genes in the developing hypothalamus, such that hypothalamic
progenitor cells produce increased numbers of differentiated MCH-expressing cells. To address
this hypothesis, we first searched online resources to select transcription factors with putative
binding sites at conserved regions of pmch, and which are known to be expressed in the
developing hypothalamus. These transcription factors include Dbx/, which has a known role in
MCH development, Sim/, and FoxOI. RNA was collected from the developing LHA from both
wild-type mouse embryos, and embryos from obese mothers at gestational days (GD) 11.5, 14.5,
16.5 and 18.5, and transcription factor expression was assessed using quantitative PCR (qPCR).
FoxO1 showed stable expression across normal development. Sim/ showed low levels of
expression at GD11.5 but gradually increased to peak at GD18.5. DbxI showed low levels of
expression at GD11.5, peaked dramatically with a 16-fold increase at GD14.5, dropping again to
GD11.5 levels by GD18.5. Maternal obesity during pregnancy affected the normal expression
profile of these genes in the fetal hypothalamus. Perturbation to the expression profiles of
transcription factors required for normal LH and MCH cell development, influenced by maternal
obesity, may therefore contribute to an altered fate of hypothalamic progenitors, and thus to an
increase in orexigenic MCH neurons.
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Title: Coronin 2B is an important regulator of neuronal polarization
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Abstract: The establishment of neuronal polarity is vital for neuronal migration, the wiring of
neuronal circuits, and synaptic connectivity; the disruption of these processes leads to various
neurodevelopmental disorders such as autism spectrum disorder, mental retardation, and
schizophrenia. Well-orchestrated extracellular and intracellular signaling cascades shape
neuronal polarization, and actin cytoskeleton reorganization is of particular importance. Here, we
investigated the function of Coronin 2B, a member of an evolutionarily conserved actin-binding
protein family, during neuronal polarization. Coronin 2B was enriched in the mouse nervous
system, specifically in the cerebral cortex and hippocampus. In early differentiating cultured
hippocampal neurons, Coronin 2B was concentrated at neurite tips and co-localized with F-actin.
Silencing Coronin 2B expression in hippocampal neurons by shRNA significantly reduced the
number of MAP2-positive dendrites, while overexpression increased the number of MAP2-
positive dendrites, accompanied by the loss of tau-positive axons. These findings strongly
suggest that Coronin 2B is a key regulator of neuronal polarization. Further understanding of the
roles of Coronin 2B in the establishment of neuronal polarity may provide clues on its functions
in central nervous system development.
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Abstract: The cellular production, distribution and migration dictates the architectonic
organization of brain, which includes both stratified (e.g. neocortex) and nuclear (e.g. thalamus,
hypothalamus and brain stem) structures. In contrast to the well-studied stratified neocortex, little
is known about the cellular production and organization in the nuclear structures. Using multiple
driver lines including Glil-CreER™, Axin2-CreER"*, Neurogl-CreER" or Olig3-CreER"* mice
in combination with Mosaic Analysis with Double Markers (MADM)-based multicolor reporter
system, we trace the ontogenetic clonal units arising from individual neuroepithelial cells (NEs)
or intermediate progenitor cells (IPCs) to determine the cellular production and organization in
the thalamus. Clonal analysis uncovers that Glil- and Axin2-labeled NEs generate more progeny
cells than Olig3-labeled population, suggesting Shh- and Wnt-responding populations of NEs
with higher potency in proliferation. The clonally-related neurons generated by individual NEs
are typically organized into radial columns, which specify a specific set of thalamic nuclei. There
are no significant differences in cellular distribution and organization among Glil-, Axin2- and
Olig3-labeled clones. A majority of Neurogl-labeled clones contain 4 or fewer cells but they still
populate different nuclei, indicating a late specification of nuclear fate. Taken together, our study
reveals the NEs building the thalamus are heterogeneous in generating progeny cells but utilize
uniform principles to organize sibling thalamic neurons.
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Abstract: Vasoinhibins (Vi) are a family of peptides derived from the hormone prolactin that
have been shown to act on endothelial cells inhibiting angiogenesis, vasodilation and
vasopermeability. Furthermore, Vi can participate in the modulation of some functions of the
central nervous system (CNS) such as stimulating vasopressin secretion and promoting anxiety
and depression behaviors. The hippocampus has been implicated in these behaviors; thus, in the
present study we explored whether Vi are generated in this structure and if they affect
hippocampal neurons. Extracts from hippocampus were evaluated for the presence of Vi as well
as for the intrinsic capacity of this tissue to cleave prolactin to generate Vi. To explore the
actions of Vi on hippocampal neurons, primary fetal hippocampal neuron-enriched cultures were
isolated from the brain of E16 mice and seeded on plates treated with poly-L-lysine.
Hippocampal cultures were treated on the first day in vitro (DIV1) with increasing
concentrations of Vi (5-20 nM) for up to 72 hours (DIV2-DIV4). Vi were found in the
hippocampus, and incubation of prolactin with extracts from hippocampus resulted in the
proteolysis of this hormone to yield Vi, both revealed by Western blot. Incubation of
hippocampal neuron-enriched cultures with Vi reduced in a dose-dependent manner the cell
number, as well as the metabolic activity, evaluated by microphotography image analysis and
MTT assay, respectively. Altogether these findings show that Vi are produced locally in the
hippocampus and are able to affect its neurons, suggesting a possible site for the reported actions
of Vi on anxiety and depression.
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Abstract: Recent reports have determined that neurons from the same individual display
substantial genomic variability among themselves and from germline. These newer studies
confirm older work and hypotheses regarding the existence of genomically mosaic neurons in the
brain. The physiological role of genomic mosaicism in neuronal populations remains unknown,
however, genomic variability appears to be a standard feature of mature neurons in the normal
brain and is consistently increased in sporadic Alzheimer’s disease (SAD). Mosaic genomic
differences among human neurons occur in many forms, including aneuploidies, copy number
variations, repeat domain variability, LINE element insertions, single nucleotide variations, and
global variability in DNA content (DNA content variation (DCV)) occurring both during and
after neurodevelopment. It has been less clear whether DCV is present in the mouse brain. Here
we report results from whole genome DNA content analysis in several mouse lines that indicate
DCYV exists and is enriched in neuronal subpopulations when compared across both brain regions
and cell types. These results were validated by examining total DNA yield of flow sorted nuclei
from each subgroup as well as via a semi-quantitative whole genome amplification approach. We
have additionally developed and optimized single-cell sequencing methodology to examine
mosaic genomic variation among individual neurons from adult mouse hippocampus. The
presence of DCV and genomic variability in mouse neurons complements data from human brain
and represents an animal model to investigate and characterize genomic mosaicism in the central
nervous system.
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Abstract: Loss of spiral ganglion neurons (SGNs) is a major cause of hearing loss. There are
currently no available treatments for SGN loss. Understanding the role of key transcription
factors that promote SGN differentiation will accelerate efforts for stem cell replacement
therapies. Neurogl, a pro-neural transcription factor, is highly expressed in the neural-sensory-
competent domain (NSD) of the developing inner ear. Neurogl is required for generation of
SGNs during otic neurogenesis. Repurposing Neurogl activity is a potential way to promote
SGN regeneration. We employ a immortalized multipotent otic progenitor (iMOP) cell line that
can self-renew or differentiate into SGNs depending on various molecular cues. By
overexpression or knockdown of Neurogl in iMOP cells, we determined that Neurogl promotes
proliferation in the multipotent progenitors and confers neuronal fate during differentiation by
promoting expression of different downstream targets. ChIP-seq experiments of
active(H3K4me3) and repressive(H3K27me3) chromatin marks suggest that Neurog] target
genes may be transcriptionally regulated. In conclusion, our findings show that the function of
Neurogl is context dependent and can partly be attributed to the epigenetic status of its
downstream targets.
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Abstract: The SH-SYSY cell line is an N-type neuroblastoma with catecholaminergic
properties. These cells can be further differentiated by several mechanisms including the
combination of a growth factor and a phorbol ester that activates protein kinase C (PKC). One of
the most effective growth factors in this regard is FGF2. Given the phenotype of SH-SYS5Y cells,
differentiation with FGF2 and phorbol ester may model development from a neuroblastic stage
to more mature neuronal morphology. We have previously reported that FGF2 and the phorbol
ester, phorbol 12, 13-dibutyrate (PDB) each affect the morphology of differentiating cells: PDB
produces lamellipodial profiles while FGF2 elongates cells and processes. In combination,
highly networked cells result. In order to understand the signaling that underlies these changes,
interactions between FGF2 and PKC are being characterized in undifferentiated and
differentiated cells. Both FGF2 and PDB activate the extracellular stimulus-regulated kinase1/2
(ERK1/2) pathway, measured as phosphorylation of the activation domain of ERK1/2 at
Thr202/Tyr204, with a considerable degree of crosstalk in undifferentiated cells. Although only
the effect of FGF2 is blocked by the FGF receptor (FGFR)-selective inhibitor, PD 173074, the
PKC inhibitor, GF 109203X, blocks both PDB- and FGF2-mediated ERK1/2 phosphorylation.
One likely site of this crosstalk is at the level of raf since inhibition of MEK1/2, the protein
kinase target of raf, affects ERK1/2 phosphorylation in response to either stimulus. Furthermore,
ERK1/2 phosphorylation in response to FGF2 is lost in differentiated cells indicating that a
change in FGFR sensitivity or coupling occurs during the process of differentiation. As a second
means of characterizing involvement of PKC in SH-SYS5Y cell differentiation, phosphorylation
of two major substrate proteins, myristoylated alanine-rich C kinase substrate (MARCKS) and
growth-associated protein-43 (GAP-43) have been compared. Both expression and
phosphorylation of GAP-43 at Ser41 are increased in differentiated cells, principally in response



to PDB. MARCKS phosphorylation at Ser167/170 is also PDB-sensitive; however, in this case,
co-exposure to FGF2 reduces levels of phospho-MARCKS. Since both MARCKS and GAP-43
are involved in actin-based remodeling of the neuronal cytoskeleton, differential regulation of
their phosphorylated states by PKC and FGF2 could underlie the changes in cell morphology
seen during differentiation of SH-SYS5Y cells.
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Abstract: Cell membrane is made up of a complex structure of lipids and proteins that diffuse
laterally giving rise to what we call membrane fluidity. During cellular development such as
neuronal differentiation cell membranes undergo dramatic structural changes induced by proteins
such as ARC and Cofilin among others in the case of synaptic modification. In this study we
used the generalized polarization (GP) property of fluorescent probe Laurdan using two-photon
microscopy to determine membrane fluidity as a function of time and for various cell lines. A
low GP value corresponds to a higher fluidity and a higher GP value is associated with a more
rigid membrane. Four different cell lines were monitored such as hN2, NIH3T3, HEK293 and L6
cells. Membrane fluidity was measured at 12h, 72h and 92 h. Our results show significant
changes in membrane fluidity among all cell types at different time points. GP values tend to
increase significantly within 92 h in hN2 cells and 72 h in NIH3T3 cells and at 92 h in HEK293
cells. L6 showed a marked decrease in membrane fluidity at 72 h and starts to increase at 92 h.
As expected, NIH3T3 cells have more rigid membrane at earlier time points. On the other hand
neurons tend to have the highest membrane fluidity at early time points emphasizing its



correlation with plasticity and the need for malleability during development. This study sheds
light on the involvement of membrane fluidity during development in neurons and other cell
lines
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Abstract: Prenatal alcohol exposure can result in a cluster of craniofacial, neuro-cognitive and
growth deficits that are collectively termed Fetal Alcohol Spectrum Disorders (FASD). FASD is
difficult to prevent and is the leading non-genetic cause of neurodevelopment disability
worldwide. Neural stem cells (NSCs) are particularly vulnerable to alcohol (ethanol) exposure
during the late first through the second trimester, when they are most extensively involved in
neurogenesis. We previously found that ethanol induced premature depletion and aberrant
maturation of NSCs. The mechanisms underlying aberrant NSC maturation are poorly
understood. We hypothesized that the ID (Inhibitor of DNA binding) protein family was a
potential mediator of ethanol induced NSC dysfunction. All four members of this highly
conserved protein family regulate differentiation of NSCs during development and in the adult,
by binding and inhibiting the activity of a number of basic helix-loop-helix transcription factors.
We report mRNA transcripts of three out of the four ID protein family members are significantly
decreased during neural differentiation, and furthermore, that ethanol increased expression of
these transcripts in fetal NSCs. We further confirmed elevated protein expression of ID1
following ethanol exposure. Heuristic prediction of ID1 binding partners coupled with Gene
Ontology (GO) analysis shows that ID1 targets are significantly enriched for determinants of



neural differentiation. Therefore, ethanol induced ID protein expression may underlie some of
the aberrant neural phenotypes resulting from fetal alcohol exposure.
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Abstract: Bone morphogenetic protein (BMP) signaling regulates neural stem and progenitor
cell (NPC) maturation. BMP receptors are heterotetramers composed of two BMP receptor 11
(BMPRII) subunits and two of either BMP receptor 1a (BMPR1a) or BMP receptor 1b
(BMPR1b) subunits. Although BMPR1a and BMPR1b have similar signal transduction
pathways, they exert different effects on NPC proliferation and differentiation. To examine the
molecular mechanisms underlying these differences, we sequenced the RNA transcriptomes of
wild-type, BMPRIT™™, BMPR1a™", and BMPR1b-/- cultured postnatal subventricular zone
neurospheres treated either with BMP4 or with the BMP inhibitor, noggin. Although BMPR1a
and BMPR1b have overlapping downstream signaling pathways and targets, RNA deep
sequencing showed many differences in the genes they regulate. After 4 hours of BMP4
treatment, 5391 genes were significantly upregulated in wild-type neurospheres, 2183 genes in
BMPRII™™ neurospheres, 1471 genes in BMPR1a™"™ neurospheres, and 2737 in BMPR 1b-/-
neurospheres. When BMPR 1a™"™ and BMPR1b-/- gene lists are compared, BMPR 1a™'™
neurospheres have 260 genes uniquely regulated in response to BMP4 treatment, while

BMPR 1b-/- neurospheres have 1526 genes uniquely regulated. Using pathway analysis tools, we
found that MAPK signaling, Wnt signaling, and heterotrimeric G-protein signaling are
influenced by BMP4 treatment. Gene ontology analysis shows several processes differentially
regulated by BMP4 treatment of BMPR 1a™™ and BMPR 1b-/- neurospheres, including Wnt
signaling, synaptic signaling, and gliogenesis. These data support previous evidence that
BMPR1a and BMPRI1b activate different downstream signals in NPCs, as well as identify new
BMP transcriptional targets for future study.
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Abstract: Schizophrenia (SZ) is a major psychiatric disease with high heterogeneity of
symptoms, one of them being cognitive deficit, which cannot be improved by available
treatments. It has been suggested that impaired adult hippocampal neurogenesis (AHN) may
contribute to the cognitive deficit observed in patients. Indeed, hippocampal volume reduction is
a robust observation in postmortem brains of patients and some studies also found a reduction of
neural progenitors. Moreover, several animal models for SZ, such as DISC1 deletion and
maternal immune activation, also show decreased AHN. Several factors are known to modulate
AHN, including the redox state, inflammation, as well as parvalbumin expressing fast-spiking
interneurons (PVI), which are key players in SZ pathophysiology.

The aim of this study is to investigate whether the interaction between these 3 main factors may
lead to impaired AHN.

We took advantage of a mouse model for redox dysregulation, the GCLM KO mice, that show
SZ related phenotype. These mice have 70% decreased glutathione, an important antioxidant,
and increased oxidative stress in the brain throughout life, as well as decreased PVI in the
ventral, but not dorsal, hippocampus, which was related with impaired behavior related to this
specific region (Steullet et al., 2010). We investigated the proliferation rate of hippocampal



progenitors and newborn neurons survival in the dorsal versus ventral hippocampus of adult
GCLM KO and WT mice, using BrdU incorporation assays.

Preliminary data show a dysregulation in the proliferation and survival of newborn neurons in
the GCLM KO dentate gyrus. These results suggest that the oxidative stress level in the dentate
gyrus of the GCLM KO mice may affect AHN.

Further investigation will bring light on the mechanism underlying the involvement of redox and
immune dysregulation, as well as PVI, on neurogenesis impairments in SZ.
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Abstract: Background: Adult neurogenesis in the human subependymal zone (SEZ, also
subventricular zone) adjacent to the lateral ventricles declines during normal human aging.
However, it is unknown how expression of growth factors related to neurogenesis change in the
SEZ throughout adulthood or how altered transcript levels may affect cell proliferation and
neuronal differentiation.

Methods: In this study, we used quantitative polymerase chain reaction to measure mRNA
expression of growth factors [epidermal growth factor (EGF), transforming growth factor alpha
(TGFa), fibroblast growth factor 2 (FGF2)] and receptors [EGF receptor (EGFR), Erb-B2
receptor tyrosine kinase 4 (ErbB4), FGF receptor 1 (FGFR1)] in the human SEZ throughout
adulthood (n=50, 21-103 years). We further performed correlation analysis between growth
factor-related transcripts and expression of neurogenic (cell proliferation, neuronal



differentiation) and glial cell markers (astrocytes, microglia, oligodendrocytes).

Results: EGFR and FGF2 mRNAs increased with age, while TGFa, EGF, ErbB4 and FGFR1
mRNAs were unchanged during aging. Cell proliferation and immature neuron marker mRNAs
were positively correlated with TGFa and ErbB4 expression. Astrocyte and microglial cell
marker mRNAs showed a positive correlation with EGF, FGF2 and FGFRI transcript levels,
whereas EGFR expression positively correlated with oligodendrocyte marker mRNA.
Conclusion: Our findings indicate that EGF and FGF family members do not become limited
with age and may modulate neurogenesis and gliogenesis in the human SEZ. Additional studies
are required to anatomically map the expression of these factors to cell types and determine their
regulatory role along with other important trophic factors involved in adult neurogenesis across
the human lifespan.
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Abstract: The Akt pathway is important for cellular growth, proliferation and differentiation.
Akt activation has been proposed to increase cellular differentiation and protein translation by
activation of the mammalian target of rapamycin (mTOR) pathway. It is unclear whether Akt
and mTOR play roles independent of each other in NSC development. NSCs in the
subventricular zone (SVZ) continually generate new daughter cells that migrate to the olfactory
bulb (OB), differentiating into neurons. Here, we show that a constitutively active form of Akt
resulted in a threefold increase in the number of newly born neurons in the OB. In contrast to
driving mTOR alone, Akt activation did not result in apparent aberrant migration in the SVZ or
OB. Akt activation resulted in increased dendritic length and complexity; however, total
dendritic length was not rescued via mTORCI1 inhibition. Activation of the Akt pathway was
also observed to push NSCs into cell cycle progression and differentiation. Blockade of
downstream mTORCI targets inhibited differentiation, but did not alter the number of



proliferative cells in the SVZ. These data suggest that Akt controls NSC differentiation via
mTOR, but may exert proliferative effects on NSCs independently.
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proliferation and the maintenance of the neurogenic niche in the adult brain.
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Abstract: The gene encoding cytoplasmic FMRP interacting protein (CYFIP1) is within the
15q11.2 copy number variants (CNVs), deletion and duplication of which have been linked to
multiple neural developmental disorders including epilepsy, autism, intellectual disability and
schizophrenia. There is increasing data to support it as an important protein in both normal and
abnormal brain development. We previously showed that CYFIP1 is required for appropriate
adherens junction formation in the neurogenic epithelium of the fetal brain of mice and loss of
CYFIP1 function is associated with dysregulated embryonic cortical neurogenesis (Yoon et al.
Cell Stem Cell 2014). However, it is not known whether CYFIP1 continues to facilitate the
maintenance of the neurogenic niche and regulate neurogenesis in the postnatal period. The adult
subventricular zone demonstrates continued postnatal neurogenesis in mammals. It is similar to
the ventricular zone of development in that appropriate maintenance of its three dimensional
structure is required for normal neurogenesis to occur. We hypothesized that CYFIP1 may
continue to play a role in maintaining normal architecture in the SVZ neurogenic niche in the
adult brain and that loss of its function would lead to dysregulation of neurogenesis here. We
used both spatial and temporally controlled genetic knockdown of the cyfip/ gene in a mouse
model along with confocal microscopy to address this question. Loss of c)fip/ in adult neural
stem cells results in an increase in cell proliferation as well as loss of ependymal cells at the



ventricular surface. Our results suggest that CYFIP1 is required to maintain normal SVZ
architecture throughout both pre- and post-natal development and can regulate neural stem cell
behavior in the developing and mature brain. Dysregulation of CYFIP1 at either time-point may
lead to neural dysfunction and its continued study is important for our understanding of
neurologic disorders.

Grant support: R25 NS065729 and ROINS095348.
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Abstract: Impaired adult neurogenesis has been linked to a number of neurological diseases that
are often accompanied by cognitive dysfunctions. However, for a lot of these functions,
performance depends on the optimal stimulation of neurotransmitter receptors in the
hippocampal-fronto-striatal system. Thus modulating adult neurogenesis may have impact on
these networks and result in changes at the level of signaling molecules. Here, we analyzed
binding site densities for glutamatergic AMPA, NMDA, kainate and mGluR;; receptors,
GABAergic GABA, (including benzodiazepine binding sites), GABAg, and dopaminergic Dy/s
and D,/ receptors using quantitative in vitro receptor autoradiography in numerous cortical
regions and basal ganglia of mice treated with temozolomide (TMZ) to impair adult
neurogenesis in comparison to a saline control group. In the HF of TMZ treated mice we
detected increased GABAg receptor densities in the dentate gyrus (DG) and fields of the Cornu
ammonis (CA1 and CA3). Additionally, we observed decreased AMPA receptor densities
exclusively in the molecular layer of DG, while NMDA receptor densities dropped in the



subgranular and the molecular layer of DG and in all layers of CA1 to CA3. No changes were
observed in the hilar region. The prelimbic area (PL), dorsal infralimbic area (ILAd), dorsal and
ventral agranular cingulate area (AcAd, AcAv), frontal area 2 (FR2) and gustatory area (GU)
showed increased GABAGg receptor levels. GABA, receptor densities were increased in PL, ILA,
AcAd, AcAv and medial orbital area (MO/DP). While kainate receptor densities were increased
in the ventrolateral and lateral orbital area (vLO and LO) and in ILA, mGluR;/; receptors showed
decreased levels in FR2, GU, vLO, LO, dorsal and ventral agranular insular area (Ald and Alv),
and claustrum (CLA). NMDA receptor densities dropped in GU, Ald, Alv, vLO and CLA. In the
basal ganglia increased GABAg receptor densities were detected in the Ncl. accumbens (ACB),
while GABA, receptor densities increased in the globus pallidus (GP). Decreased levels of
mGluR,; receptors were detected in ACB, while NMDA receptors additionally decreased in
caudate/putamen (CP). A slight decrease of D3 receptors was observed in ACB core and CP.
None of the analyzed areas showed changes for BZ binding sites or in D5 receptor densities. To
our knowledge, this is the first study that reports neurochemical changes in the hippocampal-
frontal-striatal network after inhibition of adult neurogenesis. We demonstrated that the
inhibition of adult neurogenesis leads to impairments of the normal balance of the expression of
multiple transmitter receptors in various cortical and subcortical regions.
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Title: Sox11 target genes shape the neuronal cytoskeleton
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Abstract: During adult neurogenesis adult-born neurons undergo a drastic change in
morphology from proliferating precursor cells of variable shape to post-mitotic neurons with
axon and a complex dendritic tree. While it has been shown that remodeling of microtubules is
essential for the formation of axon and dendrites, it is not yet understood how the composition
and stability of microtubules is regulated to enable integration of the newborn cell into an
already existing network.

We have previously identified the transcription factor Sox11 as a key regulator of neuronal
differentiation and fate determination during adult hippocampal neurogenesis. To get insight into
the regulatory network of Sox11 we performed transcriptome analyses of in vitro differentiating
neural stem cells. Strikingly, following KO of the SoxC group proteins Sox11&4, expression of
many tubulin isoforms was dysregulated along with a number of microtubule-associated
proteins, among them Doublecortin (DCX), MAP2, Spastin, and Stathminl (Stmn). Importantly,
further biochemical analyses as well as in vivo gain- and loss-of-function experiments confirmed
that SoxC proteins can directly activate the promoters of a subset of neuronal cytoskeleton-
related proteins.

Our results indicate that SoxC proteins constitute a central hub in the transcriptional network of
genes regulating microtubule composition during neuronal development. Future work is directed
at the question whether SoxC proteins also regulate cytoskeletal remodeling in the context of
neuronal plasticity.
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Abstract: Adult hippocampal neurogenesis has a critical role in brain plasticity, learning and
memory. The co-agonist of the glutamate N-methyl-D-aspartate (NMDA) receptor, D-serine, has
been recently involved in the modulation of adult hippocampal neurogenesis but the underlying
molecular mechanisms have not been fully identified. We found that administration of D-serine
(100 uM) to cultured neural stem cells (NSCs) increased their proliferation (+35% BrdU-positive
cells compared to control, p<0.05) and accelerated their neuronal differentiation (+115% DCX-
positive cells compared to control, p<0.05). To identify the molecular mechanisms responsible
for these effects we performed quantitative real time PCR (qQRT-PCR) experiments on adult
hippocampal NSCs cultured under both proliferating and differentiating conditions. Exogenous
administration of D-serine to the culture medium significantly increased the expression of the
pro-proliferative gene Hes1 (+217%, p<0.05) in undifferentiated NSCs and of the determination
gene Mash1 whose expression was upregulated (+50%, p<0.05) and temporally anticipated
compared to control NSCs. Furthermore, qRT-PCR experiments performed on differentiating
NSC extracts revealed an accelerated expression pattern of NMDA receptor subunits in D-serine
treated NSCs consisting in earlier and increased expression of the NR1, NR2A and NR2B
subunits (+300%, +260% and +75% respectively, p<0.05) after 24 h of D-serine administration.
Interestingly, immunofluorescence data showed that exposure to D-serine increased the
activation of the transcription factor CREB (pCREB) both in proliferative (+60%) and in
differentiative conditions (+65%). Moreover, chromatin immunoprecipitation experiment
revealed the recruitment of pCREB on the promoters of Hes1 and NMDA subunits and its higher
binding in presence of D-serine. Finally, whole-cell patch-clamp recordings displayed a
significant increase in NMDA receptor-mediated currents in NSCs cultured for 24-72 hours with
100 uM D-serine, supporting our hypothesis that D-serine accelerates neuronal maturation of
NSCs. Collectively, our results suggest that D-serine positively modulates proliferation and
neuronal differentiation of hippocampal NSCs by epigenetic mechanisms leading to an
accelerated pro-neuronal gene and NMDA receptor subunit expression.
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Abstract: Neurogenesis exists in specific regions of postnatal and adult brains, which is tightly
controlled by various epigenetic regulators. Understanding the epigenetic regulatory mechanisms
of neurogenesis is necessary for developing new strategies for brain repair. The X chromosome-
encoded histone demethylase UTX (also known as KDM6A) establishes transcriptionally
permissive chromatin through removal of repressive trimethylation of histone H3 lysine 27
(H3K27me3). However, whether H3K27Me3 demethylation affects neurogenesis has remained
largely unknown. To investigate this, we conditionally inactivated H3K27Me3 demethylases Utx
in postnatal neural stem cells. We found that deletion of UTX in postnatal hippocampal neural
stem cells promoted neurogenesis both in vivo and in vitro. Furthermore, we demonstrated that
UTX mediates postnatal neurogenesis in hippocampus through its H3K27 demethylase activity.
Loss of demethylase activity by conditional knock-out UTX in neural stem cells resulted in
higher H3K27Me3 intensity. Finally, we found that UTX promotes H3K27Me3 removal at a
specific subset of genes involved in neural stem cells proliferation and differentiation. Thus, we
have identified a critical role for the enzymatic activity of UTX in modulating neural-specific
gene expression during hippocampal neurogenesis. # Correspondence should be addressed
to:tengzq@ioz.ac.cn, liuchm@ioz.ac.cn
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Abstract: Continuous generation of neurons in the subgranular zone of the dentate gyrus in the
hippocampus occurs throughout life. Its dysfunction may lead to neurological disorders such as
autism, epilepsy, and schizophrenia. Rho GTPase-activating proteins (Rho-GAP) are a family of
regulatory proteins that bind to activated Rho GTPases, stimulating their GTPase activity. While
Rho-GAPs regulate neuronal differentiation, neurite outgrowth, and migration during CNS
development, whether they are important for the regulation of adult neurogenesis remains largely
unknown. Here, we report the role of the Rho-GAP 02-chimaerin in adult neurogenesis. The
results show that a2-chimaerin-knockout mice exhibited impaired adult hippocampal
neurogenesis. This effect was mediated through the regulation of neural progenitor cell
proliferation, but not differentiation or maturation. Conditional knockout of a2-chimaerin in
nestin-positive cells shifted the division mode of neural progenitors from asymmetric to
symmetric division. Moreover, deficiency of a2-chimaerin attenuated the dendritic development
of adult-born neurons in the dentate gyrus. Our findings reveal the functional roles of Rho
GTPase-activating proteins in adult neurogenesis and provide a possible target for drug
development for the treatment of neurological disorders.
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Abstract: New neurons are continuously produced in the subgranular zone (SGZ) of the dentate
gyrus (DG) of the hippocampus in adult mammals. In fact, up to 80% of dentate granule cells,
the principal cells of the DG, are generated postnatally. Newborn neurons migrate within the
DG, from the SGZ towards the molecular layer, where they eventually mature, form synapses,
and integrate into existing circuits. There are many factors which influence neurogenesis,
including the bioactive signaling sphingolipid sphingosine-1- phosphate (S1P). S1P acts as an
extracellular ligand for the S1PR subfamily of G-protein- coupled receptors, and this signaling
pathway affects cellular migration and neurite outgrowth. However, most of the studies on S1P’s
effects on neurogenesis have been conducted in vitro and focused on embryonic development.
We are interested in the effects of SIP on the development of adult newborn neurons in vivo.
Using RNA sequencing, we identified components of the S1P signaling pathway as potential
factors involved in adult neurogenesis. To examine the potential of S1P to regulate adult
neurogenesis, we quantified S1P levels in the DG via high-performance liquid chromatography-
mass spectrometry and confirmed that the ligand was indeed present in this brain region in adult
animals. Additionally, multiple behavioral treatments known to enhance neurogenesis led to
decreased levels of S1P in the DG. We also used immunohistochemistry to determine that two of
the five known S1PRs - specifically, SIP1 and S1P2 - are expressed in adult-born neurons.
Using retroviral vectors to manipulate SIPR expression, we have found that cellular migration
and dendritic arborization are affected by altered S1PR signaling.
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Title: A mouse model for probing the significance of regulated intramembrane proteolysis of
Neuregulin 1 in neural development
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Abstract: Neuregulin 1 (Nrgl) is a family of versatile signaling proteins extensively involved in
neural development and synaptic plasticity. One of the neuron-specific isoforms type III Nrgl is
critical for neuronal survival, neural fate determination, receptor trafficking, axon myelination,
and synaptic transmission. Genetic deletion of Type III Nrgl in mice results in deficits in
synaptic plasticity and behavioral deficits involving working memory and sensorimotor gating.
Upon ErbB4 binding or neuronal depolarization, Type III Nrgl undergoes regulated
intramembranous proteolysis (RIP), mediated in part by y-secretase cleavage, to generate a
carboxyl-terminal fragment. This soluble intracellular domain (ICD) of Type III Nrgl is capable
of translocating to the nucleus, where it possesses strong transcriptional transactivation
properties. In vitro, the valine residue at position 321 is necessary for proper RIP of Type 111
Nrgl and appropriate dendritic arborization. Interestingly, a single-nucleotide polymorphism that
has been associated with psychosis and schizophrenia in a human population in Costa Rica
results in the substitution of a leucine for this valine residue.

We generated a valine-321-leucine (V321L) mouse line and asked whether this point mutation
affects Nrgl RIP and disrupts developmental events in vivo. Through subcellular fractionation,
we show that both full-length Nrgl and the ICD fragment are enriched in the membrane fraction
extracted from V321L homozygous mouse brain lysate compared to that of wild-type, suggesting
that Nrgl RIP is impaired by the V321L mutation. Because the ICD has been previously
demonstrated to regulate neural stem cell proliferation and fate specification in vitro, we
wondered whether neurogenesis is affected by disruptions in Nrgl RIP in vivo. Ongoing studies
are investigating the effect of this substitution on hippocampal neurogenesis in young adult mice.
Preliminary results indicate that mice with the V321L mutation have reduced cell proliferation
and generation of newborn neurons in the dentate gyrus compared to wild-type littermates.
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Title: Conditional deletion of cannabinoid CB1 receptor alters neural precursor proliferation and
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Authors: *T. ZIMMERMANN', M. MAROSO?, S. LUDEWIG?, I. SOLTESZ®, M. KORTE’,
B.LUTZ', J. LESCHIK';

'Inst. of Physiological Chem., Univ. Med. Ctr. Mainz, Mainz, Germany; “Dept. of Neurosurg.,
Stanford Univ., Stanford, CA; 3Zoological Institute, Div. Cell. Neurobio., TU Braunschweig,
Braunschweig, Germany

Abstract: Adult born neurons in the subgranular zone (SGZ) of the dentate gyrus are
continuously generated and incorporated in the hippocampal circuitry, yet the molecular
mechanism of this process remain unclear. Adult neural stem cells contain a functional
endocannabinoid system. Endocannabinoids are endogenous lipids, which can bind to the
presynaptic cannabinoid 1 (CB1) receptor, thereby inhibit neurotransmitter release and activate
different intracellular signaling cascades [1]. It has been shown that loss of CB1 receptor
signaling inhibits neural precursor proliferation and decreases astroglial differentiation in vitro
and in vivo [2]. However, it is not known, if this phenomenon is regulated through a direct or an
indirect mechanism of CB1 receptor signaling.

To address this question, we generated the triple-transgenic nestin-CreERT2/R26R-
YFP/CB1flox/flox mouse line. Tamoxifen (TAM) injections induced deletion of the CB1
receptor and expression of yellow fluorescent protein (YFP) specifically in adult nestin-
expressing stem cells and their progeny. To assess which neurogenic stages were affected by
elimination of CB1, YFP SGZ cells were assigned to categories based on expression of
immunohistochemistry markers.

We found that neural stem cell-specific deletion of the CB1 receptor led to a reduced number of
total YFP cells in the dentate gyrus four weeks after TAM injection and to a decrease in neural
stem cell proliferation, as assessed by BrdU staining. Animals lacking a functional CB1 receptor
in newborn neurons displayed a decrease in spatial memory function in the spatial object
recognition test and an increase in behavioral despair in the forced swim test. Anxiety-like
behavior in the light dark test and spontaneous activity in the open field were not affected. Field
excitatory postsynaptic potentials (fEPSPs) were recorded in the CA1 region by stimulating
Schaffer collateral axons of area CA3. TAM treated triple-transgenic Nestin-CreERT2/R26R-
YFP/CB1flox/flox mice displayed a long-term potentiation (LTP) curve that is different to that
of littermate controls.

The present study shows that the proliferation and survival of newborn neurons critically
depends on the activation of the CB1 receptor, reflecting the importance of the functional
connectivity and the involvement on the behavioral level.

References:
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Abstract: Age-related neurological disorders, including stroke and neurodegenerative diseases
are becoming a major health care problem in many countries as average life expectancy is
increasing. One appealing therapeutic strategy to treat neurological disorders would consist of
recruiting endogenous neural precursor cells (NPCs) to replace the lost neurons. NPCs are
present in two specific areas of the postnatal brain, the dentate gyrus (DG) of the hippocampus
and the subventricular zone (SVZ) of the lateral ventricles. These NPCs give rise to neurons
throughout life, a phenomenon termed postnatal neurogenesis. A prerequisite for the
development of new therapeutic strategies involving postnatal NPCs is a better understanding of
their molecular regulation. In this context, both extrinsic factors and intrinsic factors have been
identified. For instance, the family of cell cycle regulators cyclin-dependent kinases (Cdks) are
key regulators of postnatal neurogenesis since genetic invalidation of interphase Cdk2 or Cdk6
leads to a decrease of NPCs proliferation. Here, we investigated the role of Cdk1, an essential
Cdk for M-phase in several tissues, in postnatal neurogenesis. Towards that purpose, we crossed
mice bearing a conditional Cdk1 allele (Cdk1') with mice expressing a tamoxifen-inducible
form of the Cre-recombinase under the control of the Sox2 promoter (Sox2CreER), allowing us
to specifically delete Cdk1 in Sox2+ NPCs in the postnatal brain. Following Cdk1 loss, our
preliminary results show a acute decrease in the percentage of recombinated proliferating Sox2+
cells as well as a decrease in the absolute number of Sox2+ cells in the DG. Interestingly, we
also observed an increased number of DCX+ progenitors cells and a long-term depletion of the
pool of Sox2+ in the absence of Cdk1. The number of neurons seems to decrease in the same



time. Altogether, these data suggest a crucial role for Cdk1 in postnatal neurogenesis, but further
investigations are required to identify its precise requirement in this process.
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Abstract: The generation of new granule neurons in the adult hippocampus is controlled by the
Wnt signaling pathway, which regulates different stages of neurogenesis including proliferation
and differentiation of neural progenitor cells. We have determined that the Wnt receptor
Frizzled-1 (FZD1) is expressed in neural stem cells (NSCs), transient-amplifying progenitors and
immature neurons in the adult dentate gyrus. Here, we investigated the potential role of this
receptor on proliferation and cell fate determination of progenitor cells. To knockdown the
expression of FZD1 in proliferating cells in vivo, retroviruses expressing FZD1-targeting sShRNA
(shFZD1) or control shRNA (shC) were stereotaxically injected into the dentate gyrus of 2-
month-old mice. FZD1 knockdown did not induce changes in proliferation of NSCs or neural
progenitor cells as assessed by staining for Ki67 and specific markers. In agreement, no changes
in the pool of tranduced NSCs and neural progenitors were observed between shC and shFZD1-
injected mice 1 week after retroviral injection. However, there was a strong decrease in the
percentage of FZD1-deficient cells expressing the immature neuronal marker doublecortin. Four
weeks after retroviral injection there was a significant decrease in the percentage of shFZD1-
transduced cells that became granule neurons, and concomitantly with this reduced generation of
new neurons there was an increase in the percentage of FZD1-deficient cells that became
astrocytes. In N2a cells and cultured adult hippocampal progenitors isolated from mouse brain,
FZD1 knockdown reduced the canonical Wnt/B-catenin signaling pathway and the expression of
Wnt target genes, including proneural transcription factors. Our results indicate that FZD1



receptor regulates cell fate commitment, and suggest that this effect is mediated by the activation
of the canonical Wnt signaling pathway.
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Abstract: Phosphatase and tensin homolog located on chromosome 10 (PTEN) was originally
characterized as a tumor suppressor that can inhibit proliferation, migration, cell growth and
apoptosis in a number of different cells. PTEN is also highly expressed in neurons and recent
work indicates that de-regulation of PTEN affects important neuronal functions in the developing
nervous system, which have been attributed to its role in controlling neurogenesis, neurite
outgrowth, synaptogenesis, and synaptic plasticity. Human germline PTEN mutations or
conditional deletions of PTEN in mice have provided insights into fundamental links between
PTEN deregulation and neurological disorders such as macrocephaly, ataxia, seizures, mental
retardation and autism. The regulation of PTEN activity and function crucially involves
phosphorylation of a cluster of serine and threonine residues in the PTEN C-terminus. Within
this cluster, PTEN can be phosphorylated at T366 by Glycogen Synthase Kinase 3 (GSK3),
which has been suggested to regulate activity and PTEN protein turnover. Since PTEN
antagonises and functions as a key upstream regulator of PI3K/GSK3 signalling, the fact that it is
phosphorylated and regulated also by GSK3 itself, could indicate feedback regulation within this
signalling cascade. Currently, little is known concerning neuronal functions of PTEN T366
phosphorylation. To determine the contribution of PTEN T366 to neuronal development and/or
function, we analyzed mice in which this phosphorylation site was inactivated as a result of the
introduction of a germline point mutation (PTEN"%*). Whilst homozygous PTENT3664/T3664
mice, hereafter referred to as PTEN">** mice, are viable and fertile, subtle differences in cortical
lamination were observed. Thus, we will present our data that investigates cortical neurogenesis



and post-neurogenesis processes in different cortical layers of PTEN"%* mice, with an emphasis

on the cell-type specificity and fine organization of dendritic arbors. Our results highlight
specific roles of PTEN-T366 phosphorylation in generating anatomical and functional synaptic
connections, possibly affecting sensory processing and higher cognitive function.
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Abstract: In the developing brain, microglia actively promotes apoptotic neuronal death. The
microglial DAP12 immunoreceptor and CD11b integrin cooperatively induce neuronal apoptosis
by controlling the production of superoxide ions. Our coimmunoprecipitation experiment has
disclosed the association of DAP12 with the plexin-A1l semaphorin receptor and TREM2 in
postnatal microglia. Thus, microglial plexin-A1 and DAP12 may cooperatively work to induce
developmental neuronal death. We have reported that the interaction of Sema6D on dying
neurons and microglial plexin-Al is crucial for the execution of neuronal apoptosis in the
developing hippocampus. To examine if plexin-A1l is also crucial for neuronal death in the
developing cerebellum, we analyzed neuronal apoptosis, microglial distribution, semaphorin
expression and superoxide ions production in wild-type (WT) and plexin-A1-deficient cerebella
from postnatal day 1 (PND1) to postnatal day 14 (PND14). In the developing cerebellum, some
of apoptotic neurons were localized in contact with microglia. There was a significant decrease
of apoptotic cells in the plexin-A1-deficient cerebellum at postnatal day 3 and 4 (PND3 and 4) as
compared with wild-type (WT). The generation of superoxide ions was mostly confined to Ibal-
positive microglia. The superoxide ions-producing cells were significantly decreased in plexin-
Al-deficient cerebella reflecting the dependency of superoxide ions generation on plexin-Al
signaling. The expression level of Sema6D, one of plexin-A1l ligands was significantly higher in
cerebella at PND4 as compared with other developmental stages. Furthermore, activated
caspase-3-positive neurons exhibited the increase of Sema6D expression in cerebella at PND4.
Thus, Sema6D expressed by dying neurons may signal to microglia through the binding to



microglial plexin-A1, which facilitates the generation of superoxide ions and neuronal apoptosis
in the developing cerebellum. Since activated caspase-3-positive neurons are distinct from
calbindin-positive Purkinje cells, we are currently trying to identify the cell type which executes
plexin-A1-dependent apoptosis in the cerebella at PND4.
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Abstract: Resident neural stem cells (NSCs) of the subventricular zone (SVZ) and the dentate
gyrus of the hippocampus (DG) generate new neurons, which integrate into existing circuits
throughout life (“adult neurogenesis’). Though the broad scheme of adult neurogenesis is similar
in both the neurogenic zones, there are important differences. Importantly, whereas wheel
running is a potent pro-proliferative cue in the DG, it has no effect on SVZ neurogenesis. We
hypothesized that a central metabolic pathway, which is uniquely regulated in the hippocampal
NSCs, serves as the responsive checkpoint in response to the pro-neurogenic stimuli. A
comparison of the expression profiles of Nestin-positive precursor cells from the two zones
revealed redox regulation to be one such differentially regulated pathway. All the NSCs of the
DG have high endogenous levels of reactive oxygen species (ROS), the readout of redox
regulation, compared to the surrounding niche cells. All neurosphere-forming cells were found
within a population with highest ROS content (top 16 %). Furthermore, neurosphere-forming
frequency significantly correlated to the ROS content, as did the size of the spheres. ROS content
also was a discriminating marker for the heterogeneous metabolic states of NSCs and allowed
classifying them into subgroups, which differed in various cell biological properties. The



proportion of NSCs with the highest ROS content (termed ROS-Hi cluster) was significantly
greater in the DG. The response to physical activity primarily occurred in this subgroup of NSCs.
Reducing the subgroup of ROS-Hi NSCs did reduce constitutive neurogenesis but completely
abolished the pro-neurogenic response of exercise

Disclosures: V.S. Adusumilli: None. T.L. Walker: None. A.E. Riinker: None. R.W. Overall:
None. G. Kempermann: None.

Poster

494. Molecular Mechanisms of Adult Neurogenesis

Location: Halls B-H

Time: Tuesday, November 15, 2016, 8:00 AM - 12:00 PM
Program#/Poster#: 494.18/D32

Topic: A.02. Postnatal Neurogenesis

Title: Single cell transcriptome analysis of adult neurogenesis during aging

Authors: *Y. ZHU"?, D. JIMENEZ-CYRUS’, D. BERG'?, M. BONAGUIDI®, G.-L.
MING"*** H. SONG"***;

'Inst. for Cell Engin., “Dept. of Neurol., *Cell. and Mol. Med. Grad. Program, “The Solomon H.
Snyder Dept. of Neurosci., “Dept. of Psychiatry and Behavioral Sci., Johns Hopkins Univ. Sch.
of Med., Baltimore, MD:; °Eli and Edythe Broad CIRM Ctr. for Regenerative Med. and Stem
Cell Res., USC, Los Angeles, CA

Abstract: During aging, the regenerative capacity of stem cells in mammalian tissue declines.
Specifically, the process of new neuron generation from neural stem cells (NSC) is progressively
less efficient during aging. This is associated with a gradual increase in stem cell quiescence and
a shift toward symmetric divisions and self-renewal. Characterizing the molecular dynamics that
occur in individual stem cells over the lifespan is important not only to understand the biology of
aging, but also to explore the potential of stem cells for regeneration. Traditionally,
characterization of NSCs using marker-defined cell population studies inevitably included cells
at different stages of fate determination and activation, making it difficult to dissect the age-
related changes that affect the properties of NSCs at specific stages of neurogenesis. Here we
utilized the high resolution and high throughput technology of single cell transcriptome analysis
to comprehensively characterize the molecular states underlying fate determination in NSCs
from young and aged mice. Using a line of mice expressing nuclear CFP under the control of a
Nestin promoter (Nes-CFP), we isolated hippocampal Nes-CFP positive cells from two week-
old, and one, two and four month-old mice and profiled the transcriptome. In older mice, we
observed more NSCs exhibiting molecular signatures indicative of a quiescent state. In early
neural progenitor cells, we detected higher levels of cell cycle gene expression, potentially to



compensate for the lower rates of stem cell activation. Gene network analysis indicates a key
regulatory node that could orchestrate the quiescent nature of adult NSCs. Our work established
a holistic road map of NSC gene expression dynamics during aging. Further work on functional
characterization will validate and consolidate these findings.
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Abstract: The excitatory amino acid carrier-1 (EAACI) is one of the most prevalent glutamate
transporters expressed in neurons. EAACI expression is detected in the dendrites and somata of
all neurons in the hippocampus. Since extracellular glutamate clearance in the brain is
predominantly performed by the glial glutamate transporters, such as GLAST and GLT-1,
glutamate clearance by EAACI is negligible in the brain. Instead, EA4ACI predominantly
performs cysteine transport, which is required for the glutathione synthesis, to boost neuronal
antioxidant function. Our previous study showed that genetic deletion of EA4ACI was found to
exhibit increased susceptibility to neuronal oxidative stress after ischemia due to reduced
antioxidative function. There are presently no studies investigating the role of EAACI on
hippocampal neurogenesis. Therefore, we have investigated the role of EAACI on hippocampal
neurogenesis using genetically modified young (3-5 month old) and aged (11-15 months old)
mice after ischemia. Adult CD1 wild-type (WT) or EAACI”" mice were subjected to 30 minutes
of bilateral common carotid artery occlusion. BrdU was intraperitoneally injected 2 times per day
for 4 consecutive days starting 3 days after ischemia. Neurogenesis was evaluated using BrdU,
Ki67 and doublecortin (DCX) immunostaining 7 or 30 days after ischemia. The number of BrdU,



Ki67 and DCX positive cells between WT and EA4C1”" mice was similar at 1 week under the
normal physiological conditions. However, EA4CI”" mice showed a reduced survival rate of
newly generated neurons 4 week later in both young and aged mice. The number of BrdU, Ki67
and DCX positive cells was increased 1 week after ischemia both in young and aged mice of
either WT or EAACI™". However, the number of BrdU, Ki67 and DCX positive cells was
significantly lower in young EAACI”" mice compared to young WT mice. In addition, EAACI™”"
mice showed reduced survival rate of newly generated neurons at 4 weeks after ischemia in both
young and aged mice. Newly generated neuron survival was lower in EAACI”" mice than WT
mice. The present study demonstrates that cysteine uptake by EAACI is important for newly-
generated neuron survival in the adult brain under physiological as well as pathological
conditions. Therefore, this study suggests that EA4CI has an essential role for modulating
hippocampal neurogenesis.
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Abstract: In the adult brain, the olfactory bulb is continuously supplied with new neurons that
mostly differentiate into granule cells (GC). Different subtypes of adult-born GC have been
identified based on immunohistochemical markers and localization in the granule cell layer, but
their maturational profile, as well as their role in the bulbar network functioning and odor
behaviour remain completely unclear. It is also unknown if structural and functional differences
exist in the same sub-population of GC born during early postnatal life and in adulthood. Using
viral injections, transgenic mice, confocal imaging, whole-cell patch-clamp recordings,
pharmacogenetic and behavioral tests, we analyzed the structural and functional properties of
different sub-populations of GC born during early postnatal period and adulthood with particular
emphasis on calretinin-expressing newborn cells (CR+). Our morphological analysis performed
at several time points after generation of early-born and adult-born neurons revealed that CR+
GC display similar maturational pattern as compared to CR- cells. Patch-clamp recordings from



early-born and adult-born CR+ GC showed similar frequency and amplitude of spontaneous
inhibitory currents. In contrast, our results suggest that adult-born CR+ GC may receive less
frequent excitatory inputs as compared to early-born CR+ neurons. Our analysis of early gene
expression combined with anti-calretinin immunohistochemistry suggests that CR+ GC may be
involved in the long-term odor associative memory. Altogether, our data highlight the role of
CR+ GC in the OB and are important for understanding the role of specific sub-populations of
interneurons in the bulbar network functioning and odor behavior.
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Abstract: In the adult rodent brain, neural stem cells (NSCs) reside in the subventricular zone
(SVZ) where they continuously give rise to neuroblasts that migrate along the rostral migratory
stream (RMS) into the olfactory bulb (OB). There they differentiate into mature neurons and
integrate into the existing neuronal circuitry.

Recently microRNAs (miRNAs) were shown to regulate important processes during adult
neurogenesis such as cell fate specification and integration. miRNAs are small, non-coding,
single stranded RNAs that regulate mRNA activity by associating with a protein called
Argonaute2 (AGO2).

In this study, we injected lentiviral vectors encoding an AGO2-GFP fusion protein into the RMS.
After eight weeks we dissected the OB, and conducted AGO2-RIPseq to isolate active miRNAs
from new-born neurons. We identified several novel miRNAs that are enriched in new-born
neurons and found that the let-7 family is the predominant miRNA in these cells. To study the
role of let-7 in new-born neurons we inhibited let-7 function by injecting a miRNA-sponge
construct (L'V.let-7sp.GFP) into the RMS. As control we injected a vector encoding GFP



(LV.GFP). We immunohistochemically analysed OBs after 2, 4 and 8 weeks. In control animals,
we found GFP-positive cells in all layers of the OB at any time examined. In LV .let-7sp.GFP
injected animals, however, the cells reached the OB but failed to integrate into its different
layers.

To identify potential let-7 targets in the OB that could be involved in the observed phenotype, we
conducted further AGO2-RIP experiments followed by mRNA sequencing.

We found Slc7a5 to be highly enriched in RIP samples and to be a direct target of let-7. Slc7a5 is
part of the amino acid sensing pathway, which has previously been shown to be regulated by let-
7 to induce neuronal autophagy.

In line with this we found an accumulation of Sequestosome-1 (p62) in LV .let-7sp.GFP- injected
animals, suggesting that loss of let-7 induces a block of autophagy in new-born neurons .

We then injected LV.let-7sp.GFP constructs alone or together with BECN and TFEB
overexpressing lentiviral vectors, respectively, into the RMS. TFEB and BECN are both factors
known to promote autophagy. After four weeks, we analysed OBs immunohistochemically for
autophagic markers and confirmed a reinstatement of autophagy in co-injected animals.
Moreover, significantly more GFP-positive cells were integrating into the different layers of the
OB when autophagy was reinstated, compared to LV let-7sp.GFP injected animals.

Taken together our study provides a novel and important link between miRNA regulation,
autophagy and adult neurogenesis.
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Abstract: MiRNA is a hotspot in various fundamental processes, such as neurodevelopment,
adaptation, and disease. These small non-coding RNAs are important regulators of gene
expression at the post-transcriptional level, acting on the mRNA, decreasing the translation rate.
The action of miRNAs on target genes depends on intracellular concentration, which in turn
reflects the balance of biosynthesis and degradation. The aim of this project was to characterize
the expression and distribution of genes involved in degradation and stability of miRNAs, XRN2
and PAPD4, during rat spinal cord development, neuronal activation by physics exercise and
after injury. Quantitative results were determined using real-time PCR and western blotting,
whose data were subjected to analysis of variance (ANOVA) followed by Tukey's test, with a
significance level of 1-5%. Specific antibodies were used to determine the qualitative analyzes
by immunofluorescence. For neunoal activation, rats were trainned following the protocol
(Quirie, Hervieu et al. 2012). XRN2 and PAPD4 were highly expressed in the beginning of
spinal cord development. PAPD4 was 527% higher in E21 in comparison with P60 (P<0.05) and
XRN2 was 263% higher in E21 in comparison with P60 (P<0.05). Both gens showed distinct sub
cellular localization by immunohistochemistry, accumulating in nuclei and cytoplasm during
development or only in the nuclei of mature neurons. Combined analyzes using anti-XRN2 and -
PAPD4 with anti-Ki67 and -glutamine synthetase (GS) revealed that miRNA regulating proteins
were poorly expressed in progenitor cells as well as glial cells. Moreover, double-labeling
experiments with choline acetyltransferase (ChAT), calretinin (CR) and calbindin (CB), specific
spinal cord neuronal markers, showed that XRN2 and PAPD4 are expressed by motor neurons
(ChAT-positive neurons) and inter neurons labeled with CR and CB. Those results indicate that
XRN2 and PAPD4 provide an extra level of regulation for miRNA activity in immature and
developed neurons comparing with glial cells. The neuronal activation by physical exercise did
not change XRN2 labeling but increased the number of cells expressing PAPD4, while both
protein levels were up-regulated. Finally, the spinal cord injury provides a large number of
TUNEL-positive cells after 24-hours whatever fell off then accumulated XRN2 and PAPD4
showing potent anti-apoptotic roles. In summary, this work brings knowledge to increase the
understanding in the field of miRNA regulation during development, neuronal function and after
injury. Financial support: FAPESP.
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Abstract: Recent studies estimate that hundreds of new neurons are added to the adult human
brain every day, and several reports have proposed that neurogenesis participates in cognition,
including learning and memory. Previous studies have suggested that the calcium-dependent
proteases, calpains, participate in cell division, migration and survival. In particular, our
laboratory has established that one of the calpain isoforms in the brain, calpain-1, is necessary
for the survival of newly born cerebellar granule cells (CGCs), as calpain-1 knock-out (KO)
mice exhibit enhanced apoptosis during the postnatal period and decreased number of CGCs in
adult cerebellum. In the present study we analyzed proliferation and survival of newly born cells
in the dentate gyrus (DG), the subventricular zone (SVZ), the rostral migratory stream (RMS),
and the olfactory bulbs (OB) in calpain-1 KO and wild-type (WT) mice. Cell proliferation was
decreased in the DG of calpain-1 KO mice by 25%, as measured by Ki67 expression with
immunohistochemistry (IHC). Survival of newly-generated cells in the OB was decreased by
47% in calpain-1 KO mice 30 days after bromodeoxyuridine (BrdU) administration (150 mg/kg
per day for three days). On the other hand, comparable numbers of BrdU-positive cells were
found in the RMS of calpain-1 KO and WT mice. These results are consistent with the
hypothesis that calpain-1 is necessary for neuronal survival in mouse brain, not only during the
postnatal period but also in adult brain. We are currently investigating the molecular mechanisms
by which calpain-1 activation supports the survival of newly born cells in the brain. Preliminary
results with primary cultures of fibroblasts derived from calpain-1 KO and WT mice suggest that
calpain-1 also regulates migration. Further studies are needed to better define the roles of
calpain-1 and calpain-2 in proliferation, migration and survival of newly-born neuronal precursor
cells in the brain and the functional consequences of deletion/mutation of calpain-1.
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Abstract: The adult brain contains neural stem cells (NSCs) that are self-renewing and generate
neurons, astrocytes and oligodendrocytes. The sensory circumventricular organs (sCVOs),
including the organum vasculosum of the lamina terminalis (OVLT), subfornical organ (SFO),
and area postrema (AP), are shown to have NSCs, but the characterization and functional
significance of NSCs in these regions are completely unknown. Employing Nestin-Cre/CAG-
CAT-EGFP mice, we showed that there were many enhanced green fluorescent protein (EGFP)-
expressing astrocyte-like cells and tanycyte-like ependymal cells in the sCVOs. Moreover,
EGFP-expressing astrocyte-like cells expressed glial fibrillary acidic protein (GFAP) in the SFO,
OVLT and AP and tanycyte-like ependymal cells often expressed GFAP only in the SFO. It was
shown that these astrocyte-like cells and tanycyte-like ependymal cells showed
bromodeoxyurigine (BrdU) incorporation into their nuclei. Lineage-tracing fate determination
experiments using Nestin-Cre/CAG-CAT-EGFP mice and BrdU immunohistochemistry
provided evidence that NSC originated within the sCVOs provided neural and glial cells to their
inside and their neighboring regions such as the medial preoptic area, ventral hippocampal
commissure, the nucleus of solitary tract, and 12N. Furthermore, we also found expression of
temperature, acid and capsaicin receptor transient receptor potential vanilloid 1 (TRPV1) and
TRPV1-depend activation of JAK-signal transducer and activator of transcription 3 in NSCs of
the sCVOs. In addition to that, NF-kB signaling was induced in NSCs of the sCVOs via the
activation of bacteria lipopolysaccharide receptor Toll-like receptor 4.These results suggest that
astrocyte-/tanycyte-like NSCs in the sCVOs act as sensors to detect blood-derived information in
addition to the new generation of neurons and glial cells.
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Abstract: Much effort has been spent trying to understand the function of adult-generated
hippocampal neurons. At the cellular level, adult-generated neurons progress through defined
developmental stages that are characterized by specific patterns of synapse formation, marker
expression, physiological function and cell death. Less is known about the developmental
timecourse of neurons born during the perinatal period. To address this question we injected rats
with the mitotic marker BrdU at postnatal day 6, to label neurons born at the peak of dentate
gyrus development. We then counted and characterized BrdU+ cells at 1hr, 1d, 3d, 1w, 2w, 3w,
4w and 8w timepoints. Unlike adult-born neurons, which undergo significant cell death during
the first 4 weeks after mitosis, we observed no loss of developmentally-born cells after the 1w
timepoint. Developmentally-born neurons upregulated NeuN and downregulated DCX
comparably to what has been observed in adult-born neurons. To assess functional integration of
BrdU+ neurons, we examined expression of the immediate-early genes c-fos and zif268 (rats
explored a novel environment). Similar to what has been observed in adult-born neurons, there
was an early peak in zif268 expression. However, peak zif268 expression occurred when neurons
were 2w old, which is 1w earlier than adult-born cells and consistent with evidence that
developmentally-born neurons mature faster than adult-born neurons. Exploration-induced c-fos
expression was present in a smaller proportion of neurons, did not show an early peak, and
plateaued at the 4w timepoint. To investigate whether developmentally-born neurons continue to
survive throughout adulthood we injected additional groups of rats with BrdU at postnatal day 6
and quantified surviving BrdU+ cells at 2 months and 6 months. In contrast to the stable survival
between 1w-8w, we observed a 17% loss of BrdU+ cells between 2-6months. Developmentally-
born neurons expressed caspase3 when rats were 2 months old, providing additional evidence
that these neurons underwent cell death. Collectively, our findings indicate that developmentally-
born and adult-born neurons differ markedly in their patterns of survival: during stages of



neuronal immaturity, adult-born neurons die but developmentally-born neurons are stable; when
neurons have reached maturity, adult-born neurons are stable and developmentally-born neurons
die. By identifying temporal patterns by which developmentally-born persist throughout the
lifespan, these findings may be relevant for understanding the dynamic nature of hippocampal
memory.
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Abstract: The concept of neurogenic niche in the brain proposes a functional unit between the
precursor cells and their local microenvironment. Neural stem cells in the neurogenic areas
proliferate in groups close to the perivascular space where their self-renewal and differentiation
is regulated. The central nervous system pericytes have been recognized as an indispensable
component of the neurovascular unit (NVU). In the hippocampus, this is important for providing
an optimal microenvironment for neural proliferation. Hippocampal neurovascular regulatory
system include both diffusible signals and direct contact with endothelial and pericytes, which
are a source of diffusible neurotrophic signals such as VEGF and FGFs, that affect neural
precursors. One of the key growth factors that regulate postnatal neurogenesis in hippocampus is
fibroblast growth factor-2 (FGF-2, also called basic FGF). FGF2 is expressed by endothelial and
periendothelial cells (pericytes) and FGF2 deficiency produces a decrease of neural proliferation
in the dentate gyrus. Interestingly, hippocampal neural precursors express Fgfrl, the major
receptor for FGF2 and its absence leads to a decrease in neurogenesis accompanied by a severe



impairment of long-term potentiation and memory consolidation. Previous studies suggest that
FGFs act directly on hippocampal stem cells. Since FGF-2 is a potential regulator in
neurogenesis and angiogenesis crosstalk, we propose to describe the precise role of FGF signal
in NVU development in the hippocampus by studying whether the neurovascular niche is altered
in FgfR1 mutant mice. In order to address it we focused on pericytes and endothelial cells to
detect vascular abnormalities during development, and subsequent anomalies in neuro-epithelial
specification, migration and differentiation of hippocampal granular cells and neurogenic niche
in the dentate gyrus. This work was supported by: FEDER BFU2011-27326, Red TERCEL
RD12/0019/0024, Generalitat Valenciana: PROMETEO 11/2014/014 and Walk on Project
Association (WOP)
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Abstract: Ability to visualize dividing stem cells in the whole animal brain would facilitate
analysis of neurogenesis dynamics and increase its accuracy, and may reveal hidden patterns of
cell division and neurogenesis. Here we describe new histological techniques for 3D
visualization and quantitation of proliferating cells in the whole brain of developing and adult
mice. Populations of dividing cells were labeled with 5-ethynyl-2'-deoxyuridine (EdU) and



detected using whole-mount click-reaction with fluorescent azide (WM-CLICK). Our method
allowed staining entire adult mouse brain and hippocampi and visualizing patterns of cell
division using confocal microscopy, light-sheet microscopy, and two-photon tomography. WM-
CLICK is compatible with simultaneous detection of dividing cells and stem cells revealed by
whole-mount immunohistochemistry and is well suited for automatic counting of stem and
proliferating cells in acquired 3D images. These new approaches were validated by conventional
methods for detection and quantitation of dividing stem cells. We applied our techniques for
visualization and 3D comparison of division and migration patterns in whole perinatal and adult
brain. Our data demonstrate the utility of the WM-CLICK methods for quantitative and
descriptive analysis of neurogenesis.
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Abstract: Introduction

Neural cells in vivo have polarized cell morphologies and form tissue with highly organized
anatomical structures and functional circuits. These properties are altered due to cell death
related to trauma or deficit, leading a decrease in patient’s ability to function. In humans the



regeneration capacity of nervous system is very limited. Tissue engineering, e.g. transplantation
therapy with either biomaterial scaffold or cells alone or their combination, could in future offer
new treatments to enhance functionality. In defected area the scaffold can act as an artificial
extra cellular matrix (ECM), supporting transplanted and/or host cells thus enhancing
regeneration. Cell growth guidance along the anatomical structure of tissue is desirable for
enhancing integration of transplant and regeneration of functional neural circuit. For guidance,
mechanical and chemical cues can be used to enhance tissue mimicking organized growth. The
aim of this work was to study the effect of topographical cues on growth of human neural cells in
vitro using 3D microstructure platform.

Materials and methods

Microstructures for cell cultures were manufactured using two-photon polymerization (2PP).
Neuronal cells were produced from human pluripotent stem cells (hPSCs) using a neurosphere
differentiation method. Human embryonic stem cell (hESC) line Regea 08/023 derived neurons
were cultured on the microstructures up to four weeks. Cultures were analyzed in time points 1, 2
and 4 weeks. Cell viability was studied using fluorescent LIVE/DEAD Viability/Cytotoxicity Kit
for mammalian cells. Cell growth was analyzed using scanning electron microscopy (SEM). Cell
phenotype was analyzed using immunocytochemical analysis against neuron specific proteins,
MAP-2 and  Tubulin III.

Results

Microstructures were manufactured with 2PP successfully and repeatably. Cell viability was
good during 4 weeks follow-up time. Both neuronal processes and cell soma migrated along the
microstructures according to SEM analysis. Cultured cells had neuronal phenotype confirmed by
MAP-2 and B Tubulin III protein expression by immunocytochemistry.

Conclusions

Produced microstructures provided favorable microenvironments for growth of human
pluripotent stem cell derived neurons. Cells were able to migrate along topographical cues and
form 3D networks utilizing the microstructures. The experimental set-up was successful and
offers new ideas for the field of in vitro 3D culturing.
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Title: Lineage specific effects of the Sonic Hedgehog pathway on the differentiation of human
embryonic stem cells
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Abstract: GLI1 is one of three GLI family transcription factors that mediate the Sonic Hedgehog
(SHH) signal transduction pathway. The pathway plays an important role in normal development
and cell differentiation. GLI1 is also a human oncogene with gene targets that sustain
proliferation, inhibit apoptosis, promote angiogenesis, and promote tumor cell migration. GLI1 is
highly expressed in embryonic stem cells (ESCs), neural stem cells (NSCs), and mesenchymal
stem cells (MSCs). Over-expression of SHH and GLII in stem cells enhances production of
neural progenitor and dopaminergic neurons. GLI1 can bind the promotor of Nanog and activate
its transcription for regulating self-renewal of NSCs. However, Nanog binds GLI proteins in
ESCs and represses GLI1-mediated transcriptional activation. The effects and mechanisms of
action of the SHH pathway on differentiation of human ESCs are incompletely understood. Here,
we studied the role of the SHH signal transduction pathway in differentiation of human ESCs.
For the spontaneous differentiation, we used embryoid body (EB) assay. Small molecules and
genetic modification were used to manipulate GLII activity. Gene expression and lineage
differentiation were evaluated by qPCR, western blot, immunocytochemistry, and biochemical
approaches. The GLII antagonist, GANT61, promoted mesodermal and endodermal
differentiation, but decreased ectodermal differentiation in human ESCs. The roles of the SHH
pathway directing the differentiation of human ESCs were investigated by comparing the results
of high-throughout screening assays, including mass spectrometry and chromatin
immunoprecipitation sequencing (ChIP-Seq) with published sequencing databases. These results
indicate that SHH pathway has lineage specific effects on the differentiation of embryonic stem
cells.
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Abstract: Neurons represent a highly specialized cell population of the central and peripheral
nervous system responsible for communicating information throughout the body. They are born
during embryonic development and persist throughout the entire life span of an individual.
During development, neurons are produced in excess numbers, which are massively reduced
during the establishment of mature neuronal circuitries. While cell death pathways are freely
active in immature neurons, mature neurons develop elaborate survival strategies to protect
themselves against stress and apoptosis. We set out to decipher the pathways associated with
increased resistance of mature human neurons to stress and apoptosis using human pluripotent
stem cell (iPSC)-derived neuronal cultures. We show that during the time course of maturation,
iPSC-derived neurons become increasingly resistant to several types of cellular stressors. This
goes along with a failure to activate cellular caspases. Comparative gene expression profiling of
immature and mature neurons identified several pathways differentially regulated in both cell
types, which are implemented in cell survival, stress response and autophagy. We got interested
in a small heat shock protein, which was strongly upregulated in mature neurons compared to
their immature counterparts. Small heat shock proteins might be of particular interest, because
the classical heat shock response is attenuated in mature neurons. In line with this we could show
that Hsp70 and Hsp27 are downregulated in mature neuronal cultures compared to immature
neurons. To investigate the specific contribution of the identified protein we generated knockout
cell lines using CRISPR/Cas9-mediated gene editing. Indeed, disruption of the genes increased
the susceptibility of knockout neurons to some, but not all stress conditions. Our experiments
shed new light on pathways associated with increased resistance of mature human neurons to
stress and provide a platform to investigate novel mechanistic principles in neuroprotection and
neurodegeneration.
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Abstract: To date, different protocols have been used to differentiate hESC into neuronal and
glial lineages, however, their maturation processes and functionality assays vary significantly
among the studies. Moreover, the majority of protocols used to differentiate hESC into astrocytes
include serum in the differentiation media, which leads to the production of activated astrocytes
since the very beginning of the maturation process. This finding, together with lack of critically
addressing interdependency of co-cultures, precludes physiological testing of the interaction
between neurons, astrocytes and oligodendrocytes and their functionality.In this study, we have
designed a protocol allowing for Neural Stem Cells (NSCs) (H9-derived) to be directed to nearly
equivalent proportion of neurons, astrocytes and oligodendrocytes in serum free conditions. The
medium was designed to develop brain-like environment to test for their interactions and
functionality. More specifically, this protocol allows for simple, fast and efficient derivation of
neurons, astrocytes and oligodendrocytes from a single batch of NSCs, which can be sorted into
any physiological or pathological combination. We find that this newly designed co-culture
system significantly improved both the astrocyte features and adequate support to neuronal
activity in culture. These results indicate that the proposed platform can be used as a powerful
tool to study neurobiological impact of glial cell on neural differentiation and development and
promote different approach to study human neurological diseases in vitro. Further experiments
with different types of stem cells will be needed to confirm our preliminary findings.
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Abstract: Inhibitory interneurons shape cortical processing through diverse patterns of
connectivity, firing pattern, and neurochemical identity. These cells have been implicated in
human neurodevelopmental and psychiatric disorders, and multiple protocols have described
methods to generate these cells from hESCs and iPSCs in vitro for both research and therapeutic
purposes. To assess the diversity of interneuron progenitors and neurons in culture, we
developed a protocol to generate them from hESCs. We sorted progenitors from neurons using
the DCX-Citrine hESC reporter line, RNAseq was performed at the subpopulation and single-
cell level and transcriptomic differences between populations were analyzed over the course of
differentiation. We find that the cells generated using this protocol reliably differentiate into
MGE-like progenitors and GABAergic neurons, and that many of the genes known to play a role
in this process are expressed. When the gene expression of cells generated in vitro were
compared to migrating interneurons present in fetal brains, we found that in vitro-derived
interneurons present at day 54 of differentiation were most similar to fetal interneurons present at
100 dpc. Multiple distinct populations of progenitors and neurons were present at each timepoint,
allowing us to characterize the dynamics of cell type production in this system, as well as
identify novel genes involved in cortical interneuron differentiation. We discovered that genes
implicated in human diseases, such as epilepsy, autism and schizophrenia, are expressed as SST"
cortical interneurons differentiate and become functional.
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Abstract: The development of the human cortex requires a precise choreography of progenitor
proliferation, neurogenesis and neuronal migration, which can be disrupted in malformations of
cortical development (MCDs). In the past, most studies on MCDs were performed using mouse
models. Critical structural differences between human and mice might, however, necessitate the
use of additional model systems. In this context, pluripotent stem cell (PSC)-derived three-
dimensional (3D) cerebral organoids, which faithfully recapitulate certain aspect of human brain
development in vitro, have emerged as an attractive alternative. Here we used cortical organoids
derived from human induced pluripotent stem cells (iPSCs) to address pathophysiological
changes associated with Miller-Dieker Syndrome (MDS), a severe form of MCD caused by a
haploinsufficiency on chromosome 17p13.3 involving the genes LIS and YWHAE (coding for
14.3.3¢). Both proteins, LIS1 and 14.3.3¢, are components of an intracellular multiprotein
complex including NDEL1, which is essential for the regulation of cytoplasmic dynein,
centrosomal protein localization and microtubule dynamics. When applying our cortical
organoid model to iPSCs derived from patients with MDS, we found that typical pathological
hallmarks of the disease can be recapitulated in vitro. In particular, we observed that organoids
from MDS patients show a significant reduction in size, disruption of cortical microtubule,
switch in spindle orientation of ventral radial glia cells and early neurogenesis. Phenotypic
changes could be rescued by applying CRISPR/Cas9 mediated genome editing of either LIS1 or
14-3-3¢ suggesting a role of both, LIS1 and 14.3.3¢, in early cortical progenitor expansion. These
data indicate that iPSC derived 3D cortical organoids serve as a promising system to model
complex MCD in vitro.
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Abstract: Giant Axonal Neuropathy (GAN) is a rare pediatric neurodegeneration caused by
mutations in the protein gigaxonin. This E3 ubiquitin ligase adaptor protein enables orderly
turnover of intermediate filaments in neurons and vimentin filaments in fibroblasts. Neurons that
fail to correctly process filaments form large neurofilament and peripherin aggregates, creating
giant axons that become increasingly dysfunctional. Effects are most critical in motor neurons,
leading to extreme weakness for both locomotion and breathing. Death occurs within two
decades for the most severe cases. Although a human clinical trial of AAV9 intrathecal gene
replacement has recently begun, a wide range of cells will remain uncorrected even the most
effective gene therapy. Drug treatments that can reduce the vulnerability of cells to the stress of
accumulating protein remain an important aspect of a combinatorial therapeutic strategy.

In order to screen candidate drugs, neurons generated from patient cells, particularly the most
severe cases such as GAN, are very useful. Human induced pluripotent stem cells (hiPSCs) from
GAN patients with missense mutations have been generated; however, severe homozygous
deletion mutations also show large vimentin aggregates when fibroblasts are grown from
biopsies. These donor cells show poor proliferation and reprogramming capacity using standard
procedures. We therefore developed a novel culture protocol utilizing a continuous supply of
FGF2 and EGF released from StemBeads®. StemBeads® are micrcoencapsulated proteins in a
biodegradable polymer allowing the continuous release of proteins. StemBeads® significantly
enhanced proliferation, total cell number, and increased capacity to reprogram and yielded higher
efficiency. Further improvements in culture protocols for production of multiple types of neurons
from homozygous deletion and missense cell lines has enabled us to follow defects in axons to
test pharmacological interventions.

hiPSCs differentiated into cortical and motor neurons were stained with JC-1 to reveal
mitochondrial dynamics and activity. Three-dimensional images collected on a multiphoton
microscope were analyzed to track the movement of mitochondria along axonal processes,



followed by immunolabeling to confirm distribution of cytoskeletal proteins affected by GAN.
This approach to use continuous growth factor exposure via StemBeads® to mimic in vivo
conditions for optimal cell reprogramming and neuronal differentiation of hiPSCs, while
allowing quantitative monitoring of mitochondrial transport and function, should be applicable to
a wide range of neurodegenerative diseases.
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Abstract: Genomic sequencing has rapidly expanded our understanding of the polymorphisms
underlying complex neuropsychiatric disorders. However, we still have a limited understanding
of the cellular phenotypes induced by these risk-associated alleles. 3D Cerebral organoids
represent an emerging model that meets many of the criteria for an optimal in vitro system to
phenotype specific mutations. However, current organoids appear to only represent early
timepoints in brain development, and whether they can be used to phenotype the functional
effects of psychiatric disease risk alleles on neuronal development and network behavior has not
been fully explored. We have implemented a modified version of the culturing protocol
developed by Lancaster et al.' to enable efficient long-term cultures, and have achieved healthy
growth of cerebral organoids for over nine months. We have characterized a timecourse of
generation of different brain structures and cell types within one to nine month old organoids by
immunohistochemistry. This data shows that organoids develop by producing neural progenitors
followed by neurogenesis. At later stages of differentiation, following a developmentally-correct
temporal sequence, we observed astrogliogenesis and synaptogenesis paralleled by formation of
active neuronal circuits. To understand the exact cellular composition of a cerebral organoid, we



used high-throughput single cell RNA sequencing via droplet sequencing” to profile a large
number of cells (60,000 cells) across 19 six month old organoids. Analysis shows that organoids
display a high degree of cellular diversity, including expression of markers of distinct subtypes
of progenitors, glial cells, and class-specific markers of excitatory and inhibitory cortical
neurons. We also identified cell-type-specific expression of autism and schizophrenia-linked
genes, further validating the use of cerebral organoids to model complex neuropsychiatric
disorders. Together, our data demonstrate that aspects of human brain development and circuit-
level changes in physiological and pathological conditions can be modeled using long-term
cultures of cerebral organoids.

1. Lancaster, MA et al. (2013) Cerebral organoids model human brain development and
microcephaly. Nature

2. Macosko, EZ et al. (2015) Highly Parallel Genome-wide Expression Profiling of Individual
Cells Using Nanoliter Droplets. Cell
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Abstract: Progress in dissecting the molecular programs underlying human brain development
and the subsequent emergence of network activity has been remarkably slow, stalling advances
in understanding neuropsychiatric disorders. This is partly due to the lack of direct access to
brain cells from patients, the slow translation of findings from rodent models, and the
unavailability of functionally relevant in vitro models. Here, we developed a novel
tridimensional (3D) differentiation method of human pluripotent stem cells (iPSC, ES) to
generate neural spheroids resembling either the laminated neocortex (cerebral cortical spheroids)
or the ventral telencephalon (subpallial spheroids), which includes cortical interneurons. Using
labeled spheroids, we engineer two-region human forebrain structures, and employed state-of-
the-art live imaging, electrophysiological recordings and calcium imaging techniques, to explore
complex cell-to-cell interactions in the developing telencephalon and in the context of
neurodevelopmental disease. Our results provide novel insights into the unique features of
human cortical interneurons in the developing cortex.
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Abstract: For the majority of CNS disorders which leads to neuronal loss and impaired function,
no treatment or cure exists. We hypothesize that clinical translation of promising experimental
therapies may be more efficient if current 2D in vitro models are complemented with 3D in vitro
models mimicking the native milieu. Although the generally accepted importance of the
extracellular matrix (ECM), during nervous system development and in the homeostasis and
function of the adult nervous system, this knowledge still need to be translated and its impact
explored in in vitro neural cell-based systems. Hence, we here explored how a 3D physical
culture environment effects the phenotypic differentiation of human neural progenitor cells
(HNPCs) as compared to a traditional 2D culture system. Randomly oriented, 3D, sub-micron
fiber networks (thickness: 200 um, fiber diameter: 350-700 nm) of biodegradable
polycaprolactone (PCL) was fabricated using a custom built Focused, Low-density,
Uncompressed nanoFiber (FLUF) electrospinning setup. A mitogen-expanded multipotent
HNPC line was used. At 20 days of culture the survival, neurogenic potential, neurite extension
and functional development was studied using immunocytochemical-, biochemical- and
electrophysiological techniques, and compared to controls cultured at 2D glass surfaces.
Fluorescence-, confocal- and scanning electron microscopy were used. HNPC cultured in the 3D
meshes showed excellent survival, potential to physically integrate in all three dimensions of the
mesh and extension of long neurites. Importantly, HNPC demonstrated the capacity to mature
into functional neurons as revealed by electrophysiological recordings. Notably, in 3D scaffolds
in vivo-resembling intermixed neuronal- and glial cell network were formed, whereas in parallel
2D cultures a neuronal cell layer grew separated from an underlying glial cell layer.
Encouragingly, our results show the potential use of electrospun, 3D, PCL nanofibrous scaffolds
for long-term cultivation of human brain stem cells with the potential to form
electrophysiological functioning neurons. Hence, 3D cell-scaffolds may be very useful in further
developmental- as well as therapeutical studies on the nervous system.
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Abstract: Action potential firing and synaptic activity are fundamental properties of neurons in
the brain. Bardy et al. (PNAS, 2015) have recently reported that Neurobasal™ Medium and
DMEM/F-12 support neuron survival but suppress their synaptic activities in culture. To solve
this problem, we have developed BrainPhys™ Neuronal Medium (BrainPhys™), based on the
formulation published by Bardy et al., to support growth and synaptic function of neurons in
long-term cultures. Here we describe the effect of BrainPhys™ and DMEM/F-12 based media on
the development of neuronal electrical activity of human pluripotent stem cell (hPSC)-derived
and primary E18 rat cortical neurons in 3 and 6 weeks cultures, respectively. For hPSC cultures,
neural progenitor cells derived from either induced pluripotent stem cells (iPSCs) or embryonic
stem cells (ESCs) were differentiated in BrainPhys™ or DMEM/F-12 (control) with
supplements, and cultured for 3 weeks. We performed half-medium changes every 3 - 4 days and
measured the neuronal electrical activity twice a week using the multielectrode array (MEA)
system. Our data showed that the mean firing rate of iPSC- and ESC-derived neurons (n = 1; 32
electrodes) in BrainPhys™ increased from <0.09 Hz on day 12, to 0.38 Hz and 0.17 Hz by day
25, respectively. In contrast, the mean firing rate of neurons in DMEM/F-12 remained low
(<0.06 Hz) over the same 3-week period. For experiments using primary tissues, E18 rat cortical
cells were plated in Neurobasal™ Medium with NeuroCult™ SM1 Neuronal Supplement (SM1).
After 5 days, cultures were either transitioned to BrainPhys™ with SM1 or maintained in the
Neurobasal™ control by performing half-medium changes every 3 - 4 days for 6 weeks.
Electrical activities were measured twice a week throughout the culture period. Our data showed
that the mean firing rate of neurons in BrainPhys™ cultures increased over time, from 0.03 Hz
on day 14, to 1.4 Hz by day 44 (n = 1; 128 electrodes). The percentage of active electrodes
(>0.005Hz) also increased from 24% on day 14 to 69% at day 21, and then remained stable at 60
- 70% from days 21 - 44. In contrast, the mean firing rate remained low (<0.1 Hz) in the control,
with <5% of electrodes being active over a 6-week period. These data confirm that BrainPhys™
Neuronal Medium with appropriate supplements, supports the survival and synaptic function of
hPSC-derived and primary neurons by providing a physiological in vitro condition that closely
mimics the environment of the brain. BrainPhys™ is therefore, an optimal basal medium for
establishing physiologically relevant neuronal cultures for the study of neurobiology in vitro.
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Abstract: Induced pluripotent stem (iPS) cells have the capacity to differentiate into various cell
types, making them useful for clinical applications, such as tissue engineering. In some cases,
iPS cells can directly differentiate into functional organs in vitro; however, in vitro models are
generally required to understand the differentiation and maturation processes that occur in vivo.
In this study, we investigated these processes using a co-culture system of both iPS and primary
culture cells derived from mice. In addition, we consider the possibility that both co-culturing
and culturing temperatures have a major impact on these processes. Therefore, we investigated
the changes occurring in iPS cells when culturing at different temperatures, such as at 39°C or
41°C. First, iPS cells were plated on feeder cells and cultured for 2-3 days. Subsequently, the iPS
cells were moved to non-adhesive plastic dishes and cultured for 6 days to form colonies. iPS
cell colonies were plated on 24-well assay plates using a cell culture insert and cultured for 6-30
days with dorsal root ganglia (DRG). We measured NeuN protein expression in differentiated
neural cells using a fluorescent image analyzer. The NeuN levels in differentiated neural cells,
which were derived from co-cultured iPS cells, decreased from 6 to 12 days of culture.
Furthermore, BIII-tubulin protein expression in differentiated neural cells decreased from 12 to
18 days of culture. We also analyzed NeuN gene expression in differentiated neural cells using
real-time PCR. The NeuN levels during differentiation in the control transiently peaked at 12
days of culture. In contrast, levels in the co-culture peaked at 6 days of culture. Our results
suggest that co-culturing with DRG slightly inhibits iPS cell differentiation into neural cells
compared with that in control. However, NeuN gene expression levels in the case of co-culture
peaked earlier than those in control. Therefore, iPS cell differentiation and maturation processes
might be influenced and regulated by other cells, i.e., DRG cells, in the case of co-culture. The
protocols used in this study were approved by the Animal Ethics Committee of Toyo University.
This work was partially supported by a grant from the Center for Biomedical Engineering
Research, Toyo University.
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Abstract: Induced pluripotent stem cells (iPSCs) have immense therapeutic potential to treat
many dysfunctions in the nervous system. However, iPSCs generation and differentiation remain
contaminated with the use of animal-derived products which limits the predictive power stem
cell-derived models of human diseases in basic research and restricts their clinical applicability.
Significant efforts are now being invested in finding replacements for animal-derived products
for iPSC generation and differentiation. To further facilitate the application of these xeno-free
techniques, we are creating an open-access online xeno-free stem cell toolkit. This toolkit will
include a database of existing xeno-free protocols as well as help identify procedures that require
the development of alternatives. The prototype database is being designed to feature advanced
search functions and opportunities for users to report reproducibility, optimizations, sample
results, ratings and comparisons relative to similar protocols. This interactive online database of
xeno-free stem cell protocols is the first resource of its kind and aims to improve accuracy,
transparency, quality, cost and rate of translation of stem cell research into clinical applications.
Moreover, this framework can be adopted as a protocol centralization model to promote open
xeno-free, human-based scientific research with standardized and reproducible methodologies.
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and microcephaly
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Abstract: Differentiation of human induced pluripotent stem cells (iPSCs) into three
dimensional (3D) tissue resembling organogenesis, termed organoids, provides a valuable
platform for investigating human development in vitro. An immediate application of organoid
technology is to address the current global public health emergency concerning the link between
Zika virus (ZIKV) and microcephaly, a neurodevelopmental disorder, by modeling human brain
development. However, high cost, variability and tissue heterogeneity currently limit the
accessibility and broad applications of existing brain organoid technologies. To address these
challenges, we engineered a miniaturized multi-well spinning bioreactor (SpinQ2) using 3D
printing technology, which dramatically reduced the cost of maintaining organoids and permits
comparisons of many culture conditions in parallel for optimization. Using two rounds of
patterning factor treatments, we developed a protocol to generate forebrain organoids with
minimized heterogeneity that enables quantitative analyses and better recapitulation of the



developing human cortex. Importantly, these forebrain organoids exhibit the neural progenitor
cell (NPC) organization unique to primates in the form of a well-developed outer subventricular
zone-like region containing prominent NPC populations that share molecular and morphological
features of human outer radial glia cells (0RGCs). Forebrain organoids also generate robust and
organized populations of neurons expressing markers found in all six layers of human cortex, as
well as various GABAergic neuronal subtypes. In addition, large-scale comparisons of global
transcriptome analyses confirmed that forebrain organoid development closely correlates with
human cortical development at the molecular level. Finally, we employed the forebrain organoid
platform to model Zika virus (ZIKV) exposure. Quantitative analyses revealed that both African
and Asian strains of ZIKV exhibit specific tropism toward NPCs, including oRGCs, although
ZIKV could also be detected in immature neurons, intermediate progenitor cells, and astrocytes.
Time-course analysis further shows that ZIKV infection in NPCs is productive, resulting in more
infected cells over time. ZIKV infection leads to increased cell death and reduced proliferation,
resulting in decreased neuronal cell layer volume and overall organoid size, resembling
microcephaly. Together, our forebrain organoids and SpinQ provide an accessible and versatile
platform, for modeling human brain development and disease and for compound testing,
including potential ZIKV antiviral drugs.
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Title: Human Radial Glia-like cells are targeted and killed by Zika Virus In vitro
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Abstract: The recent outbreak of Zika virus (ZikV)-associated microcephaly in Brazil is a major
concern in terms of public health around the globe. Few data are available regarding the effects
of ZikV on the developing brain. Radial glial cells are major neural progenitors during initial
stages of central nervous system (CNS) development. Recently, these cells were pointed as
potential candidates to mediate ZikV entry in the CNS during development (Nowakowski et al.,
2016). Here we test the hypothesis that ZikV is able to infect and induce deleterious effects on
human radial glia (RG)-like cells derived from induced pluripotent (iPS) stem cells. RG-like
cells were obtained by two subsequent differentiation protocols where iPS cells were
differentiated into neural stem cells, which then were differentiated as glial cells (Yan et al.,
2013). Immunocytochemistry for radial glia markers showed that 99% of these cells are
GFAP+/Nestint+ and 90% PAX6+. To test ZikV infectivity, RG-like cells were exposed to two
different strains of ZikV (766 and Br ABES - isolated from African and Brazilian patients,
respectively). Immunocytochemistry using the antibody anti-flavivirus group antigen (clone
4G2) was performed after 24h and 48h following virus exposure. In both groups we found that
10% and 30% of cells were labeled with the ZikV antibody, respectively, suggesting that the
virus is not only able to infect but also to replicate in these progenitor cells. Cell viability was
assessed after ZikV infection (MOIs: 0.25; 0.025; 0.0025). Live/Dead assay (Thermo) was
performed using a high-content screening plataform. Three days after infection, significant
increase in cell death was observed in the group infected with the 766 ZikV strain (~60% cells
died with the 0.25 MOI). At this time point, no significant increase in cell death was observed in
the Br ABES ZikV strain. Six days after infection, we found significant increase in cell death in
all different groups infected with the 766 ZikV strain where the 0.25 MOI exhibited ~100% cell
death and the groups with 0.025 and 0.0025 exhibited ~70% and 50% dead cells respectively. In
this time point we were able to detect that ~60% of cells died in the group infected with 0.25
MOI Br_ABES ZikV strain. Our results point that the 766 ZikV strain is faster than the

Br_ ABES strain on promoting cell death. The understanding of differences between these two
strains of ZikV is crucial to understand the recent outbreak of ZikV-associated microcephaly in
Brazil. Taken together these results demonstrate that the model of ZikV infection in RG-like
cells is a potential tool for drug screening against the deleterious effects of ZikV in the
developing CNS.
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Abstract: Zika virus (ZIKV) has been associated with microcephaly, a rare brain malformation
characterized by the reduction of cephalic perimeter; Here we examined morphological changes
in neurospheres derived from human neural stem cells infected with ZIKV isolated in Brazil.
Reduced size, changes in shape and increased cell death mediated by caspase were observed in
neurospheres three days after infection. Reduced number neural progenitor cells and neurons
were also observed in ZIKV-infected neurospheres. These results suggest human neurospheres is
useful to screen for compounds able to reduce the harmful effects of ZIKV infection for neural
progenitor cells and developing neurons.
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Abstract: The advent of induced pluripotent stem cells (iPSC) has given rise to new tools for
modeling human development and disease progression, and for use in drug screening. In one
example, the single nucleotide polymorphism (SNP) rs1799971 (OPRM1 A118G) has been
linked to drug and alcohol use disorders. Our preliminary analysis of human neurons derived
from iPSC revealed functional differences (e.g., ligand sensitivity as well as receptor recycling)
between A118- and G118-carrying human neurons from multiple donors. However, the diverse
genetic background of the human genome has hampered the usefulness of iPSC in these
applications. Currently, control iPSC lines often consist of age and sex matched non-affected
subjects or non-affected family members but these exhibit a great deal of heterogeneity due to
individual differences. The use of the CRISPR (clustered regularly-interspaced short palindromic
repeats)/Cas system can create isogenic cell lines that will serve as better controls. We
hypothesize that conversion of the G118 allele to A118 will reverse the phenotypes. We are in
the process of implementing CRISPR technology to generate OPRM1 isogenic iPSCs, to further
validate this phenotype as a potential biological basis underlying drug abuse behaviors, and as a
proof of principle for establishing this technology. Unfortunately, the use of CRISPR/Cas in
iPSC is complicated by many factors, including the resistance of iPSC to common exogenous
gene delivery methods, the differences between non homologous end joining and homologous
recombination in pluripotent vs. somatic cells and the difficulty of obtaining a clonal iPSC
population. At RUCDR we are developing a high throughput, cost efficient strategy for using
CRISPR/Cas to genetically modify iPSC for creating isogenic lines. Our strategy revolves
around the optimization of 4 steps - delivery of the CRISPR/Cas 9 components, gRNA selection,



donor selection and the clonal isolation of a completely edited cell line. Preliminary results
indicate that the use of electroporated Cas9 protein pre-bound with in vitro transcribed guide
RNA substantially increases DNA cleavage at the desired site. Either synthetic oligonucleotides
or plasmids incorporating drug selection strategies may be used as homologous recombination
donor. We have adapted methods for screening pooled cells or single-cell-derived colonies. By
optimizing each of these steps our goal is to establish a validated protocol for applying CRISPR
technology to a broad variety of genetic variants.
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Abstract: Human induced pluripotent stem cells (iPSCs) have recently emerged as a versatile
model system to study human diseases. The iPSCs derived from individuals carrying specific
gene variants or mutations enable the expression of endogenous genes at the physiological levels,
allowing disease modeling of relevant phenotypes in vitro. The €4 allele of the apolipoprotein E
(APOE4) gene is the strongest genetic risk factor for late-onset Alzheimer’s disease (AD)
compared to the common &3 allele or the protective €2 allele. In the central nervous system, apoE
is produced primarily by astrocytes and functions in transporting lipids including cholesterol to
support neuronal homeostasis and synaptic integrity. Although mouse models have provided
valuable tools for studying apoE isoform-dependent functions, recent studies have shown that
human astrocytes have distinct gene expression profile compare with rodent astrocytes. Thus, it
is critical to examine isoform-dependent biochemical and functional properties of apoE derived
from human astrocytes. We obtained human skin fibroblasts from cognitively normal individuals



with different APOE genotypes (£2/e2; €3/€3; or €4/e4) and reprogramed them to iPSC clones by
episodic expression of defined transcription factors. The iPSC clones were then differentiated
into neural progenitor cells and further into astrocytes. We found that apoE expression appeared
in parallel with the appearance of astrocytic markers. Importantly, apoE lipoprotein particles
isolated from the conditioned media of human iPSC-derived astrocytes displayed isoform-
dependent biochemical properties and functional effects on neuronal viability and synapses. We
further converted the APOE €4/e4 genotype to €3/€3 in iPSCs using the CRISPR/Cas9
technology and explored the phenotypic effects on apoE properties and functions. Our studies
support apoE isoform-dependent effects using human iPSC-derived astrocytes and provide an in
vitro human model in understanding the role of apoE in AD pathogenesis.

Disclosures: J. Zhao: None. M. Davis: None. Y. Atagi: None. Z. Wszolek: None. N. Graff-
Radford: None. S. Younkin: None. T. Kanekiyo: None. G. Bu: None.

Poster

495. In Vitro Models of Human Brain Development and Pathology: From Stem Cells to
Brain Organoids

Location: Halls B-H

Time: Tuesday, November 15, 2016, 8:00 AM - 12:00 PM
Program#/Poster#: 495.19/E25

Topic: A.03. Stem Cells and Reprogramming

Title: Improved differentiation of human pluripotent stem cell-derived neurons through
reduction of progenitor proliferation

Authors: *Y. YAN, N. KAUR, J. SAGAL, P. RAVISHANKAR, M. VEMURI, M. POWERS,
D. KUNINGER;
Div. of Cell Biol., Thermo Fisher Scientific, Frederick, MD

Abstract: Neurons derived from human pluripotent stem cells (hPSCs), including embryonic
stem cells (ESCs) and induced pluripotent stem cells (iPSCs), are excellent resources for disease
modeling and drug screening. Human PSCs derived neural stem cells (NSCs) can be expanded in
culture and further differentiated into mature neurons for various experiments. However, cells
differentiated from hPSC-derived NSCs often contain mixed population with both differentiated
neurons and undifferentiated NSCs by using classical culture medium, typically including a basal
medium, B27/N2, brain-derived neurotrophic factor, glial cell-derived neurotrophic factor and
other reagents. Due to the continuing proliferation of undifferentiated NSCs, very high cell
densities and cell aggregation clumps are usually observed during the differentiation of hPSC-
derived NSCs and increase over time, which poses challenges for long-term maintenance and
end-point quantification. We have developed supplement which can reduce the proliferation of



undifferentiated NSCs without impacting the rate or extent of differentiation for hPSC-derived
NSCs. The overall effect increases the relative population of differentiated neurons in culture.
Typically, under these conditions by 2-3 weeks differentiated neurons with extensive neurite
networks are seen that are evenly distributed across the culture surface, with very little clumping
or aggregation observed. Immunocytochemical staining showed that differentiated neurons
expressed mature neuronal marker MAP2 or HuC&D without the contamination of
undifferentiated Nestin positive NSCs. Multielectrode array (MEA) showed that differentiated
neurons fired spontaneous action potentials, indicating functional neurons. By using this new
supplement, differentiated neurons can be maintained for longer time in culture. Furthermore, the
evenly distributed mature neurons are more favorable to manual or automated imaging for
quantification.
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Abstract: Activins are members of the transforming growth factor beta family and are involved
in stem cell maintenance and differentiation as well as development of multiple organ systems.
Specifically, Activin A is expressed during eye field specification and retina development.
However, the effect of Activin A on these processes is poorly understood. This is partly due to
the difficulty in dissecting and studying the embryonic anterior neural tissue and retina where
these early developmental events occur in vivo. In vitro differentiation of pluripotent stem cells
provides an alternative approach for studying these developmental events.

We have directed the differentiation of BK3 and HM1 mouse embryonic stem cells (ESCs) into a
retinal lineage. The differentiated cultures progress through a series of stages that correspond to
the normal progression of development in vivo. These stages include formation of the early eye
field, then early retina, and finally generation of specific retina cell types and were identified by



measuring the expression of marker genes. This defined in vitro protocol can be used to
investigate the molecular basis for rod photoreceptor development in a strictly controlled in vitro
system.

We then used the in vitro differentiation system to test the hypothesis that Activin A increases
rod photoreceptor yield during a transient developmental period. Treating BK3 and HM1 ESCs
with Activin A results in increased expression anterior neural and eye field marker genes. It also
increases and maintains the expression of marker genes associated with photoreceptor precursors
and other late retina cell types and decreases the expression of genes associated with early retina
cell types and retinal progenitor cells in a dose-dependent manner. This effect is only detectable
when Activin A is introduced at stages corresponding to early eye field and retina formation. As
these time frames can shift depending on the pluripotent stem cell line used, our results highlight
the importance of understanding the variations between pluripotent cell lines and their
endogenous levels of Activin expression. Furthermore, while Activin A can increase the
proportion of photoreceptor precursors in culture, it does not have an obvious effect on
expression of mature rod photoreceptor genes, indicating that Activin A plays a role in eye field
specification and retinal lineage determination while other factors may influence maturation of
cells committed to the photoreceptor lineage.
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Abstract: Neurons and glial cells derived from genome-edited human induced pluripotent stem
cells (e-hiPSCs) have become a popular model to study neurological disorders, but we still lack
some basic characterization of these cells as models of disease. While studying the
transcriptomes of a panel of e-hiPSC-derived neurons carrying identical Alzheimer’s disease-
associated mutations, we unexpectedly identified a large number of clonal, genotype-
independent disparities among neuronal populations derived from single e-hiPSCs. These
disparities originate in the obligatory step of single-cell isolation and selection during the process
of genome editing. We observed that the intrinsic cell-to-cell heterogeneity within the parental
hiPSC line is transformed into heterogeneity among single cell-derived sublines, and each single
cell-derived subline becomes a relatively homogenous subpopulation. This effect is particularly
evident in the family of fifty-three human clustered protocadherins (c-pcdhs). Most c-pcdhs are
expressed in neurons as single cell-specific combinations of different c-pcdhs. We found that
each single cell-derived e-hiPSC subline primes the transcriptional fate of a unique c-pcdh
signature (or combination), which is robustly propagated and clonally transmitted into derived
neuronal progenitor cells (NPCs), neurons, and glial cells. Single cell-derived, non-edited
hiPSCs and blastocyst-derived human embryonic stem cell (hESCs) share this c-pcdh priming
property with e-hiPSCs. Since c-pcdh signatures and other clonal attributes inherited from
progenitor single hiPSCs may interfere with the identification of genome edited-associated
phenotypes when comparing edited and non-edited cells, we will suggest modifications in the
genome-editing protocol to circumvent this effect. Corollary to our studies, we concluded that
neuronal and glial c-pcdh signatures are, unexpectedly, pre-defined and permanently propagated
from an early stage in human pluripotent cells, barcoding the progeny derived from the same
single cell. These barcodes can be erased and de novo written upon cell reprogramming, but
remain locked afterwards. Intriguingly, neurons derived in vitro in the absence of an intermediate
pluripotency state (iNs) inherit pre-defined c-pcdh patterns from parental somatic cells, which
resemble their non-neuronal, non-pluripotent origin. Since c-pcdh signatures dictate cell-to-cell
recognition and self-avoidance during the formation of neuronal circuits, and contribute to
neuron diversity in the human brain, our findings add an unexpected and unexplored level of
complexity to modeling neurological disease in a dish
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Abstract: Induced pluripotent stem cells (iPSCs) reprogrammed from patient-derived blood or
skin cells have become a key resource for human disease modeling and therapy discovery. The
California Institute for Regenerative Medicine (CIRM) recognized the value and need for these
resources and created the CIRM Human Induced Pluripotent Stem Cell Bank. To ensure the
proper storage, handling, and distribution of these samples, CIRM partnered with the Coriell
Institute for Medical Research, a leader in biobanking, to fund the establishment of a satellite
repository location in California. Coriell provides clinical data management, data hosting, and
biospecimen storage and distribution. In addition to several control donors, a variety of
genetically complex brain- and eye-related diseases are represented in the CIRM hiPSC Bank:
Alzheimer’s disease, Macular Degeneration, Glaucoma, Diabetic Retinopathy, Autism Spectrum
Disorder, Cerebral Palsy, and Epilepsy. These iPSCs are reprogrammed by Cellular Dynamics
International (CDI), which is funded by CIRM to derive iPSC lines from 3,000 donors using
their proprietary non-integrating episomal vector system. To ensure the quality of the lines, each
one undergoes a rigorous quality control (Chromosomal Integrity, Pluripotency, Identity
Confirmation, Loss of Plasmid, Mycoplasma, and Sterility) prior to being banked by the Coriell
Institute. A majority of donors are also screened and negative for HIV, HBV, and HCV. The
CIRM hPSC Bank is currently comprised of several hundred iPSC lines with extensive clinical
data. The specimens are presented to users via Coriell’s online (catalog.coriell.org/CIRM) where
users have the ability to perform detailed clinical data searches, browse dedicated disease and
sample pages and place orders. Importantly, each of these iPSCs can be fully licensed to afford
commercial entities Freedom to Operate. The overall quality of these lines, Freedom to Operate,
available clinical data, and accessible catalog experience makes this an unmatched resource for
researchers worldwide. The CIRM hPSC Bank at Coriell contributes to fulfill CIRM’s mission of



accelerate stem cell treatments to patients with unmet medical needs by making high quality
iPSCs publicly available worldwide to investigators from academia and industry.
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Abstract: The human brain is a profoundly complex organ composed of billions of neurons,
representing tens to hundreds of interconnected cell types, and elegantly assembled into an organ
capable of consciousness, reason, and personality. Advances in pluripotent stem cell
technologies, and their use in the creation of human cortical neurons provides a promising
platform to study human brain development and associated neurodevelopmental disorders. Here,
we present an analysis of the lineage of human cortical cell types generated from differentiated
human embryonic stem cells (hESCs), and a comparison of those cell types with primary
samples. Single progenitors and neurons were transcriptionally profiled throughout the
differentiation time-course. Comparison of the transcriptomic data to existing gene expression
atlases and primary human fetal tissue putatively identified a major lineage branch in the culture
as belonging to the earliest born neurons of the cortex deriving from the preplate, including



Cajal-Retzius and/or subplate neurons. New computational methods were developed to infer a
lineage tree from the single-cell gene expression data, highlighting a major early branchpoint
dividing the lineage of cortical, preplate-like neurons from a different branch exhibiting a set of
mid/hindbrain gene markers, suggesting that the earlies molecular steps in establishing region-
specific neural lineages are represented in this culture. In summary, through comprehensive
single-cell transcriptomic profiling, we present a hESC-derived lineage tree of multiple brain
regions and demonstrate its similarity to progenitors and neurons found in primary tissues.
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Abstract: Down syndrome (DS) is the most common genetic disorder of intellectual impairment
and is caused by trisomy of chromosome 21. Although DS patient exhibit reduced brain size and
diminished GABA transmitter from fetal tissue and postmortem studies, the precise cellular and
developmental mechanisms of cognitive disorder in DS remain unclear. Patient induced
pluripotent stem cells (iPSCs) provide an opportunity to uncover human developmental
disorders. Here, we differentiated iPSCs derived from DS patients into forebrain GABA
interneurons. Compared to the disomy iPSC control, the DS GABA interneurons demonstrated



defects of neuronal morphological complexity in vitro. To discern the cellular behaviors of DS
GABA interneurons in vivo, we further transplanted these GABAergic progenitors into medial
septum of SCID mice. After six months of transplantation, the transplanted DS iPSCs generated
GABA interneurons similarly with disomy iPSCs in vivo. However, we found DS GABA
interneurons had a reduction of neural soma size, shorter neurites, and less dendritic complexity
in the graft and adjacent area. Furthermore, DS GABA interneurons exhibit impaired migration
and neurite projection along septohippocampal pathway and in hippocampus. These results
suggest the abnormal development of DS GABA interneurons may connect to the diminished
GABA transmitter and reduced brain size in DS patients. Our study illustrated pathological
features of DS and offered a novel model to study the mechanisms of Down syndrome.
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Abstract: INTRODUCTION:

Zika virus (ZIKV) has been associated with microcephaly and other brain malformations;
however, the molecular effects of ZIKV over the central nervous system remain to be uncovered.
Here we examined the deregulated genes expressed in neurospheres infected with ZIKV.
METHODS & RESULTS:

Human Neral Stem Cells (NSC) were exposed to ZIKV Br_ AB_ES- isolated from Brazilian
patients. After 2 hours viral exposure (0.025 MOI), NSCs were submitted to a differentiation
protocol to form neurospheres. Inmunocytochemistry was performed 3 days after ZIKV



exposure. To confirm ZIKV infection, we used flavivirus group antigen (clone 4G2) antibody.
Apoptosis was measured with activated caspase immunofluorescence. Three days after infection,
there was a significant increase in cell death observed in ZIKV infected neurosheres. After 12
days in vitro, neurospheres were completely depleted. In order to evaluate molecular effects of
ZIKV infection, we performed RNA-seq of the infected and mock neurospheres after 3 days in
vitro. mRNA transcriptional profile analyses revealed that ZIKV infection alters cell cycle
regulators and downregulates neurogenic programmes, in addition to transcriptional regulation
due to viral replication.

CONCLUSIONS:

Altogether, ZIKV infection modulated genes involved in different pathways inhibiting cell cycle
and neurogenesis. The effect of ZIKV at crucial steps of brain development likely explains the
consequences of the so-called congenital syndrome of ZIKV on brain formation and function.
Our work provides insights into the molecular mechanisms of ZIKV infection. It implicates the
ZIKV in progenitor proliferation, differentiation and survival, thus improving our understanding
of human microcephalies.
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Abstract: To help delineate pathways for CNS diseases few challenges in growing and
maintaining in vitro neuronal network from human neuronal progenitor cells need to be resolved.
The main hurtles come from the difficulties to grow, maintain and differentiate human
progenitors cells. To contribute to a standardization of neuronal network recording, we show
that, in a 3D environment, neuronal progenitors can autonomously differentiate in all three
neuronal cell types to replicate in vivo cell architecture, cell composition, and functional activity.
We have first established that neuronal networks obtained with rat neuronal progenitors
displayed earlier spontaneous neuronal activity and long-term viability compared to standard in
vitro models. We then demonstrated that these findings extended to human neuronal progenitors
cells. Our experiments showed that human neuronal progenitors derived from hIPSCs could
grow and differentiate in our 3D culture system to display spontaneous neuronal activity after
four weeks in culture. Using the expression of fluorescent proteins under neuronal cell specific
promoters (nestin and synapsin) we monitored the cell differentiation process and the network
formation. In parallel, we recorded the evolution of the spontaneous spiking activity over 8
weeks and follow the developmental stage of the neuronal activity. These networks exhibited a
long-term viability with no apparent decay in activity for up to 8 weeks. Furthermore, localized
electrical stimulation allowed us to establish the existence of long-range connections with
specific response patterns depending on both the location of the stimulation and its frequency as
expected in in vivo networks. Our results suggest that this approach could contribute to a
standardization of human neuronal network formation and become instrumental in the study
human neurological disorder by providing a mean to monitor simultaneously neuronal
differentiation and neuronal network activity for patient derived iPSCs.
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Abstract: After the recent outbreak of Zika virus (ZikV) in Brazil, this has been associated with
microcephaly and other brain malformation, and is a major concern in terms of public health
around the globe. Nevertheless, despite increasing efforts to understand the effects of ZIKV
infection in the central nervous system, much of the molecular outcomes remain uncovered. Our
aim was to analyse the molecular consequences of ZIKV infection in neurospheres derived from
human induced pluripotent stem cells. These three-dimensional structures contain diving neural
progenitors proliferating undergoing neuronal differentiation, glial cells and neurons. Global
protein expression was obtained by state-of-the-art quantitative label-free shotgun proteomics.
Comparing the expression of the most differentially regulated proteins (p<<0.05) in ZIKV-
infected neurospheres versus mock neurospheres, we detected 199 downregulated and 259
upregulated proteins, mainly involved with translational and transcriptional machinery and cell
cycle. To get further insight into these pathways, we analysed the interactome of those proteins,
which indicated G1 arrest of the cell cycle progression and the impairment of the neuronal
program. These results suggest that zika virus stops cell cycle progression, depleting the pool
neural progenitor cells during brain development.
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Title: Zika virus affects cell viability of human neural stem cells
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Abstract: Reports of microcephaly in Brazil in combination with Zika outbreak suggests a link
between virus infection and brain malformations. Here, we analyzed if the infection with
different strains of Zika virus (ZIKV) could reduce human neural stem cells (NSCs) viability as a
potential candidate to mediate deleterious effects of this virus on developing brain. We also
investigated the cytotoxic potential of Dengue virus, another flavivirus that circulates in Brazil,
on NSCs.Human induced pluripotent stem cells were differentiated as NSCs. To test virus
infectivity, NSCs were exposed to two different strains of ZIKV (766 and Br PE - isolated from
African and Brazilian patients, respectively, at 0.25 MOI) and also Dengue Virus (DENV?2).
Immunocytochemistry using the antibody anti-flavivirus group antigen (clone 4G2) was
performed after 24h and 72h following virus exposure. In ZIKV 766 strain and DENV2 we
observed 21% and 27 % of cells labeled with anti-flavivirus antibody after 24h, although ZIKV
Br_PE could only be detected after a longer time post-infection, and 30% of NSCs were labeled
after 72h. Cell viability was assessed after ZIKV infection with a 0.025 MOI. Live/Dead assay
(Thermo) was performed in a high-content screening plataform. Three days after infection,
significant increase in cell death was observed in the group infected with 766, but not with
DENV2. Dead cells corresponded to 4% in Mock controls and 58% and 8% in 766 and DENV2,
respectively. Dying cells labeled with an active caspase antibody correspond to 7, 14 and 8% in
Mock, 766 and DENV2 groups, respectively.Our results point that the 766 ZIKV strain is able to
promote NSCs death, whereas DENV2, another endemic flavivirus in Brazil did not induce
significant cell death or caspase activation on similar time points. The Brazilian strain Br PE of
ZIKV showed a slower infection rate, suggesting that there are differences between these two
strains of ZIKV that could be related with the increased microcephaly cases in Brazil. Taken
together these results demonstrate that ZIKV infection induces cell death in NSCs, which can
account to the deleterious effects of ZIKV in the developing CNS.
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Abstract: Chemotherapeutic-induced peripheral neuropathy (CIPN) is one of the most common
and potentially permanent side effects of chemotherapy, second only in frequency to
hematopoietic toxicity. CIPN often times irreversible, is a condition with pain, numbness,
tingling and sensitivity to cold/hot in hands and feet. About 20-40% of cancer patients with
estimates of about 400,000 patients each year develop CIPN as a consequence of treatment with
platinum analogues (cisplatin, oxaliplatin, carboplatin), taxanes (paclitaxel, docetaxel), vinca
alkaloids (vincristine), thalidomide, epothilones and bortezomib. Moreover, CIPN can lead to
dose reduction of the chemotherapeutic agent or possible cessation of treatment. This may have
an adverse impact on cancer treatment and disease outcomes. The severity of CIPN is greater
among older patients and African Americans. Clinical genome wide association studies of CIPN
following treatment with paclitaxel, docetaxel, vincristine and cisplatin have been conducted in
efforts to identify genetic variants associated with CIPN; however there is a need for appropriate
model systems to determine which associations are the true signals, what mechanisms are
responsible, and if they represent treatment opportunities. We have employed the use of induced
pluripotent stem cell derived neurons to functionally validate genetic variants/genes identified in
genome wide studies of CIPN. We have optimized conditions to identify reproducible
differences in relative neurite outgrowth phenotypes following treatment with neurotoxic
chemotherapeutics including, but not limited to thalidomide, paclitaxel, vincristine, cisplatin,
cannibidiol (component of marijuana) and bortezomib. Similarly to that observed in patients,
neurotoxic doses of vincristine are approximately 40-fold lower than those for paclitaxel and 75-
fold lower than those for cisplatin. In addition, prior animal studies reveal similar differences in
severity among drugs compared to our results. The iPSC-derived neurons allow: a) studies of
peripheral neuropathy in human neurons in ways that were not possible previously; b)
mechanistic insight on druggable targets to treat or prevent this devastating side effect of
chemotherapy; c) provide a model to study genetic components and genes contributing to severe
neurotoxicity; d) provide a genetically diverse model that can be used to develop cell based



phenotypic assays for high content screening of all new drugs to determine if they are
neurotoxic.
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Abstract: Human embryonic stem cells (hESCs) and induced pluripotent stem cells (iPSC) are
characterized by their robust expansion ability and pluripotency. However, the application of
ESC- or iPSC- derived cells is hampered by the low efficiency of differentiation. To reveal the
genes inhibit ESC differentiation, a shRNA functional screen is performed with 517 shRNA
targets 121 genes. Based on the results of ESC undifferentiated marker alkaline phosphatase
activity assay and the relative cell number Alamer blue assays, 21 genes altered ESC
pluripotency were identified. Among these hits, the downregulation of one candidate gene,
ATF1, can promote ectoderm differentiation by the upregulation of early neuroectoderm genes
SOX2 and PAX6 within 3 days with nearly 100% efficiency. Conversely, the overexpression of
ATF1 inhibits the upregulation of SOX2, which is required for neuron induction. We also found
that ATF1 can bind to the promoter regions of SOX2 and PAX6 by CHIP-PCR assay. These
results suggested ATF1 may serve as a suppressor by directly binding to Sox2 and Pax6
promoters. We will further reveal the molecular mechanisms of how ATF1 inhibits
neuroectoderm differentiation by the regulating SOX2 and PAX6. The downregulation of ATF1
with shRNA or siRNA provided an efficient method to generate neural lineage cells that might
be useful for regenerative medicine in the future.

Disclosures: J. Liu: None. S. Yang: None. J. Lu: None.
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Title: Phosphorylation of huntingtin at ser421 modulates the phenotype of the mecp2 deficient
mice
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Abstract: Rett syndrome is a neurological disorder caused by mutations in the X-linked MECP2
gene. We demonstrated that Huntingtin-dependant (Htt) axonal transport is altered when Mecp2
is lacking partly due to a deficit of the molecular motor contents (Roux et al., 2012). However,
the neuronal trafficking is also strongly dependent on the phosphorylation level of Htt at serine
421 (S421) (Zala et al, 2008). Therefore, we developed several tools in order to stimulate
pharmacologically Htt phosphorylation at S421 in vivo and in vitro using: 1) a direct activation
of the Akt pathway, through the stimulation of the insulin/IGF1 receptors and 2) the indirect
blocking of the Htt dephosphorylating using Fk506. In a second step we used a genetic approach
by crossing Mecp2 deficient mice with knockin mice expressing either an aspartic acid or alanine
at position 421 to mimic constitutive phosphorylation (S421D) or to prevent phosphorylation
(S421A), respectively. For both pharmacology and genetic crossing we used a battery of
behavioral tests : grip strength, rotarod, open field and the respiratory profile from disease onset.
Our findings demonstrate that pharmacological and genetic stimulation approaches increase
longevity in Mecp2 deficient mice. Altogether, behavioural tests suggest a reduction of motor
and respiratory impairments. Further studies are necessary to evaluate the neuronal trafficking at
a molecular level. Our results indicate that stimulation of the Htt S421 represents a promising
way to improve the neuronal trafficking in RTT and a possible target to develop treatments in
RTT.
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Title: Stronger contribution and impaired LTP of hippocampal inputs to the medial prefrontal
cortex in the Mecp2 mouse model of Rett syndrome
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Abstract: The balance between excitation and inhibition (E/I) in the CNS is crucial for proper
brain function. This balance is altered in several brain regions of mouse models of Rett
syndrome, a neurodevelopmental autism spectrum disorder caused by mutations in the methyl-
CpG binding protein-2 (MECP?2) gene. E/I imbalance results in altered levels of neuronal
activity, causing neural networks to be either hyper or hypoactive. We quantified network
activity by imaging voltage-sensitive dye (VSD) signals in slices from symptomatic male Mecp?2
knockout (KO) mice and wildtype (WT) littermates. Evoked VSD signals are larger, longer
lasting, and wider spreading in slices of the ventral hippocampus (vHipp) from Mecp2 KO mice,
compared to WT slices. In contrast, VSD signals in slices from the medial prefrontal cortex
(mPFC) of Mecp2 KO mice are shorter lasting and less spreading. These data are confirmed by
the number of neurons expressing the immediate early gene c-Fos: the Mecp2 KO vHipp has
more c-Fos positive neurons, while the Mecp2 KO mPFC has fewer c-Fos neurons. Intriguingly,
stimulation of identified vHipp fibers in mPFC slices evoked larger and wider spreading VSD
signals in Mecp2 KO slices. Normalized to intra-cortical stimulation in the same slices, there is a
stronger contribution of vHipp inputs to the Mecp2 KO mPFC (93% of intra-cortical responses
vs. 71% in WT). Altogether, these data suggest that vHipp fibers drive hyperactivation of the
mPFC network in Mecp2 KO mice, in contrast to the hypoactivity evoked by stimulation of



intra-cortical fibers. In addition, high-frequency stimulation of vHipp fibers triggers an enduring
enhancement of the duration and spread of VSD signals in mPFC slices from WT mice, which is
reminiscent of long-term potentiation (LTP) of synaptic potentials. This LTP of VSD signals at
vHipp-mPFC synapses is absent in Mecp2 KO mice, which may contribute to behavioral deficits
during their social interaction with known and unknown mice. Current experiments are designed
to identify the postsynaptic receptors responsible for VSD signals evoked by either stimulation
of vHipp inputs or intra-cortical fibers, and whether LTP of VSD signals at vHipp-mPFC
synapses in Mecp2 KO slices is saturated by already potentiated synapses, as occurs in the
hippocampus. Supported by: RO1-NS065027, R21-HD(074418, Rettsyndrome.org, and Rett
Syndrome Research Trust to LP-M.

Disclosures: M. Phillips: None. W. Li: None. L. Pozzo-Miller: None.

Poster

496. Rett Syndrome

Location: Halls B-H

Time: Tuesday, November 15, 2016, 8:00 AM - 12:00 PM
Program#/Poster#: 496.03/F1

Topic: A.07. Developmental Disorders

Support: Cluster of Excellence and DFG Research Center Nanomicroscopy and Molecular
Physiology of the Brain (CNMPB)

Title: Deciphering oxidative stress in rett syndrome with genetically-encoded redox sensors

Authors: K. CAN, K. WAGENER, B. KOLBRINK, K. DIETRICH, K. BELINDA, *M.
MUELLER;
Univ. Goettingen, Goettingen, Germany, Germany

Abstract: Rett syndrome (RTT) is a progressive neurodevelopmental disorder which affects
almost exclusively girls. After a largely normal development in the first year, a complex clinical
phenotype manifests. Characteristic symptoms include cognitive impairment, epilepsy, motor
dysfunction, and severe breathing disturbances. There is convincing evidence that mitochondrial
function is affected in Rett syndrome and that is contributes to the occurrence of oxidative stress.
Genetically-engineered optical sensors such as reduction oxidation sensitive green fluorescent
protein (roGFP) enable a quantitative assessment of subcellular redox conditions. Detailed redox
analyzes in isolated brain tissue of male Rett mice revealed intensified mitochondrial respiration,
less efficient cellular redox homeostasis, and oxidative stress in cytosol and mitochondria of
MeCP2-deficient neurons. Interestingly, these alterations occur already at neonatal stages, long
before first symptoms arise. Therefore, the redox imbalance may critically contribute to the



manifestation of typical Rett symptoms and facilitate disease progression. So far, the mandatory
transfection/transduction mostly restricted redox imaging to cultured preparations. To assess
subcellular redox conditions also in adult tissue and complex preparations, we generated
transgenic redox indicator mice. They express roGFP under the control of the Thy-1.2 promoter
in either cytosol or mitochondrial matrix. The roGFP redox sensor is fully functional and almost
abundantly expressed in excitatory projection neurons throughout the brain. Currently, roGFP
mice are cross-bred with MeCP2-deficient mice. First offspring has already confirmed that the
transgene is forward and that the redox balance is also more oxidized in hippocampal neurons of
adult, symptomatic male Rett mice. Availability of these roGFP-Rett mice will now reveal
subcellular redox conditions during normal maturation and the different stages of Rett syndrome.
The extent of redox alterations can be quantified reliably and correlated in detail with disease
progression. This will not only allow to map and to identify those brain regions being most
severely affected by the redox imbalance, but also to clarify to what extent redox alterations and
the resulting oxidative stress drive the progression of this neurodevelopmental disorder.
Furthermore, a valuable system is now available to confirm the feasibility of antioxidant/radical
scavenger based therapeutic approaches for the treatment of Rett syndrome.
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Abstract: Negative-feedback homeostatic synaptic plasticity (HSP), also known as synaptic
scaling, maintains the global synaptic strength of individual neurons in response to sustained



alterations in neuronal activity. This cell-wide homeostatic balance is critical to allow the
potentiation or depression at small subsets of synapses during positive-feedback synaptic
plasticity (i.e. Hebbian plasticity). Rett syndrome (RTT) is a progressive autism spectrum
disorder caused by loss-of-function mutations in the gene encoding methyl-CpG-binding protein
2 (MeCP2). Previously, we discovered an imbalance of synaptic excitation and inhibition (E/I) in
the hippocampus of symptomatic Mecp2 knockout (KO) mice (Calfa ef al. 2015). Since E/I
balance is thought to be maintained by homeostatic mechanisms, we examined the role of
MeCP2 in HSP at the excitatory synapses. We found that hippocampal neurons obtained from P1
Mecp2 KO mice (9-11 days in vitro) do not show the characteristic homeostatic scaling-up of
mEPSC amplitude and of synaptic levels of GluA1 after 48hs silencing with the Na" channel
blocker TTX. This deficit in HSP is bidirectional because Mecp2 KO neurons also failed to
scale-down mEPSC amplitude and synaptic levels of GluA1 after 48hs of desinhibition with the
GABA-A receptor antagonist bicuculline. The best-characterized mechanism of HSP is the
regulated trafficking into and out of synapses of the AMPA-type of glutamate receptors
(AMPARs). We focused on early-endosome-antigen-1 (EEA1) because it participates in synaptic
removal of GluA1 (Selak et al. 2006), and was found to be activated by MeCP2 in a microarray
study (Chahrour et al. 2008); consistently, mRNA and protein EEA1 levels are lower in the
Mecp2 KO hippocampus (Li et al. 2016). Here, we tested whether EEA1 overexpression restores
mEPCS amplitudes and HSP in hippocampal neurons from Mecp2 KO mice. EEA1
overexpression in Mecp2 KO neurons reduced mEPSC amplitudes to levels comparable to those
in WT neurons. In addition, Mecp2 KO neurons overexpressing EEA1 scaled-down mEPSC
amplitudes after desinhibition with bicuculline, suggesting that HSP is restored. Our
characterization of the role of EEA1 during HSP in Mecp2 KO neurons provides novel targets
for improving hippocampal function in RTT individuals.
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Title: Improved survival in a knock-in model of Rett syndrome after systemic administration of
AAVI9/MECP2
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Abstract: De novo mutations in the X-linked gene MECP2 are responsible for ~95% of typical
Rett syndrome (RTT) cases which are characterized by severe motor and cognitive impairments
in females. The missense T158M mutation is one of the most common and severe RTT-causing
mutations. It is unknown whether the presence of endogenous mutated protein may impede the
therapeutic action of a gene therapy approach. The aim of this study was therefore to investigate
the effectiveness of systemic administration of sScAAV9/hMECP?2 on survival and other
phenotypes in the Mecp2™**™¥ knock-in mice.

A myc-tagged human MECP2 el minigene construct packaged in a self-complementary
AAV2/9 vector (10" vg/mouse) was delivered intravenously into juvenile Mecp2™**™? mice
which were then monitored for survival, body weight and RTT-like phenotype severity score.
Treated Mecp2"**™” mice had significantly extended survival (p =0.001) and increased body
weight (p <0.001) compared to vehicle-treated mice. However, there was no improvement in the
aggregate severity score. Brain transduction efficiency was relatively low (1-3% of DAPI-
positive cells), which likely explains the lack of impact on neurological phenotypes. Similar
results were obtained in Mecp2™ KO mice.

These data support the concept that the action of exogenous MeCP2 is unlikely to be confounded
by deleterious interactions with endogenous mutated MeCP2 protein. Currently, we are
optimizing the route of administration and vector design to enhance brain transduction and
maximize therapeutic efficacy.
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Title: Novel dendrimer-conjugated glutaminase inhibitor targets glutamate dysregulation in a
mouse model of Rett Syndrome
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Abstract: Glutamate dysregulation plays a neuropathological role in Rett Syndrome (RTT) and
in mouse models of RTT. Previous studies have shown that increased glutaminase levels in
microglia from Mecp2-null mice lead to overproduction of glutamate and cellular toxicity. This
combined with other coinciding neuropathology could potentially contribute to cell stress and
toxicity as well as neurobehavioral consequences associated with RTT. Glutaminase inhibition
has a potential therapeutic avenue for targeting diseases where glutamate levels are excessive.
However, glutaminase inhibitors are poor drug candidates for central nervous system
applications since they have poor solubility and do not cross the blood brain barrier (BBB). To
investigate the use of dendrimer-mediated therapy, we used dendrimer-conjugated to a novel
Bis-2-(5-phenylacetamido-1,2,4-thiadiazol-2-yl)ethyl Sulfide 3 analog, JHU-29 (D-JHU-29) in a
Mecp2-null mouse model of RTT. We first injected generation-4 poly (amidoamine) dendrimers
tagged with a fluorescent tag (Cy5; D-Cy5) to determine whether dendrimer nanoparticles
penetrate the BBB of Mecp2-null mice. Twenty-four hours after injection, D-Cy5 was found to
be specifically co-localized in microglia and astrocytes of Mecp2-null mice. Secondly, we
evaluated the efficacy of D-JHU-29 ex vivo to reduce extracellular glutamate (Glu) levels in
hippocampal slice culture from Mecp2-null mice. The results showed increased Glu levels in
cultures from Mecp2-null mice compared to those from wild type mice and that D-JHU-29
treatment lowered Glu levels. Further studies are ongoing that will determine the impact of D-
JHU-29 in Mecp2-null mixed glial cultures and the acute in vivo efficacy of D-JHU-29 in
reducing phenotypic features of Mecp2-null mice. Our preliminary results indicate that
dendrimer-mediated glutaminase inhibition may be a viable treatment approach for reducing
glutamate-related neuropathology in RTT.
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Abstract: Rett syndrome is a postnatal neurological disorder caused by mutations in the gene
encoding methyl-CpG binding protein 2 (MECP?2) and is characterized by ataxia, learning and
memory deficits, seizures, breathing abnormalities, and a stereotyped hand-wringing motion.
Mice with Mecp2 deleted from the brain replicate most of the human symptoms. Surprisingly,
loss of Mecp?2 specifically from GABAergic neurons replicates most of these phenotypes, and
reexpression of Mecp?2 solely in GABAergic neurons reverses many of the disease phenotypes.
These findings highlight the importance of proper inhibitory neuronal function in Rett syndrome
and suggest that pharmacological enhancement of inhibition may be a therapeutic approach for
the disorder. Here, we report the results of two drug trials in Mecp2-null male and Mecp2-
heterozygous female mice: vigabatrin, which irreversibly blocks GABA catalysis, thus
increasing somatic GABA content, and SGE-516, a novel neurosteroid that acts as a positive
allosteric modulator of the GABA4 receptor. We injected male wildtype and Mecp2-mutant mice
with either vehicle, vigabatrin (250mg/kg), or SGE-516 (3 mg/kg) daily from weaning through
the duration of the study and assessed body weight and disease score weekly, as well as anxiety,
motor coordination, learning and memory, and sensorimotor gating at 6-8 weeks of age, and
monitored survival (n=15-20 per genotype/drug). We similarly treated female Mecp2-
heterozygous mice (n=15-20 per genotype/drug) and assessed the same measures at 9-10 weeks
and 25 weeks of age. While vigabatrin prevented weight gain in female Mecp2-heterozygous
mice, neither therapeutic resulted in any survival or behavioral benefit to either male or female
Mecp2 mutant mice. This finding, as well as recent work from our lab showing that reexpression
of Mecp? solely in glutamatergic neurons also confers significant benefit to Mecp2 mutant mice,
suggests that enhancement of inhibition alone (or excitation alone for that matter) may not be
sufficient for reversal of Rett-like phenotypes. We are currently investigating the effect of
modulation of both excitation and inhibition using DREADD technology to better understand the



interplay between these two systems in Rett syndrome. The results of these experiments will
better direct future therapeutic choices in the search for effective interventions for Rett patients.
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Abstract: Rett syndrome (RTT) is a monogenic neurodevelopmental disorder that in females
leads to life-long intellectual disability. RTT is most often caused by spontaneous mutations in
the gene that encodes methyl-CpG-binding protein 2 (MeCP2). Much of what is now known
about the brain pathophysiology in RTT is attributable to work with transgenic and knockout
mice where Mecp? is functionally altered. These mice display many cellular and behavioral
symptoms that mirror the human condition. Recent studies with RTT mouse models indicate that
it may be possible to correct both circuit and neurological dysfunction in young or even adult
animals. However, whether a primary clinical feature of the human disorder, cognitive disability,
is a significant component of the mouse phenotype and, if so, whether it is correctable, is
currently unknown. To study these questions, we have been using a repeating visual reversal
touchscreen task to characterize the neurocognitive profile of heterozygous females with two
different mutations, Mecp2 T158A4/+ and Mecp2+/-. Daily testing began when the mice were 10
weeks of age and is continuing through adulthood. We have found that even mice with
unambiguous motor symptoms (reduced locomotor activity in home cage, bilateral hind limb
clasp) can be readily tested in the touchscreen. Neither Mecp2 T158A4/+, nor Mecp2+/-, were
significantly impaired on acquisition of the initial visual discrimination. In marked contrast to
Mecp2 T1584/+, Mecp2+/- mice required significantly more trials and made significantly more
errors when learning the first visual reversal. Mecp2+/-, but not Mecp2 T158A4/+, continue to
display a significant impairment on repeated discrimination reversals (testing to 32 weeks of
age). We do not yet know if cognitive disability will become evident in Mecp2 T1584/+ and
worsen in Mecp2+/- as the mice get older since there is evidence for an enhanced role of MeCP2



in the aging brain. Our findings do show that different Mecp2 mutations produce distinct
cognitive phenotypes that can be accurately tracked in individual animals through longitudinal
testing. Moreover, they illustrate how cognitive outcome measures that extend over time could
be particularly useful for evaluating possible therapeutic interventions for preventing or
reversing intellectual disability in RTT and other autism-related neurodevelopmental disorders.
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Abstract: Rett Syndrome (RTT), a severe neurodevelopmental disorder caused by loss-of-
function mutations in the MECP?2 gene, is characterized by postnatal neurological regression
leading to severe deficits in motor function, verbal communication and respiratory and
autonomic control, among other symptoms. Cardiorespiratory dysfunction severely impacts
quality of life and is thought to contribute to early death in some patients (Kerr, et al., 1997).
Studies of respiratory abnormalities in preclinical models have generally focused on dysfunction
in brainstem circuitry, despite the fact that restoring wildtype expression of Mecp?2 in the
brainstem of Mecp2 mutants does not completely restore normal respiration (Ward et. al., 2011).
Furthermore, behavioral state is known to strongly influence respiratory dysfunction in RTT and
Mecp2 mutants (Kron et al., 2014), suggesting that cortical influences on breathing are
abnormal. This hypothesis is supported by recent findings from our laboratory that the medial
prefrontal cortex (mPFC), a critical region for cortical modulation of breathing, is hypoactive in
Mecp2 mutants (Sceniak et al., 2015). In contrast, Mecp2 mutants exhibit increased activity in
brainstem respiratory nuclei that receive direct projections from the mPFC, including the nucleus
tractus solitarius (nTS; Kron et. al., 2012). Together, these data suggest that reduced cortical
input may contribute to abnormal brainstem function and respiratory abnormalities in RTT. To



test this hypothesis, we took a pharmacogenetic approach to determine whether or not activation
of the mPFC in heterozygous female Mecp2 mutants (Hets) with an excitatory DREADD
(Designer Receptor Exclusively Activated by Designer Drugs) would ameliorate respiratory
dysfunction. Our findings demonstrate that DREADD activation of mPFC pyramidal neurons
that project directly to brainstem respiratory nuclei eliminates apneic breathing in Mecp?2 Hets.
Using expression of the immediate early gene product Fos as a surrogate marker of neuronal
activity, we find that DREADD activation of the mPFC restores wildtype Fos levels in the
mutant nTS. These data indicate that activation of the mPFC reduces brainstem hyperactivity and
reverses apneic breathing in Mecp2 Hets, suggesting that impaired cortical modulation of
brainstem respiratory nuclei may contribute to respiratory dysfunction in RTT. Current studies
are focused on the role of mPFC circuit dysfunction in other features of the RTT phenotype. This
work is supported by NINDS (RO1/R56NS057398 to DMK).
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Abstract: Parvalbumin-positive (PV+) fast-spiking basket cell maturation controls critical
periods of brain development and is typically altered across many neurodevelopmental disorders.



For example, PV+ circuits are hyper-connected in the Mecp2 knockout (KO) mouse model of
Rett Syndrome (Durand, Patrizi et al, 2012; Krishnan et al, 2015). This is detected as early as
eye-opening and may contribute to the silencing of cortical circuits in Mecp2 mutants. Here, we
first confirmed an intensified PV+ ‘gate’ in layer 4 of human post mortem visual cortex from
Rett patients as compared to neurotypical controls. To identify potential factors underlying such
PV+ hyper-maturation, we focused on the Otx2 homeoprotein, a potent non-cell autonomous
regulator of PV+ cell maturation and maintenance (Sugiyama et al, 2008). Notably, the choroid
plexus (ChP) is a major source of Otx2 in the postnatal brain globally impacting PV+ cell state
from a distance (Spatazza et al, 2013). We found a striking increase in Otx2 transcription and
production in the ChP of Mecp2 KO mice as compared to wild type littermates. Two genetic
strategies were employed to down-regulate Otx2 synthesis. Mecp2 KO mice crossed to a
conditional Otx2 line (O#x2 fl/fl) were 1) further crossed to a ChP-specific Cre line (FoxJI-Cre),
or 2) injected with virus (AAV-Cre) intracerebroventricularly. Both manipulations produced a
selective reduction of Otx2 in the ChP without affecting other known sources (retina, superior
colliculus). Notably, both manipulations doubled the lifespan and improved the physical
appearance and motor performance of Mecp2 KO mice. Cortical organization of the rescued
Mecp2 KO mice revealed normal cortical thickness and PV+ intensity, fewer Otx2+ cells and
normal protein levels. Finally, local disruption of Otx2 transfer into cortical PV cells by short,
interfering peptides rapidly reduced Otx2 and PV expression followed by a gradual
renormalization of peri-somatic axon bouton number in Mecp2 KO mice over a 5 to 15-day time
course. Taken together, these results suggest down-regulation of ChP-derived Otx2 as a potential
therapeutic route for correcting cortical PV-circuit connectopathies and improving several key
aspects of the Rett syndrome phenotype.
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Title: Normal phenotypic outcome in a molecular hypomorphic allele of Mecp2 may define the
therapeutic window for intervention in MeCP2 disorders
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Abstract: Rett syndrome (RTT) is caused by loss-of-function mutations in the gene encoding the
transcriptional modulator Methyl-CpG-Binding Protein 2 (MECP?2); in contrast, chromosomal
duplications spanning MECP?2 result in a progressive neurological disorder. The human
conditions and their respective mouse models support the notion that the levels of MeCP2 must
be tightly regulated for normal neurological function. Furthermore, previous studies
demonstrated several neurobehavioral abnormalities in mice with a 50% reduction in MeCP2
expression. These studies raise the concern that the therapeutic window for intervention with
respect to modulating MeCP2 levels may be narrow. Therapies that surpass the upper bound of
this window and result in excess MeCP2 may induce disease, whereas therapies that fail to reach
the lower bound of this window may not improve disease. We therefore set out to test the
neurobehavioral and molecular consequences in a mouse model that has an approximate 20%
reduction in MeCP2 levels to determine whether complete restoration of MeCP2 expression is
required for normal phenotypic outcome. We found that mice harboring a mild hypomorphic
allele of MeCP2 are comparable to wild-type animals in a broad range of behavioral,
physiological and molecular measurements. Furthermore, we found that the 20% reduction in
this mouse model reflects an overall decrease in MeCP2 expression in both neurons and glia.
These data provide a genetic proof-of-concept that absolute normalization of MeCP2 levels may
not be necessary for normal neurological function, and suggest that increasing MeCP2 levels to
at least 80% of the normal range may be beneficial for RTT.
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Abstract: MECP?2 duplication syndrome is one of the most common genomic rearrangements in
males and is characterized by autism, intellectual disability, motor dysfunction, anxiety, epilepsy,
recurrent respiratory tract infections and early death. Our classic MECP2 duplication syndrome
mouse model (MECP2-TG) expresses a human MECP? allele in addition to the endogenous
mouse Mecp? allele, and recapitulates many of the characteristics of the disease at the molecular,
electrophysiological, and behavioral levels. We recently showed that treatment with an antisense
oligonucleotide (ASO) that targets MECP2 induces a broad phenotypic rescue in adult
symptomatic MECP2-TG mice. Antisense oligonucleotides are small, modified nucleic acids that
can selectively hybridize to messenger RNA transcribed from a target gene to silence it. Because
MECP2-ASOs are human-specific and only target human MECP2 mRNA, one is assured in this
model with one human and one mouse copy that ASO treatment will leave the expected 1X
levels from the mouse allele. In humans, however, the two copies are identical and one must
ensure that the ASO is titrated to target the human allele such that MeCP2 levels go from 2X to
1X. To advance the ASOs approach we must establish models of MECP2 duplication syndrome
that precisely mimic the human condition by having two human MECP?2 alleles and no mouse
allele. We therefore generated and characterized a humanized model of the MECP2 duplication
syndrome by breeding MECP2-TG mice with MECP2-GFP mice (MECP?2 tagged with GFP at
the C-terminus), on an endogenous Mecp2-null background. These humanized MECP2
duplication mice are viable, have no apparent physical abnormalities, overexpress MeCP2 by 2-
fold, and display properties reminiscent of MECP2 duplication syndrome. In addition, we
generated and validated iPSCs-derived neurons from MECP2 duplication patients. We are
currently studying the pharmacokinetics of the MECP2-ASOs and the safety margin of MeCP2
levels in both the humanized mouse model as well as in the iPSCs-derived neurons.
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Title: Modulating elevated brain VEGF-A to treat Fragile X Syndrome vocalization deficits
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Univ. of Illinois at Urbana-Champaign, Urbana, IL

Abstract: Fragile X Syndrome (FXS) is the leading form of inherited mental retardation. It is
caused by the transcriptional silencing of fmr1, the gene which codes for the fragile X mental
retardation protein. FXS patients have been shown to exhibit numerous behavioral and cognitive
impairments, such as ADHD, OCD, and autistic-like behavior. In addition to these behavioral
abnormalities, they also exhibit various deficits in speech and language. Studies in human FXS
patients have shown that they form abnormal sentence structures, have issues with utterances,
increased repetition of sounds and words, and articulation. To study the biological underpinnings
of these speech abnormalities, our prior study used a mating separation procedure to conduct a
detailed spectral analysis of FXS mouse ultrasonic vocalizations (USVs) and demonstrated
similar repetitive vocalization abnormalities, strengthening the neuroethological relevance of this
model. Interestingly our prior studies have demonstrated that FXS mice also have elevated brain
VEGF-A levels; that when blocked can alleviate neuronal and cognitive abnormalities. The
current study set out to determine if decreasing VEGF-A binding to its receptor can alleviate
FXS USV abnormalities. In this study, a standard mating separation procedure was used.
Individual adult male mice were briefly exposed to an adult female mouse. Once the male
expressed an interest in the female, the female was removed which elicited USVs from the male.
The male USVs were recorded using an ultrasonic recording system (Avisoft, Germany) and
analyzed using an existing custom MatLab program designed to detect, spectrally analyze, and
classify mouse USVs. Following the exposure, male mice underwent a series of injections of
bevacizumab, a VEGF-A antagonist, every other day for 10 days. The day after the fifth
injection, the same aforementioned procedure was used, and the USVs generated were compared
to those obtained from the mouse prior to injections. Pretreatment analyses of USV properties
demonstrated similar FXS abnormalities as previously reported. However initial analysis has
indicated that following blocking of VEGF-A binding to its receptor FXS mice exhibited USV
vocalizations more similar to those observed in controls. These findings suggest that modulating
VEGEF-A levels can have a global effect and potentially help alleviate both cognitive and
behavioral FXS deficits
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Abstract: Fetal Alcohol Spectrum Disorder (FASD) encompasses a continuum of disabilities
caused by fetal alcohol exposure (FAE). Hippocampus-based cognitive and affective behavioral
deficits are among the most debilitating consequences of FAE. In our rat model, offspring
exposed to ethanol (E) in utero recapitulates these deficits of FASD. Similar deficits, particularly
in the cognitive domain, are found in children of mothers with subclinical hypothyroidism during
pregnancy. Since E-consuming women and also the rat dam show decreased levels of thyroxin
(T4), we administered T4 into the E-containing diet aiming to reverse the deleterious effects of
E-induced maternal hypothyroidism. In two separate studies hippocampus-dependent behavioral
deficits were reversed by T4 supplementation to the E-consuming Sprague-Dawley (S) rat dams.
Furthermore, the deleterious effects of FAE transmitted to the next generation through the
matrilineal lineage were also prevented by T4 administration to the E-consuming S grand-dams.
In both studies, adult FAE offspring of the S strain showed a hyperthyroid profile with elevated
plasma free T3 and decreased plasma TSH levels, which were normalized by maternal T4.
Hippocampal expression of the imprinted Dio3 gene, which metabolizes the biologically active
thyroid hormone, were elevated in the FAE S offspring, and in the progeny of FAE S females
mated with a Brown Norway (B) male. Dio3 transcript levels were also normalized by T4
administration to the E-consuming dam or grand-dam, respectively. In the present study, S
females were mated with B males and the S dams received control diets (ad libitum and
nutritional control) or E containing liquid diet with and without T4 (0.3mg/I diet) as in the
previous studies. Adult SB offspring were tested for hippocampus-dependent contextual fear
conditioning, despair-like behavior in the forced swim test, thyroid function and hippocampal
expression of Dio3 and the thyroid hormone-regulated neurogranin (Nrgn) gene.

Both decreased fear memory and increased depression-like behavior were reversed by maternal
T4 administration in the FAE SB offspring. Hippocampal Dio3 and Nrgn expression showed
changes in response to FAE and T4 treatment similar to those in the previous two studies, despite
the hypothyroid peripheral thyroid profile; opposite to those observed previously. Thus, Dio3,



rather than peripheral thyroid function may regulate brain thyroid hormone availability. Maternal
T4 administration reproducibly reverses cognitive and affective behavioral deficits induced by
FAE, likely via regulating brain Dio3 levels.
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Abstract: Fetal alcohol spectrum disorders, or FASD, broadly describe the spectrum of
deleterious effects resulting from prenatal exposure to ethanol (PrEE). Despite widespread
warnings, CDC recently reported that nearly 20% of pregnant women age 34-40 admitted to
drinking during their pregnancies. Thus, we must look beyond abstinence to new preventative,
therapeutic approaches. Recently, choline supplementation has been reported to improve both
behavioral (Thomas et al., 2010) and neurological (Bekdash et al., 2013) deficits in PrEE rats.
Here, we demonstrate that maternal choline supplementation administered with ethanol reduces
genetic, neuroanatomical, behavioral defects associated with PrEE. Abnormal development of
intraneocortical connections, neuroanatomical structures, and ectopic neocortical gene
expression are previously documented phenotypes in newborn PrEE offspring (El Shawa et al.,
2013; Abbott et al., 2016). These effects are ameliorated in PrEE newborn mice supplemented
with choline via maternal self-administration throughout gestation. Finally, we demonstrate that
PrEE mice supplemented with choline show a reduction in sensorimotor deficits associated with
prenatal exposure to ethanol as well as significant improvements in anxiety and depression-like
behaviors, as assessed by a battery of behavioral tests at postnatal day 20. These data suggest
choline supplementation may be able to reverse the development of neurological and behavioral
deficits in PrEE mice. These results implicate choline as a possible clinical prevention for



women who continue to drink during their pregnancies, thus reducing the incidence or severity
of FASD in humans.
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Abstract: There is a high prevalence of vitamin D deficiency and exposure to low levels of
alcohol consumption in pregnant women (Bodnar et al., 2007, Daly et al., 2012). However, there
are a paucity of studies that have addressed the impact of both of these exposures on the
offspring’s vulnerability to neuropsychological disorders later in life. The aim of this study was
to examine whether the absence of vitamin D during gestation in mice would alter the effects of
prenatal exposure to low dose ethanol.

Four-week old female C57B1/6J and Balb/c mice were placed on a vitamin D deficient or
standard diet for 6 weeks and mated at 10 weeks of age. Females were exposed to either 10
%(v/v) ethanol or water for GD 0-8 and offered water for the rest of gestation. Analyses included
ultrasonic vocalizations at P7, social interaction (SI) at P21, locomotion and spatial learning and
memory at P70. Ex-vivo MRI and Next-generation sequencing (NGS) was carried out in
neonatal brains, followed up by gene and protein expression analyses on candidates in PO and
P70 tissue.

The main findings at P7-21 were increased calling rate in prenatal ethanol-exposed (PEE) males,
altered distribution of call types among DVD and EtOH groups and impaired SI in PEE males.
Hypolocomotion was encountered in PEE adult males, while learning and memory performance
in the Active Place Avoidance task was unaffected in all Groups. Gross brain anatomy was
unaffected by DVD deficiency and PEE. RNA sequencing data showed that neonatal male
offspring were more vulnerable to the effects of DVD and PEE, showing eight dysregulated
genes relevant in hippocampal development. Of particular interest, Grin3b is a protein-coding



gene that was downregulated in DVD-PEE males, which encodes an ionotropic glutamate
receptor, is expressed in the hippocampus and studies in mice have shown that mice homozygous
for a null allele present a behavioral phenotype including mild motor impairment,
hypolocomotion and impaired social interaction in a novel environment. Vglut2 was
downregulated in PEE adult male hippocampus. DVD-PEE animals showed no difference in
Vglut2 expression compared to controls.

We conclude from the present results that DVD deficiency does not increase offspring
vulnerability to PEE; on the contrary, the combination of exposures either reversed the
phenotype observed with a single exposure or had no effect.

We are currently investigating ultrastructural changes in ventricles and hippocampus at PO, based
on previous individual findings on DVD and PEE. We are also investigating the expression of
candidate genes obtained from the NGS study to evaluate possible protective mechanisms of
DVD deficiency on exposure to ethanol.
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Abstract: Schizophrenics are significantly more likely to smoke cigarettes than the general
population. In Experiment 1, we analyzed the effects of a rewarding versus an aversive dose of
nicotine using the neonatal quinpirole (QUIN; dopamine D2/D3 agonist) model of schizophrenia.
In Experiment 2, we examined the effects of antipsychotic treatment upon the associative reward
of nicotine within this same model. Neonatal QUIN treatment to rats results in increased
dopamine D2 receptor sensitivity throughout the rat’s lifetime, consistent with schizophrenia.
Rats were neonatally treated with QUIN (1 mg/kg dose) or saline from postnatal days (P)1-21.



Animals were then raised to P41 without any further drug treatment. Subjects were administered
two consecutive pre-conditioning drug free preference tests in a three chamber shuttle box on
P41 and P42 to determine initial preference. In Experiment 1, beginning on P43, animals were
conditioned with saline, a 0.6 mg/kg or a 1.8 mg/kg free base dose of nicotine for eight
consecutive days. A drug free post-conditioning preference test was given on P51.
Approximately 24 h following the post-conditioning test, brain tissue was harvested and
analyzed for mammalian target of rapamycin (mTOR) and phosphorylated-CREB (pCREB) in
the nucleus accumbens. In Experiment 2, animals were treated identically as in Experiment 1,
but were conditioned with nicotine which was preceded by an injection of either a typical
antipsychotic (haloperidol, 0.5 mg/kg dose) or an atypical antipsychotic (clozapine, 2.5 mg/kg
dose) for a period of eight days which was followed by a drug free preference test. In both
experiments, the difference between time spent in the paired context between pre-test and post-
test was utilized as a measure of associative reward. Results revealed that neonatal QUIN
enhanced the rewarding effects of nicotine, but neutralized the aversive effects compared to
controls. Neonatal QUIN also significantly decreased accumbal mTOR and pCREB results will
be presented. In Experiment 2, we found that treatment with clozapine reduced the enhancement
of nicotine conditioned place preference, but haloperidol completely reduced nicotine place
preference to control levels. These findings show that neonatal QUIN enhances the rewarding
associative effects of nicotine, and that the typical antipsychotic haloperidol was more effective
at eliminating the associative rewarding effects of nicotine likely due to its potent D2
antagonistic effects.
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Abstract: Neonatal quinpirole (QUIN; dopamine D2/D3 agonist) administered from postnatal
days (P)1-21 results in an increase of dopamine D2 receptor sensitivity, similar to schizophrenia
and is now an established rodent model of schizophrenia. The day after birth, male and female
Sprague-Dawley rats were given a daily 1 mg/kg injection of either QUIN or saline from P1-21.
One subset of these animals were behaviorally tested on PPI, referred to as first generation (F0).
A different subset of animals were allowed to reach adult age (P60) and female and male QUIN-
treated pairs from separate litters were bred. Their offspring were also used as subjects (F1
generation). Prepulse inhibition (PPI) is a measure of sensorimotor gating reduced in individuals
diagnosed with schizophrenia. Trial types were defined as prepulse trials (73, 76, 82dB), startle
stimuli trials (120 dB), or no stimulus (70 dB white noise; no prepulse or pulse). Animals were
tested for six consecutive days and given an ip saline injection 10 min before testing, followed
by testing for another six consecutive days and given an ip nicotine (0.5 mg/kg free base) or
saline injection 10 min before testing. PPI testing for FO generation animals occurred between
P35-46, and testing for F1 generation animals occurred between P44-55. In one subset of
generation F1 animals, rats were ip injected with a 0.1 mg/kg dose of quinpirole and immediately
observed for 60 min and the number of yawns were recorded at P60. Yawning is a behavioral
event mediated by the dopamine D2 receptor. Results revealed that neonatal QUIN resulted in
PPI deficits throughout the six days of testing in the FO generation regardless of the prepulse
stimulus, but females demonstrated a less robust PPI deficit as compared to males. Nicotine
given during the final 6 days of testing partially alleviated the PPI deficits in both males and
females. The F1 generation also demonstrated PPI deficits, but the impairment was only in males
and dissipated by day 6. Nicotine did not affect PPI in these animals. Finally, F1 generation rats
demonstrated a robust increase in yawning compared to controls, demonstrating an increase in
D2 receptor sensitivity. Brain tissue is being analyzed for changes in the dopamine D2 receptor
signaling pathway.
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Title: Deep brain stimulation overcomes cognitive deficits in autism rat: fMRI evaluation the
improvement of symptoms
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Abstract: Autism spectrum disorder (ASD) is a neurodevelopmental disorder. The pathogen of
autism has been unknown till now, researchers suspected genetic factors as the most likely cause
and then be triggered by environmental factor. Valproic acid (VPA) is a well know antiepileptic
drugs and thought to alter mood stability like modifying gamma-aminobutyric acid (GABA)
levels. The previous literatures illustrated that rats induced by VPA has been seen as animal
model of autism. VPA-induced ASD rats change the pattern of dendritic development, but don’t
affect neural growth or stunt in motor cortex in some studies. VPA can be viewed as an inhibitor
of connectivity in motor circuits. Deep brain stimulation (DBS) is considered to be a method for
local stimulation, which modulates neural function of broader networks. Consideration of the use
of thalamic electrical stimulation to treat patients with severe disorders of consciousness has a
long history. In this study, we proposed the central thalamic DBS (CL-DBS) as a potential
therapy for VPA-induced ASD rat model. We used the resting-state functional MRI (rsfMRI)
and a standard behavioral social testing to evaluate the changes of the functional connectivity in
cortico-striatal circuits and the social behavior, respectively. The social testing included three
chambered facility, empty, central, and social, and how long the rats spent in each facility were
calculated. Results showed that CL-DBS could increase the correlation between primary motor
cortex (M1) and stratum (Str), as well as the social behavior of rats could indeed be improved.
This study demonstrates that CL-DBS is an effective method to treat the VPA-induced ASD rats.
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Title: Evaluating sex differences and the effect of perinatal testosterone in the VPA mouse
model of autism
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Abstract: Autism spectrum disorder (ASD) is a behaviorally-defined condition with a wide
range of symptoms, severity, and co-morbidities. The “multiple-hit hypothesis™ states that a
combination of genetic predisposition and environmental insults increase autism risk. Autism is
more common in males than females, pointing to ‘maleness’ as a potential ‘hit’, but the
mechanism of this bias remains unknown, including whether the presence of fetal testosterone
(fT) alone is responsible for the increased ASD risk or if other factors contribute to this bias.
Evidence suggests that elevated levels of fT, which is responsible for male-typical brain
development, are present in those later diagnosed with ASD. Valproic acid (VPA), an
antiepileptic medication, increases ASD risk in humans when used during pregnancy. This drug
has been used to develop an animal model of ASD in rodents, which mimics many of the
features of ASD, both behavioral (e.g., social deficits, increased repetitive behaviors, deficits in
communication) and morphological (e.g., reductions in Purkinje cell number and cerebellar
volume). Male rodents are more vulnerable to some VPA effects, making this an appropriate
model to study sex differences in ASD. This project uses a mouse model of ASD to mimic
differential susceptibility of males and females to a prenatal insult (VPA), and to determine
whether masculinizing females perinatally with testosterone propionate (TP) following prenatal
VPA treatment will also masculinize their risk for abnormalities in brain development and
behavior relevant to ASD. Our study focuses on cerebellar morphology and behaviors applicable
to this brain region because it is often affected in ASD, as well as in the VPA animal model. Our
results support other research that has indicated VPA treatment causes motor development
delays. Further analysis will provide insight into abnormalities in neurodevelopment and
behavior caused by VPA treatment alone, if/how these abnormalities vary by sex, and how
perinatal TP affects the severity of these abnormalities in each sex.
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Abstract: Autism spectrum disorder (ASD) is a behavioral disorder characterized by
dysfunction in formation and maintenance of social relationships, in communication, and
repetitive/stereotyped behaviors and hyper-reactivity to sensory stimulation. Valporic acid
(VPA), an anticonvulsant medication, has been shown to increase the risk of autism in children
whose mothers have a history of VPA use. It has become a popular tool for producing a
behavioral phenotype consistent with an ASD diagnosis in a variety of non-human animal
species. Some pathologies (such as ASD) modeled in animals have been reversed or ameliorated
under environmentally complex housing conditions. Typical experimental paradigms assess play
behaviors and repetitive behaviors to test effects of VPA on social dysfunction and stereotypy;
operant reinforcement paradigms are used less frequently. Experiments that do employ operant
designs use only one reinforcer at a time, unlike the natural environment where multiple
reinforcers are available simultaneously. This experiment tested 84 Sprague-Dawley rats in a 2x2
design, assessing the effects of a pre-natal VPA manipulation and an environmental enrichment
manipulation in a testing chamber with access to different forms of reinforcement. Animals were
tested across nine days; a three-day pre-exposure period during which there were no
programmed reinforcers, followed by three days where a sensory stimulus (light onset) was
available on a VI 1 minute interval schedule, and finally a three-day period where a social
stimulus (access to a cage-mate) was available concurrent with the sensory stimulus. A
multifactorial analysis was conducted to assess the effects of the manipulation on absolute
responding, relative rate of responding, habituation of responding, and contact time, across all
three testing conditions. Introduction of the response contingent light stimulus increased
responding proportionately more for VPA-treated animals than controls; enrichment did not
affect light responding. Upon introduction of the social reinforcer on the opposite side of the test
apparatus, enrichment increased relative preference but not absolute responding for the social
side; VPA had no effect. The two manipulations did not interact. The current model of VPA-



induced autism in rats may lack ecological validity, given that a concurrent reinforcement
paradigm appears to decrease the effects of VPA.
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Abstract: Converging evidence from clinical and preclinical research indicates that oxytocin
(OT) plays a key role in species-typical social behavior. Although OT-therapy is being
investigated as a safe and promising therapy for autism spectrum disorder (ASD), we know very
little about the efficacy, safety, and neurobiological mechanisms associated with OT exposure.
Preclinical research utilizing macaque monkeys has demonstrated that intranasally administered
OT can modulate aspects of primate social cognition, including social perception, imitation, and
social vigilance. Here we describe efforts to develop an OT delivery system for juvenile
macaque monkeys that is compatible with an expanded behavioral test battery that integrates
non-invasive eye-tracking and unconstrained social interactions. Four juveniles (2 males and 2
females) were trained to drink a fluid reward from a small tube embedded below a nebulizer that
delivered aerosolized OT or saline placebo over the course of 10 minutes. We utilized a series of
positive reinforcement training techniques to reach a target mask exposure time of approximately
5 minutes per each 10 minute session. OT doses ranging from 24-48IU were evaluated in pilot
studies and cumulative drinking time was quantified for each experiment as an index of OT
exposure. To evaluate peripheral OT concentration, blood samples were collected 15, 30, 60 and
90 minutes after OT or saline exposure. Preliminary evaluation of plasma OT concentration
following OT exposure indicates that this delivery system is effective for increasing peripheral
OT concentrations. Plasma OT concentration will be compared with central OT concentrations



indexed by cerebrospinal fluid assays, and both measures will be used as predictors of behavior.
If effective, this novel delivery system for young rhesus monkeys will provide a testbed to
evaluate the effects of OT exposure during development on species-typical social interactions
and advance efforts to translate basic science OT research into safe and effective OT therapies.
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Abstract: Smith-Lemli-Opitz Syndrome (SLOS) is a rare genetic disorder caused by mutations
in the 7-dehydrocholesterol reductase gene DHCR7, encoding the enzyme that transforms 7-
dehydrocholesterol to cholesterol. Loss of function of DHCR?7 leads to a reduction in total
cholesterol production that contributes to symptoms including microcephaly, moderate to severe
intellectual disability, sensory hypersensitivity, stereotyped behaviors, dysmorphic facial
features, and syndactyly of the second and third toes, with the severity of clinical presentation
being inversely correlated with serum cholesterol levels. Importantly, SLOS patients also have
reduced levels of the brain specific cholesterol metabolite 24(S)-hydroxycholesterol (24(S)-HC)
due to the reduction in brain cholesterol driven by altered DHCR?7 function. As 24(S)-HC is
known to be an endogenous positive modulator of the NMDA receptor, it is conceivable that
some of the behavioral and cognitive features of SLOS may be driven by NMDA receptor
hypofunction. In the current studies, we describe a pharmacological animal model of SLOS
induced by chronic administration of the DHCR?7 inhibitor AY9944. Chronic inhibition of
DHCRY7 leads to reductions in cholesterol levels and 24(S)-HC, reduced total brain weight,
increased liver weights, deficits in long-term potentiation and paired pulse facilitation, increases
in sharp wave discharges, and locomotor hyperactivity, which closely resemble many of the key
features of SLOS. Herein, we report that, in the animal model, administration of a positive
allosteric modulator of the NMDA receptor, SAGE-718, attenuated AY9944-induced sharp wave



discharges and hyperactivity. These studies provide important data by which to assess proof of
concept of the utility of NMDA PAMs in SLOS, and suggest that other cerebrosterol deficit
disorders, as well as diseases resulting from NMDA hypofunction, may be areas of interest for
further study of this class of compounds.
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Abstract: To develop an effective gene therapy for the rescue of a human mutant T8993G ATP6
mouse model of NARP and MILS, we created mito-targeted AAV modified VP2 by
mitochondria targeting sequence cox8. We synthesized human normal ATP6 gene fused by a
flag epitope at the c-terminal with stop codon followed by mitochondrial encoded mCherry,
which was cloned under the control of the mitochondrial heavy strand promoter (HSP) into the
self-complementary AAV backbone (sc-HSP-ATP6FLAG+mcherry). ATP6 expression was
significantly increased 35 fold in NARP mitochondria infected by mito-targeted AAV9/ATP6.
ATP synthesis was increased 41%. NARP cell proliferation significantly increased 49%. 53 of a
mutant T8993G ATP6 founder mouse (A6M) was generated by microinjection of mito-targeted
AAV?2 with sc-HSP-mutATP6FLAG+mcherry into mouse zygotes. A6M mice developed
severely leigh syndrome, mortality high to 78%. A6M mice were also observed vision loss,
paralysis, seizure and hunched severely leigh syndrome phenotype. 10ul of mito-targeted
AAVI/ATP6 were respectively injected into 3 month old A6M and 20 month old A6M mice
with a genotype and phenotype of T8993G NARP and MILS, and untreated A6M mice of same
conditions as controls. After injection of mito-targeted AAV9/ATP6 at 3 month old, treated
A6M mice showed 100% survival compared to 30% survival in untreated A6M mice for 18
months. PERG showed amplitudes of treated A6M mice was increased to 19.6 uV after six
month compared to 11.3 uV for untreated A6M mice. At later stage A6M mice with hunched,
rota rod testing showed latency-to-fall time was significantly increased after injection for two
weeks. Video showed the movement with paralysis hind limbs mice prior to their spontaneous
deaths were significantly improved after two days of injection of mito-targeted AAV9/ATP6.
Our results showed mito-targeted AAV9-wildtype ATP6 can successfully rescue mutant T§993G
ATP6 mice significantly reducing mortality rate, improving defective visual function, ataxia and
paralysis suggesting it may be helpful for MILS and NARP patients.



Leigh Syndrome Transgenic 8993t->g Mouse Model
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Title: Pregnancy at advanced maternal age affects behavior and hippocampal gene expression in
mouse offspring
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Abstract: Advanced Maternal Age (AMA) is a risk factor for neurological and neuropsychiatric
disorders in offspring. We developed a mouse model in order to investigate whether pregnancy
at advanced age may evoke behavioral and brain gene expression changes in the offspring. Mice
conceived by 15-18 months old (15-18M) or 3M control females were delivered by cesarean
section and fostered after birth by 3M dams. Offspring were subjected to a battery of behavioral
tests and genome-wide mRNA expression was then analyzed using microarrays in the
hippocampus of 4M male offspring. We observed increased ultrasound vocalization activity
during juvenile social isolation and increased anxiety-like behaviors in adult offspring conceived
by old females (Figure 1). The hippocampal mRNA expression of several genes involved in
protein post-translational modification and protein homeostasis was affected by AMA. In
conclusion, pregnancy at advanced age yields offspring with abnormal behaviors and altered
patterns of gene expression in the hippocampus, resembling human neuropsychiatric and
neurodegenerative disorders. The effects had not been reversed by post-natal maternal cares
provided by young foster mothers. This suggests that prenatal conditions associated with AMA
may negatively affect fetal brain development and hence post-natal behaviors.
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Title: Age-dependent changes might be induced in a rat hippocampal oxidative marker after
noise exposure. Potential restoration after rearing in an enriched environment
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Abstract: It is well known that noise exposure can induce transient or permanent hearing loss.
However, few data are available regarding its effects on extra-auditory structures, mainly within
developing Central Nervous System. Previous studies of our laboratory showed that exposure of
immature rats (7 and 15-days-old) to moderate noise during 2 hours, can induce hippocampal-
related behavioral alterations that differ depending on the age of exposure. Moreover, rearing
these animals in an enriched environment (EE) has shown to be an effective protective tool
which almost fully prevented noise-induced behavioral changes.

Therefore, the aim of the present work was to test if noise exposure at different ages might
generate hippocampal changes in an oxidative marker such as Trx-1. The potential prevention of
these changes through the use of an enriched environment (EE) was also assessed.

Rats of 7 and 15 days were exposed during 2 h to white noise (95-97 dB) for one day. After
weaning, groups of 3-4 rats were transferred to an enriched cage, consisting of toys, a wheel,
tunnels and ramps, while other groups were placed in standard cages. After one week, levels of
Trx-1, a member of the family of the antioxidants thioredoxins, were evaluated.

Results showed that Trx-1 levels of rats exposed at 7 days and reared in standard cages were
increased, whereas no significant changes were found in rats reared in EE when compared with
their respective control animals. In contrast, animals exposed at 15 days showed no significant
differences in Trx-1 levels, neither in standard nor in enriched conditions.

These findings suggest that noise exposure at several developmental ages might differentially
affect hippocampal oxidative status. The restoration of hippocampal Trx-1 levels in exposed
animals reared in an EE might be correlated with a more reduced cellular milieu facilitated by
EE rearing, suggesting that this strategy could be useful to aid animals to cope with an
unfavorable condition.
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Title: Arginine vasopressin at nanomolar concentrations suppresses bumetanide-sensitive
network events in the perinatal rat hippocampus
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Abstract: During birth, a number of homeostatic and pre-adaptive mechanisms are activated in
mammals to facilitate the abrupt transition to extrauterine life. Human studies have shown that
birth triggers a massive release of arginine vasopressin (AVP) into the blood. However, there is
no information on whether the AVP surge also acts centrally on cortical structures. We
performed in vitro electrophysiological experiments on rat hippocampal slices and intact
hippocampi at the end of the fetal period (E20-21), within 2h after birth, and during postnatal
days 0-2. During the whole perinatal period, exposure to exogenously applied AVP (5-10 nM)
produced a strong suppression of CA3-driven bumetanide-sensitive network events, known as
Giant Depolarizing Potentials (GDPs), which was prevented by the V1a receptor antagonist SR
49059 (20 nM). Intracellular recordings from CA3 pyramidal neurons revealed that, while
lacking a direct effect on intrinsic properties, AVP induced a pronounced V1a receptor-
dependent increase in the frequency of spontaneous IPSCs (sIPSCs). The increase in sIPSC
frequency was seen in both the presence and absence of ionotropic glutamate receptor (iGluR)
blockers, indicating direct activation of interneurons by AVP. Additionally, a pronounced
desynchronization of cellular activity took place in the absence of iGIuR blockers, readily
explaining the suppression of GDPs. Thus, we suggest that AVP exerts neuroprotective actions
and prevents pathophysiological plasticity by suppressing neuronal network activity during birth.
This conclusion has several important consequences, especially in the light of data showing that
AVP release during human birth is further enhanced under pathophysiological conditions such as
birth asphyxia.
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Abstract: Phenylketonuria (PKU) is an inborn error of metabolism causing the enzyme that
converts phenylalanine (Phe) to tyrosine to become non-functional. This in turn leads to a
distinct rise in Phe concentrations in blood and brain. The current method to manage the
condition is a strict and early introduced diet of protein restriction and specific amino acid
supplementation restricting Phe intake. If untreated, PKU leads to severe mental retardation.
However, even in treated PKU patients the disorder manifests itself mostly at the level of the
brain with changes in neurotransmitter metabolism, white matter integrity, synaptic functioning,
and oxidative stress. The purpose of the present study was to investigate the effects of a specific
nutrient combination (SNC) containing precursors and cofactors for the synthesis of neuronal
membrane on behavioral and neurobiological deficits in PKU mice (BTBR Pah®™?). To this end,
we examined the impact of SNC in groups of 24 mice each (12 males, 12 females) with dietary
treatment starting on postnatal day 31. The following six groups were compared: wild-type
(WT), WT with SNC (WT+SNC), PKU high Phe (6.4 g/kg food), PKU high Phe+SNC, PKU
low Phe (2.0 g/kg), PKU low Phe +SNC. Groups without SNC were fed an isocaloric control.
The mice were tested in two learning and memory paradigms (novel object recognition (NOR)
and spatial object recognition test (SOR)), and a motor performance test (balance beam) at three
time points during the dietary intervention (3, 6 and 9 months after the start of the intervention).
Here we demonstrate that the diet containing SNC restored the ability of the PKU mice to learn
the NOR, but SNC did not improve motor performance in PKU mice despite a significant lower
performance compared to their WT litter mates. The SNC diet was nearly equally effective in
PKU mice treated with high and low Phe in their diet. The analysis of brain material will shed
light on the mode of action of the SNC diet. In conclusion, preliminary data show a beneficial
effect of a SNC in a PKU mouse model.
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Abstract: PMD is a rare dysmyelinating disorder of the CNS that is inherited in an X-linked
recessive manner. The prevalence of the disease is about 1/100,000-200,000. The disease results
from duplication of or a mutation in the proteolipid protein (PLP1) gene; proteolipid protein
(PLP) is the major CNS myelin protein. The majority of boys with PMD have a duplication of
PLPI (60-65%) while the remainders have a point mutation of the gene. Affected boys/men have
significant neurologic impairment consisting of ataxia, rotary nystagmus, pyramidal signs,
seizures, extrapyramidal movement disorders, psychomotor delay and intellectual disability.
New observations on a canine animal model of PMD indicate that there is a gradual spontaneous
differentiation of oligodendrocyte progenitor cells (OPCs) in the spinal cord but not brain



suggesting that drugs that could promote this earlier in the brain and spinal cord of PMD patients
could have functional significance. Mei et al. (Nat Med 2014;20:954-960) identified a cluster of
anti-muscarinic molecules that enhance oligodendrocyte differentiation and remyelination. One
of these drugs is clemastine fumarate, an anti-histamine and anticholinergic medication that is
licensed in the United States for treatment of allergic conditions. Clemastine has also been
shown to promote in vivo remyelination in the lysolecithin induced demyelination mouse model.
We tested the potential of clemastine fumarate to promote myelination in two rodent models of
PMD, the myelin deficient (md) and the PLP transgenic rat. Pups were treated daily with
clemastine (s.c.) doses of 10-30 mg/kg over 3 weeks (postnatal days 1-21). Neurologic
phenotypes and myelination patterns in the brain, optic nerves and spinal cords were assessed
using post mortem histological techniques. No change in neurological phenotype (whole body
tremor, ataxia) was observed at the highest administered dose of clemastine, 30 mg/kg s.c.
Postmortem staining with Luxol fast blue revealed islands of myelination in the brainstem of
clemastine treated md and PLP rats. No evidence for improved myelination was found in the
spinal cords or the optic nerves of treated rats compared to vehicle treated littermates who also
developed the disease. Further studies are necessary to determine whether clemastine bears a
therapeutic potential in this rare dysmyelinating CNS disorder.
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Title: Mice that lack the C-terminal region of Reelin exhibit behavioral abnormalities related to
neuropsychiatric disorders
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Abstract: Reelin is a large secreted glycoprotein that is required for normal brain formation and
function. Reelin malfunction has been suggested to be assoiciated with the pathogenesis and
deterioration of several neuropsychiatric disorders. Reelin protein is composed of the N-terminal
domain, Reelin repeats, and the highly basic C-terminal region (CTR). Secreted Reelin binds to
very low-density lipoprotein receptor (VLDLR) and apolipoprotein E receptor 2 (ApoER2), and
then induces phosphorylation of the intracellular protein Dab1, which leads to activation or
modulation of further downstream signaling. The primary sequence of the CTR is conserved in
most vertebrates and alternative splicing gives rise to a CTR-lacking isoform of Reelin. We
previously revealed that the CTR of Reelin is necessary for efficient activation of its downstream
signaling. We generated knock-in mice lacking the CTR of Reelin (AC-KI mice) and found that
their brain structure is partially impaired. (Kohno et al. J. Neurosci. 35, 4776 (2015)) Here, we
performed a comprehensive behavioral test battery on AC-KI mice, in order to evaluate the
effects of partial loss-of-function of Reelin on brain functions. The AC-KI mice were hyperactive
and exhibited reduced anxiety-like behavior in the open field test and the elevated plus maze test.
Sociability of AC-KI mice was partially impaired in the home cage test, whereas social novelty
preference was normal in Crawley’s three-chamber social approach test. The working memory in
AC-KI mice was impaired in the T-maze test. There was little difference in spatial reference
memory, depression-like behavior, prepulse inhibition, or fear memory between AC-KI and
wild-type mice. These results suggest that the CTR-dependent Reelin signaling is required for
some specific brain functions. We think that the behavioral abnormalities of AC-KI mice
recapitulate some aspects of neuropsychiatric disorders, such as schizophrenia, bipolar disorder,
and autism spectrum disorder. The loss of Reelin CTR and/or reduced Reelin signaling could be
the direct cause of some symptoms observed in these disorders. It was also suggested that AC-KI
mice may serve as a unique tool for studying the mechanisms of neuropsychiatric disorders and
their endophenotypes. We are now analyzing molecular mechanisms underlying behavioral
abnormalities observed in AC-KI mice.
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Abstract: Alzheimer’s disease (AD) is the most common form of dementia and is characterized
by loss of memory and cognitive dysfunction. The main cause of AD is the accumulation of
amyloid beta peptide (A) in the brain. Accumulated A leads to neuronal cell death and
synaptic failure.

Reelin, a large secreted glycoprotein composed of 3,461 amino acid residues, is required for
normal synaptic functions in the adult brain. Reelin consists of the N-terminal region, eight
Reelin repeats, and the C-terminal region. Reelin binds to its receptors via repeat 5 and 6, then
the intracellular protein Dab1 is phosphorylated. Reelin is specifically cleaved within Reelin
repeat 3 (N-t cleavage) and this cleavage virtually abolishes its biological activity. It was
reported that the number and the size of AP plaques are decreased in Reelin transgenic mice
(Pujadas et al., Nat. Comm. 5, 3443 (2014)) and that AP plaque pathology is worsened in Reelin
conditional knock-out mice (Lane-Donovan et al., Sci. Signal. 8, ra67 (2015)). Moreover, the
amount of full-length Reelin is decreased and the Reelin fragment generated by N-t cleavage is
increased in human AD patients (Botella-Lopez et al., Proc. Natl. Acad Sci. USA. 103, 5573
(2006)). These studies suggest that Reelin signaling is important to suppress AD pathology.

In this study, we hypothesized that the inhibition of N-t cleavage of Reelin would upregulate the
biological activity of Reelin and might ameliorate the AD pathology. Our laboratory has clarified
that A Disintegrin And Metalloproteinase with Thrombospondin motif 3 (ADAMTS-3) is a
major protease that mediates N-t cleavage. We generated conditional knock-out (cKO) mice,
ROSA26-CreERT2/ADAMTS-3-flox, in which administration of tamoxifen induces global loss



of ADAMTS-3. We crossed these mice with the knock-in mice in which pathogenic human
amyloid precursor protein is expressed (Saito et al., Nat. Neurosci. 17, 661 (2014)). We are now
investigating these mice to clarify whether the loss of ADAMTS-3 is beneficial for AD.
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Abstract: Schizophrenia patients, and rodent models of the disease, display an enhanced
hippocampal activity, which is thought to underlie augmented mesolimbic dopamine function
associated with psychosis. Indeed, aberrant dopamine neuron activity can be restored in rodent
models of schizophrenia by inactivating the ventral hippocampus (vHipp). In addition to vHipp
hyperactivity, recent post-mortem studies have suggested that glutamatergic abnormalities are
present in the nucleus accumbens (NAc) of individuals with schizophrenia. Specifically, an
increase in vesicular glutamate transporter 2 (vGlut2) expression is observed. Increases in vGlut2
implies that individuals with schizophrenia receive aberrant glutamatergic input, specifically to
the NAc. While hippocampal projections express some vGlut2, inputs from the thalamus are
more likely to account for this alteration. Interestingly, anatomical studies suggest a convergent
input from hippocampal and thalamic afferents to the NAc, which work in concert to regulate
dopamine neuron activity. Here we examined the interaction between these pathways in the
regulation of dopamine neuron activity in rodent models of schizophrenia. Electrophysiological
experiments revealed that both hippocampal and thalamic activation induced a significant
increase in population activity, and are dependent on each other. Similar to what was previously
observed with vHipp inactivation in rodent models, TTX inactivation of the thalamus restored
normal dopamine system function. Thalamus-induced increases in dopamine neuron activity are
attributed to a direct projection to the nucleus accumbens. Furthermore, a subset of medium
spiny neurons of the NAc receive convergent inputs from the vHipp and thalamus. We believe



that the vHipp is driving spontaneous membrane transitions (up/down states) that are required to
enable the thalamic inputs to drive activity in the NAc. Further investigation of the role the
thalamus plays in schizophrenia will provide a better understanding of the underlying
pathophysiology of the disease, ultimately leading to novel sites of therapeutic intervention.
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Abstract: Dopamine (DA) neuron activity in the midbrain is associated with a wide array of
essential behavioral constructs, including reward prediction and association, salience signaling,
motivation, and fine motor control, and disruptions in this system are implicated in several
psychiatric disorders. Although it is known that the ventral hippocampus potently regulates DA
neuron spontaneous activity and that it receives a dense projection from the medial septum, little
is known about how the septohippocampal pathway, a pathway known to impact learning and
memory, affects the DA system. This was addressed by infusing NMDA (0.75 png/0.2 uL) into
the medial septum of anesthetized male Sprague-Dawley rats and recording dopamine neuron
activity in the ventral tegmental area (VTA) and substantia nigra pars compacta (SNc). Septal
stimulation produced a prolonged 72% increase in the number of spontaneously active DA cells
in the VTA and a 96% increase in burst firing over vehicle infusions. Interestingly, septal
stimulation produced the opposite response in the SNc, significantly decreasing spontaneous
activity by 40% compared to vehicle. Moreover, ventral hippocampal inactivation by TTX
reversed the effects of septal stimulation on DA neuron activity in both the VTA and SNc. In
contrast to normal animals, septal stimulation in the MAM developmental disruption model of
schizophrenia precipitated an opposite effect, producing a 53% decrease in dopamine neuron
firing in the VTA and a 37% increase in the SNc. The number of spontaneously active DA



neurons is important for controlling the amplitude of the phasic dopamine response in the
striatum, as only spontaneously active cells can burst fire in response to an incoming stimulus.
Thus, these findings demonstrate that the septohippocampal pathway plays a key modulatory
role in the regulation of meso-striatal DA transmission, impacting both the limbic VTA and the
habit formation-related SNc DA neurons in a manner that is dependent upon the basal activity
state of the system.
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Abstract: Repeated exposure of high dose of methamphetamine (METH) is known to alter
several neurotransmitters in certain brain regions. METH and ethanol are frequently consumed
together by addicts with higher chance of reaching intoxication level. Little is known about the
effects of METH and ethanol co-abuse on tissue contents of dopamine, serotonin (5-HT),
glutamate, and glutamine in brain reward regions. In this study, Wistar rats were used as an
animal model of METH and ethanol co-abuse to investigate their effects on tissue contents of
dopamine/5-HT and glutamate/glutamine in nucleus accumbens (NAc) and prefrontal cortex
(PFC). We further investigated the effects of ceftriaxone (CEF), a B-lactam antibiotic known to
upregulate glutamate transporter subtype 1, on METH-induced alteration of these
neurotransmitters. After seven days of either ethanol (6 g/kg) or water oral gavage pretreatment,
rats received either saline or METH (10 mg/kg, i.p. every 2 hours x 4) followed by either saline
or CEF (200 mg/kg, i.p, 3.) post-treatment. METH induced a significant depletion of dopamine
and 5-HT in NAc and PFC. Interestingly, ethanol pretreatment potentiated the depletion of
dopamine, but not 5-HT. Importantly, dopamine tissue contents were completely restored while



5-HT tissue contents were restored partially following CEF post-treatment in water group, but
not in ethanol group, in NAc. Additionally, METH and ethanol caused differential effects in
glutamate and glutamine tissue contents in PFC and NAc. These findings demonstrated for the
first time the synergistic effect of METH and ethanol and the attenuating effects of CEF on these
neurotransmitters in this co-abuse animal model.
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Abstract: The Gs-coupled D1a receptor has long been known to signal through the cyclic AMP
sensor protein kinase A (PKA) in the nervous system. We now identify two additional cyclic
AMP sensors for D1a receptor signaling in neuroendocrine cells, the Rap guanine nucleotide
exchange proteins Rapgef2 (NCS-Rapgef2) and Rapgef4 (Epac2). The use of three separate
cyclic AMP sensors by D1 receptor activation allows parcellated activation of CREB (via PKA),
ERK (via NCS-Rapgef2) and p38 (via Epac2) in the neuroendocrine cell line NS-1, as
demonstrated by specific pharmacological inhibition of D1a/cAMP-dependent activation of
CREB, ERK and p38 by the PKA-, NCS-Rapgef2-, and Epac2-selective inhibitors H89,
SQ22,536, and ESI-09, and consistent with the previous demonstration of Gs-GPCR-coupled
parcellated cAMP signaling in this cell line by the neuropeptide PACAP expressing the family B
PACI1 receptor (Emery et al., Sci. Signaling 6(281), ra51, 2013). D1 signaling to ERK activation
is known to be important for the dopamine-dependent actions of psychomotor stimulants in the
nucleus accumbens. To determine if the NCS-Rapgef2 cAMP signaling pathway mediates D1-
dependent activation of ERK in the central nervous system, an AAV vector expressing Cre
recombinase under the control of the synapsin promoter was injected into the ventral striatum of



floxedRapgef2 mice. Four to five weeks later, these were treated with either the D1 agonist SKF
81297 (2 mg/kg, i.p.), or amphetamine (10 mg/kg, i.p.) and, 15 minutes later, euthanized, and
perfusion-fixed for examination of ERK activation using an ERK Thr202/Tyr204
phosphospecific antibody. ERK activation following either psychomotor stimulant or D1 agonist
treatment was robust in both shell and core of the nucleus accumbens on the side of the brain
contralateral to AAV-syn-Cre-GPF injection but did not occur on the ipsilateral side, in cells
which showed evidence of vector transduction (nuclear GPF staining) and corresponding loss of
staining for the NCS-Rapgef2 protein. NCS-Rapgef2, is present in neuronal and neuroendocrine
cell lines (NS-1, PC-12, SK-N-SH), but not non-neuronal cell lines (e.g. HEK293), and is
correspondingly present in neuronal/neuroendocrine tissues (brain, pituitary, adrenal) but not in
non-neuronal tissues (skeletal muscle, kidney, lung, spleen). Thus, we have identified a cyclic
AMP sensor for the D1a and other Gs-GPCR-coupled receptors, which is expressed only in
neurons within the CNS, and is required for dopamine-dependent activation of ERK in D1-
dopaminoceptive medium spiny neurons of the nucleus accumbens core and shell.
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Abstract: Schizophrenia is a complex neurodevelopmental disease caused by both genetic and
environmental factors. It is characterized by a heterogeneous collection of symptoms including
altered perception, decreased motivation, and cognitive deficits. The dopaminergic hypothesis of
the disease is the most enduring, as pharmacological treatment is based on antagonism of
dopamine D2 receptors (DRD2). Strong evidence also demonstrate that Parvalbumin-expressing
(PV), fast-spiking interneurons (FSI) have a central role in the pathophysiology of this disease,
supporting the GABAergic hypothesis. Besides this, the glutamatergic hypothesis of
schizophrenia has emerged based on reports showing that inhibition of NMDA (N-Methyl D-
aspartate) receptors causes behavioral responses similar to the positive and cognitive symptoms
observed in patients. Although great advances have been made in the last decades, and evidence
supports each of the hypotheses, the molecular mechanisms leading to schizophrenia are still to
be elucidated. Moreover, antipsychotics are the only treatment, with benefits just for positive
symptoms, but limited results for negative or cognitive ones. As DRD?2 is expressed in PV
interneurons, the aim of the present work was to evaluate to what extent FSI inhibitory control
over pyramidal neurons was modulated by DRD2. With this objective, we generated a
conditional mutant mice line, by deletion of DRD2 specifically in PV+ interneurons. We first
determined the mRNA expression level of many genes, as GAD 67, highly related to the
pathophysiology of this disease. Our results showed a significant reduction in the mRNA of this
and other relevant genes in the prefrontal cortex and hippocampus in conditional mutants
compared to controls. Electrophysiological approach showed neuronal and network perturbations
in conditional mutants, but not in control animals. We then followed a battery of behavioral tests
to analyze the consequences of this deletion, focusing on locomotor activity, emotional and
social behavior and cognitive function. Our results showed an alteration in total locomotor
activity, impairments in cognitive capacity and deficits in social and emotional behavior in
conditional mutants but not in control mice. In summary, our results show that deletion of DRD2
from FSI causes biochemical and physiological unbalances with functional consequences in
behavior, suggesting that DRD2 exerts a fine tuning role in the development of a balanced
activity in PV interneurons and, consequently, in the neuronal network.
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Abstract: Dopamine (DA) neurons of the substantia nigra compacta (SNc) and ventral tegmental
area (VTA) establish a complex axonal arborization comprising axon terminals that are either
synaptic or non-synaptic in structure, as revealed by ultrastructural observations. No method
other than electron microscopy has previously been used to examine the synaptic or non-synaptic
nature of DAergic axonal varicosities. Our objective was to develop a rapid and efficient in vitro
method for the quantification and analysis of synaptic and non-synaptic terminals established by
mouse DA neurons. Considering previous works showing that subsets of DAergic neurons are
able to package and release glutamate or GABA as some of their terminals, we took advantage of
well-established postsynaptic markers of such synapses (respectively PSD95 and gephyrin), to
characterize the axonal domain of these neurons. Primary DA neurons were prepared from the
SNc or VTA of tyrosine hydroxylase (TH)-GFP transgenic mice and placed in co-culture with
striatal neurons. Immunocytochemistry and confocal microscopy were then used to examine the
colocalization of markers of the pre and postsynaptic compartments. Images were quantified
using Image-J software. Our results show that the majority of axon terminals established by DA
neurons contain the presynaptic markers synaptotagmin 1 (SYT1), SV2 and SNAP25. However,
only a minority were found to be associated with the postsynaptic markers PSD95 or gephyrin.
In comparison, mono-cultures of glutamatergic neurons from the cortex or GABAergic neurons
from the striatum established a majority of terminals associated with a postsynaptic marker.
These observations, revealing a fundamental difference between DA neurons and classical
glutamate or GABA neurons, is compatible with previous ultrastructural results obtained from
striatal brain sections and showing DA neurons to be predominantly non-synaptic. Finally, we
also examined DA neurons from the olfactory bulb (OB), a neuronal population known to be
structurally very different in their connectivity compared to VTA or SNc DA neurons.
Interestingly, our preliminary results show that OB DA neurons are able to develop a majority of
synaptic terminals, most of which are GABAergic. Our results validate the establishment of an



experimental strategy allowing quantification of the proportion of synaptic and non-synaptic
contacts established by DA neurons, a technique that we will use to further explore the structure-
function relationship of these axon terminals.
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Abstract: Tuning dopaminergic signaling is critical for several physiological functions of the
brain including motor behavior, reward and cognitive function. The presynaptic plasma
membrane dopamine transporter (DAT) sequesters dopamine from the extracellular space, and
thereby sustains physiological dopamine levels. DAT contains at its C-terminus, a PSD-
95/Discs-large/Z0-1 (PDZ)-domain binding sequence, shown to interact with the scaffolding
protein protein interacting with C-kinase 1 (PICK1). PICK1 regulates subcellular trafficking of



its binding partners but the explicit role of PICK1 for DAT function and dopamine homeostasis
has remained elusive. Here, we present a detailed investigation of the dopaminergic system in
mice lacking PICK1. Compared to wildtype (WT) mice, we found that DAT surface expression
was unaltered in striatal terminals from PICK1 knock-out (KO) mice together with DAT
localization to membrane microdomains. However, PICK1 KO mice were characterized by
hyperlocomotion and attenuated locomotor response to cocaine although unaltered postsynaptic
dopamine receptor activation. Intriguingly, PICK1 KO mice showed increased levels of tyrosine
hydroxylase (TH), the rate limiting enzyme in dopamine synthesis in striatum and elevated
striatal dopamine content. Chronoamperometric recordings in striatum revealed elevated
dopamine release in PICK1 KO mice supporting a hyperdopaminergic phenotype. PICK1 KO
mice showed impaired behavioral sensitization to a cocaine-challenge and reduced chronic self-
administration of cocaine suggesting long-term maladaptive plasticity changes. Lentiviral knock-
down of PICK1 in midbrain dopaminergic cultures resulted in elevated TH expression and thus
imply that PICK1 acts as negative regulator of dopamine synthesis. We infer that loss of PICK1
alters subcellular distribution of TH in striatum leading to elevated striatal dopamine content and
development of a hyperdopaminergic phenotype.
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Abstract: Tuberoinfundibular dopamine (TIDA) neurons project to the median eminence (ME),
where they release dopamine into the portal vasculature that drains into the adenohypophysis. At
the target site, through its powerful inhibitory action on lactotroph cells, dopamine shapes the
plasma profile of the hormone, prolactin. Prolactin mediates key functions in pregnancy, nursing
and parental behaviours. Thus, the dynamics of TIDA neurons play a central role in the
exhibition of behaviours critical for offspring survival. Recent work has revealed that TIDA
neurons exhibit complex network interactions, including the ability to shift between phasic and
tonic discharge. Yet, the relationship between the TIDA network electrophysiology and
transmitter release is poorly understood.

In this study, the first in-depth analysis of optically and pharmacologically induced dopamine
release using fast-scan cyclic voltammetry (FSCV) in the ME was performed. The dopamine
transporter (DAT)-Cre mouse line was used to express Channelrhodopsin-2 in TIDA neurons.
Brains from adult mice (>2 months old) were sectioned into 300 um-thick coronal hypothalamic
slices with intact ME. Dopamine was detected with high sensitivity (detection threshold; >5nM),
with single Smsec light pulses evoking release of 28.20+9.59nM (n=6). Optical control of
dopamine release exhibits minimal decay over time, with no difference on evoked dopamine
levels upon repeated stimulations at five minute intervals. Prolonged 60sec tonic stimulation at
1Hz and 5msec pulse duration evoked dopamine release of 149.80+£38.81nM (n=5), whereas
constant 1sec light pulses led to release as high as 1uM (913.70+11.89nM; n=3). An inverted U-
shaped frequency curve vs dopamine release suggests maximal release (53.67+£33.18nM, n=3) at
10Hz matching the maximum spike fidelity vs firing frequency of TIDA neurons (10Hz, n=6).
Phasic stimulation resulted in similar dopamine release as tonic stimulation in short term
stimulation protocols (20sec), but long-term (5min) tonic stimulation resulted in diminished
dopamine release as compared to sustained release in the phasic stimulation protocols. Lastly,
application of the DAT blockers methylphenidate (50uM) and GBR-12783 (10uM), resulted in
increased extracellular dopamine (41.50+14.82nM; n=4, and 623.00£202.50nM; n=5,
respectively), suggesting the existence of endogenous dopamine release in vitro. Taken together,
these results suggest that dopamine concentration can be manipulated optogenetically or
pharmacologically at the TIDA neuron terminals in the ME, providing a read-out of the
relationship between TIDA neuron electrophysiology and dopamine release.
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Abstract: During the perinatal period, the brain is particularly sensitive to hypoxia. Newborn
rats that are exposed to hypoxia shows apoptosis, neuronal loss and high glutamic (Glu)
extracellular levels in the brain. The striatum is a component of main entrance of the basal
ganglia, receiving a strong glutamatergic innervation from all cortical regions, and dopaminergic
innervation from substantia nigra pars compacta. Insults such perinatal hypoxia affect
dopaminergic and glutamatergic developmental patterns connectivity. There are few
neurochemical studies in vivo to study the hypoxia effects. To analyze the stimulated release of
Glu and dopamine (DA) in dorsal striatum this study used a microdialysis method, to estimate
the neurotransmitters availability in this brain region. We used 11 posnatal days (PD) Wistar rats,
which were asphyxiated by 45 min in a small sealed chamber; when the animals reached 20 PD,
were subjected to microdialysis procedure in the dorsal striatum. Samples were collected every 5
min at a flow of 2.5 uL/min under basal conditions for 30 minutes, then a solution containing
high potassium concentration (100 mM, during 30 min) was used to stimulate the
neurotransmitters release. After, the potassium concentration was returned to baseline for 45
minutes. The collected fractions were used to measure Glu by an electroquimioluminicent
method designed in this laboratory, whereas DA was measure by HPLC with electrochemical
detection. The results showed that hypoxia induces a low extracellular level of DA, but not of
Glu. Under potassium stimulation, we do not found any difference in DA release, whereas in
Glu, the hypoxia animals had higher release than controls. The basal low level of DA could be a
consequence of neuronal loss observed in substantia nigra in a previous work, so it is possible
that the dopaminergic terminals in the striatum are less too, even if we do not analyze these. It is
possible that the enzymatic production of DA are more efficient by overexpression of tyrosine
hydroxylase. About Glu results, it is possible that the fall of DA levels, that it is known that



regulate the Glu release in striatum, explain, at least in part, the rise in Glu extracellular level
after stimulation. Support: P3E-UDG-2016.
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Abstract: Dopamine signaling occurs on a subsecond timescale, and its dysregulation is
implicated in pathologies ranging from drug addiction to Parkinson’s disease. Anatomical
evidence suggests some dopamine neurons have cross-hemispheric projections, but the
significance of these projections is unknown. Here, we show unprecedented interhemispheric
communication in the midbrain dopamine system of awake and anesthetized rats. In the
anesthetized preparation, optogenetic and electrical stimulation of dopamine cells elicited
physiologically relevant dopamine release in the contralateral striatum. Contralateral release
differed between dorsal and ventral striatum due to differential regulation by D2-like receptors.
In the freely moving animal, simultaneous bilateral measurements revealed dopamine release
synchronizes between hemispheres and intact, contralateral projections can release dopamine in
the striatum of 6-hydroxydopamine lesioned rats. These experiments are the first to show cross-
hemispheric synchronicity in dopamine signaling and support a functional role for contralateral



projections. In addition, the data reveal that psychostimulants such as amphetamine promote the
coupling of dopamine transients between hemispheres.
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regulation of the human tryptophan hydroxylase-2(TPH2) gene expression
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Abstract: Dysfunction of the central serotonin (5-hydroxytryptamine, 5-HT) system has been
implicated in the etiology of the wide range of neurodevelopmental disorders, including
depression, anxiety, obsessive-compulsive disorder, and autism. As the rate-limiting enzyme for
the synthesis of central 5-HT, tryptophan hydroxylase- 2(TPH2) plays an essential role in the
regulation of 5-HT neurotransmission and is thus a promising therapeutic target for the treatment
of neuropsychiatric disorders. Previously we reported the NRSF-mediated negative
transcriptional regulation of the human TPH2 (hTPH2) gene (Gentile MT et. al, J. Neurochem.,
123:963-70(2012)). However, the mechanism by which hTPH2 gene expression is activated
remains unresolved. In the present study, we further characterized how the hTPH2 promoter
activity is regulated by cAMP-mediated signaling pathways. A 2-kb region of the hTPH2 gene (-
1850/+141) was cloned into pGL4-Basic and its 5’-untranslated region (+10/+121; a region
containing repression elements including NRSE) was deleted to construct reporter plasmids.
Promoter activities were assessed by transient transfections into immortalized rat serotonergic
RN46A cells. Overexpression of CREB and PKA-alpha (cAMP-dependent protein kinase
catalytic subunit alpha), either alone or in combination, only caused marginal effects.
Overexpression of either CREB-regulated transcription coactivator CRTC1 or 3 with PKA-alpha
and CREB remarkably increased the hTPH2 promoter activity. PKA-alpha/CREB/CRTC-
mediated increase in the hTPH2 promoter activity was abolished when the inverted CRE motif



was mutated. Whereas Sp-6-Bzn-cAMP (a PKA activator) increased the hTPH2 promoter
activity under combined overexpression of CRTC1 or 3 and CREB, 8-pCPT-2’-Me-cAMP (the
specific EPAC (exchange protein directly activated by cAMP) activator) did not show any
appreciable increase in the hTPH2 promoter activity, corroborating that PKA activation is
required for enhancing effects of CRTCs. CRTC-mediated increase in the hTPH2 promoter
activity was attenuated either by overexpression of R314A-CREB (defective for interaction with
CRTCs) or R301L-CREB (defective for interaction with CRE) instead of wild-type CREB. In
contrast, overexpression of SI131A-CREB (defective for phosphorylation by PKA) increased the
hTPH2 promoter activity comparable to wild-type CREB, suggesting that CREB
phosphorylation itself is not necessarily essential. Collectively, these results indicate that CRTCs
play a critical role for positive transcriptional regulation of the hTPH2 gene via cAMP-mediated
signaling pathways and interaction with CRE-bound CREB.
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Title: CaMKII does not modulate D3 receptor effect on ["H]-Glutamate release in the rat
subtantia nigra.
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Abstract: Dopamine D3 receptors (D3R) are highly expressed in substantia nigra pars reticulata
(SNr) therein modulating GABA release in from striatal projections. In striato-nigral terminals
CaMKII modulates negatively D3R. Additionally, SNr receives glutamatergic projections from
subthalamic nucleus (STN) that modulate its output activity. It is well known the presence of
mRNA and D3R protein in subthalamic neurons. The effect of D3R on glutamate release has not
been well explored and the role of CaMKII in its activity remains unknown. Using high



potassium-induced [*H]-glutamate release in slices of SNr, we have examined the effect of D3R
on release and its possible modulation by CaMKII. PD 128,907 [100 nM] inhibited dose
dependent [*H]-glutamate release an effect mediated by D3R because co-perfusion with GR
103691 [10 nM] prevented it. D3R does not modulate [*H]-glutamate induced release by
adenylyl cyclase (AC) stimulation by forskolin [10 uM]. In order to test if CaMKII modulates
D3R activity in subthalamonigral terminals, we tested KN62 [4 pM] a CaMKII inhibitor. KN62
did not modify D3R effect in glutamate release. Dopaminergic denervation with neurotoxin 6-
OHDA injected directly in medial forebrain bundle increases the effect of PD 128,907 on D3R
activation by inhibiting [*H]-glutamate release by 60%. We concluded that the activation of D3R
in subthalamo-nigral terminals modulate glutamate release without inhibition of AC and control
of CaMKII.
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Title: Determination of the concentrations of d-amphetamine, neurotransmitters and various
metabolites in microdialysates taken from the brains of freely-moving rats
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Abstract: In a previous study, we demonstrated that d-amphetamine-induced increases in striatal
dopamine efflux measured by microdialysis in freely-moving rats correlated with plasma drug
concentrations (Rowley et al, 2012, Neuropharmacology 63:1064-74). In this investigation, we
have taken this one step further by exploring the relationship between d-amphetamine-induced
changes in the efflux of dopamine and its metabolites in the nucleus accumbens (ACB) and
acetylcholine in the frontal cortex (FC) and the concentration of d-amphetamine in the same
microdialysate sample. Two 2.0mm microdialysis probes were stereotaxically implanted into the
ACB (AP +2.2mm, ML £1.5mm, DV -8.0mm relative to bregma) and FC (AP +3.2mm, ML
+2.5mm, DV -4.0mm) of isoflurane-anaesthetised male, Sprague Dawley rats (~300-350g). After
>16hr recovery, 20min microdialysate samples (1.2pl/min artificial CSF (aCSF) or aCSF+1.0uM
neostigmine) were taken from freely-moving rats for 3hr after d-amphetamine dosing.



Dopamine, DOPAC and HVA were measured by Alexys hplc-ecd and acetylcholine by
ALEXYS™ uhplc-ecd (Antec). d-Amphetamine (amphetamine-D5 internal standard) was
measured in 2.0ul samples by hple-MS/MS with ESI positive ionization (Shimadzu, AB Sciex
API 5000). All results are reported as mean+SE, n=3-8. d-Amphetamine (0.5mg/kg sc) produced
rapid increases in the efflux of dopamine in ACB with a peak at 40min of 53.8+9.7fmol/5ul
(476% baseline, p<0.001). There were concomitant decreases in DOPAC and HVA with
maximum reduction to 944+47fmol/5ul (41% baseline at 60min, p<0.001) and 779+29fmol/5ul
(66% baseline at 80min, p<0.001), respectively. d-amphetamine concentrations in ACB
microdialysates followed an identical pattern with a peak increase of 44.8+12.9ng/ml at 40min.
In the FC, d-amphetamine produced a more gradual increase of acetylcholine efflux with a peak
at 60min of 462+54fmol/10ul (389% baseline, p<0.001). The time-course and magnitude of
d-amphetamine concentrations in FC microdialysates were very similar to those observed in
ACB with a peak of 32.54+5.9ng/ml at 40min. d-Amphetamine concentrations were highly
correlated with the magnitude of increases in ACB dopamine (1°=0.967) and FC acetylcholine
(1*=0.879). These findings demonstrate that it is feasible to measure the concentration of
d-amphetamine in intracerebral microdialysate samples as well as neurotransmitters and their
metabolites. These experiments have shown that the actions of d-amphetamine on the efflux of
dopamine in the ACB and acetylcholine in FC are highly correlated with the concentration of the
drug in the extracellular fluid surrounding the sampling sites.
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Title: Investigating the effects of common dopamine D2 receptor gene polymorphisms on D2/3
striatal and midbrain dopamine receptor availability with ['*F]-Fallypride PET: C957T (rs6277)
as a key determinant
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Abstract: Little work has focused on the impact of single nucleotide polymorphisms (SNPs) in
the DRD2 gene on dopamine D2/3 receptor availability (assessed as binding potential, BPnd)
beyond Taql A SNP effects on striatal BPnd. Here, we used positron emission tomography (PET)
with the D2/3 tracer '*F-fallypride to assess the effect of 3 DRD2 SNPs (TaqlA, rs1800497;
CI957T, rs6277; -141C Ins/Del, rs1799732) on striatal and extrastriatal BPnd in 84 healthy
subjects (ages 18-37, m=24.2+5.1; 53.6% female; 69% Caucasian). We focused our SNP
analyses on an a priori striatal ROI but also conducted exploratory whole-brain analyses. All
DRD?2 alleles were present in expected ratios and did not violate Hardy-Weinberg equilibrium.
In contrast to prior PET studies performed in smaller samples, we observed no significant effect
of TaqlA status on BPnd. However, C957T T allele dosage (TT>CT>CC) was positively
associated (pFDR<0.01) with striatal BPnd: Right Putamen, k(cluster size)=395, 7=4.41 at MNI
coordinates 26, 8, -4; d (Cohen’s d effect size)=0.69, 98% confidence interval (CI): 0.59, 0.92;
Left Putamen/Caudate, k=422, 7=3.83 at -24, 4, -2; d=0.68, CI: 0.59, 0.82; when applying our a
priori striatal small volume correction. Our whole-brain C957T analysis also identified a large
midbrain/pons cluster at 2, -28,-26 where T allele dose was associated with higher BPnd (k=169,
7=3.63; d=0.65, CI: 0.59, 0.78). We also observed a -141C Ins/Ins > Del Carriers BPnd effect in
a similar midbrain/pons area (k=145, 7=3.47 at 0, -26, -28; d=0.64, CI: 0.59, 0.76).
Additionally, we constructed multi-locus genotype scores from the three SNPS, and investigated
the impact of these scores on fallypride BPnd. The addition of Taql A A2 allele dosage
weakened (d=0.45, CI: 0.30, 0.58) while the addition of Ins/Ins allele status strengthened
(d=0.75, CI: 0.53, 0.94) the initial C957T effect (d=0.65) on midbrain BPnd. The addition of
TaqlA to the combined C957T + Ins/Ins score decreased the multi-locus effect on midbrain
BPnd (d=0.45, CI: 0.22, 0.59), while the effect on striatal BPnd improved minimally (d=0.67 vs.
0.64).

Our results replicate previous work showing C957T T allele dosage is positively related to
striatal BPnd and identify a novel effect in the midbrain, which is strengthened with the addition



of Ins/Ins genotype status. Taql A alone or in combination with the other tested DRD2 SNPs was
not associated with striatal BPnd, above our initial C957T effect. Given the strong linkage
between the 3 SNPs we studied here, it is possible that C957T drove previously published Taql A
effects on BPnd. These findings demonstrate that DRD2 SNPs beyond TaqlA impact individual
differences in D2/3 receptor availability.
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Title: Pre-synaptic dopamine release is regulated by post-synaptic activity to induce neuronal
plasticity in Drosophila
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Abstract: Dopamine is an important neurotransmitter required for various higher order brain
functions, including locomotor activity, sleep and memory formation. However, its release
mechanisms and precise roles in these functions remain largely unknown. In Drosophila, long-
term enhancement (LTE) of cholinergic transmission from the antennal lobes (ALs) to the
mushroom bodies (MBs) is a cellular correlate of olfactory memory, and occurs upon
simultaneous stimulation of the ALs and the ascending fibers of the ventral nerve code (AFV).
Previous meeting, we have reported that AFV information is mediated by glutamate/NMDA
receptors on MBs. On the contrary, activation of D1-type DA receptor on MBs is sufficient to
induce LTE. We monitored the dopamine release by fluorescent exocytosis probe, synapto-
pHluorin, and found that it occurs when MB neurons are simultaneously activated by
acetylcholine and glutamate signaling, thus AL and AFV information. We also found that
dopamine release is induced only onto MB neurons that have been coincidently activated.
Although these findings suggest that dopamine release may require synaptic output from MB



neurons to activate DA neurons that loop back to the MBs, dopamine release is not disrupted
when synaptic transmission from MB neurons is inhibited. Next we considered another
possibility, releasing may be regulated by a retrograde message released from MB neurons. By
pharmacological and genetic studies, we identified a potential messenger, which is released from
activated MBs and retrogradely induces dopamine release. This MB-dopaminergic neurons-MB
loop mechanism explains how dopamine functions to reinforce associative learning, and how its
release is restricted to reinforce specific associations.
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Title: Motor effects of nigral D4 receptors in normal and hemiparkinsonic rats.
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Abstract: The level of GABA in the sustantia nigra pars reticulata is decisive for the firing of
nigral neurons and therefore for the motor control. GABA release is modulated by
presynaptically located D1 and D4 dopamine receptors. The role of the D4 receptor and its
participation in motor behavior has been poorly studied, particularly on experimental Parkinson.
To understand this, we performed in vivo microdialysis experiments in sustantia nigra of normal
and hemiparkinsonic rats; we measured dopamine, GABA and glutamate levels. In
hemiparkinsonic rats we activated dopamine receptors with L-DOPA methyl ester (10 mg/kg
1.p.) and the animals were monitored by a system of motor activity recording of with
microdialysis.

In normal rats local blockade of D4 receptors with L-745870 produces selectively increase of
GABA levels (129 + 29%) and not of glutamate or dopamine. Motor behavior was also increased
significantly at the same time of blockade. Systemic administration of the antagonist did not
modify any parameter. In hemiparkinsonic rats L-dopa plus antagonist D4 receptor L-745870



increased levels of the three neurotransmitters and further the level of GABA selectively. L-
dopa, by itself increases activity causing contralateral rotation, which was significantly higher by
blocking the D4 receptor. These data highlight the role of GABA in motor control by D4
receptor at pallidus-nigral pathway. The effects observed in the hemiparkinsonic rats suggest the
possible use of D4 blockers in the treatment of Parkinson's disease.
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Title: Loss of function of human-specific Brain-Derived Neurotrophic Factor exon VIII-
containing transcripts associated with familial schizophrenia
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Abstract: Despite its high heritability, the genetic basis of schizophrenia is only recently coming
into focus. Large cohort genome-wide association studies have converged on a diverse group of
common variants, however establishing cellular models to investigate their neurobiological
influence has remained challenging. In contrast, rare high-penetrance mutations have been more
difficult to identify, but offer a unique opportunity for performing detailed mechanistic studies of
schizophrenia pathophysiology. In particular, with the advent of pluripotent stem cell
technology, modeling rare highly-penetrant mutations in patient-specific neural cells has
provided a novel way forward.

We performed linkage analysis and whole-genome exome sequencing within a family identified
with high incidence of schizophrenia and a Mendelian pattern of disease inheritance. Pluripotent
stem cell derived-neural lineages were differentiated to perform detailed molecular studies of
leading candidates segregating amongst all affected family members.

In total, twenty candidate genes were identified. Among them was a frameshift insertion leading



to a premature stop in exon VIII of Brain-Derived Neurotropic Factor (BDNF). The regulation
of BDNF transcription is remarkably diverse, with more than 17 known alternatively spliced
isoforms. Interestingly, exon VIII contains a human-specific start codon that results in a larger
pre-domain of the protein with as of yet undetermined functions. Depolarization of multiple
different neural lineage cell types revealed that exon VIII-containing transcripts are highly
activity-dependent in neural precursor cells (50x) and moderately in neurons and astrocytes (5-
10x). We identified two novel transcripts that contain exon VIII: transcripts IV-VIII-IX and VI-
VIII-IX. Interestingly, exon IV and VI contain many regulatory epigenetic landmarks for altering
gene expression and have previously been pleiotropically associated with multiple psychiatric
disorders. When overexpressed in various neuronal lineages, BDNF VIII-IX protein levels were
at least ten-fold lower compared to that of BDNF IX, suggesting a shorter half-life of exon VIII-
containing isoforms.
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Title: Identification of novel regulatory mechanisms responsible for TrkB signaling-dependent
transcription of BDNF in cortical neurons.
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Abstract: Brain-derived neurotrophic factor (BDNF), acting through its receptor TrkB, regulates
the survival and differentiation of various neurons in the developing nervous system, and
promotes synaptic plasticity in the adult brain. Previously, it has been shown that in neurons
BDNF gene is a subject to an extensive autoregulatory positive feedback loop, where TrkB
signaling induces BDNF mRNA expression. However, little is known about the molecular
mechanisms responsible for the phenomenon. Here, we have elucidated the mechanisms behind
BDNF autoregulation using rat primary cortical neurons together with various methods,
including AAV-mediated overexpression of dominant negative forms of different transcription
factors, luciferase reporter assays, and chromatin immunoprecipitation. Our findings improve the
understanding of the regulation of BDNF gene transcription in cortical neurons.
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Title: The role of BDNF-trkB signaling in cortical parvalbumin interneurons during cognitive
and emotional processes
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Abstract: Prefrontal cortex (PFC) interneurons have a vital role in modulating cortical output
and plasticity. They were shown to be involved in the regulation of attention, decision-making
and memory. Dysfunctions in inhibitory parvalbumin (PV) interneurons have been implicated in



the pathogenesis of depression, anxiety and other neuropsychiatric disorders. Changes in the
expression of the brain-derived neurotrophic factor (BDNF) and its receptor tyrosine receptor
kinase B (trkB) in PV interneurons have been associated with the pathophysiology of
schizophrenia. Furthermore, truncated trkB isoforms, unable to mediate normal neurotrophic
response, have an increased expression in schizophrenic patients. These changes in the
expression of the wild type and truncaded trkB receptors are correlated with altered GABA
inhibition and local network oscillatory synchronization. To directly investigate how trkB
signaling in cortical PV interneurons contribute to oscillatory activities in prefrontal cortex and
cognitive and emotional behavior we generated Adeno-associated viruses with Cre-dependent
expression of a dominant negative trkB receptor (trkB.DN; a truncated receptor that binds to
BDNF but does not trigger intracellular signaling cascades). PV-Cre mice injected with trkB.DN
into the PFC display normal locomotion but show aggressiveness and disturbances in behaviors
related to memory, fear and anxiety. /n vivo recordings reveal that the behavioral phenotypes are
associated with higher delta-gamma phase-amplitude coupling in the PFC. This furthers our
understanding of the relationship between BDNF-trkB signaling in PFC PV interneurons,
schizophrenia-relevant behavioral alterations and aberrant states of prefrontal hyperactivity.
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Abstract: The Brain-Derived Neurotrophic Factor (BDNF) gene with its multiple transcripts
takes part in mechanisms of learning and memory, but might have also the potential to promote



epileptogenesis. Here we present data showing that the dose of overexpressed BDNF determines
whether memory formation is improved or worsened. A localized transduction of hippocampal
CAT1 neurons with AAV9-BDNF-short 3'UTR enhanced the expression level of BDNF to about
200% within two weeks. This dose of overexpressed BDNF improved the memory recall of a
passive avoidance task and object location. In addition, key kinases of synaptic plasticity related
signaling pathways showed enhanced phosphorylation levels, even three weeks after BDNF
overexpression. A doubling of the BDNF doses by transduction of a higher number of CA1
neurons caused an increase in the mouse’s anxiety level and a decline in the passive avoidance
memory performance. In addition, a large number of animals developed seizure-like saliences.
Thus, expression of BDNF from the transcript under investigation has the potential to improve
memory formation in wild type mouse strains when the expression level of BDNF is well
controlled.
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Title: Effects of chronic intermittent ethanol exposure or forced swim stress on expression of
BDNF exon variants in medial prefrontal cortex and hippocampus in C57BL/6J mice
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Abstract: We have previously shown that repeated cycles of chronic intermittent ethanol (CIE)
exposure reduced BDNF mRNA and protein in the medial prefrontal cortex (mPFC). Additional



work found that the reduction in mRNA (Bdnf exon 4) after CIE also extended to the
hippocampus (HPC) and, further, that reductions occurred after acute forced swim stress (FSS)
in both regions. Interestingly, targeting transcripts with the Bdnf exon 2 variant revealed
reductions only in mPFC after acute forced swim stress (FSS), suggesting differential regulation
of Bdnf exon variants. Therefore, the present study was designed to extend these earlier findings
by measuring mRNA levels of 7 known Bdnf non-coding exon variants (1, 2, 3, 4, 6, 7 & 8) that
are spliced to the same coding exon (9), and measuring levels of exon 9 mRNA in mouse mPFC
and HPC after a history of either repeated CIE exposure or after a single acute FSS. Adult male
C57BL/6J mice received 4 weeks of CIE or air exposure in inhalation chambers (16 hr/day x 4
days/wk). Three days following the final CIE (or air) exposure, mice were sacrificed. A separate
cohort of mice was exposed to a single 10-min FSS exposure and sacrificed 30 min later. After
dissection and isolation of mRNA, expression of all 8 Bdnf mRNA variants was determined by
real time quantitative PCR (qRT-PCR) using cyclophilin as the reference gene. Results revealed
a diverse pattern of Bdnf exon variant mRNA expression. For instance, both CIE and FSS
significantly reduced Bdnf exon 3 expression in the HPC by CIE (50+3.9%) and FSS (53+4.6%)
(both p<0.05) compared to the CTL mice, but there was no reduction in mPFC. Bdnf exon 7
expression in the mPFC was increased by CIE (133+17.0%) and FSS (152+17.1%) compared to
CTL (both p<0.05), but there was no change in the HPC. CIE and FSS exposure increased Bdnf
exon 8 in mPFC (86+28.7% CIE, 114+29.8% FSS; both p<0.05) and HPC (51+15.6% CIE,
42+6.1% FSS; both p<0.05). Conversely, both conditions decreased exon 4 in the mPFC
(22+7.4% CIE, 404£9.5% FSS) and HPC (424+4.0% CIE, 35+£3.9% FSS) compared to CTL mice
(all p<0.05). The BDNF coding exon (9) was found to trend toward a reduction in only the
mPFC after CIE (21£4.4%; p<0.06). These results suggest there is complex regulation of BDNF
expression that is selective to the type of experience and the brain region being analyzed. Since
Bdnf exon variants have different subcellular localization that may allow for localized
modulation of BDNF expression, ongoing work includes measuring BDNF protein expression in
subcellular fractions from the mPFC and HPC after CIE or FSS.
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Title: Endocannabinoid-BDNF interactions at cortical excitatory synapses

Authors: *M. L.-W. YEH, R. SELVAM, E. S. LEVINE;
Neurosci., Univ. of Connecticut Hlth. Ctr., Farmington, CT

Abstract: Endocannabinoids (eCBs) and neurotrophins, particularly brain-derived neurotrophic
factor (BDNF), are potent neuromodulators that are highly expressed throughout the mammalian
neocortex. Both eCBs and BDNF play critical roles in many behavioral and neurophysiological
processes and are primary targets for the development of novel therapeutics, specifically in
relation to depression, anxiety and schizophrenia. In mammalian neocortex, eCBs and BDNF
bind primarily to the type 1 cannabinoid receptor (CB1R) and the high affinity trkB tyrosine
kinase receptor, respectively. These receptors are expressed throughout the cortical mantle, with
the highest levels of both trkB and CB1Rs found in layers II/IIl and V. Our laboratory and others
have previously established that at glutamatergic synapses in these cortical layers, BDNF rapidly
potentiates excitatory transmission by enhancing presynaptic glutamate release and modulating
NMDA receptors. In contrast, we have recently shown that BDNF attenuates inhibitory
transmission by inducing postsynaptic release of eCBs that act retrogradely to suppress GABA
release from presynaptic terminals. It is not known whether BDNF also induces release of eCBs
at excitatory synapses, which could have a mitigating or opposing effect on the direct effects of
BDNF at these synapses. Here, we investigate the physiological interactions between eCBs and
BDNF at excitatory synapses in layer V using acute slices from mouse somatosensory cortex.
Consistent with previous results, we observed an increase in the frequency but not amplitude of
spontaneous AMPA-mediated miniature excitatory postsynaptic currents (mEPSCs) after bath
application of 0.2 nM BDNF. We also observed an increase in mEPSC frequency following
exposure to the specific CB1R antagonist SR141716A, suggesting that tonic eCB signaling is
present at these terminals. Bath perfusion of BDNF in the presence of SR141716A typically
resulted in a greater increase in mEPSC frequency than BDNF alone, suggesting that BDNF-trkB
signaling induced the release of eCBs at these excitatory synapses. Ongoing experiments are
further exploring this issue with pharmacological manipulations targeting eCB synthesis, release,
reuptake and degradation. We are also using immunohistochemistry to examine colocalization of
trkB and CBIR at glutamatergic synapses. These observations bolster the growing evidence for
cross-talk between eCB and BDNF signaling at cortical synapses.
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Title: Netrin-1 promotes phosphorylation and membrane insertion of GluA1 in hippocampal
neurons.

Authors: *I. V. BEAMISH', S. D. GLASGOW?, S. LABRECQUE®, A. MCKINNEY”, P. DE
KONINCK®, P. SEGUELA? E. S. RUTHAZER?, T. E. KENNEDY?;
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Neurosurg., *Pharmacol. & Therapeut., McGill Univ., Montréal, QC, Canada; *Inst. universitaire
en santé mentale de Québec, Univ. Laval, Québec, QC, Canada

Abstract: Netrin-1 plays an important role in the establishment of neural circuits during
development; however, the functional relevance of netrin-1 in the mature central nervous system
remains unclear. Selective removal of the netrin receptor Deleted in Colorectal Cancer (DCC)
from adult forebrain neurons results in significant impairments in long-term potentiation (LTP),
a form of activity-dependent synaptic plasticity, suggesting a role for netrin-1 in learning and
memory. Using electrophysiological recordings in adult hippocampal slices, our lab has recently
found that netrin-1 potentiates synaptic responses via activation of DCC. LTP induction has been
shown to trigger post-translational modifications of glutamate receptor subunits of the AMPA
subtype, which regulate their subcellular trafficking and are correlated with alterations in
dendritic spine volume. Here, we show that application of exogenous netrin-1 results in
increased levels of CaMKII phosphorylation, as well as phosphorylation of critical serine
residues on the GluA1 AMPAR subunit. We also show that application of netrin-1 increases
fluorescence intensity of super ecliptic pHluorin-tagged GluA1 (SEP-GluA1) at synaptic sites.
Additionally, we demonstrate that brief application of netrin-1 leads to long-term increases in the
volume of thin type dendritic spines. Finally, depolarization of hippocampal neurons increases
extracellular netrin-1, consistent with an activity-dependent release of netrin-1. These results
point to a critical role for netrin-1 in the regulation of synaptic transmission and long-term
plasticity via DCC-mediated modulation of the phosphorylation status of GluA1.
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Title: Netrin-1 regulates synaptic transmission in CA1 pyramidal neurons of the adult mouse
hippocampus.

Authors: *S. D. GLASGOW!', 1. V. BEAMISH', E. WONG', L. J. TRIGIANT', J. GIBON'", E.
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Abstract: Netrin-1 is a secreted protein that has been implicated in axon guidance during
development; however little is known about its role in adulthood. Netrin-1 protein is readily
detectable in the adult mouse hippocampus, suggesting potential roles in synaptic plasticity and
learning and memory. Here, we report that brief application of netrin-1 increases thin-type
dendritic spine volume, and leads to a significant increase in the frequency of miniature
excitatory postsynaptic currents with no detected change in presynaptic function, indicating that
netrin-1 can increase the number of excitatory synapses on CA1 pyramidal neurons. Moreover,
transient application of netrin-1 induces a long-lasting potentiation of Schaffer collateral-evoked
excitatory AMPA-mediated postsynaptic currents in CA1 pyramidal neurons in acute brain
slices. We provide evidence that his potentiation is due to an increase in GluA1 AMPA receptor
insertion and requires postsynaptic netrin receptor deleted-in-colorectal-cancer (DCC). DCC-
mediated GluA1 insertion is dependent on PLC, intracellular calcium, PKC, and CaMKII, but
not on NMDARs or mTOR. We also show that genetic deletion of netrin-1 from forebrain
excitatory principal neurons results in attenuation of long-term potentiation (LTP), as well as
deficits in spatial memory. Together, these findings identify a novel function for netrin-1 in the
regulation of synaptic plasticity in the adult brain.
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Title: Neuregulin targeting in central neurons
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Abstract: The Neuregulin/ErbB4 signaling pathway is an important modulator of GABAergic
inhibitory interneurons, synaptic plasticity and neural network synchronization. Neuregulins are
synthesized as membrane-bound proforms that require proteolytic processing by a- or 3-
secretases to shed their ectodomains and to initiate signaling. Until recently, it was generally
assumed that all Neuregulins target to axons or axon terminals and to activate postsynaptic ErbB
receptor tyrosine kinases in paracrine or juxtacrine fashion, based in large part on analyses of
CRD (type III)-NRG1 function in the peripheral and central nervous systems. However, we
recently demonstrated that NRG2, a major NRG isoform in the postnatal brain, accumulates as
an unprocessed pro-form on cell bodies and proximal dendrites where it co-localizes with Kv2.1
potassium channels clusters at a subset of neuronal ER-PM junctions characterized by the
presence of subsurface cisternae (SSCs). We also demonstrated that shedding of the signaling-
competent NRG2 extracellular domain and subsequent autocrine initiation of ErbB4 receptor
activation in GABAergic interneurons requires glutamate signaling via NMDA receptors.
Therefore, these findings constitute a novel, non-axonal NRG signaling modality in central
neurons. Here, we investigate the subcellular trafficking of other major NRG isoforms in
cultured hippocampal neurons and in the brain, and begin to delineate the rules that govern their
differential targeting to cell bodies vs. axons. Our preliminary data indicate that cell body
accumulation, association with SSC-type ER-PM junctions and NMDA receptor-dependent
ectodomain shedding are common properties of several NRG isoforms. These findings further
support the notion that autocrine signaling in the cell body is a major mode of endogenous
NRG/ErbB4 signaling that is potentially important to regulate excitability and/or synaptic
transmission onto interneurons.
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receptors in aged rats and in humans
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Abstract: S 47445 is a potentiator of AMPA receptors that possesses both procognitive and
antidepressant-like properties (L. Danober, ADPD 2015; S. Bretin ECNP, 2015). Here, the
neurotrophic effects of S 47445 were assessed on both 18 months old aged rats (from 1 to
10mg/kg p.o.) and in healthy subjects (20 and 50mg). In rats, mRNA and proteins levels of
Brain-Derived Neurotrophic Factor (BDNF), Neurotrophin 3 (NT3) and Nerve Growth Factor
(NGF) were investigated in prefrontal cortex (PFC), ventral (VH) and dorsal (DH) hippocampus
after 2-week-treatment with S 47445. The effects of the age (vs 3 months/vehicle) and of the
drug treatment (vs 18 months/vehicle) were analyzed using two-way ANOVA followed by
Fisher’s PLSD.The clinical study was an open, monocentric, phase I study in 24 healthy male
and female subjects aged between 18 and 55 years. Subjects received orally for 10 days S 47445
at 20 mg (n=12) or 50 mg (n=12). Plasma samples were taken at 3 time points (D1 predose, D10
predose and D10 3h) and BDNF protein was measured with Mesoscale assays. Chronic effect
(D10 predose - D1 predose) and acute changes (D10 3h -D10 predose) were analyzed separately
using a Wilcoxon rank signed test. When compared to adult animals, aged rats show a significant
decrease of total Bdnf mRNA levels in PFC (p<0.05), but not in VH or DH. Following S 47445
treatment, increases of Bdnf mRNA were observed both in PFC (1mg/kg; p<0.05) and DH (3
and 10mg/kg; p<0.001; p<0.05, respectively). Similarly, we found a significant age-dependent
decrease of proBDNF and mature BDNF (mBDNF) in PFC synaptosomal fraction, which were
normalized by S 47445 treatment (proBDNF: 1 and 10 mg/kg; p<0.05; mBDNF: all doses;
p<0.01). Further, S 47445 was also able to upregulate mBDNF protein in DH (3 and 10 mg/kg,
p<0.01; p<0.05). Last, S 47445 normalized the age-related defects of NT-3 protein (all doses;



p<0.01) in PFC and in DH (1mg/kg; p<0.01) and increased NGF protein in DH (1 mg/kg ;
p<0.05).In healthy subjects, after a 10-day treatment, S 47445 significantly increased plasma
BDNF protein at 20 and 50 mg, pooled results with both doses (median difference D10 predose -
baseline = 40.6pg/mL; p<0.05). No difference on BDNF protein at D10 predose and 3hours after
S 47445 treatment was observed suggesting a chronic effect rather than an acute one. In
conclusion, S 47445 displayed neurotrophic effects in DH and PFC of aged rats and reversed the
age-related deficits of mBDNF and NT3 proteins. S 47445 also presented a chronic effect on
plasmatic BDNF levels in healthy subjects. On these bases, S 47445 has promising therapeutic
potential in Alzheimer’s disease and in Major Depressive Disorders.
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Title: Gasl is expressed and released from neuronal primary cultures from mouse cerebellum
and hippocampus
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Abstract: Gasl (Growth Arrest Specificl) is a pleiotropic protein that induces a variety of
effects, including cell-cycle arrest, apoptosis and proliferation in different cell types. Employing
immunohistochemical techniques we had previously observed that Gas1 is strongly expressed in
GABAergic, glutamatergic, dopaminergic and cholinergic neurons in the hippocampus,
thalamus, substantia nigra pars compacta and in the ventral horn of the spinal cord, respectively.
Interestingly, we detected a very faint expression of Gasl in the granular cell layer
(glutamatergic neurons) of the cerebellum. Based on these data, we decided to analyze the levels
of Gas1 in hippocampus and in both the granular and the Purkinje layers of the cerebellum. We
now report that Gas1 mRNA and protein are present in the Purkinje-molecular cell layer, and in
the hippocampus but that it is not found in the granular layer of the cerebellum. Moreover, we
also detected soluble Gas1 in the medium of neuron-enriched cell cultures obtained from
hippocampus and from the Purkinje layer. Interestingly, and consistent with our previous data,
we did not detect Gas1 in cultures of cerebellar granular cells. The present results indicate a
differential pattern of expression of Gasl in adult brain, not necessarily associated with
neurotransmitter phenotype. Moreover, Gasl is secreted from neurons suggesting it may act in
both autocrine and paracrine manners in the brain.
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Abstract: Neurotrophins positively modulate neuronal survival and plasticity in the brain.
Physical exercise up-regulates the expression of neurotrophins including BDNF in the brain.
GABA, is the most common neurotransmitter associated with IPSP in the brain. Some reports
indicate that the inhibition of GABAergic synapses in the hippocampus enhances neural
plasticity associated with the increased expression of BDNF, whereas the inhibition of
GABAergic synapses removed the exercise-induced expression of nerotrophins in the motor
cortex in our previous study. The objective of the present study was to investigate the effects of
exercise and slighter inhibition of GABAergic synapses on the expression of neurotrophin in the
mouse motor cortex. Female ICR mice at 30 weeks of age were assigned to four groups based on
two factors (exercise and extremely slight inhibition of GABAergic synapses). The mice in the
exercise groups performed moderate treadmill exercise (15 m/min, 60 min) every day. The slight
inhibition of GABAergic synapses was induced by intraperitoneal administration of GABA4
receptor antagonist (bicuculline, 0.25mg/kg). The intervention composed of exercise and
bicuculline administration was continued for two weeks. After the intervention, the motor cortex
was deprived for quantitative PCR analyses and immunoassays. The mRNA expression and
protein level of BDNF were measured based on real time PCR and ELISA. All procedures were
approved by the ethics committee for animal research of Hokkaido University. After the
intervention for two weeks, bicuculline administration significantly increased the mRNA
expression of BDNF, wheareas there was no effects of exercise on the expression. In the protein
assay, neither bicuculline administration nor exercise modified the BDNF protein level, whereas
exercise in the presence of bicuculline administration significantly increased the BDNF protein
level. Taken together, the present study elucidated that the interaction between slight blockade of
GABA receptor and exercise up-regulated BDNF protein level in the motor cortex. One
possibility is that slight blockade of GABA 4 receptor could positively contribute to the exercise-
induced up-regulation of BDNF synthesis. It was suggested that exercise in the presence of
regulated neuronal balance between EPSP and IPSP is crucial for the up-regulation or the down-
regulation of neurotrophin syntheses in the motor cortex.
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Title: Inositol hexakisphosphate kinase-2 interacts with protein 4.1N in the brain.
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Abstract: Inositol hexakisphosphate kinases (IP6Ks) are responsible for the synthesis of the
energy-rich Inositol pyrophosphates (PP-IPs) in mammals and regulate cellular functions
including chemotaxis, telomere length, endocytic trafficking, exocytosis as well as apoptosis.
Among such pyrophosphates, diphosphoinositol pentakisphosphate (IP7) and bis-
diphosphoinositol tetrakisphosphate (IP8) have been extensively characterized. IP7 is produced
in mammals by a family of inositol hexakisphosphate kinases, namely IP6K1, IP6K2 and [P6K3,
which have distinct biological functions. Of these, Inositol hexakisphosphate kinase-2 (IP6K2),
has been identified as a pro-apoptotic factor with the ability to sensitize cells to apoptosis. To
identify the protein interactome of [P6K2, we subjected wild-type mouse brain tissue lysates to
anti-IP6K2 antibody-mediated coimmuno-precipitation followed by Liquid Chromatography
Tandem Mass Spectrometry (LC-MS/MS). This screen revealed robust binding of protein 4.1N
with [P6K2. Protein 4.1N is the neuronal selective isoform of the erythrocyte membrane
cytoskeleton protein, 4.1R, also known as erythrocyte membrane protein band 4.1 like protein
isoform a or EBP41L1. Protein 4.1N is believed to confer stability and plasticity to the neuronal
membrane via interactions with multiple binding partners, including the spectrin-actin-based
cytoskeleton, integral membrane channels and receptors as well as membrane-associated
guanylate kinases. To further assess the specificity of the observed interaction between [IP6K2
and 4.1N, we separately immuno-precipitated [IP6K1 and IP6K3 from brain tissue lysates of mice
and failed to detect any association with the 4.1N protein. Thus, the interaction of 4.1N is
evidently specific to the [IP6K2 form of inositol hexakisphosphate kinases. We are presently
characterizing functional implications of IP6K2-4.1N interactions.
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characteristics in primary neuron culture



Authors: *A. BORODINOVA, Y. SPIVAK, I. SMIRNOV, A. MALYSHEV, A.
BOLSHAKOV;
Inst. of Higher Nervous Activity, Moscow, Russian Federation

Abstract: Brain-derived neurotrophic factor (BDNF) is a key regulator of synaptic structure and
plasticity in developing as well as mature neurons. It is synthesized as a precursor protein
(proBDNF) that is subjected to a proteolytic cleavage to mature molecule and a prodomain.
Recent evidences suggest that proBDNF has its own biological role, frequently opposite to the
BDNF functions. Neurotrophic balance is extremely important for normal brain functioning,
especially during development, and abnormal proBDNF/BDNF ratio may play a role in
pathogenesis of many neurological disorders, including autism and fragile X syndrome. In the
current study we are testing the hypothesis that chronic changes in proBDNF and BDNF
expression can differently regulate functional characteristics of the cortical neurons. For
continuous neurotrophins overexpression we designed lentiviral constructs, carrying plasmid
with coding sequence for either cleavage-resistant proBDNF (pCSC-proBDNF-CR) or
proBDNF, which may be cleaved to a mature neurotrophin (pCSC-BDNF). Cultured cortical
neurons were transduced with mentioned lentiviruses, and presynaptic effects of chronically
expressed neurotrophins were analyzed by immunocytochemical staining of VGlut, which
correlates to the quantity of excitatory synapses. It turned out that continuous (2 weeks) pCSC-
BDNF overexpression increased the number of VGlut puncta in primary neuron culture
(5,96+0,3 per unit of length) as compared to control pCSC (3,35+0,3), whereas cleavage-
resistant BDNF precursor had no long-term effects on VGlut distribution (3,26+0,3) and,
therefore, the density of excitatory synapses. Next, we estimated the changes in postsynaptic
properties during continuous (1 and 2 weeks) neurotrophins overexpression. According to
Western blotting data, pCSC-proBDNF-CR significantly decreased the level of the key
postsynaptic protein PSD95 after 1 or 2 weeks overexpression (0,85+0,05 and 0,76+0,07,
respectively) as compared to control pCSC. Interestingly, BDNF overexpression did not change
the PSD95 protein levels over a period of one week (1,08+0,02) but decreased it after two weeks
of incubation (0,74+0,17). Using patch-clamp recording we have analyzed spontaneous activity
of neural cultures. Preliminary data suggests that pCSC-proBDNF-CR overexpression does not
influence activity of cortical neurons, while pCSC-proBDNF overexpression significantly
activates spontaneous activity. Our results suggest that proBDNF may be responsible for
modulation of postsynaptic characteristics, whereas mature neurotrophin acts both pre- and
postsynaptically potentiating synapses formation.
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administration of nerve growth factor: pilot study
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Abstract: Nerve Growth Factor is known to play a critical protective role on a number of brain
neurons in mammals, including humans. Nerve Growth Factor can be delivered to Central
Nervous Sistem (CNS) via nasal route (Chen QX; 1998 Delivery of nerve growth factor to the
brain via the olfactory pathway. J Alzheimers Dis 1:35-44) and has a protective action on
forebrain, ippocampus (Catteno A, Towards non invasive nerve growth factor therapies for
Alzheimer's disease. J Alzheimers Dis. 2008, 15: 255-283) in Alzheimer disease and Parkinson
disease. However, its role in the Spinal Cord is not still unclear. Indeed, NGF does not cross the
blood-brain barrier if injected subcutaneously or intravenously and another delivery method is
therefore required. Hence the aim of this study was first to investigate whether purified NGF
reaches spinal cord neurons and has any effect on the motor skills of rats with induced spinal
cord injury (de Bellis A; Progress in Neuroscience 2012; Vol 1,N(1-4):83-90,2012;ISSN:2240-
5127) and second to determine its effect on NGF concentrations and NGF-receptors in injured
spinal cord neurons in adult rats when administered via the nasal cavity (Aloe L;Neural
Regeneration Research 2014;Volume:9;Issue:10;Page:1025-1030). Adult male Sprague-Dawley
rats with intact and injured spinal cord (SCI-induction T8-T10 by Yasargil's clip for 30") received
daily intranasal nerve growth factor administration (via spray) in both nostrils for 1 day or for 3
consecutive weeks. We found an increased content of nerve growth factor (NGF) and enhanced
expression of nerve growth factor receptor in the spinal cord 24 hours after a single intranasal
administration of nerve growth factor in healthy rats, while daily treatment for 3 weeks in a
model of spinal cord injury improved the deficits in locomotor behaviour and increased spinal
content of both nerve growth factor and nerve growth factor receptors. These outcomes suggest
that the intranasal nerve growth factor bypasses blood-brain barrier and protects damaged
neurons in spinal cord injury. They also suggest the potential therapeutic role of intranasally
delivered nerve growth factor for the neuroprotection of damaged spinal nerve cells (de Bellis A;
Proceedings of 2016 Annual Meeting American Spinal Injury Association, Philadelphia, USA).
A new non-invasive way to rescue neurons in spinal cord injury. The future perspective could be
to use intranasal NGF in acute spinal cord injury for neuroprotection or as growth factor for stem



cell transplants in cronic spinal cord inury (de bellis A; Proceedings of First International Rita
Levi Montalcini's Meeting: Neuroscience and Therapy, 2016 Bologna, Italy).
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Abstract: Previously high functioning aged individuals who experience an acute infection,
injury or surgery are at increased risk for developing an abrupt cognitive decline (sometimes
termed delirium) - a very common, rapidly developing, severe but often temporary impairment in
attention and cognition. Even if these individuals recover from the delirium, they are at
significantly greater risk of eventually developing dementia. Very little is known about the
molecular mechanisms that render an aging brain more vulnerable to the deleterious effects of a
secondary stressor. However, data from rodent models suggest that aging, but otherwise
unimpaired, individuals react to an immune challenge with an exaggerated inflammatory
response in the brain. Aging (24-month-old) Fischer Brown Norway (F344xBN) rats generally
show no sign of significant physical or cognitive impairments. However, in response to signals
triggered by a peripheral immune challenge (an intraperitoneal injection of E. coli), they produce
higher levels of proinflammatory cytokines and produce them longer than their younger (3-
month-old) counterparts. In the aging rats, hippocampal IL-1p levels are significantly elevated 4
hours after infection and remain so for 8 - 14 days. In contrast, in the young rats, IL-1f levels
rise transiently but return to near basal levels within 24 hours (Barrientos et al., 2009).
Interestingly, the prolonged elevation in IL-1f in aged infected animals is paralleled by



prolonged deficits in a long-term memory task (fear-conditioning). We have previously
demonstrated that a memory-related form of long-lasting synaptic plasticity - theta burst-evoked
late-phase long-term potentiation (L-LTP) - is impaired in hippocampal area CA1 of aged
animals 4 days after injection of E. coli. Levels of mature brain-derived neurotrophic factor
(mBDNF) - known to be important for long-term memory and L-LTP - are reduced in
hippocampal synaptoneurosomes prepared from aged animals at the same time point. Here, we
present the results of a time-course study to determine if the deficits in mBDNF and L-LTP
persist in parallel with the elevations in IL-1P and the impairments in memory. Aged infected
animals showed a reduction in mBDNF lasting as long as the alterations in IL-1f and the
memory task (8 -14 days). Interestingly, the deficit in L-LTP took slightly longer to fully recover
(sometime between 14 - 21 days) - suggesting a requirement for additional processes and
molecular players. We are currently piloting the use of synaptoneurosomes for large-scale
screening for immune-driven alterations in additional molecules (RNAs and proteins) necessary
for the persistence of plasticity.
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Abstract: Brain-derived neurotrophic factor (BDNF), a neurotrophin, plays a fundamental role
in expressing a variety of neuronal functions in the brain. And also, it has been reported that
alterations in the levels of BDNF expression are observed in the brain with neurodegenerative
and psychiatric disorders including Alzheimer's disease, depression, and epilepsy. Therefore,
monitoring and visualizing changes in the expression of BDNF gene would be useful for
understanding changes in the levels of BDNF expression under physiological and pathological
conditions in the brain. Recently, we generated a novel transgenic mouse strain to monitor



changes in BDNF expression using luciferase as an imaging probe. We successfully detected the
activity-dependent induction of the expression of BDNF gene in primary culture of cortical cells
prepared from the transgenic mice using a microscopic bioluminescence imaging. Furthermore,
we could detect the bioluminescence signal from the head region of transgenic but not wild-type
mice after administration of luciferin, a substrate for luciferase, by in vivo imaging. However, we
also detected the signal from ear, limbs, and tail of the mice, probably due to the expression of
BDNF gene in skin. These results indicate that alterations in the expression of BDNF gene can
be continuously monitored and visualized using the transgenic mice both in vitro and in vivo,
however, several improvements would be necessary for visualizing changes in the expression of
BDNF gene in the brain.
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Abstract: Tobacco use is the leading cause of preventable death worldwide, accounting for 6
million deaths each year. Nicotine, the primary psychoactive component in tobacco, exerts its
effects on the nervous system through interactions with nicotinic acetylcholine receptors
(nAChRs). The primary reinforcing properties of nicotine are mediated by high-affinity nAChRs
containing a4 and 2 subunits (04p2* nAChRs, where * represents the possibility of other
subunits), which are both necessary and sufficient for nicotine reinforcement in animal models of
addiction. Though the role of a4B2* nAChRs in nicotine-mediated physiology and behavior is
well-established, the molecular mechanisms underlying receptor regulation and downstream
signaling pathways are not completely understood. Recent work from our lab has identified
several protein interactors of a4B2* nAChRs isolated from mouse and human brain. In this
study, we aimed to elucidate the role of one of these interactors, CaMKIla, in nicotinic receptor
function and nicotine reinforcement. CaMKIlIa is one of the most highly expressed kinases in the
brain with well-established roles in synaptic plasticity, learning, and memory. We show that co-



expression of CaMKIla-mRuby in HEK cells alters surface localization of exogenous 0432
nAChRs. Using mass spectrophotometry, we also provide evidence that CaMKlIa
phosphorylates the a4 nAChR subunit at a previously unidentified site in the intracellular
M3/M4 loop, providing a potential mechanism for its effects on receptor localization. Lastly,
although the roles of CaMKlla in cortex and hippocampus have been studied extensively, little is
known about its role in the mesolimbic dopamine system. Here, we show that CaMKIla is
expressed in both dopaminergic (DA) and non-DA neurons in the mouse VTA, suggesting
possibly novel roles in DA signaling. Current studies are aimed at elucidating the role of the
CaMKIIa-nAChR interaction in nicotine-mediated physiology and behavior.
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Abstract: In the study investigating current source density (CSD) profiles in auditory cortex,
systemic nicotine administration enhanced the characteristic frequency (CF) tone-evoked
responses in layers 2/3 and 4 of primary auditory cortex (A1). This nicotinic enhancement
continued about 40 minutes, and was dependent on 04p2* nAChRs activity (Kawai et al., 2011,
J. Neurosci., 31, 14367-14377). In addition, this nicotinic activation was also dependent on
extracellular signal-related kinase (ERK) activity (Intskirveli and Metherate, 2012, J.
Neurophysiol., 107, 2782-2793). However, detailed mechanisms for the nicotinic enhancement
need further investigation.

To investigate what molecules are involved in the mechanisms, we prepared synaptoneurosomes
from the upper layers of auditory cortex that includes A1 and found that systemic nicotine
administration increased the phosphorylation of ERK and Ser845 of GluAl, a subunit of a-
amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors (AMPARs). We also found that



a protein kinase A (PKA) inhibitor, myr-PKI, inhibited the nicotine-induced ERK
phosphorylation completely, while it significantly reduced the phosphorylation of Ser845 of
GluAl, suggesting that the nicotine-induced increase of GluA1-Ser845 and ERK1/2
phosphorylation is mediated by PKA.

These biochemical data also suggest that PK A mediates nicotinic enhancement of sound-evoked
responses. To test this possibility, we recorded tone-evoked local field potentials (LFPs).
Nicotinic enhancement of tone-evoked LFP in layers 3/4 of Al was associated with reduced
onset latency, and increased 20-80 % slope and peak amplitude. As expected, myr-PKI local
injection inhibited these nicotinic effects. To look for the site of nicotinic modulation, we
recorded thalamocortical (TC) monosynaptic excitatory postsynaptic currents (EPSCs) and
spontaneous EPSCs (sEPSCs) in auditory thalamocortical slices. We found that nicotine didn’t
modulate the TC synaptic transmission, but increased the amplitude of sSEPSCs in neurons with
apical dendrites without affecting inter-event interval (IEI) of sSEPSCs. In the presence of myr-
PKI, nicotine didn’t induce the effect on SEPSCs in pyramidal neurons. These results suggest
that the nicotinic enhancement of tone-evoked responses recruits intracortical excitatory
synapses via PKA in pyramidal neurons.
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Abstract: Alzheimer’s Disease (AD) is the most common form of dementia. The condition
predominantly affects the cerebral cortex and hippocampus and is characterized by the spread of
amyloid plaques and neurofibrillary tangles (NFTs). But soluble amyloid-p (AP) oligomers have
also been identified to accumulate in the brains of AD patients and correlate with cognitive
dysfunction more than the extent of plaque deposition. Here, we developed an adeno-associated
viral vector expressing the human mutated amyloid precursor protein (hAPP) sequence harboring
three pathogenic mutations associated with early-onset familial AD. Intracranial injection of the



AAV into the prefrontal cortex (PFC) allowed the induction of AD-like deficits in adults, thereby
modeling human pathology. The possibility to target a discrete brain region dissects regional
vulnerability to AD lesions and potential spreading of the disease. AAV-hAPP expression caused
accumulation of AP oligomers, microglial activation, astrocytosis and the gradual formation of
amyloid plaques. Importantly, in vivo two-photon Ca>" imaging at the site of Ap peptide
expression, in awake mice, revealed an increase in neuronal activity, a dysfunction characteristic
of the pathology, already during the accumulation of soluble oligomers. Because an interaction
of nicotinic acetylcholine receptors (nAChRs) and A peptide has previously reported we used
our AD model in mice knock-out for different nAChR subunits and investigated their role in AD
hyperactivity. Our data suggest that specific expression of distinct nAChR subunits enables a
diverse regulation of cortical activity in the AD brain and could provide a mechanistic basis for
understanding the pathophysiology of the disorder.
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Abstract: Arecoline, an active agent in areca nut (4reca catechu) and the betel quids prepared
from it, has partial agonist activity toward nicotinic acetylcholine receptor (nAChR) subtypes
that mediate nicotine addiction. The level of activity of arecoline for these receptors is roughly
comparable to that of the smoking cessation drugs cytisine and varenicline, yet arecoline is far
more selective for these f2* nAChR than are the current cessation drugs, which are also
efficacious for peripheral B4* nAChR and the widely expressed a7-type nAChR.

Application of areca nut infusion to 04p2 and a6p2 containing nAChR resulted in a weak partial
agonist responses and a subsequent refractory period when the receptor became insensitive to
ACh, as determined by two-electrode voltage-clamp (TEVC) electrophysiological measurements
made in the Xenopus oocyte expression system. Control applications of areca extract to



untransfected Xenopus cells showed no effect. Arecoline, the major pyridine alkaloid from the
areca nut, was also a weak partial agonist of the a4p2 nAChR, but did not show the same level of
subsequent inhibition of the ACh response. The observation of both partial agonism and apparent
desensitization by the areca extract provides the impetus for us to discover the active components
responsible for this activity, with the hypothesis that such compounds will serve as the basis for
development of new, more selective smoking cessation agents compared to varenicline and
cytisine. We have surveyed the activities of cytisine, varenicline compared to arecoline, and the
related compound, isoarecolone versus key nAChR. It is apparent that both arecoline and
isoarecolone have a favorable and advantageous lack of agonist activity at a7, ganglionic, and
muscle-type receptors while maintaining the ability to serve as partial agonists at a4f32 and
a6B2p3a4B2 receptors, which are the targets for smoking cessation therapies. Further, in
comparison of isoarecolone, arecoline, and ACh as muscarinic agonists at 10 uM, isoarecolone
was noteworthy in its weak partial agonism, nearly 6-fold less than arecoline on cells expressing
multiple muscarinic receptor subtypes and decreased to essentially zero on M1 receptors
specifically. These observations suggest that there will be a useful chemical space in which
compounds will be developed with enhanced selectivity for 04p2 and a6p2p30432 nAChR with
diminished activity at mAChR.
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Abstract: Alcohol use disorder (AUD) is a serious public health problem that affects 17 million
Americans and results in tremendous social, legal and medical costs. Unlike other addictive



drugs (e.g., morphine, cocaine or nicotine) that have specific molecular targets, there is no clear
target for ethanol (EtOH). For example, EtOH concentrations used in many investigations were
too high (e.g., >50 mM) compared to the EtOH concentrations in human brain after alcohol
drinking, and high dose EtOH likely produces non-specific modulations of a variety of receptors,
ion channels, intracellular signaling cascades, and gene expression in the brain. Therefore, it is
important to understand the molecular mechanisms underlying low dose (e.g., <10 mM) EtOH
effects in the brain. Unfortunately, the molecular and cellular targets that mediate the sensitivity
to low dose EtOH remain to be defined. nAChRs containing a6 subunits (a6*-nAChRs) show a
highly restricted distribution in midbrain dopaminergic neurons that are associated with drug
dependence and addiction. The fundamental goal of this study was to examine the effects of low
dose EtOH on a6*-nAChR heterologously expressed in human SH-EP1 cells using patch-clamp
recordings. Co-transfection of human nAChR a6(N-terminal)/a3(transmembrane domain)
chimera and B2, B3 subunits into human SH-EP1 cells formed functional a6*-nAChRs. Patch-
clamp whole-cell recordings demonstrated that nicotine (NIC) currents in SH-EP1 cells were
highly sensitive to the a6 subunit selective antagonist a-conotoxin MII (1 pM NIC: MII ICs¢=
10.3£1.2 nM, Hill coefficients=0.9+0.1, n=10). Nicotine concentration-response relationship
curves showed that NIC ECs, values and Hill coefficients were 0.34+0.02 uM and 0.7+0.1
(n=10). Different concentrations of EtOH (from 0.01 to 50 mM) on 1 pM NIC-induced currents
were tested, and we found that EtOH modulates NIC currents in an EtOH concentration-
dependent manner. Low, but not high, doses of EtOH enhanced NIC currents, forming a bell-
shaped EtOH concentration-efficient curve with a maximal potentiation effect (about 125%)
between EtOH 0.1 and 0.5 mM. Ethanol (0.5 mM) potentiated NIC induced currents (1 nM to 30
uM) in a NIC concentration-dependent manner, characterized by a decrease in EtOH potentiation
with increasing NIC concentrations with a maximal potentiation at 10 nM NIC (about 165%). In
conclusion, our results demonstrate a functional a6*-nAChR transfected in human SH-EP1 cells
that can be used as an excellent cell model to investigate a6*-nAChR function and
pharmacology. Under patch-clamp recording condition, low dose EtOH modulates a6*-nAChR
function as a positive allosteric modulator.
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Abstract: Agonists activate receptors because they bind with a higher affinity to active vs.
resting conformations. Muscle adult-type nicotinic receptors (AChRs) and GABAA receptors
have two approximately-equivalent agonist binding sites. In these receptors E2/E0=(Kd/Jd

)2, where E2 and EO are the activation equilibrium constants with two and without any bound
agonists and Kd/Jd is the resting/active equilibrium dissociation constant ratio. All four of these
constants have been estimated independently in mouse AChRs. Experiments show that for a
family of ACh-like agonists, the resting and active affinities are correlated: J&=K4", with m~2.
Hence, the affinity ratio simplifies to K4''™. This correlation indicates that the fraction of the
total available agonist binding energy that is used up to form the low-affinity complex (1/m) is
the same for all of the tested agonists (~50%). A binding-gating plot, which is a log-log plot of
K4 (affinity) vs. E; (efficacy) for different agonists, shows a linear correlation in AChRs and
GABAA\Rs. Ej and m are receptor-specific and agonist-independent constants that shape the
dose-response profile and can be estimated from the intercept and slope of this plot. In these
receptors and at the level of equilibrium constants, it is possible to estimate affinity from efficacy
and vice versa.
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Abstract: Nicotinic acetylcholine receptors (nAChR) play an essential role in multiple medial
prefrontal cortex (mPFC)-dependent cognitive functions, but the complex pattern of nicotinic
modulations within the mPFC is still being revealed (Wallace et al, 2013). The influence exerted
by nAChR activity in the mPFC is dependent on the receptor subtype, its subcellular loci, the
cell-type, and to which cortical layer the cell belongs (Wallace et al, 2013, Poorthuis et al, 2013).
It is therefore unsurprising that the precise influence of nAChR on specific long-range inputs
required for associative functions of the mPFC, such as associative recognition, are not known.
The presented work therefore investigates the involvement of two major subtypes of nAChR in
associative recognition memory, and their regulation of transmission and plasticity at the
hippocampal-mPFC pathway, an input critical to this form of memory (Warburton et al, 2010).
A combination of in vivo and in vitro approaches were taken to investigate the role of nicotinic
receptor modulation in the mPFC. Associative recognition memory was assessed in rats using an
object-in-place (OiP) behavioural task which tests the capacity of the subject to combine object
and spatial information. Intra-cortical cannulations targeted to the mPFC allowed
pharmacological agents to be directly administered at acquisition, consolidation, or retrieval
stages of the task. Neuromodulation by nAChR of the synaptic projection between hippocampus
and mPFC was examined through slice electrophysiology: Whole-cell recordings were taken
from layer V pyramidal neurons in the prelimbic region of rat mPFC slices whilst afferent
hippocampal fibres were electrically stimulated.

The data presents a divergence in the roles of the two major subtypes of nAChRs, homomeric a7
and heteromeric 042 receptors. Subtype specific antagonism during the OiP task revealed that
a7 nAChR are essential in the acquisition of associative memory but not its retrieval, whereas
a4p2 nAChR were required for memory retrieval but not acquisition. The subtypes also yielded
opposing influences on long-term plasticity of the hippocampal-mPFC pathway in vitro. A
pattern of paired pre- and post-synaptic activity, which in control conditions induced a transient
potentiation of hippocampal-evoked responses, produced long-term potentiation with a7 nAChR
agonism, but was converted to long-term depression by 0a4p2 nAChR agonist application. Thus,
the major nAChR subtypes have differing profiles of involvement in associative recognition
memory, which may reflect their ability to induce LTP and LTD in the hippocampal-mPFC input
that is essential for this behaviour.
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Abstract: Phantasmidine is a condensed tetracyclic alkaloid obtained from the Ecuadorian
poison frog Epipedobates anthonyi. We tested the functional effects of synthetic phantasmidine
on various subtypes of neuronal nicotinic ACh receptors (nAChRs; a7, 04p2 and a32) and the
serotonin 5-HT3 receptors (5-HT3ARs) that had been expressed in Xenopus oocytes using two-
electrode voltage-clamp techniques. We found that phantasmidine is a full agonist for the a7
receptors (with EC50 values of 9.89 + 0.90 uM), and a partial agonist for the o332 and a4p2
nAChRs (with an EC50 value of 19.0 + 13 uM and 3.06 + 0.19 nM, respectively). The relative
peak amplitudes of responses induced by phantasmidine (compared to | mM ACh) is 1.08 +
0.04, 0.32 + 0.04, and 0.25 + 0.08 for a7, 04p2 and a3p2 nAChRs, respectively. For the 5-
HT3ARs, phantasmidine has a lower potency than that seen with any of the nAChRs (an EC50
value of 29.1 + 1.7 uM with a relative peak amplitude of 0.79 + 0.05 compared to 10 pM
mCPBGQG). The phantasmidine-induced currents for the a7 and 042 subtype of nAChRs, as well
as the 5-HT3ARs, were completely blocked by methyllycaconitine (30 nM), dihydro-B-
erythroidine (10 nM), and tropisetron (30 nM), respectively. This shows that the functional
effects of phantasmidine are due to its binding to the agonist site on these receptors since

competitive antagonists are able to inhibit its actions. In summary, phantasmidine is an agonist
for a7, a4p2 and 032 nAChRs and the 5-HT3ARs with the potential for clinical applications.
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Title: Smoking-cessation reagent block of nicotine-induced upregulation results from weak base
“trapping” in a4f2 receptor-containing acidic vesicles.
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"Neurobio., Univ. of Chicago Dept. of Neurobio., Chicago, IL; *Natl. Inst. of Dent. and
Craniofacial Res. at the Natl. Inst. of Hlth., Bethesda, MD; 3Dept. of Pharmacol., Feinberg Sch.
of Medicine, Northwestern Univ., Chicago, IL; *Marine Biol. Lab., Woods Hole, MA

Abstract: The nicotinic acetylcholine receptor (nAChR) ligand, varenicline (Chantix), is thought
to promote smoking cessation as a partial agonist competing with nicotine for rapid nAChR
activation on mesolimbic dopaminergic neurons. Here we tested whether smoking cessation
reagents have additional longer-lasting actions on nAChR nicotine-induced upregulation.
Varenicline and lobeline reduced nicotine-induced upregulation measured by a4p2-type nAChR
(04B2R) functional responses in HEK cells or '*’I-epibatidine binding to live cultured neurons
and HEK cells. The reduction was not observed previously because it does not occur with
membrane fragments, only live cells. Furthermore, the reduction in upregulation was not
observed if the acidic pH in intracellular compartments was neutralized, suggesting that the
actions of varenicline and lobeline were a consequence of weak base “trapping” within
intracellular acidic compartments, as was described for nicotine in Xenopus oocytes (Jia et al.
2003. J Neurochem). The degree of trapping appears dependent on ligand pK, and affinity for
a4B2R binding sites. Nicotine and dihydro-beta-erythroid, which have lower pK,s and a4B2R
affinities, were not significantly trapped while epibatidine, which has a higher pK, and affinity,
was trapped similar to varenicline and lobeline. a42Rs in small acidic vesicles were imaged
using 04 subunits tagged with pH-sensitive pHluorin. The numbers of a4p2R-containing acidic
vesicles and a4p2R levels in the vesicles increased in parallel to increases in '*’I-epibatidine
binding. Our findings indicate that smoking cessation reagents alter nicotine-induced
upregulation through a novel mechanism in which weak base trapping is enhanced by high-
affinity a4B2Rs in acidic vesicles and by a nicotine-induced redistribution of 04p2Rs to acidic
vesicles.

Disclosures: A.P. Govind: None. Y. Vallejo: None. J.R. Stolz: None. J. Yan: None. G.T.
Swanson: None. W.N. Green: None.

Poster

500. Nicotinic Acetylcholine Receptors in the Brain: Physiology and Function
Location: Halls B-H

Time: Tuesday, November 15, 2016, 8:00 AM - 12:00 PM

Program#/Poster#: 500.10/G19



Topic: B.02. Ligand-Gated Ion Channels

Support: NIH Grant ROIDA006736
NIH Grant F30DA036964
NIH Grant T32GM007337

Title: Behavioral and receptor pharmacology of nicotinic agonist epibatidine in key brainstem
pain modulatory nuclei
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Abstract: The adverse interaction between smoking and chronic pain has been known for
decades. The prevalence of smoking among patients seeking pain treatment approaches 50%, and
smoking exacerbates both the intensity and associated impairment of chronic pain. The growing
body of literature documenting this association has led to the proposition of a positive feedback
loop: individuals smoke in part to relieve their pain, but smoking actually exacerbates the pain.
The mechanisms responsible for this adverse interaction remain poorly understood. While the
analgesic efficacy of nicotinic acetylcholine receptor (nAChR) agonists in acute pain states is
well established, their role in modulating chronic pain is less well characterized. The complete
Freund’s adjuvant (CFA) model of chronic pain was employed to test the hypothesis that
persistent inflammatory nociception diminishes the antinociceptive efficacy of the selective o432
nAChR agonist epibatidine in key brainstem pain modulatory nuclei. Paw withdrawal latency to
a noxious heat stimulus was used to evaluate the antihyperalgesic and antinociceptive effects of
epibatidine microinjected in the rostral ventromedial medulla (RVM) or periaqueductal gray
(PAG) of male rats. The effects of epibatidine were assessed both in naive animals and in
animals four days or two weeks after intraplantar CFA injection. Interestingly, pretreatment with
an a4pB2-selective antagonist demonstrated that the antinociceptive effects of epibatidine in naive
rats were mediated by a4B2 nAChRs in the RVM but not in the PAG. While the antinociceptive
effects of epibatidine in the RVM were abolished after two weeks of inflammatory pain, the
antihyperalgesic effects remained unchanged. Persistent inflammation did not alter the
antinociceptive or antihyperalgesic effects of epibatidine in the PAG. Of note, radioligand
binding studies revealed no differences in a4p2 nAChR number or binding affinity in either
nucleus in CFA-treated rats. Additional behavioral experiments to probe pharmacological
specificity of action demonstrated that, in a persistent pain state, epibatidine may no longer act at
a4p2 nAChRs in the RVM. Rather, it may exert its antihyperalgesic effect through serotonergic
signaling pathways. Taken together, these data suggest that plasticity in nicotinic signaling
within the descending pain modulatory pathways may in part explain the adverse interaction
between smoking and chronic pain observed in humans.
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Title: The role of lynx2, a nicotinic receptor modulator, in extinguishing fear and anxiety
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Abstract: Anxiety disorders rank amongst the most disruptive diagnosed mental disorders and
are simultaneously amongst the most prevalent. The anxiety response is a normal and adaptive
reaction to a stressor, however disorders can develop when individuals cannot return to baseline
once the stressor has resolved. There is currently an incomplete understanding of the biological
underpinnings of anxiety and anxiety disorders. As such, current anxiety treatments only address
the symptoms without treating the cause. To address the cause, it will be necessary to understand
the molecular basis for anxiety. A clue to the molecular mechanism arises from the fact that
many anxiety sufferers self-medicate by smoking, suggesting a role of nicotine’s target system,
the cholinergic system, in anxiety modulation. We are using a candidate gene approach focused
on the role of a cholinergic modulator, /ynx2, which is highly expressed in the basolateral aspect
of the anxiety structure, the amygdala (BLA). /ynx2 proteins bind to and suppress cholinergic
receptors (nAChRs). Consistent with its spatial expression, mice lacking /ynx2 (lynx2KO),
demonstrate elevated anxiety levels across several assays (light-dark, open-field, etc.). We
hypothesize that experience-dependent plasticity in the BLA plays a role in the return to baseline
state, and that this is subject to cholinergic modulation. To address this we are pairing behavioral
pharmacology assays and electrophysiology studies in the /ynx2 KO mice to study anxiety
behaviors using light dark box and fear extinction assays. Understanding of how amygdalar
output can be altered or restored by lynx and cholinergic pathways could help in the
development of treatments for anxiety disorders.
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Title: Occupation of the alpha4(+)/alpha4(-) subunit interface enhances function of the low
sensitivity alphadbeta2-nicotinic acetylcholine receptor isoform by destabilization of receptor
closed states.

Authors: *M. M. WELTZIN, A. A. GEORGE, R. J. LUKAS, P. WHITEAKER;
The Barrow Neurolog. Inst., Phoenix, AZ

Abstract: Alphad4beta2-nicotinic acetylcholine receptors (nAChR) are the most prevalent central
nervous system subtype. They exist as two isoforms with high or predominantly low sensitivity
to nicotinic agonists [HS (alpha4),(beta2);- and LS (alpha4);(beta2),-nAChR, respectively].
Both isoforms contain two, high-affinity, canonical binding sites for agonists at
alpha4(+)/beta2(-) subunit interfaces. The LS isoform has a third, non-canonical interface located
at its alpha4(+)/alpha4(-) interface that binds acetylcholine (ACh) with lower affinity. The HS
isoform displays ACh concentration response curves (CRC) that are monophasic. At low ACh
concentrations, the LS isoform exhibits similar ACh potency and efficacy as the HS isoform.
However, higher ACh concentrations that occupy the alpha4(+)/alpha4(-) interface of the LS
isoform produce a second LS phase, four-times larger in maximal function. The resulting ACh
CRC is biphasic, reflecting both smaller HS and larger LS responses. Single-channel patch-
clamp recordings were used to define unitary responses to acetylcholine (ACh) at specific
concentrations. We expressed either alphad4beta2-nAChR isoform by injecting Xenopus oocytes
at alpha4:beta2 loose subunit cRNA ratios of 1:10 or 30:1 (biased to produce HS or LS receptors,
respectively) and did recordings 3-6 days later. To evoke single-channel responses, we used 1.3
or 0.7 uM ACh (ECs for the HS isoform or for HS responses of the LS isoform, respectively) or
30 uM ACh (ECs for the LS isoform LS response). Parameters measured include unitary
amplitude, channel conductance, open durations and closed dwell times. At low ACh
concentrations, both isoforms show similar open and closed dwell time characteristics. However,
consistent with previous studies, we verified that the HS isoform has one conductance state
under these conditions, whereas the LS isoform exhibits two. Critically, at 30 uM ACh,
sufficient to occupy the alpha4(+)/alpha4(-) binding site, the LS isoform retains similar open



dwell times and open amplitudes, but exhibits significantly reduced closed dwell times. Our
results show for the first time that occupation of the alpha4(+)/alpha4(-) binding site drives
increased macroscopic receptor function primarily via destabilization of closed states.
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Title: Menthol enhances nicotine’s actions on midbrain neurons
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Abstract: Understanding how menthol cigarette use leads to reduced cessation rates compared to
non-menthol cigarettes requires identifying the neurons that are altered by nicotine, menthol, and
endogenous acetylcholine. To address this, we used the conditioned place preference assay
(CPP) to examine nicotine reward-related behavior and found that menthol, co-applied with
nicotine, results in greater reward-related behavior than nicotine alone. Using cultured midbrain
neurons and patch-clamp electrophysiology we found that menthol potentiates functional
upregulation of nicotinic responses on dopamine (DA) and GABA neurons. We also found that
menthol combined with nicotine enhances agonist-induced changes in DA neuron firing
frequency when compared to nicotine alone. Finally, we observed that menthol combined with



nicotine upregulates a4* (but not 06*) nAChRs more than nicotine alone. These changes in
midbrain neurons are likely a critical component in the increased reward-related behavior
observed when menthol is combined with nicotine and may explain, in part, how menthol
cigarette smokers exhibit reduced cessation rates. Support: National Institutes of Health (NIH)
(K99DA040047 [BJH], DA017279, DA019375, DA033721, DA036061, DA037161,
DAO037743), and California Tobacco-related Disease Research Program (17RT0127).
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Title: Unorthodox acetylcholine binding sites formed by alpha 5 and beta 3 accessory subunits in
alpha 4 beta 2* nicotinic acetylcholine receptors
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Abstract: All nicotinic acetylcholine receptors (AChRs) evolved from homomeric AChRs in
which all five subunits are involved in forming ACh binding sites at their interfaces. Heteromeric
a4p2* AChRs typically have two ACh binding sites at the a4/B2 interfaces and a fifth accessory
subunit surrounding the central cation channel. The B2 accessory subunits do not form ACh
binding sites, but a4 accessory subunits do at the 04/04 interface in (04p2),04 AChRs. a5 and 33
are closely related subunits that had previously been thought to act only as accessory subunits
and not take part in forming ACh binding sites. AChRs containing a5 subunits are important in
nicotine responses because knocking out a5 increases self-administration, and because the
D398N variation in the a5 AChR gene is associated with nicotine dependence and lung cancer.
In the brain, B3 has been found almost exclusively in association with a6, and specific AChRs
containing B3 and a6 have been shown to promote dopamine release. Thus, ACh sites
incorporating a5 and B3 have the potential to be important drug targets. In this study, the effect
of agonists at various subunit interfaces was determined by blocking these interfaces with the



thioreactive agent, 2-((trimethylammonium)ethyl) methanethiosulfonate (MTSET) reacting with
a cysteine substituted for a homologous residue in the minus side of a4. Through selective
blockage of specific subunit interfaces, we show that (a4p2),a5 and (04p2),3 AChRs can form
functional ACh binding sites at a5/04 and B3/04 interfaces. MTSET, like MTSEA, can block all
function of (a4p2"'2'),p2 AChRs in which alkylation of the minus side of p2 blocks both a4/p2
ACh binding sites. Alkylation of (a4’ **“B2),a5 and (04"'**“B2),p3 AChRs, where the minus
side of a4 contains a cysteine, with MTSET showed around 45% block of response for
(04p2),05 AChRs and around 30% block of response for (04p2),3 AChRs. In addition, a
biphasic ACh concentration/response curve showed that (a4p2),a5 AChRs have two high
sensitivity ACh sites at the a4/B2 interfaces (ECso = 1.38 £ 0.33 uM) and a low sensitivity ACh
site at the a5/a4 interface (ECso = 22.60 £+ 5.75 uM). These unorthodox ACh binding sites using
a5 or B3 in combination with a4 subunits are a target for specific site-selective agonist drugs.
NS9283 is a site-selective agonist for the a4/04 ACh binding site that potentiates activation of
(04pB2),04 AChRs. Similar drugs might be developed for other accessory ACh sites whose
activation may trigger aversion to nicotine.
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Title: Alpha 7 nicotinic receptor coupling to heterotrimeric G proteins modulates RhoA
activation, cytoskeletal motility, and structural growth
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Abstract: Nicotinic acetylcholine receptors (nAChRs) modulate synaptic growth and neuronal
morphology. Ligand stimulation of the a7 nAChR has been shown to regulate large
heterotrimeric GTP binding protein (G protein) signaling in various types of cells. Here, we
demonstrate a role for a7 nAChR/G protein interaction in the activation of small monomeric
RhoA GTPases leading to cytoskeletal changes in neurite growth. Treatment of cells with the a7



nAChR agonist choline or PNU-282987 was associated with an increase in RhoA activity and an
inhibition in neurite growth. Specifically, choline treatment was found to attenuate the velocity
of microtubule growth at the growth cone and decrease the rate of actin polymerization
throughout the cell. The effects of a7 nAChR activation were abolished by expression of a
dominant negative a7 nAChR deficient in G protein coupling. Proteomic analysis of
immunoprecipitated a7 nAChR complexes from differentiating PC12 cells and synaptic fractions
of the developing mouse hippocampus revealed the existence of Rho GTPase regulating guanine
nucleotide exchange factors (GEFs) within the a7 nAChR interactome. The findings underscore
the role of a7 nAChR signaling to the cytoskeleton during neurite growth through a direct
modulation of G proteins.
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Abstract: The a3p2 neuronal nicotinic acetylcholine receptor (nAChR) is a novel subtype whose
behavior is largely uncharacterized. We have found the a3B2 (containing) nAChRs to be one of
the predominant subtypes expressed at the mRNA level in rat hippocampal interneurons using
single-cell RT-PCR. The 0332 containing nAChRs are not widely expressed in other brain
regions making this receptor subtype a plausible and specific target for cognitive therapies. Here
we use voltage-clamp electrophysiology to characterize human o332 nAChRs expressed in
Xenopus laevis oocytes. We injected the subunits at different ratios (1:5 and 5:1) and are able to
distinguish receptor subtypes with differences in kinetic properties in response to acetylcholine.
Receptors formed by the two ratios have statistically different EC50s and desensitization
properties. These findings indicate that the human a3 and 2 nAChR subunits can form multiple
functional receptor subtypes.
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Title: Paradoxical interactions of alpha7 nAChR silent agonists and allosteric modulators;
equilibration between desensitized states and persistent currents.
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Abstract: Investigation of a7 nAChR as a therapeutic target has led to the discovery of
promising new drug types, including ago-PAMs and silent agonists. Ago-PAMs are positive
allosteric modulators (PAMs) that also produce direct allosteric activation (DAA). While DAA
by the prototypical ago-PAM GAT107 is transient, a single GAT107 application followed by a
drug washout results in a prolonged period of primed potentiation of acetylcholine responses
lasting up to an hour or longer. Silent agonists have little or no efficacy for activating the a7 ion
channel but induce desensitization states. Some of these desensitized states can be converted into
channel-active states by PAMs. NS6740 is a silent agonist that induces prolonged nonconducting
states that are insensitive to activation by acetylcholine but activatible by a PAM. A single
application of 30 uM NS6740 leaves receptors in a PAM-sensitive state for over an hour.
GAT107 and NS6740 therefore appear to stably induce different peri-activatible states, which
can work in concert to produce large ion-channel responses, and with sequential applications
these two drugs induce varying levels of activation that persist following washout. With 30 uM
GATI107 application following 30 pM NS6740, there was a biphasic activation with an initial
peak 60 £ 20-fold greater than the amplitude of a response to 60 pM ACh alone. Within 60
seconds, current decreased to a level about 20-fold higher than ACh controls. This late-phase
current decayed with a time constant of about 10 minutes and was still detectable as a
mecamylamine-sensitive baseline current after 1 hour. Drugs that are intermediate in their
induction of desensitization or allosteric potentiation are also intermediate in their ability to
induce persistent currents. Despite their seemingly opposite effects on channel activation, both
GAT107 and NS6740 have been shown to be very effective analgetic agents in the same in vivo
pain models. This suggests that the different peri-activational states induced by GAT107 and
NS6740 have common signal transduction activity, which we hypothesize is due to similar



effects on the receptor's intracellular interactome that is independent of their opposing effects on
channel activation.
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Abstract: Sex differences have been shown to occur at the cellular level, even before puberty
and the onset of high rates of sex hormone production. We have previously shown that chronic
neonatal nicotine treatment can have long term effects on hippocampal excitability in a sex-
specific manner. Since calcium is an important regulator of cellular function, we studied
intracellular calcium dynamics in hippocampal cells in response to acute and chronic nicotine
using the genetically encoded calcium indicator, GCaMP6s. Sex-segregated primary
hippocampal cultures were derived from postnatal day 1 mouse pups, and transduced with an
AAV5-viral vector encoding GCaMP6s. After 14-15 days in vitro, cells were imaged using a
confocal microscope. GCaMP6s fluorescent signal dynamics, indicative of changes in
intracellular calcium levels, could be visualized in cell bodies, and into proximal and distal
neuronal dendrites and spines, and glial processes and micro-domains. Male and female
hippocampal cultures had similar neuron to glia ratios, gross neuronal morphology and
equivalent AAVS5 transduction rates of neurons and glia. However, male and female neurons
showed different responses to acute nicotine administration. In the presence of bicuculline (10
uM), male and female neuronal somas showed differential responses to increasing doses of bath-
applied nicotine (0.01 uM to 10 pM). Notably, at 0.1 pM nicotine, female neurons reached their
peak calcium response (p = 0.005 compared to 0.01 uM nicotine) and exhibited more robust
calcium signal amplitude compared to male neurons (p = 0.042) which reach their peak response
at 10 uM nicotine (p = 0.011 compared to 0.01 uM nicotine). Furthermore, we examined the



effects of acute, bath-applied nicotine in cultures chronically exposed to 0.1 pM nicotine for 5
days. Data suggest that chronic nicotine treatment increased the overall calcium response
amplitude to acute nicotine in neurons. Glia cells from male and female cultures changed firing
patterns in response to acute nicotine, and chronic nicotine exposure increased their calcium
dynamics to bath-applied acute nicotine. These data reveal novel sex differences in the response
to acute and chronic nicotine administration in hippocampal cultures. The results demonstrate
sex differences that occur at the cellular level and in the absence of sex hormones, and therefore,
may be due to either differences in intrinsic sex programming or patterning in utero in response
to hormone surges. The observed differential responses may explain sex-specific long-term
changes in hippocampal excitability that are seen after chronic neonatal nicotine administration.
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Abstract: Depression is among the most common and debilitating symptoms of psychiatric
disorders and has thus been the subject of extensive study. Despite the successes so far, currently
available drugs have a number of shortcomings including limited efficacy, a need for chronic
administration to achieve efficacy, and undesirable side effects from nausea and loss of libido to
suicidal ideation and mania. Most research has focused on improving currently available drugs,
but gains have been modest. More desirable would be the development of new classes of
antidepressants. We have done so via the National Cooperative Drug Discovery/Development
Group (NCDDG) Program involving a multidisciplinary research partnership to discover
superior agents to treat mental illness. Here we summarize the results of a five year collaboration
involving three research groups pursuing the development of novel antidepressant drugs
targeting a4P2 nicotinic acetylcholine receptors (nAChR). Using sazetidine-A as a template,
medicinal chemists developed multiple series of novel ligands with modifications to the pyridine
core, azetidine ring, and alkynyl side chain with the objective of designing a432-nAChR partial
agonists of high specificity. These ligands were characterized in vitro across an array of nAChR
subtypes, and those with the best functional profiles were advanced for behavioral testing,
primarily utilizing the SmartCube® assay (Psychogenics, Inc.) and the Forced Swim Test.
Isoxazole substitutions of the pyridine core of sazetidine-A produced a few high-affinity
compounds, but generally reduced ligand activity and were abandoned. The azetidine ring was
successfully replaced with more stable heterocyclic structures of five to seven atoms. Compared
to analogs that retained the azetidine ring, compounds with expanded rings trended toward
affinities decreased by three to ten-fold. This affinity decrease was impacted by substitutions for
the alkynyl group in the distal side chain, with a cyclopropane spacer enabling affinities to be
retained. Compounds were generally well tolerated by mice, and a number exhibited
antidepressant-like qualities. Side effect and ADME profiles were favorable, but given the high
potency of ligands in the in vitro assays, the doses required to achieve in vivo efficacy were
surprisingly high. In light of the pharmacokinetics, we believe that in vitro vs in vivo
discrepancies in potency are likely due to lower than expected permeability of, or efflux across,
the blood brain barrier. Thanks to very high specificity, this higher than expected dose does not
appear problematic, and several ligands are suitable candidates for further development.
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Abstract: The activation of a7 nicotinic acetylcholine receptors (nAChRs) has been shown to
improve hippocampal-dependent learning and memory. Recently, our studies showed that
activation of a7 nAChRs potentiated glutamate release through calcium and subsequently cAMP
rises. It is well known that a7 nAChRs are widespread among different cell types in the
hippocampus. However it is unclear if a7 nAChRs mobilize differential signaling mechanisms
among distinct neuronal populations. To address this question, we compared a7 nAChR agonist-
induced current responses, calcium and cAMP changes between granule cells and GABAergic
neurons in hippocampal dentate region. We cultured hippocampal slices from POMC-cre
(dentate granule cell-specific cre line) and GAD2-cre (GABAergic interneuron-specific cre line)
transgenic mice, and infected with AAV virus containing either floxed EPAC-H150 (cAMP
sensor) or GCaMP6s (calcium sensor). Consistent with previous studies, application of the a7
nAChR-selective agonist choline (4 mM; in the presence of the a7 nAChR positive allosteric
modulator PNU-120596, 5 uM) evoked larger currents (618+87 pA) in GABAergic interneurons
than that of dentate granule cells (108+24 pA). This suggested that GABAergic interneurons
have higher a7 nAChR density than granule cells. Next, we found that activation of a7 nAChRs
induced a significant increase in intracellular cAMP levels in the somas of granule cells, but not
of GABAergic interneurons. The increase of cAMP in granule cells was blocked by MLA,
suggesting the requirement of a7 nAChR activation; and by NB0OO1 (a selective AC1 inhibitor),
suggesting the involvement of AC1. We hypothesize that the lack of cAMP responses is due to
the expression of a large number of calcium-regulating proteins in GABAergic interneurons.
Indeed, GCaMP6 imaging revealed robust and prominent calcium rises induced by choline and
PNU-120596 application in the soma and processes of most granule cells; while the change of
intracellular calcium of GABAergic neurons was rather small and slow in the soma because of a
higher endogenous Ca*"-buffering capacity. Increasing external calcium concentration to 10 mM
enhanced calcium responses to activation of a7 nAChRs in GABAergic neurons, and conferred
them the ability to produce a cAMP rise. This suggests that the restriction of the Ca®" transient



could limit o7 nAChR’s action in GABAergic neurons, at least concerning intracellular signaling
cascades. Our findings also provide better understanding of the complex molecular mechanisms
of the positive cognitive effects of a7 nAChR agonists in hippocampal circuits.
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Abstract: The penta-homomeric alpha7 nicotinic acetylcholine receptor (alpha7 nAChR) is a
potential drug target for alleviating cognitive symptoms. Polymorphisms in the alpha7 nAChR
gene (CHRNA?7) and the duplicated alpha7 nAChR gene (CHRFAM7A), both show genetic
linkage to schizophrenia. CHRFAM7A is truncated and not coding the ligand binding domain,
and is a gene that in contrast to CHRNA?7, is unique to humans. Due to the lack of the ligand-
binding domain, co-transfection of the CHRFAM7A gene product (dup-alpha7) with the primal
alpha7 nAChR subunit suppresses ACh-induced alpha7 nAChR currents in oocytes. The
dominant-negative property of dup-alpha7 may have important implications for the physiology
and pharmacology of the alpha7 nAChR in the human brain. We used primary neocortical
microglia cells isolated from the temporal cortex from neurosurgical samples to study the
expression of CHRNA7 and CHRFAM?7A, respectively. Furthermore, we explored the effect of
different alpha7 nAChR agonists on LPS-induced TNF-alpha release from these cells. While
CHRFAM74 mRNA was expressed in mature human primary microglia cells, CHRNA7 mRNA
was almost undetectable. By contrast, human whole-cortical extracts showed higher levels of
CHRNA7 versus CHRFAM7A4 mRNA. Interestingly, the very weak partial alpha7 nAChR
agonists, NS6740 and GTS-21, significantly inhibited LPS-induced TNF-alpha release from



human primary microglia cells. Effect of the same compounds, in contrast to stronger partial
agonists, was observed in rat microglia cells. These data suggest that dup-alpha7 is relatively
highly expressed in human microglia cells. Despite the presence of dup-alpha7 in human
microglia cells, they respond significantly to partial alpha7 nAChR agonists.
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Abstract: At the motoneuron-Renshaw cell synapse in young mice (P5-P10) , the component of
the synaptic current mediated by heteromeric nicotinic receptors (nAChRs) has a bi-exponential
decay with a large fast component (time constant around 10 ms) and a small slow component
(time constant around 100 ms). Because the Renshaw cell nAChRs are known to contain
multiple o and B subunits, we had initially considered the possibility that the two components of
the decay may involve different subunits, but found that the decay of the EPSCs remained bi-
exponential in a series of knock-outs in which a given subunit had been eliminated (Lamotte
d’Incamps and Ascher, 2013). We now explored the possibility that the two time constants of the
decay may arise from the dual affinity of heteromeric “low sensitivity” (LS ) nAChRs with a 3a-
23 stoichiometry. The concentration response curve of ACh on LS nAChRs has a small foot
(high affinity) and a main part (low affinity) (Harpsoe et al. 2011). Our hypothesis was that the
fast decay of the EPSC may result from the fast dissociation of ACh from the low affinity sites,
while the slow decay would be due to slow dissociation from the high affinity sites. This
hypothesis is well supported by the effects of two compounds known to act selectively on the
302 stoichiometric variants of a*B* receptors, NS9283 and Zn"". NS9283 has been shown to
potentiate selectively LS nAChRs receptors (Timmermann et al. 2012) by slowing deactivation
(Grupe et al. 2013) and transforming the concentration-response curve to ACh from a two-



component curve into a single high affinity curve (Wang et al., 2015). NS9283 (10 uM) induced
a marked prolongation of the Renshaw cell EPSCs, reducing the fast component and prolonging
the slow one. NS9283 also prolonged the mEPSCs. Zn"", which at 100 uM has been shown to
potentiate LS and inhibit HS nAChRs (Moroni et al. 2008) also prolonged the mEPSCs, as
expected from the increased burst duration observed at the single channel level (Hsia et al.
2008). These results support the hypothesis that the two components of the Renshaw cell EPSC
mediated by heteromeric receptors can be attributed to a single stoichiometric assembly
associating 3o and 23 subunits.
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Abstract: The a7 nicotinic acetylcholine receptor (a7 nAChR) is considered a therapeutic target
for neuropsychiatric disorders such as Alzheimer’s disease (AD) and schizophrenia. In the
present investigation we assessed the effects of the SHT3 receptor antagonist/a7 nAChR agonist
tropisetron in memory-related tasks in rats and monkeys. Administration of tropisetron (0.1-10
mg/kg, po) improved the performance of a novel object recognition (NOR) task in young
Sprague-Dawley rats at a long (48 hr) delay interval and these pro-cognitive effects were blocked
by the a7 nAChR antagonist methyllycaconitine (MLA). In old Fischer 344 rats, tropisetron (0.3-
3 mg/kg, ip) reversed the age-related deficits of NOR performance at a shorter (5 hr) delay. In a
delayed match to sample (DTMYS) task, tropisetron (0.03-1 mg/kg, im) improved accuracy (%
correct) at the longest (i.e., presumably the most difficult) delay intervals in both aged male and



female rhesus monkeys. In subsequent experiments, a combination of sub-effective doses of
donepezil (0.1 mg/kg) and tropisetron (0.03-0.1 mg/kg) also resulted in improved DMTS
accuracy at the longest delay intervals. These later experiments would appear to support the
electrophysiological (priming) experiments where exposure to low concentrations of tropisetron
enhanced the current evoked by acetylcholine in Xenopus oocytes expressing human a7 and
a7P2 nAChRs (see companion poster). Collectively, these studies improve our understanding of
the nAChR pharmacology of tropisetron and support the argument that the compound has the
potential to improve certain domains of cognition (i.e., recognition memory, working/short
memory) that are often impaired in neuropsychiatric disorders such as AD and schizophrenia.
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