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Abstract: Alcohol abuse is the third leading cause of preventable death in the United States,
with more than 16.6 million adults over age 18 meeting the criteria for alcohol use disorders in
2013. It is well established that alcohol has detrimental effects on the brain and corresponds with
deficits in cognitive and behavioral function. In many cases, damage incurred by long-term
alcohol use is irreversible. Recently, alcohol has been shown to alter neural stem cells (NSCs) in
the adult brain, however, little is known about how differences in brain region, sex, and duration
of alcohol use can affect the response of NSCs. To better understand the full extent of these
differences, we used an inducible transgenic mouse model to map the fate of adult endogenous
NSCs following long-term alcohol treatment. Mice were ages 80-100 days at the start of the
experiment and individually housed. They were fed a complete nutrient calorie-controlled liquid
diet, which was measured daily, and were given ad libitum access to water. A subset of mice was
harvested within the first two weeks and were used to evaluate the short term effects of alcohol
use on NSCs. Short term was defined as maximum percent alcohol consumption for
approximately 2 weeks or less, and long term treatment was defined as maximum percent
alcohol consumption for greater than 3 weeks. At the experimental endpoint, mice were
harvested and brain tissue underwent immunohistochemical staining, followed by confocal
microscopy image analysis. We observed a distinct pattern of NSC behavior in the subventricular



zone of the lateral ventricle (SVZ), the sub-granular zone of the dentate gyrus (SGZ) and the
tanycyte layer of the third ventricle (TL). Female mice display a significant decrease in NSC
survival and neurogenesis over a shorter period of time in the SVZ when compared to male mice.
In the TL, male mice exhibited a robust proliferation of NSCs with a unique morphological
phenotype when consuming ethanol over a short period of time. This same effect was not seen in
females. There was an increase in NSC proliferation and astrogliogensis in the SGZ following
short and long term alcohol consumption in both male and female mice, which persisted through
short-term into long-term consumption. We also observed that females tended to develop more
severe symptoms, whereas males persisted with mild symptoms.
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Abstract: Running is a strong external effector that induces precursor cell proliferation in the
adult mouse hippocampus. We have recently established that serotonin is the signaling factor that
transduces physical activity into adult neurogenesis. While direct pathways for serotonin activity
in brain function is becoming understood, less focus has been given on many potential peripheral
signals that may cause pro-mitotic running effect. The main system in the body that regulates
cardiovascular homeostasis is the renin-angiotensin system (RAS). Here, we explore the effect of
the acute running stimulus on adult neurogenesis in conditions of deregulated RAS. Specifically,
we took advantage of mice with genetic deletion of the principle regulating enzyme of the RAS,
angiotensin (Ang) - converting enzyme (ACE) 2, and the Ang-(1-7) receptor Mas, and measured
proliferation and differentiation of dentate gyrus precursor cells. ACE2 controls the transition
from Ang II signaling, which is vaso-constrictive and pro-inflammatory to that of Ang-(1-7),



which is vasodilatory and anti-inflammatory. Recent studies suggest an additional role for ACE2
as an amino acid transporter, facilitating the absorption of large dietary neutral amino acids in the
gut. In ACE2-deficient mice impaired tryptophan (Trp) absorption has been described
accompanied by decreased levels of Trp and serotonin in the blood and brain. Since L-Trp is the
precursor of serotonin, ACE2 could indirectly modulate brain serotonin levels that are in turn
known to affect adult neurogenesis. Indeed, we observed decreased brain serotonin levels and no
increase in the number of BrdU-positive cells following physical exercise in ACE2-deficient
mice. We demonstrate that experimentally increased levels of Trp and serotonin could not rescue
the effect, and show how other components of the RAS such as the G-protein coupled receptor
Mas maybe involved in central effects mediated by a local RAS. Our data identify ACE2 activity
as a novel pathway that is serotonin-independent but required for exercise-dependent modulation
of adult neurogenesis. These experiments will impact our understanding of the cardiovascular
network and it’s role in translating physical exercise with brain cell genesis.
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Abstract: The mammalian Sry gene, a sex determining Y chromosome was discovered in 1990
and encodes a transcription factor with single high mobility group DNA binding domain. More
than 20 transcription factors in humans and 8 in Drosophila share a related HMG domain with at
least 50% identity to that of Sry. These Sox (Sry box) proteins bind to the minor groove of DNA
and induce 70° to 90° bends to regulate chromatin structure and transcription initiation.
Drosophila possesses 4 highly related Group B Sox genes SoxNeuro, Dichaete, Sox21a and
Sox21b. Previous study has shown that Dichaete has a strong role in development, affecting
processes that include differentiation of specific neuronal and glial cells, segmentation, hindgut



development, differentiation of imaginal discs. Dichaete is expressed in several clusters of
neurons in the brain, including intermingled olfactory LNs and central complex neurons and
important for the elaboration of the adult olfactory system. SoxN function is important for the
formation of neural progenitor cells in Drosophila and evidence suggests that loss of SoxN
function results in defects in the neuroblast formation. Interestingly, both SoxN and Dichaete
have region-specific functions in CNS development as they both regulate dorsal/ventral
partitioning of the embryonic neuroectoderm into specific columns. Evidence also suggests that
SoxN and Dichaete function in a redundant manner in neuroblast formation and other
developmental processes including neuroectoderm formation, central nervous system
development, and sensory trichome formation. However, little is known about the expression and
function of SoxN in the adult brain. This study focuses on identifying the expression patterns and
function of SoxN in the development of the adult nervous system. Our data shows SoxN is
expressed both in neurons and glia of the adult central brain. SoxN expression overlaps with
Dichaete in the adult central brain. We are currently determining the precise identity of SoxN
brain expressing cells. The result of this study will lead to a better understanding of Sox gene
functions in both conserved and specific aspects of development. Sox proteins have essential
developmental functions in many species, including key roles in sex determination,
segmentation, neural patterning, differentiation of neurons and glia, and formation of eyes, bone,
cartilage, heart, and craniofacial structures. Furthermore, Sox gene mutations are associated with
a wide array of human congenital disorders and cancer. Thus, these studies on Drosophila Sox
genes may illuminate conserved developmental functions in mammals and are relevant for
human health.
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Abstract: The fast progression of modern society is accompanied by a dreadful tribute - the risk
to develop depression. Serotonin is well known as "molecule of happiness" and widely used in
clinics. Yet, the neuromodulator is discussed to be the main target in major depression and
studies into new mechanisms of antidepressants revived. By now, manipulation of serotonin is
the preferred medical treatment with its flagship application of selective serotonin re-uptake
inhibitors (SSRIs). However, not all patients respond to SSRIs, and SSR-enhancers (SSREs)
attract clinical attention since it also improves the patient’s mood. Yet, SSREs show
inconsistency with the theory in that they decrease the availability of extracellular serotonin, a
‘hypothesis’ killer. Along with deregulation of central serotonin, a decline in hippocampal
neurogenesis has been observed leading to depressive-like behavior. In turn, clinical
improvement by antidepressant therapy goes along with a slow, temporal increase in adult
neurogenesis. Whether antidepressant drugs act solely via manipulating serotonin levels it’s on
debate. In addition, drugs may affect other transmitter or brain functions. Recent studies even
argue for placebo-mindset-changing actions. Current research is seeking to better define the
mechanisms in the adult brain, and to target depression in more patients. We have recently
developed a mouse model deficient in the central serotonin synthesizing enzyme tryptophan
hydroxylase (TPH) 2 (Tph2-/- mice), and discovered no changes in baseline proliferation rates.
Together with a second mouse model deficient in serotonin transporter (SERT mice), the
supposedly main target for SSRIs, we tested antidepressant action in absence or altered serotonin
signaling. The exciting genetic loss-of-function models are useful tools to unravel the underlying
mechanisms of drugs targeting the serotonin system. The SSRI citalopram or fluoxetine, and the
SSRE tianeptine were given over 21 days following BrdU injection to determine the effect on
adult neurogenesis. Control wild type (WT) and littermates received no injection or were treated
with saline solution. Our data confirm that chronic SSRI treatment increased the number of
precursor cells in WT mice. Surprisingly, saline injection alone already increased BrdU-positive
cells significantly in Tph2-/- mice, while no effect was observed in SERT animals compared to
untreated Tph2-/-, and wild type groups, respectively. We further demonstrate distinct results
following SSRE treatment. Our study sets an interesting point in depression research, and
supports the development of alternative pathways other than via serotonin.
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Abstract: The adult hippocampus generates continuous cohorts of newborn granule cells that
undergo sequential neuronal maturation and incorporation into the existing network in the
dentate gyrus. Increasing evidence has demonstrated that adult-born neurons in the dentate gyrus
can impact numerous functions that involve learning and memory and other cognitive processes;
therefore the mechanisms that regulate the maturation and synaptic integration of these neurons
have been a subject of great interest. It is known that maturation of newborn neurons is
dependent on neuronal activity and neurotransmitter signaling including both GABA and
glutamate. Glutamate exerts its actions through both ionotropic and metabotropic receptors, and
while there is evidence for some glutamate receptors affecting maturation and integration of
newborn neurons, the role, if any, that the kainate receptor subfamily play in these processes is
still unknown. However, it has been demonstrated that kainate receptors are present in neural
progenitors harvested from the adult hippocampus, and kainic acid application induces an
increase in cellular proliferation. Moreover, in the subventricular zone, kainate receptor
activation decreases the migration speed of neuroblasts. Therefore, it is possible that kainate
receptors may play a role in regulating newborn cell maturation in the dentate gyrus. In this
study we employed retrovirus labeling of dividing neural progenitors to demonstrate that newly
generated granule cells exhibited kainate receptor-mediated currents starting at 2-3 weeks.
Comparison of the intrinsic properties of neurons from wild type and constitutive GluK2-/- mice,
in which kainate receptor-mediated currents are completely eliminated, demonstrated that
newborn neurons lacking GluK2 developed their mature-like intrinsic membrane properties at a
faster rate than neurons recorded in littermate controls. A similar phenotype of accelerated
maturation was also found in neurons subjected to retrovirus-mediated, conditional single cell
deletion of the GluK2 subunit using a Cre recombinase dependent strategy. These data indicate
that GluK2 signaling mediates a cell autonomous effect on inhibiting the development of mature
intrinsic properties of adult-born neurons. Ongoing work is assessing how elimination of kainate
receptors in newborn neurons affects the development of neuronal morphology and their
integration into the hippocampal circuitry. Taken together these studies are beginning to reveal a
novel role of kainate receptors in regulating neuronal maturation of adult-born granule cells in
the hippocampus.
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Abstract: Exposure to manganese (Mn) causes neurodegenerative manganism, with clinical
signs and symptoms similar but not identical to idiopathic Parkinson’s disease (IPD). In the
healthy adult brain, neural stem/progenitor cells are produced in the subventricular zone (SVZ)
and migrate towards the olfactory bulb (OB) along the rostral migratory stream (RMS). Cell
migration following solvent exposure shows that these cells are capable of migrating to other
areas of the brain in addition to the known destination of the OB. However, whether exposure to
Mn, which is known to be mainly via the inhalation and accumulate in SVZ, causes any aberrant
migration remained unknown. This study was designed to investigate the effect of intranasal Mn
exposure on brain adult neurogenesis. Rats received intranasal instillations of 0.2 mg Mn/kg (low
dose), 0.8 mg Mn/kg (high dose) as MnCl2, or equivalent volumes of saline (control), once daily
for 14 days. During the last 4 days, animals received 100 mg BrdU/kg in order to label newly
generated cells. Brain slices were then stained for BrdU and DCX, a marker of neuroblasts.
Confocal quantification of BrdU signal in the selected regions of interest in the SVZ at 4x
magnification revealed no significant differences between control (676.8+ 260.9) and Mn treated
groups; however, a significant difference between low dose (437.4 + 168.8) and high dose (914.1
+ 371.2) groups was observed (n= 3-8; p < 0.05). Similar outcomes were also observed for DCX
staining (243.1 + 89.7 in the low-dose group vs. 463.2 + 128.0 in the high dose group; n= 3-8; p
< 0.05). In addition, BrdU signals were observed in the corpus callosum of three animals
following intranasal Mn exposure. These data indicate that intranasal Mn exposure appears to
alter the processes in the adult neurogenesis in SVZ and affect neural cell migration. Altered
adult neurogenesis may contribute, at least partially, to the etiology of Mn-induced
neurodegenerative disorder.
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Abstract: Cohesin consists of four essential subunits, Smcl, Smc3, RAD21/Sccl and Scc3.
They hold sister chromatids together from the time of DNA replication to the onset of their
segregation. This function is important for proper chromosomal segregation and DNA repair.
These observations indicate that cohesin complex is essential for cell cycle progression and
cellular proliferation. Loss of cohesin function results in ‘cohesinopathies’ such as Cornelia de
Lange syndrome (CdLS). One of the major clinical features of CdALS is mental retardation,
suggesting that cohesin has a crucial function in the central nervous system. Although cohesin
function on chromosome segregation is studied intensively, its function in the central nervous
system is poorly understood. To examine the function of cohesin in adult neurogenesis, we
conducted loss of function analysis. We examined the consequences of deletion of cohesin

function in the SVZ localized nestin-positive cells. We found that adult neurogenesis is inhibited

when cohesin function is removed from the SVZ localized nestin-positive cells. Inhibition of
cohesin function decreased the number of GFAP-positive cells and DCX-positive cells in
subventricular zone. These results indicate that cohesin regulates adult neurogenesis in
subventricular zone.
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Abstract: The age modulating protein klotho (KL) critically regulates pathways involved in both
normal aging and disease pathogenesis. In mice, over-expression (KLOE) extends lifespan up to
30% while loss of protein expression in the knockout (KLKO) reduces lifespan 85%. KLKO
mice exhibit rapid, premature onset of phenotypes typically associated with advanced human age
including cognitive impairment. Brains of KLKO mice develop normally but hippocampal
dependent cognitive impairment develops between the 6th and 7th week of life. New
investigations reveal that increased KL expression enhances cognition. Reciprocal effects on
cognition when KL expression level is up- or down- regulated validate the importance of KL
brain function and suggest that KL plays an important role in the maintenance and/or function of
hippocampal neurons. It remains unclear how KL acts to elicit these effects, however KL
modulates signaling pathways in the periphery that are essential for neurogenesis. Age-related
down-regulation of neurogenic signaling proteins results in decreased neurogenesis which
contributes to cognitive decline; and we have identified altered performance in dentate-specific
cognitive tasks in the KLKO. Thus, we hypothesize that KL regulates neurogenesis through
modulation of neurogenic signaling pathways. We sought to determine how neurogenesis is
modified by KL expression level, using KLKO and KLOE mice to identify which neurogenic
cell populations are altered and how signaling pathway(s) in the neurogenic niche are modulated.
Neuronal progenitor proliferation was assessed by Ki-67 immunohistochemistry (IHC) followed
by stereological quantification. Changes in proliferation were detected dependent on level of KL
expression. IHC for radial glia marker brain lipid binding protein identified changes to the
number of stem cells. We examined doublecortin (DCX), in POMC-GFP/KLKO mice, as
markers of early maturation and commitment to neural fate. IHC revealed that modulation of KL
expression level affects maturation of immature neurons and profoundly alters both the number
and the dendritic arborization of immature neurons. Investigations are ongoing to understand
how maturation is changed by tracking cells from birth with 5-bromo-2-deoxyuridine (BrdU) to
determine fate. Preliminary IHC for both BrdU and stage-specific markers support a maturation



deficit in the KLKO, suggesting new cells are capable of committing to the neuronal fate, but
maturation is stalled before neurons fully mature. Studies are ongoing to examine the activity of
several molecules in neurogenic signaling pathways to determine which pathways are modulated
by KL.
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Abstract: Recent studies have suggested that loss or dysfunction of neuronal progenitor cells
(NPCs) in the hippocampal dentate subgranular zone (SGZ) may contribute to post-traumatic
memory deficits. We previously found that LM11A-31, a small-molecule non-peptide p75
neurotrophin receptor (NTR) modulator, which biases p75™ '~ signaling towards survival,
mimicking NGF under some conditions, increased proliferation of polysialylated neural cell
adhesion molecule (PSA-NCAM)-expressing cells, enhanced neurogenesis in the hippocampus,
and improved spatial memory after traumatic brain injury in rats. Further, in hippocampal NPC
cultures, NGF increased proliferation and differentiation, as well as survival and promoted
p75N"R-dependent PSA-NCAM expression in these cells (Shi ez al. Stem Cells 2013; 31:2561-
2574). To further investigate the mechanisms by which NGF promotes NPC proliferation and
differentiation, we examined the roles of factors that have been implicated in the control of NPC
growing, including extracellular-signal-regulated kinases (ERK1/2) and miRNA-9. With
lentivirus-mediated over-expression of miRNA-9 and antisense miRNA-9 in NPC, we found that
enforced miRNA-9 expression decreased the growth rate of NPC and PSA-NCAM-expressing
cells in vitro. Antisense miRNA-9 increased the growth rate of NPC, beginning after several
passages. Our studies have revealed relationships between miRNA-9 and NGF in the growth of
NPC cells--NGF down-regulated miRNA-9 by up to 1000-fold and this was partially reversed by
p75"™ antibody. Concordant with its effects on NPCs, NGF increased levels of phosphorylation



of ERK1/2 by up to ~80% compared to vehicle control, and the increase is blocked by a p75™ '~

N-terminal antibody. In contrast, brain-derived neurotrophic factor (BDNF) had no effect on
ERK /2 phosphorylation, but p75""*Ab together with BDNF increased phosphorylation as well
as total expression of ERK1/2. Interestingly, in vivo, TBI increased miRNA-9 expression in SGZ
PSA-NCAM-expressing cells and LM11A-31 partially reversed these effects, decreasing
miRNA-9 expression. Together, these findings suggest that NGF may regulate the proliferation
and differentiation of NPC cells through a p7SNTR-ERK-miRNA-9 axis.
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Abstract: Adult retinal stem cell (RSCs) derived from the ciliary epithelium (CE) of mice can
give rise to all retinal cell types. Taurine, retinoic acid and FGF2/heparin (T+RA+FH) added to
differentiating clonal RSC colonies increases the number of rods to 90% of all progeny. RSC
progeny produce 10% rods when differentiated in 1%FBS+FH (pan-retinal conditions). We
hypothesized that exogenous factors act on RSC progeny in an instructive, rather than
permissive, manner to bias photoreceptor differentiation through the enrichment of photoreceptor
lineage-specific progenitors. RSCs were clonally isolated from the CE of 4-6 week old mice. We
used limiting dilutions (<1 clone / well) of a fluorescent retroviral construct to label individual



progenitor clones in vitro. Clonal retroviral labeling revealed enrichment in the percentage of
rod-only clones between 1%FBS (13%) to T/RA (over 70%), without affecting clone size or
overall cell survival. This strongly argues against selective survival of rod progenitors or
differential survival of post-mitotic rods within a clone. Single cell sorting by fluorescence-
activated cell sorting (FACS) for side-scatter intensity allowed isolation of non-pigmented and
pigmented cells in wells, which were then treated for 28 d. Survival, clone size, and phenotype
were assessed by immunocytochemistry. In 1%FBS, clones derived from single non-pigmented
progenitors were distributed between non-rod and mixed clones, with a minority of rod-only
clones (100% Rhodopsin-positive; n=4 of 28 clones). Clones derived from pigmented cells in
1%FBS never gave rise to rod-only clones. In T+RA conditions, all clones from non-pigmented
progenitors (n=34) were rod-only clones, while those from pigmented progenitors (n=47 of 48)
were almost all no-rod clones. Of note, one rod-only clone (the largest) was derived from a
single pigmented cell in T+RA, suggesting potential neural lineage plasticity in a very early,
pigmented progenitor. Survival rates of non-pigmented cell derived clones were similar in T+RA
and 1%FBS. Similar experiments using Wnt, BMP4 and TGFp inhibition increases the number
of RSC-derived cones to >60% of all progeny. We have used similar clonal analysis to isolate
cone-specific proliferative progenitors (100% cone arrestint), as well as cone-specific reporter
mice to purify populations of RSC-derived cones by FACS. This study marks an important step
in the characterization of photoreceptor-specific progenitors - no markers exist and literature is
divided on their existence in vivo. Our study suggests a critical role for exogenous signals
instructing early lineage decisions between fate-restricted retinal progenitors.
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Abstract: Amyloid beta (AB) peptide is a product of Amyloid Precursor Protein (APP)
processing, that is in low abundance and it is produced lifelong in the healthy brain. It is
produced by sequential action of a B and a y-secretase on APP, generating a sequence of 39 to 43
amino acids. AB40 and AB42 are composed for 40 and 42 amino acids, respectively; and they
represent the majority peptides of AP found in plasma, cerebrospinal fluid and senile plaques.
The functional properties of AP peptides to date have not been completely elucidated, although a
number of studies suggest that the peptides have a number of neurotrophic and neurotoxic
properties. Physiologically low concentrations of AP could play a key role in regulating synaptic
plasticity and improving cognitive functions, however the accumulation of high concentrations
of AP, combined with the effects of age, could cause dysregulation and loss of synaptic function,
which is one of the characteristics of Alzheimer’s disease. Neurogenesis is an active and
dynamic process that involves the proliferation, migration and maturation of new neurons. This
process is tightly regulated by several factors such as the niche, neurotransmitters, growth factors
and hormones. Several studies suggest that AP peptides are involved in the process of
neurogenesis, however the results are controversial. All existing data indicate a direct
relationship between the physicochemical characteristics of the peptides and their effects. Here
we evaluated the effect of AP oligomers on hippocampal neurogenesis. To this end we perform
the characterization of A oligomers 42 and 40 through atomic force microscopy and Western
blotting (4G8 Antibody). NPCs isolated from the hippocampal dentate gyrus of adult rodents,
were treated for 24, 48 and 72 hours with different concentrations of oligomeric forms obtained
by Klein’s protocol (2002) (AP 1-40 and 1-42), then evaluate the effect on viability (LDH Kit),
proliferation (BrdU labeling) and the expression of differentiation markers: glial markers
(GFAP) and neuronal markers (BIII-Tubulin). We found significant increase on cell viability in
NPCs treated with oligomers AB40 (at 0.5, 1 and 5 uM) at 72 hours, however there was no effect
on proliferation in NPCs treated neither with AB40 nor AB42 oligomers. Regarding
differentiation markers, we found an increased expression of GFAP and BIII-Tubulin markers for
cells that were treated with AB40. We conclude that AP could have an effect on NPCs survival,
because it increases cell viability but not proliferation. Furthermore AB40 might be favoring
neuronal differentiation.
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Abstract: As an organism progresses through development it encounters chemical, physical,
environmental, and genetic stressors that it must overcome in order to develop appropriately.
While the molecular mechanisms that govern normal embryonic development are relatively well
understood, comparatively little is known about how embryos respond to perturbations over the
course of development. However, knowledge of this process is critical for unraveling the
embryonic origins of adult disease and for understanding the unique plasticity of embryonic
tissues. Conserved across all metazoans, the Notch pathway is a juxtacrine signaling pathway
that establishes a balance between differentiated and progenitor neural cells during neurogenesis.
Overexpression of Notch signaling at the two-cell stage of Xenopus laevis embryos results in a
severely reduced NBT expression phenotype by the early tailbud stage. However, as
development progresses to the swimming tadpole stage, NBT expression approaches control
levels. Through global transcriptome analysis of Xenopus laevis embryos in which Notch
signaling was mis-expressed at the two-cell stage, we have identified potential regulators of this
observed embryonic compensation.
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Abstract: Generating the correct balance of inhibitory and excitatory neurons in a neural
network is essential for normal functioning of a nervous system. The neural network in the dorsal
spinal cord functions in somatosensation where it modulates and relays sensory information from
the periphery. PTF1A is a transcription factor expressed in a subset of neural progenitor cells that
specifies an inhibitory neuronal fate while suppressing the excitatory neuronal fate in the dorsal
spinal cord as well as in the cerebellum and retina. Thus, the regulation of Ptfla expression is
critical for determining mechanisms controlling neuronal diversity in these regions of the
nervous system. We have identified multiple regulatory sequences in the Ptfla gene locus that
have distinct functions in directing Ptfla expression. A highly conserved 2.3 kb auto-regulatory
enhancer is present 13.4 kb upstream of the Ptfla coding region that activates transcription in all
Ptfla expressing domains. A 1.2 kb enhancer located 11.2 kb 3’ of the Ptfla coding region is
sufficient to direct expression to the chick and mouse dorsal neural tube. Activity of this 1.2 kb
enhancer depends on the integrity of a sequence motif that matches the consensus binding site
for a Paired - homeodomain family transcription factor. Furthermore, through bioinformatic
analysis and subsequent experimentation, SOX3 was also found to regulate the 1.2 kb enhancer
activity. Thus, multiple enhancer elements responding to a combination of transcription factors
direct Ptfla-domain expression. By mutating these motifs in mouse, individually and in
combination using the CRISPR-Cas9 system, the in vivo contribution of these regulatory
elements for Ptfla expression and function in regulating the balance of inhibitory and excitatory
neurons in the nervous system is being tested.
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Abstract: Cortical progenitors in the embryonic neocortex are tightly regulated to generate the
correct number and subtypes of projection neurons that populate the mature mammalian
neocortex. In our study, we found that the intracellular protein, Suppressor of Fused (Sufu), plays
dual roles during corticogenesis to regulate the specification and proliferation of cortical
progenitors at different timepoints. Conditional deletion of Sufu in cortical progenitors at early
stages of corticogenesis (E10.5) result in the ectopic activation of Sonic Hedgehog (Shh)
signaling leading to the abnormal specification of Pax6+ and Tbr2+ progenitors and the
progressive loss of Tbr2+ progenitors as corticogenesis progressed. These defects result in the
loss of upper layer projection neurons and the abnormal specification of the remaining projection
neurons in the postnatal neocortex. In contrast, conditional deletion of Sufu at mid-corticogenesis
(E13.5) does not disrupt the specification of cortical progenitors and the projection neurons they
generate. Rather, our preliminary studies indicate that loss of Sufu primarily cause an increase in
cortical progenitor proliferation, particularly the Tbr2+ population, and appears to be
independent of Shh signaling activity. Collectively, our findings indicate that Sufu regulates
cortical progenitor fate specification at early stages and proliferation at later stages of
corticogenesis. The diverse role of Sufu is likely due to significant molecular changes in cortical
progenitors as corticogenesis progress. Thus, our findings prompt the need to further dissect the
spatial and temporal genetic changes in cortical progenitors to determine how specific molecular
networks control fate specification and proliferation during the course of cortical development.
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Abstract: Earlier studies have shown lateral ganglionic eminence (LGE) progenitors generate a
number of distinct neural cell types, including olfactory bulb (OB) interneurons. OB interneurons
are thought to originate from the dorsal LGE (dLGE) and septum starting at embryonic time
points. These cells migrate rostrally toward the OB, where they radially migrate to populate the
different layers including the granule cell layer (GCL) and the glomerular layer (GL). Although
some studies have attempted to investigate the contributions of dLGE versus septum to the OB
interneuron subtypes, no genetic tool has been used to address this question. In this study, we
utilize Zic3-LacZ BAC transgene, which is highly enriched in the septal ventricular zone (VZ)
progenitor cells and serves as a short-term fate map of their OB derivatives. We find that 3-
galactosidase-positive septal progenitor cells give rise to a subpopulation of OB interneurons that
express Sp8 and Calretinin (CR) but not Calbindin or TH, largely within the GL. The homeobox
gene Gsx2 is expressed in VZ progenitors of the developing ventral telencephalon, including the
LGE and septum. While a number of studies have examined the role of this factor in LGE
progenitors, its function in septal progenitors remains unclear. To address this, we conditionally
inactivated Gsx2 in the septum, leaving it largely intact in the dLGE progenitors, by recombining
the Gsx2-floxed allele with Olig2-cre. Our results indicate that conditional inactivation of Gsx2
in the septum, results in impaired generation of Sp8-positive neuroblasts as well as reduced cell
proliferation within the septal subventricular zone (SVZ). Accordingly, we observed decreased
numbers of septum-derived (i.e. B-galactosidase-positive) Sp8- and CR-expressing OB
interneurons within the GL. In summary, our results support the notions that septum (already at
embryonic stages) is an important source of Sp8- and CR-expressing OB interneurons in the GL.
Moreover, we show that Gsx2 is required within septal progenitors for the normal formation of
the septal SVZ and subsequent generation of septum-derived Sp8- and CR-expressing OB
interneurons.
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Abstract: CoREST is a family of transcriptional co-repressors formed by CoOREST1 (CoREST,
RCORT1), CoREST2 (RCOR2) and CoREST3 (RCOR3). The CoREST proteins form part of a
transcriptional regulator complex, also comprising the histone demethylase LSD1/ KDM1A and
the histone deacetylases 1 and 2 (HDAC1/2), here referred as the LCH complex. A variety of
transcription factors interacts with members of COREST family to bring the LCH complex to
repress target genes during differentiation, regulatory and pathological processes. Recent work
has given evidence that COREST1 regulates the expression of genes of the dopamine neuronal
phenotype during development. For instance, it was shown that COREST1 binds to the promoters
of tyrosine hydroxylase (TH) and dopamine transporter (DAT) genes. Through this interaction,
CoREST1 maintains repressive epigenetic features and lower transcription of these genes, during
dopamine neurons development. We have wondered whether COREST2 and CoREST3 play a
role in dopamine phenotype acquisition and maintenance in adulthood. Previously, we showed
that the 3 CoRESTs express widely in adult rat brain. Here, we have extended the study of
CoRESTs expression to cultured mesencephalic cells to learn whether all CORESTs express in
dopamine neurons during in vitro maturation. Cultured mesencephalic cells, obtained from rat
embryonic day 14-18th were maintained during different length periods until 14 days in vitro.
After fixing, the cells were incubated with specific antibodies against COREST1, CoOREST2 and
TH. The results show that COREST1 and CoREST2 express in all TH-positive cells during in
vitro maturation. In addition, the data show that the expression of both CORESTs decreases
during maturation, suggesting that both COREST1 and CoREST?2 play a role in dopamine
neuronal maturation. Funded by Fondecyt Project N° 1150200
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Abstract: As the list of putative driver mutations in glioma grows, we are just beginning to
elucidate the combined effects of unhinged signaling pathways on the transformation of CNS
cells. We have created a mosaic, autochthonous, glioma model that captures the first hours and
days of gliomagenesis in more resolution than conventional genetically engineered mouse
models of cancer (GEMMs). We provide evidence 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. Further, we demonstrate the influence of Ets factors on early cell fate decisions of
NSCs in normal perinatal brain. Thus, the Nfl-Ras-Ets axis might be one of the select molecular
pathways that is hijacked for initiation and maintenance in glioma.
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Abstract: After neural tube closure, there is an important stage of neurogenesis that is essential
for producing the correct classes of neuronal populations. PTF1A is a transcription factor
transiently expressed as neural progenitor cells become post-mitotic and begin to express
neuronal specific gene programs. PTF1A specifies these cells to become GABAergic neurons
(inhibitory neurons) while suppressing the glutamatergic neuronal program (excitatory neurons).
A fundamental principle in bipotential cell fate decisions is the necessity to repress gene
programs in the alternative fate. Recently, our lab identified PRDM13, a zinc finger containing
transcription factor, as a direct downstream target of PTF1A that may serve this function in the
inhibitory/excitatory neuron fate choice. Overexpression of PRDM13 in chick neural tube shows
PRDM13 does indeed repress markers of the excitatory neuronal lineage. To explore PRDM13
function in more depth in vivo, and to expand these findings to regions outside the neural tube, a
Prdm13GFP mutant mouse strain was generated that inserts a GFP coding region followed by a
STOP codon. Prdm13GFP/GFP mice die neonatally, and at E10.5 show an increase in the dorsal
neural tube excitatory neuron population at the expense of the inhibitory neurons. These
phenotypes recapitulate that seen with Ptfla null mice, and PRDM13 overexpression in chick
neural tube. The Prdm13GFP mice have revealed additional insights into the function of
PRDM13 and cell fate decisions in the developing spinal cord. First, PRDM13 negatively
feedback regulates Ptfla providing a mechanism for downregulating PTF1A as development
progresses. Second, in contrast to the phenotype seen with Ptfla mutants, late stage Prdm13
mutant embryos show only a partial loss of the inhibitory interneuron population, possibly due to
the increased levels of PTF1A in these mutants. And finally, ChIP-Seq and RNA-Seq analysis of
heterozygote versus homozygote Prdm13 mutants show that an important function of PRDM13
is to keep neuronal subtype specification genes for the ventral neural tube suppressed in the
dorsal neural tube. Overall, this mouse model has placed PRDM13 in a pivotal role in the



specification of neuronal subtypes in the spinal cord, a function that will likely extend to the
retina and cerebellum where PRDM13 is also present.
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Abstract: In the developing vertebrate nervous system, neural stem cells generate neurons first
and then glia (astrocytes). The timing of this cell fate switch is regulated by interplay of intrinsic
and extrinsic cues. We focused on the key issue of how progenitors are restricted from making
glia during the neurogenic period. A previous study from our lab reported that LIM-
homeodomain transcription factor Lhx2 is necessary and sufficient to suppress astrogliogenesis
in the embryonic hippocampus (Subramanian et al., 2011). Loss of Lhx2 produces astrocytes
from progenitors that would otherwise produce neurons. Overexpression of Lhx2 prolongs
neurogenesis to generate neurons from progenitors that would otherwise give rise to astrocytes.
The mechanism of this regulation remains unknown. We hypothesized that Lhx2 may regulate
this switch by directly binding to and activating or repressing genes in neurogenic and/or
gliogenic pathways. We analyzed genome-wide occupancy of Lhx2 by performing ChIP-seq
using embryonic hippocampal tissue to identify potential Lhx2 target genes. We have identified



genes involved in progenitor proliferation, neurogenesis and gliogenesis. Ongoing work is
focused on validating potential target genes using multiple approaches.
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Abstract: The early telencephalic neuroepithelium consists of the cortical primordium flanked
by two non-cortical structures, the hem medially, and the antihem laterally (Grove et al 1998,
Assimacopoulos et al 2003). Three transcription factors act as early regulators of telencephalic
patterning and control the formation of these structures: LIM-homeodomain family member
Lhx2; winged helix factor Foxgl; paired domain and homeodomain containing factor Pax6. Both
Foxgl and Lhx2 supress hem fate (Muzio and Mallamaci 2005, Mangale et al 2008). Lhx2 also
suppresses antihem fate (Mangale et al 2008), whereas Pax6 is necessary for antihem formation
(Assimacopoulos et al 2003). When Lhx2 function is disrupted, the cortical neuroepithelium
taken on hem and antihem identity, as a result of which these two structures expand in the LAx2
mutant (Mangale et al 2008). We asked whether Pax6 is required for the expanded antihem in the
Lhx2 mutant. Furthermore, we tested whether Lhx2 and Foxgl interact to restrict the hem to its



normal location. Finally, using CreER and low dose tamoxifen, we examined the critical period
for each of these factors in regulating hem and antihem fate. Our results reveal interesting
interactions between these three early regulators of dorsal telencephalic patterning, underscoring
their importance in the development of the cortical primordium.
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Abstract: Most of the neuronal diversity in the mature telencephalon derives from progenitor
cells of the subpallium giving rise to the astonishing variety of cells destined for the globus
pallidus, septum, olfactory bulb, amygdala, striatum, hippocampus and the cerebral cortex.
Despite a certain spatial and temporal bias regarding the generation of particular neuronal
subtypes fated for the diverse destinations, most subpallial subdivisions like the medial and
lateral ganglionic eminences (MGE and LGE), the caudoventral MGE (cvMGE), different
regions of the preoptic area (POA) and septal anlagen represent mosaic structures
contemporaneously generating various neuronal subpopulations. For the MGE and LGE
molecular differences vastly correlate with the morphological appearance. In turn, subdivisions
located ventrally of the MGE including pallidal septal domains, the cvMGE and the POA are
partly continuous merging into each other. Moreover, the cvMGE, which is considered as a
particular sub-domain, shares expression profiles with the MGE (like Lhx6 and Nkx2.1) as well
as with septal subdivisions (Garcia-Lopez 2008). Similarly, the POA shares common features
with septal and cvMGE-related tissue like Nkx2.1 expression (Flames et al., 2007). This
complicates the exact demarcation of the different domains and the research on the fate of the



particular subdivisions. Additionally, the preoptic area consist of several subdomains like the
POC, POB and lateral POA, which are suggested to distinctively give rise to certain neuronal
subsets (Buspesh et al., 2011). The insufficient demarcation of the different domains complicates
the research on the fate of the particular subdivisions. For this, we aimed to profile neuronal
subsets generated in the POA and find candidate biomarker discriminating POA-derived cells
from AEP and septal derivates by applying Nanostring nCounter based single cell transcriptome
analysis.
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Abstract: The developing chick embryo has multiple organizing centers which are important for
the correct development of the neural tube. Nato3 is a bHLH transcription factor that is
endogenously expressed in one of these, the floor plate region. This region also gives rise to
dopaminergic neurons which are affected in Parkinson’s disease through the coordinated
expression of multiple transcription factors, including Lmx1b. Nato3 has a broad and not fully
understood role in the proliferation and differentiation of stem cells in the neural tube. Here, we
show that overexpression of Nato3 promotes Lmx1b expression in the neural tube. Nato3 was
transfected using in ovo electroporation and monitored using a bicistronic EGFP reporter
expression vector and the observed effects were characterized using immunohistochemistry.
These data demonstrate that Nato3 can drive Lmx1b expression in the neural tube.
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Abstract: The inhibitory actions of GABAergic cortical interneurons are crucial for proper
cerebral information processing and impairments in interneuron development contribute to the
pathophysiology of neuropsychiatric disorders like epilepsy, autism and schizophrenia. As the
reversal of disrupted molecular deficits of neurodevelopmental disorders restores proper function
even by treatments in adults, decoding determinants of interneurons maturation holds great
promise for therapy strategies. The interneuron generating tissue represent a mosaic,
contemporaneously generating various neuronal subtypes destined for several brain regions. This
requires single cell resolution to decode the transcriptional control of cortical interneuron
diversity and development. Single cell transcriptome analysis presupposes the availability of
robust, quantitative methods, combining the suitability for analysis of even low copy number
transcripts with the processing of larger sample sizes in a short time. Here, we applied the direct
and sensitive NanoString nCounter technology to establish and validate an improved PCR-based
strategy for quantitative and qualitative global single cell transcriptome analysis, enabling
multiple analytical runs. We were able to profile distinct progenitor and postmitotic
subpopulations from the interneuron generating medial ganglionic eminence (MGE). We further
found new candidate for MGE-derived neuronal subsets. The identification of such lineage-
specific/defining molecular markers is crucial for fate-mapping studies of distinct interneuron
subpopulations.
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Abstract: Midbrain dopaminergic (mDA) neurons represent a heterogeneous pool of neurons
that differ in their projection pattern, connectivity to target areas, synaptic inputs and outputs that
impact on their function. Here, we report the identification and characterisation of a novel subset
of mDA neurons of the VTA that expresses the basic helix-loop-helix transcription factor,
neurogenic differentiation factor-6 (NeuroD6). By combining a Cre knock-in strategy and a loss-
of-function approach in mice, we have characterised this mDA neuronal subset at late
embryonic, early-postnatal and adult stages showing that they form a subset of the Calbindin"
and Raldhla” mDA subpopulation of the VTA. NeuroD6" mDA neurons are localised
specifically in the interfasicular nucleus (IFN), dorsal and ventral paranigral nucleus (PN) and
the lateral parabrachial nucleus (PBP) of the medial VTA. In NeuroD6 mutants, 32% of the total
NeuroD6-expressing mDA cells are lost within the medial VTA due to cell death as shown by
TUNEL analysis. Furthermore, retrograde tracing experiments using fluorogold injected into the
septum have demonstrated that NeuroD6-expressing mDA neurons specifically project to two
distinct septal regions, the dorsal lateral septum (LSD) and intermediate lateral septum (LSI). In
the absence of NeuroD6, specific loss of mDA axonal projections occurs within the LSI, while,
axon projections of mDA neurons to the LSD remain unaffected in NeuroD6 mutants.
Altogether, our results demonstrate that NeuroD6 labels a unique population of mDA neurons
projecting to the LSD and LSI, but is only required for the survival of the latter neurons.
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Abstract: The Nato3 transcription factor from Gallus gallus has a unique sequence of 20 amino
acids in its N-terminal domain when compared to highly conserved Nato3 sequences from seven
other species. Due to this difference there may be unique effects from the Gallus gallus Nato3 as
compared to the other species. In order to characterize differences between Nato3 from different
species in the developing neural tube, we overexpressed Nato3 from Mus musculus, and did not
see an upregulation of HNF3p, as reported with Nato3 from Gallus gallus. Currently we are
testing the overexpression of Nato3 from the Gallus gallus and Homo sapiens to directly
compare the effects of Nato3 from multiple different species.
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Authors: *H. V. HEESBEEN, M. P. SMIDT;
Mol. Neurosci., Univ. of Amsterdam, Amsterdam, Netherlands

Abstract: Keywords: midbrain development, histone modification, epigenetics Brain
development depends on specifically regulated gene-expression and cases of
neurodevelopmental disorders have been related to epigenetic aberrations. Genome wide
expression profiling in time has shown that specific components of histone methylation
complexes are temporary up-regulated during neuronal terminal differentiation and not equally
distributed in the brain. In order to understand this epigenetic control in midbrain development
we have developed a set of tools to pinpoint the consequences of altered histone methylation.
These tools allow ablation of one specific histone mark in time during midbrain development in
vivo. Initial analysis of the corresponding histone mark indicates that maintenance of this mark is
essential through active methylation events even without a known demethylase. Moreover, our
initial results indicate a role for histone methylation in regulating specific neurodevelopmental
features, including neuronal outgrowth.
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Abstract: Mutations in the X-linked Mecp2 gene cause the autism spectrum disorder Rett
syndrome (RTT). RTT affected children experience a first phase of apparently normal
development lasting 6-18 months, followed by a rapid regression after which RTT typical traits
(autistic features, seizures, ataxia and stereotypical hand movements) become evident. Given the
timing of RTT onset, most of the studies in the field investigated the role of Mecp2 in maturity,
roughly considering the embryonic development phase normal. However, different evidences of



the presence of subtle symptoms already at birth have been recently produced, suggesting a
possible role for Mecp2 even during the earliest phases of development. Starting from these
observations, we investigated the consequences of lack of Mecp2 on the embryonic development
of the cerebral cortex at E15, when cortical progenitors are still proliferating giving rise to other
progenitors and neurons. First of all we highlighted that Mecp2 in the developing cortex is
expressed not only by post-mitotic neurons, as previously demonstrated, but also by cycling
progenitors. Moreover, a role for Mecp2 in cycling cells is strongly suggested by the fact that its
absence alters different pathways related to cell cycle, as demonstrated by our transcriptional
analysis on embryonic cortexes. Interestingly, we show that the proliferation of Mecp2 null
progenitors cultivated in vitro is impaired as well as their post mitotic output. Given these
evidences we analyzed the in vivo dynamics balancing apical (Pax6 positive) and basal
progenitors (Tbr2 positive): our experiments show that the identity of the two populations is not
properly defined in the Mecp2 null samples. Our data demonstrate that lack of Mecp2 affects the
development of the cerebral cortex from early stages never so far analyzed in deep details. We
therefore suggest that the etiopathogenesis of RTT includes early stages of development during
which Mecp? plays a role that precedes its documented involvement in maintenance of mature
neuronal systems later in life.
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Abstract: Homeobox and basic helix loop helix (bHLH) transcription factors play critical roles
in Progenitor maintenance vs differentiation in the ventricular and subventricular zones of the
embryonic telencephalon. Within progenitors of the lateral ganglionic eminence (LGE), Gsx2



helps maintain progenitors in an undifferentiated state while Ascll plays an important role in
progenitor maturation and neurogenesis. In an effort to characterize the molecular mechanisms
underlying progenitor maturation in the LGE, we studied the protein-protein interactions of
Gsx2. We found that Gsx2 and Ascll directly interact with each other at the protein level in a
yeast 2-hybrid assay and in the embryonic mouse telencephalon. Using proximity ligation
techniques, we have identified a population of ventricular zone progenitors in the LGE where
Ascll and Gsx2 directly interact, in situ. We mapped the interaction domains on each of these
proteins and found that a region C-terminal of Gsx2’s homeodomain interacts with amino acid
residues in the second helix of the bHLH domain of Ascll. This interaction with Gsx2 inhibits
Ascl1’s ability to bind the E-box sequence in EMSAs. Moreover, this interaction inhibits
heterodimerization of Ascll with E-proteins that are critical for its transcriptional activity. We
are currently studying the effects of deleting Gsx2 in Ascll-expressing LGE cells (using Ascll-
creER) on progenitor maturation. Moreover, we plan to use single cell RNAseq techniques to
analyze the transcriptome of LGE progenitors that either co-express Gsx2 and Ascll or only
express one of these genes, to identify distinct downstream effectors of these factors within the
LGE lineage.
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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 several Oct4
pseudogenes bind miRNAs in both the nucleus and cytoplasm of NSCs, supporting their role as
miRNA sponges. Ethanol exposure resulted in a decrease in expression of Ago2-binding
pseudogene transcripts and also decreased expression of Oct4 mRNA and protein. These data
suggest that pseudogenes-miRNAs interaction may protect pluripotency factors and facilitate
NSC renewal. These data also advance a novel mechanism for ethanol teratology in that ethanol
exposure may disrupt long non-coding RNA (IncRNA)-mediated protection resulting in miRNA-
mediated loss of renewal capacity in fetal NSCs.
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Abstract: After neurogenesis in the developing brain, radial glial cells (RGCs) have the potential
to differentiate into the astrocytes or oligodendrocytes, but our knowledge of the signaling
pathways governing this decision in vivo are limited. We study the influence of the NOTCH
pathway in regulating the gliogenic fate of RGCs in an embryonic-day-8 chick hindbrain slice
culture preparation in which astrocytes differentiate and migrate in a manner similar to in vivo
timing and patterning. Inhibition of the NOTCH pathway with inhibitors of y-secretase, DAPT or
R04929097, induces up-regulation of the oligodendrocyte marker proteolipid protein (PLP)
mRNA in areas where the astrocyte precursors migrate, suggesting a switch from astrocytic to
oligodendrocytic fate. In order to confirm this possibility, we analyzed a battery of astrocyte and
oligodendrocyte markers by in situ hybridization and real-time qPCR and followed the
morphological changes of RGCs over time after DAPT treatment. The level and distribution of
SOX2, a marker of stem cells was not altered by inhibition of the NOTCH pathway. mRNA
levels for GFAP, a marker of mature astrocytes, SOX9 and aggrecan, markers of astrocyte
precursors, decreased in a DAPT-concentration-dependent manner. Using qPCR, the
oligodendrocyte precursors markers PDGFRa and OLIG2, as well as MBP, a marker of mature
oligodendrocytes, were up-regulated by DAPT treatment. Furthermore, after following the
migration and morphology changes of RGCs labeled by transient transfection with a green
fluorescent protein vector, an increase in ectopically localized oligodendrocyte-like cells in
cultures treated with DAPT was observed. Taken together, these results indicate that NOTCH
activation is required for RGCs commitment to the astrocytic fate and that inhibition of the
NOTCH pathway in RGCs change their commitment towards the oligodendrocyte fate.
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Abstract: Gasl is a pleiotropic protein that inhibits tumor growth when overexpressed but
during development acts as a co-receptor for sonic hedgehog to promote proliferation and
survival of different developing organs and systems. Gas1 has been extensively studied during
development in the cerebellum, however in other structures of the central nervous system the
information is limited to in situ hybridization studies. We provide information about the pattern
expression of Gasl during different developmental stages of the cortex and dentate gyrus of the
mouse. The levels of Gasl decrease in the developing brain as mice grow and it is mainly in
progenitor cells during the development of cortex and the dentate gyrus.
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Abstract: The hypothalamus is a small but powerful region of the brain that plays a key role in
maintaining overall physiological homoeostasis. Despite this important role, the molecular
programs that drive hypothalamic development are just starting to be explored. The ventromedial
hypothalamus (VMH) is a hypothalamic nucleus important for controlling satiety and
reproductive behaviours, and has been shown previously to require the proneural gene
Neurogenin 3 for proper neuronal terminal differentiation. Here, we asked whether other
proneural genes, namely Achaete-scute homologl (Ascll) and Neurogenin2 (Neurog2) might
also play a key role in VMH development, given their importance in specifying cortical neurons
and that they are also expressed in hypothalamic progenitors. To investigate more fully the
expression pattern of these genes in the embryonic hypothalamus, we conducted In situ
Hybridization (ISH) assays on the brains of wild type (WT) mice at different embryonic stages
from e10.5 to PO, a period that encompasses VMH development. Our results revealed that Ascl/



and Neurog2 have distinct spatiotemporal expression profiles, suggesting that different proneural
genes might play a role in establishing hypothalamic neuronal identities during development.
Next, using Neurog2™ and Ascll” mice, we investigated whether loss of Neurog2 and Ascll
affects VMH cell fate decisions. Specifically we immunostained Neurog2™ and Ascll”” brain
slices during VMH neuronal migration (e.g., €15.5-e16.5) and in the mature VMH nucleus
(e17.5-P0). Our results demonstrate that while Neurog2-null mice at e15.5 lose cell-specific
markers within the central and ventrolateral domains of the VMH nuclear structure, Ascl/l-null
mice at €16.5 lose marker expression complementarily within the dorsomedial and some of the
central domains. In both Neurog2- and Asc/I-null neonatal (P0) animals, however, a significant
decrease in overall VMH-positive neurons is observed throughout the entire nucleus regardless
of subdomain localization. Lastly in Neurog2”;Ascll”~ double knock out mice at e17.5,
expression of VMH markers in both the dorsomedial and central domains were lost while
ventrolateral markers domain showed only a slight decrease in the number of VMH-positive
cells. This phenotype was much severe compared to single knock out at e17.5. In conclusion,
here we showed that Neurog?2 and Ascll are necessary for proper VMH development.
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Abstract: Down’s syndrome (DS) occurs in approximately 1 in 700 live births and is caused by
trisomy for human chromosome 21. The disorder is characterized by abnormalities in



neurological, skeletal, cardiovascular and immunological systems. Particularly, individuals with
DS commonly exhibit mental retardation, which is associated with anomalies in brain
development such as reduced neuronal production and increased astrocyte generation.
Accumulating evidence suggests that differentiation of neural progenitors is deregulated in DS
brains, and the deregulation contributes to brain developmental defect. Nevertheless, the
molecular basis underlying the deregulation of progenitor cell fate decisions, particularly
enhanced production of astrocytes in DS, is poorly understood. In this study, we demonstrate that
differentiation of neocortical progenitors into astrocytes is enhanced by DYRKI1A, a Ser/Thr
kinase encoded on human chromosome 21. In the Ts1Cje mouse model of DS, overexpression of
DYRKIA augments the propensity of progenitors to differentiate into astrocytes. We also found
that increased dosage of DYRKI1A is linked to deregulation of STAT, a transcription factor
critical for astrogliogenesis. Overexpression of DYRK1A in wild-type progenitors increases
STAT3 phosphorylation at Ser727, a regulatory site that enhances STAT3 activity. In addition,
the STAT transcriptional activity is elevated upon increased dosage of DYRKI1A in progenitors.
On the other hand, STAT3 Ser727 phosphorylation and STAT activity are elevated in Ts1Cje
progenitors and downregulating DYRK 1A expression attenuates the deregulation of STAT. In
sum, our work indicate that potentiation of the DYRK1A-STAT pathway in progenitors
contributes to aberrant astrogliogenesis in DS.
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Abstract: FGF signaling is critical for forebrain development. Two FGF receptor substrate
(FRS) proteins, FRS2 and FRS3, were proposed to play important roles in directly tranducing
signal from the FGF receptors. However, their specific contributions in mediating FGF-
dependent processes during early telencephalon development are unknown. Here, using a loss of
function (LOF) approach we demonstrate that Frs3 is dispensable and that FRS2 protein is
compensatorily upregulated in embryonic telencephalon of Frs3 mutants. In contrast, Frs3 is
unable to fully compensate for the loss of Frs2 function during early telencephalon development.
Moreover, we observe that Frs2 and Frs3 are together required for activation of MAPK and
CREBI in neural stem/progenitor cells and for differentiation of MGE neurons. We also propose
that the Frs genes in contrast to their roles in stem/progenitor cells, may play an inhibitory role in
CREBI activation in the earliest-born neurons in a MAPK-dependent or -independent manner.
Our LOF studies involving Fgf receptor 1 (Fgfrl) and Frs genes, together with analyses of Fgfrl
mutants with a deletion in the FRS-binding site of the FGFR1 further highlight a role for FRS
proteins as primary if not the only modules of signal transduction downstream of FGFR1 during
early telencephalon development. Thus our study demonstrates essential roles for FRS proteins
relevant to FGF signaling in vivo. Since Foxgl-Cre-driven loss of three Fgfr (Fgfrl, Fgfr2 &
Fgfr3) genes leads to a complete absence of telencephalon and that telencephalon although
reduced in size is still present in the Frs2 and Frs3 double mutant, raise the possibility that FGF
signaling in early telencephalon is mediated by non-FRS dependent mechanisms primarily
involving FGFR2 & FGFR3.
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Abstract: Humans depend on their color-sensitive cone photoreceptors for high visual acuity.
Loss of these photoreceptors in disease can result in blindness. It has been difficult to study cone
development because they make up a small percentage of retinal cells in rodent and primate
models and form asynchronously over an extended period. Treatment of cultured embryonic (E)
day 14.5 mouse retinas with the Notch inhibitor DAPT causes progenitors to synchronously form
a cone-dominant retina by two days of treatment. To identify the genes responsible for cone
development, we used RNA-seq to compare the transcriptomes of DAPT-treated retinas with
their control counterparts at several time-points between 6 and 48 hours of treatment. Our setup
yielded over 20 million yields per sample on average. Statistical analysis reveals hundreds of
differentially expressed genes between the treatment groups and how they change over time as
the retinal cells become more cone-like. This dataset provides a valuable tool for studying the
gene regulatory events that govern cone development. In addition, this technique will reveal
early cone-specific markers that will help us evaluate early fate choice events in cone genesis,
which are largely unknown.
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Abstract: After neural tube closure, amniotic fluid (AF) captured inside the neural tube forms
the nascent cerebrospinal fluid (CSF). Stem cells of the neural plate contact CSF-filled
ventricles, proliferate and differentiate to form the mammalian brain. Using in vivo ultrasound
imaging, we quantified the dynamic expansion of the ventricular-CSF space from its time of
inception. We then developed tools to obtain pure AF and nascent CSF, before and after neural
tube closure. Using quantitative proteomics, we define how the AF and CSF proteomes diverge
during the course of mouse development. Using embryonic neural explants, we demonstrate that
age-matched fluids promote Sox2-positive neurogenic identity in the developing forebrain and
olfactory epithelia. Nascent CSF also stimulates Sox2-positive self-renewal of forebrain
progenitor cells, akin to LIF-mediated signaling. Taken together, our comprehensive proteomic
resource should enable new approaches for the investigation of fluid-tissue interactions during
this understudied, yet highly vulnerable stage of early brain development.
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Abstract: The mammalian cerebral cortex is a remarkably complex structure, and establishment
of cortical neural circuitries requires its unique laminar organization during neuronal migration.
Accordingly, disruption in neural migration can lead to brain malformations with functional
consequences on proper wiring of the neuronal network, as already described in
neurodevelopmental disorders such as Autism Spectrum Disorders (ASD). Common knowledge
indicates cell-adhesion molecules (CAMs) as essential for proper neural migration. Neuronal
growth regulator 1 (Negr1) is a cell adhesion molecule, and NEGR1 gene mutations have been
recently associated to autism spectrum disorders (ASD). So far, nothing is known about Negrl
function in in vivo neurodevelopment. By in utero electroporation coupled with RNA
interference (siRNA), we downregulated Negrl expression in late-born pyramidal neurons
migrating to the superficial layers of the neocortex. We found that Negrl siRNA caused ectopic
positioning of neurons concentrated at the border between layer 5 and layer 4 in the
somatosensory cortex. Downregulation of Negrl did not cause migration defects in the motor or
prefrontal cortices. Moreover, we found that FGFR2 and its partner NCAM physically interact
with Negrl to activate ERK signaling. Interestingly, downregulation of FGFR2 and NCAM in
utero resulted in a strikingly similar phenotype on neuronal migration, as found for Negrl, but
defective morphological maturation presented different characteristics in Negrl, FGFR2 or
NCAM downregulated neurons. Accordingly, overexpression of FGFR2 as well as
pharmacological activation of ERK signaling rescued the effect Negrl-downregulation on
migration, but not on morphological maturation. In agreement with association of Negrl, FGFR2
and ERK signaling to autism, we found that downregulation of Negrl or FGFR2 in the
embryonic somatosensory cortex resulted in decreased number and complexity of ultrasound
vocalizations in pups and that overexpression of FGFR2 as well as pharmacological activation of
ERK signaling rescued the ultrasonic vocalization upon Negrl downregulation. Finally, we
further confirmed the above findings in Negrl knock out mice, which showed defective cortical
layering and reduced ultrasonic vocalizations. These data suggest that Negrl/FGFR2 complex is
necessary for proper neuronal migration of pyramidal neurons in the somatosensory cortex and
indicate a possible role for defective Negrl/FGFR2/ERK signaling and related migration
impairment in autism.
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Abstract: The greatest risk factor for Alzheimer’s Disease (AD) today is advancing age and as
life expectancy increases so does the number of new cases. The pathogenesis of AD is not well
understood, nor is there a cure or effective treatment available. There is increasing evidence that
the extracellular signaling protein Reelin as well as the cell-cell interaction receptors
EphB/ephrin-B play important roles in the onset of AD. In addition to its important function in
cortical layer formation during brain development, in the adult brain, Reelin by binding to
lipoprotein receptors modulates synaptic functions and delays A deposition, the hallmark
feature of AD. Also EphB/ephrin-B signaling is protective against AP fibril formation and like
Reelin acts on NMDA receptor signaling. Recently our lab and others found that Reelin can
signal through a common complex containing EphB/ephrin-B and ApoE receptors (Senturk et
al., 2011, Nature; Bouche et al., 2013, Cell Res), but the function of their interplay remains
unclear. In contrast to published data (Senturk et al., 2011) we show that this interplay is not
effective for radial pyramidal neuron migration during neocortical development. By using
several techniques (NeuN, TBR1, and BRN1 immunoreactivity, Nissl, DAPI staining,



distribution of Thy1-GFP neurons) we examined knockout mice deficient in all three ephrin-B
ligands (Efnb1;2;3-/-) or three EphB receptors (Ephb1;2;3-/-) as well as Ephb2-/-;Reln+/- and
Efnb3-/-;Reln+/- compound mutant mice for layer malformation. We could not confirm the
reported overmigration phenotype or any striking cortical layer malformations for Efnb1;2;3-/-
and Efnb3-/-;Reln+/-. Reelin signaling induces Dab1 turnover, consequently in reeler mice Dabl
levels are elevated, which was not true for any of the mutants we analyzed, and serves as
evidence that ephrin-Bs are not essential for canonical Reelin signaling. Understanding the
interaction between Reelin and EphB/ephrin-B signaling will innovate targeted strategies to
combat AD. In future studies we aim to understand how these signaling molecules interact in the
complex machinery that controls synaptic function and how they influence the aging brain.
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Abstract: Radial migration of newborn excitatory neurons in the developing neocortex is a
complex multistep process that is precisely regulated in space and time. It includes multipolar
migration, multipolar-to-bipolar transition, radial glia-guided locomotion and terminal somal
translocation. Increasing evidence suggests that different transition steps are regulated by distinct
signaling pathways and mutations as well as deregulation of these molecular pathways could
result in migration disorders. While it has been speculated that Wnt signaling might control
neuronal migration, its direct role remains to be established. Using video time-lapse imaging and



reporter constructs for Wnt canonical and non-canonical signaling cascades, we now show that
dynamically regulated activity states of canonical Wnt/B-catenin as well as non-canonical
signaling during specific migratory phases are crucial for proper polarization and migration of
late generated pyramidal neurons. Transient down-regulation of canonical Wnt/B-catenin
signaling activity appears to be required for the proper transition of pyramidal precursors from
multipolar into bipolar state. We found that time-dependent regulation of Wnt5A-mediated non-
canonical signaling reduces canonical Wnt signaling in a cell-autonomous manner during the
multipolar-to-bipolar transition. Down-regulation of canonical Wnt signaling by Wnt5A allows
cells to express ephrin-B1, thereby enabling polarization and initiation of glia-guided
locomotion. These findings highlight the role of a crosstalk between the Wnt5A/non-canonical
and Wnt/B-catenin signaling pathways in regulating pyramidal cell migration via multipolar-to-
bipolar transition.
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Abstract: Several strains of mice and rats exhibit spontaneous neurodevelopmental
malformations of the neocortex and/or cerebellum due to deficits in neuronal migration during
pre- and postnatal periods, respectively. Several factors complicate the study of the development,
anatomy, and physiology of malformations including: 1] malformations are not identifiable a
priori in the living animal or in situ, 2] histological conformation of malformations is time- and
labor-intensive, 3] histological analyses introduce limitations to quantitative descriptions of
malformations such as a poor estimates of size, volume, spatial and areal extent, and 3D
morphology. Therefore, methods to identify malformations in vivo or in situ would open new
avenues to research associated with malformations. Using archival imaging data from the Duke
University Center for /n vivo Microscopy (an NIH/NIBIB Biomedical Technology Resource



Center - P41 EB015897), I will demonstrate that spontaneous neurodevelopmental
malformations are visible in both mice and rats in situ with magnetic resonance histology.
Moreover, several imaging modalities were found to be compatible for identifying
malformations including T1, T2, and diffusion tensor imaging. The implications of these data
will be discussed as well as the possible applications of magnetic resonance histology in the
study of brain development and neuronal migration disorders in mouse models.
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Abstract: Interneurons in mammalian cortical structures (neocortex, hippocampus and olfactory
bulb) are mainly generated from subcortical ganglionic eminence including medial, lateral and
caudal ganglionic eminence (MGE, LGE and CGE). Here we explore the roles of the zinc finger
transcription factor Sp9 in regulating neocortical interneuron development. We show that Sp9 is
widely expressed in the MGE, LGE and CGE progenitors and postmitotic cells. Fate mapping
studies using Sp9-Cre knockin mice suggest that virtually all cortical GABAergic interneurons
are derived from Sp9-expressing cells. In Sp9 mutant embryos, MGE-derived interneurons
tangentially migrate to the cortex, but exhibit defects in populating the marginal zone and
superficial parts of the cortical plate. In P21 Sp9 mutant cortex, ~50% of MGE-derived cortical
interneurons are lost, whereas CGE-derived cortical interneurons are mildly increased. RNA-Seq
and ChIP-Seq experiments provide evidences that Sp9 mediates these effects in the MGE mainly
through promoting expression of Lhx6 that regulates interneuron migration and through
inhibiting the expression of Sox6 that is also controlling cortical interneuron development.
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Abstract: The regenerative capacity of the adult brain is insufficient when stroke or brain trauma
occurs even though there is a proliferating population of neural stem cells capable of
regenerating damaged tissue. However, the combination of stem cell research and biomaterials
opens up new possibilities for regenerative medicine. Endogenous neuroblasts migrate from the
subventricular zone along the rostral migratory stream (RMS) to the olfactory bulb, but as insult
occurs to the brain, these cells can change path and migrate to the injured area, although not to
the extent needed. By redirecting these cells we hope to increase the population of neural stem
cells that reach the affected area and hence repopulate and regenerate the damaged tissue. Here
we utilize a self-assembling peptide amphiphile (PA) with a Tenascin-C epitope to redirect the
migration of endogenous neuroblasts from the rostral migratory stream to the cortex. Stereotactic
injections of PA were performed in the RMS of young adult rats as the syringe is retracted,
creating a tract of PA to the cortex. The PA material will polymerize forming nanotubular
structure upon injection into the brain due to contact with Ca2+. PA is biodegradable lasting up
to 4 weeks in vivo. Preliminary results show that the peptide amphiphile does not elicit an
increased astrocytes or microglia response compared to the saline/vehicle injected controls.
Neuroblasts (DCX+) are able to infiltrate the biomaterial and migrate to the cortex one week
post-injection. Our results indicate that migrating neuroblasts can be redirected using an
injectable biomaterial, which in turn can increase the number of neuroblasts reaching the
damaged tissue. Injury also elicits an immune response resulting in scar tissue and inflammation,
therefore we analyzed the effect of PA with the fibronectin-derived epitope RGDS on
neuroinflammation using the same setup as previously described. Immunostaining shows
significantly lower cell density for GFAP+ and Iba-1+ cells surrounding the needle tract after
RGDS PA injection compared to vehicle. Intensity measurements using GFAP, Iba-1 and CD68



also show a significantly lower activation of astrocytes and microglia/macrophages up to 100 pm
bordering the lesion site compared to vehicle, indicating a reduced glial scar and a smaller
inflammatory response.
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Abstract: The PI3K/Akt/mTor pathway is important in cell growth, survival and proliferation.
Phosphatase and tensin homolog (PTEN) is a major negative regulator of that pathway through
the dephosphorylation step of PIP3 into PIP2. PTEN mutations have been found in a subset of
individuals with Autism and macrocephaly. To examine whether Pten knockout (KO) in granule
neurons alters their migration, fluorescent protein linked cre- and non cre-expressing retroviruses
were co-injected into the hippocampal dentate gyrus of Pten " mice at postnatal day 7.
Animals were sacrificed at various days post-injection (DPI) to reveal Pten KO granule cell
neurons migrate significantly further from the hilus compared to wild-type controls beginning at
12.5 DPI and remaining that way every timepoint thereafter. To test whether the migration
phenotype could be prevented or reversed, we administered daily intraperitoneal injections (IP)
of Rapamycin, an mTorC1 inhibitor. The preventative group received Rapamycin from 3-14
DPI, when the enhanced migratory phenotype of Pten KO neurons is being established. The
reversal group received Rapamycin from 14-24 DPI, after the enhanced migratory phenotype has
been established. Soma size and migration analysis reveals that Rapamycin can prevent and
reverse somal hypertrophy seen in Pten KO neurons, but it can only prevent but not reverse the



enhanced migration of Pten KO neurons. This may have implications for the clinical use of
Rapamycin in treating PTEN-mutation associated diseases.
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Abstract: In this study we aimed to investigate the effect of ethanol exposure on the
development of the GABAergic system in the telencephalon. We administered ethanol (2g/Kg)
using a gavages cannula to pregnant swiss mice between E11 and E14. At E13, we collected
blood to measure plasmatic concentrations at specific time points after ethanol gavages. At E14,
animals were sacrificed, embryos removed and dissected. Brains were used for
immunohistochemistry (GABA), western Blot (GAD65/67), or labeling for TUNEL. Some litters
were kept after delivery and tested in the open field. Our results indicated that serum blood
reached a pick (120+£10mg/dl) after 1h and decreased until 3h. Roughly we did not identify
macroscopic modifications, such as excencephaly or anencephaly. Quantification of the
immunohistochemistry for GABA showed a decrease manly at the lateral ganglionic eminence
(LGE), but no significant alterations in the medial ganglionic eminence (MGE) or in the
developing cortical plate. We also found a significant increase in the GAD65/67 expression at
the LGE but not in the MGE or in the cortex. In contrast, TUNEL labeling revealed a significant
raise in the rate of neuronal death in the cortex and in the hippocampal anlagen. In the behavioral
test no modification in animal’s exploratory behavior was identified. We conclude that 2g/Kg
ethanol during a short period at this specific developmental lag does not lead to significant
alterations in the cortical GABAergic system, but leads to mild increase in GABA and GAD
expression in the proliferative zones of the basal telencephalon and to cell death in the dorsal
telencephalon.
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Title: Cell migration of pituitary adenoma cells on collagen type I-11I
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Abstract: During the tumoral progression the composition and biomechanical properties of the
extracellular matrix (ECM) are modified, and it influence the cells behavior, for example
regulating the cell migration. In the pituitary adenomas it has been observed an up-regulation of
ECM proteins; a higher deposition of fibrillary type I collagen was observed, particularly in
invasive macroadenomas. Little is known about the regulatory mechanism of cell migration in
pituitary adenomas. It has been suggested that the remodeling of collagen fibers in the pituitary
capsule are important factors in the infiltration of the cavernous sinus by pituitary adenoma cells.
The objective is to characterize the cell migration pattern that pituitary adenoma cells present on
a mixture of type I and type III collagen. Using a rat derived pituitary adenoma cell line (GH3
cell line) we analyze the cell migration pattern that adenoma cells adopt on collagen type I-111, in
a two-dimensional system, employing a pharmacological approach we also analyzed the
participation of the myosin light chain kinase (MLCK) and Rho-associated protein kinase
(ROCK) in the arrangement of the actin cytoskeleton, in the localization of the myosin light
chain (MLC) phosphorylation and finally in the regulation of cell migration. GH3 cells present a
rounded-shape with a cortical actin belt arrangement with small blebs. MLCK inhibition blocked
MLC phosphorylation at the cell substrate level but not at the cell periphery. MLCK-inhibited
cells migrate 3.7 times more distance and 3.6 times faster, without showing persistence in the
migration direction. Meanwhile, ROCK inhibition blocked the MLC phosphorylation at the cell
periphery but not at the substrate level. ROCK-inhibited cells present an elongated-shape with a
0.5 times more spreading, and a decrement of 1.6 times the distance and the migration velocity.



In summary, our results suggest that these two kinases perform two different functions in cell
migration, MLCK controls cell spreading and directionality in the movement and ROCK
controls the rounded-shape and increases the net cell translocation.
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Abstract: Cortical layer formation in the cerebral cortex is one of the typical events in the
mammalian brain. Neurons that are born in the ventricular zone (VZ) migrate to the pial surface
with an inside-out manner along the fiber of radial glia. Recent studies revealed that
transmembrane proteins such as N-cadherin, integrins, and connexins, regulate neuronal
migration through cell-cell and/or cell-matrix interactions, and their expression on the plasma
membrane is tightly regulated by vesicle trafficking factors that are involved in the process of
secretion, endocytosis and recycling. Furthermore, some vesicle trafficking factors are identified
as a responsible gene for periventricular heterotopia, and their dysfunction causes malformation
of cortical layer. However, it largely remains unclear the mechanistic details of how vesicle
trafficking factors regulate neuronal migration. In this study, we examined the expression and
functional role of ADP-ribosylation factor 6 (Arf6), a critical regulator of endosomal trafficking,
in the cortical layer formation. /n situ hybridization analysis revealed that Arf6 mRNA was
expressed in all layers including VZ, intermediate zone (IZ), and cortical plate (CP) in the dorsal
pallium of embryonic cerebral cortex. Immunostaining analysis revealed that Arf6 appeared as
puncta that partly colocalized with EEA1 and syntaxinl2, markers for early and recycling
endosomes, respectively, in migrating neurons. Knockdown (KD) of Arf6 by in utero
electroporation revealed that Arf6 was required for transition from IZ to CP by controlling the
recycling of N-cadherin in migrating neurons. Furthermore, mFIP3, a dual effector for both Arf6
and Rab11, also regulates neuronal migration, and knockdown of mFIP3 caused accumulation of



N-cadherin in perinuclear region of migrating neurons, as observed in Arf6 KD. These results
implicate that N-cadherin recycling pathway through Arf6/mFIP3 regulates the transition from
1Z to CP during the cortical layer formation.
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Abstract: The paxillin family of focal adhesion adaptor proteins are known to regulate integrin-
based cellular adhesion and migration, yet their roles in cortical development remain largely
unknown. This is due, in part, to the early embryonic lethality of paxillin knockout mice. Two
members of this family, paxillin and Hic-5, are expressed by neuronal precursors and
differentiating neurons during early cortical development. Here, we characterize the cortical
phenotypes of Hic-5 knockout mice and paxillin conditional knockout mice. Consistent with
prior findings, we show that Hic-5 knockout mice are postnatal viable, fertile and have no overt
abnormalities in cortical anatomy. In contrast, nestin-cre driven deletion of paxillin in the
developing cortex produces a subtle cortical phenotype. While nestin-cre; paxillin"®™ (paxillin
cKO) mice are also postnatal viable and fertile, histological analyses of the neonatal cortex
reveals a disruption in the lamination of Cux1" upper-layer projection neurons compared to
littermate controls. On postnatal day 1 (P1), Cux1’ neurons are normally localized to layer 2-4 in
wildtype cortex, while significantly more Cux1" neurons are found in ectopic deep positions in
the paxillin cKO cortex (p=0.002). However, by P35 no difference is detected in the distribution
of Cux1+ cortical neurons between mutant and control (p=0.68). To further characterize the P1
phenotype, cell-autonomous suppression and deletion of paxillin was performed using an in
utero electroporation approach. Both shRNA-mediated suppression and cre-mediated deletion of



paxillin produced a migration delay and altered the morphology of migrating neurons. Compared
to control, paxillin deficient migrating neurons have shorter leading processes and multiple
swellings in their leading processes. This phenotype is remarkably similar to the reported
phenotype produced by deletion of focal adhesion kinase (FAK), a critical signaling partner of
paxillin. These results demonstrate that paxillin functions in a cell-autonomous manner to control
the morphology of migrating neurons and the pace of cortical development.
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Abstract: Purpose: The developing retina is a pseudostratified neuroepithelium (NE) in which
retinal progenitor cells (RPCs) span the radial tissue extent and mature stratification is yet to
form. RPCs give rise to all major retinal cell types by mitosis. Cell cycle progression is



synchronised with the translocation of RPC nuclei within the radial cell extents, a process called
interkinetic nuclear migration (INM). Nuclei are located at the apical edge of the NE during M-
phase and nascent neurons must thus consequentially migrate radially to reach their designated
layers. Rod cells eventually occupy a layer directly adjacent to the apical limit and it is often
assumed, therefore, that there is limited requirement for migration. Nonetheless, in our
preliminary investigations, post-mitotic rod precursor cells displayed marked motility during
post-natal development. We therefore sought to determine the properties, kinetics, and
mechanisms of this motility to help our understanding of retinal development. Methods: GFP
under the control of the Nrl promoter labels post-mitotic rod photoreceptor precursor cells. The
migration of GFP+ rod precursor cell bodies (RoPCBs) was assessed ex vivo by time-lapse 2-
photon microscopy of live retinae from post-natal day 1, 3 and 7 Nrl. GFP+/+ mice and by
software tracking (Imaris) of GFP+ rod precursor cell bodies. Results: RoPCBs were found
dispersed within the NE, from directly adjacent to up to ~90 pm away from the apical limit. All
observed cells extended a permanent apically attached process, but rarely extended a basal
process. At all time points examined, RoPCBs underwent significant movement along the apico-
basal axis. The majority of movements were stochastic with only limited net displacement.
However, at least two further modes of migration, rapid apically directed jumps and slower
basally directed migration were identified. Strikingly, RoPCBs were observed to oscillate
between apical and basal positons using these three modes of migration with kinetics similar to
INM. By means of pharmacology we demonstrated that migration was significantly impeded by
inhibition of dynein I motor protein and microtubule dynamics, but not by inhibition of Myosin
IT motor protein. Conclusion: We report that the nucleus and surrounding RoPCBs engage in
oscillatory apico-basal movements, highly reminiscent of the INM displayed by cortical neural
progenitor cells. Similar to cortical neural progenitor cells but in contrast to lower vertebrate
RPCs, these movements appear to be microtubule-dependent but Myosin II independent. To our
knowledge, this is the first observation of an INM-like motility in a post-mitotic neuronal cell
population.
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Abstract: The spiral ganglion neurons (SGNs) are the first neurons in the auditory pathway to
fire action potentials to relay sound information up to the auditory cortex. These bipolar neurons
send dendrites to innervate the base of hair cells in their cochlea and their axons to the cochlear
nucleus through the auditory portion of eighth cranial nerves. Several axon guidance molecules
have been reported responsible for the proper organization of SGN positioning and innervation
patterns in the cochlea. Here, we show that disruption of Dcc results in mis-migrated SGNs
towards the sensory epithelium. Specific patterns of positioning of mis-migrated SGNs were
observed in different developmental time periods. Initial observation of mis-migrated SGNs at
E16.5 suggests that it is not an initial migratory defect during delamination of SGNs but possibly
a defect in rearrangement of SGNs during the convergent extension. Disruption of Dcc also
caused SGNs to be mispositioned along the central auditory pathway towards the cochlear
nucleus. In addition, a defect in fiber routing of SGNs in both peripheral and central sides has
been observed. Our findings demonstrate that Dcc is required for the correct positioning of SGNs
and routing of their processes during the auditory circuit development.
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Title: N-cadherin and Astrotactin interact to regulate granule cell migration in the developing
cerebellum
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Abstract: The formation of a laminated cortex in the mammalian brain depends on directed
migration of neuronal precursors. The neural cadherin, N-cadherin (Cdh2), is crucial for early
development of the embryo and mediates neuron-glia attachment during glial-guided migration
in the cerebral cortex. The role of Cdh2 in the development of the cerebellum is however still
unclear. In this study, we assessed whether Cdh2 interacts with other adhesion proteins known to
be involved in granule cell (GC) migration and maturation in the cerebellum. We found that
Cdh2 co-immunoprecipitates with the two known members of the astrotactin family, Astnl and
Astn2, which regulate glial-guided migration of cerebellar GCs. This interaction is dependent on
the MACPF, Fibronectin type III and EGF-like domains of the astrotactin protein. Interestingly,
immunolabeling of GC/glia co-cultures showed that Cdh2 and Astnl co-localize to the neuron-
glia junctions of migrating GCs. Moreover, adhesion assays using Drosophila S2 cells indicated
that Cdh2 and Astnl interact in a heterophilic manner. To provide a genetic analysis of the role
of Cdh2 in GC development, floxed Cdh2 mice were crossed with NeuroD I-Cre mice to delete
Cdh?2 in migrating GCs. Structural studies showed that the cerebellum of Cdh2 conditional
mutant mice at P5 - P7 was 15 - 20% smaller than in control littermates, and BrdU/EdU labeling
methods revealed a marked reduction in GC migration. In addition, the expression of the Astnl
protein was mislocalized in the GCs lacking Cdh2. Interestingly, Bergmann glial fibers were
significantly decreased and misaligned in the mutants, indicating that homophilic and/or
heterophilic interactions of Cdh2 function in Bergmann glial development. Taken together, our
results suggest that Cdh2 regulates glial-guided migration of cerebellar GCs and may promote
neuron-glia attachment by interacting with Astnl.
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Abstract: Spinal motor neurons are clustered in a well-organized pattern within the ventral
spinal cord, and project axons out through the basement membrane to innervate their peripheral
targets. The retention of motor neuron cell bodies within the spinal cord is critical to form their
functional circuits. However, little is known about how spinal motor axons can exit, but not
motor neuron cell bodies. The secreted Slit proteins are major repellents produced by the floor
plate, and their Robol and Robo2 receptors mediate Slit repulsion. Importantly, Slit2 and both
Robo receptors are expressed by spinal motor neurons. We found that some motor neurons
migrated outside the spinal cord in Slitl/2 or Robo1/2 double knockout mouse embryos. More
specifically, tests of single Slit or Robo alleles showed that Slit2 and Robo?2 are necessary for
maintaining motor neurons inside the spinal cord. We sought to test how abnormal Slit/Robo
signals lead to emigrant phenotype in the spinal cord. Many reports suggest that the laminin-
containing basement membrane is a substrate for neuron migration as well as a boundary that
constrains motor neurons on a proper migratory path. We tested a major basement membrane
protein, Dystroglycan (DG), a glycoprotein linking the extracellular matrix and the cytoskeleton.
In the Slit1/2 knockout spinal cord, expression of DG was discontinuous, forming large gaps in
the basement membrane. These gaps were associated with the ventral sites where motor neurons
ectopically emigrate, suggesting that the basement membrane is critically required to prevent
aberrant motor neuron migration. The fact that Robo1/2 mutants phenocopied Slit1/2 mutants
suggests that the neuroepithelium of the wall of the neural tube produces or maintains the
basement membrane in a Slit-dependent manner. Together, the findings from the present study
suggest that Slit/Robo signals are required to retain spinal motor neurons inside the neural tube
by regulating the integrity of the basement membrane. Further research will be needed to address
a molecular basis on how, when and where the guidance signals are required for keeping spinal
motor neurons on a proper position.
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Title: Radial and tangential migration of telencephalic somatostatin neurons originated from the
mouse diagonal area
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Abstract: The telencephalic subpallium is the source of various GABAergic interneuron cohorts
that invade the pallium via tangential migration. Based on genoarchitectonic studies, the
subpallium has been subdivided into four major domains: striatum, pallidum, diagonal area and
preoptic area (Puelles et al., 2013; Allen Developing Mouse Brain Atlas) and a larger set of
molecularly distinct progenitor areas (Flames et al., 2007). In utero fate mapping and genetic
lineage tracing studies have suggested that each subpallial subdivision produces specific sorts of
inhibitory interneurons, distinguished by differential peptidic content, which are distributed
tangentially to pallial and subpallial target territories (e.g., olfactory bulb, isocortex,
hippocampus, pallial and subpallial amygdala, striatum, pallidum, septum). In this report we map
descriptively the early differentiation and apparent migratory dispersion of mouse subpallial
somatostatin-expressing (Sst) cells from E10.5 onwards, comparing their topography with the
expression patterns of the genes DIx5, Gbx2, Lhx7-8, Nkx2.1, Nkx5.1 (Hmx3), and Shh, which
variously label parts of the subpallium. Whereas some experimental results suggest that Sst cells
are pallidal, our data reveal that many, if not most, telencephalic Sst cells derive from de
diagonal area (Dg). Sst-positive cells initially only present at the embryonic Dg selectively
populate radially the medial part of the bed nucleus striae terminalis (from paraseptal to
amygdaloid regions) and part of the central amygdala; they also invade tangentially the striatum,
while eschewing the globus pallidum and the preoptic area, and integrate within most cortical
and nuclear pallial areas between E10.5 and E16.5.
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Title: Impaired interneuron development after disruption of Foxgl disruption
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Abstract: Although interneurons play pivotal roles in the modulation of cortical function, the
mechanisms that control interneuron development remain to be elucidated. This study aimed to
explore a new role for Foxgl, a candidate gene for West syndrome and Rett syndrome, in
interneuron development. By crossing Foxg1fl/fl mice with a DIx5/6-Cre line, we determined
that the conditional disruption of Foxgl in the subpallium results in defects in interneuron
differentiation and tangential migration. In developing interneurons, the expression levels of
several receptors, including roundabout-1 (Robo1), Eph receptor A4 (EphA4) and (C-X-C motif)
receptor 4/7 (Cxcrd/7), were strongly down-regulated, which led to migration defects after Foxgl
ablation. The transcription factors DIx1/2 and Mash1, which have previously been reported to be
involved in interneuron development, were significantly up-regulated at the mRNA levels.
Notably, Prox1, which is a transcription factor that functions as a key regulator in the
development of excitatory neurons, was also dramatically up-regulated at both the mRNA and
protein levels. This result suggests that Prox1 is also important for interneuron development. Our
work demonstrates that Foxgl may act as a critical up-stream regulator of DIx1/2, Mashl and
Prox1 to control interneuron development. These findings will improve our understanding of the
molecular mechanisms of Foxgl-related diseases, including both West and Rett syndromes.
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Title: The essential role of RBM8a in brain development
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Abstract: Nonsense-mediated mRNA decay (NMD) is an RNA surveillance mechanism that
ensures the degradation of mRNAs carrying premature termination codons (PTCs). This
mechanism relies on several factors, which form a tetramer known as the exon junction complex
(EJC). Mutations in multiple EJC factors have been reported to cause X-linked mental
retardation and autism (Tarpey et al., 2009; Laumonnier et al., 2010; Addington et al., 2010).
This strongly indicates a potential role for NMD in the pathogenesis of autism. Using the cre-
loxp system, we selectively knocked out the protein RBM8a in neural stem cells. Nes-
Cre;RBM8a"™" mice presented with microcephaly (even after accounting for small body size),
decreased body size, impaired mobility, and a life span of approximately 20 days. Nes-
Cre;RBM8d"" mice have decreased cell density in the cortex, and throughout the CA regions of
the hippocampus. The structural morphology of the hippocampus is also abnormal. The cortex of
Nes-Cre;RBM8a"* mice is very thin, and the two hemispheres fail to meet on the midline.
Interestingly, these mice also have disorganized cortices. Cux1, a marker for cortical layers 2/3 is
present in cells all throughout the cortex of Nes-Cre; RBM8a"" mice, with the greatest density in
layers 5/6. Foxp2, a marker for cortical layer 5/6, is also present in layer 4. This indicates either
deficits in cell fate specification, or deficits in migration. Seeing as children with autism have
been observed to have disorganized neocortices (using post mortem in situ hybridization), this
phenotype further implicates RBM8a as a potential risk gene for autism (Stoner et al., 2014).
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Abstract: C57BL/6 mice are among the most widely used mouse strains in neuroscience
research. This strain is often used as a “control strain” in a wide range of behavioral, anatomical,
and physiological studies and is often the background strain used in the production of knock-out
and transgenic mouse lines. In addition, a significant amount of research funding from the NIH is
supporting projects using C57BL/6 mice. Work in our laboratory has recently described the
presence of spontaneous malformations of the cerebellar vermis in C57BL/6 mice (Mangaru et
al. 2013; Van Dine et al. 2013). Malformations consist of heterotopia containing a diverse array
of neuronal (Purkinje cells, granule cells, Golgi cells, etc) and glial (astrocytes, Bergmann glia,
oligodendrocytes) cell-types located in the molecular layer between lobules VIII and IX.
Heterotopia are associated with disruption of Bergmann glial radial fibers as well as breeches of
the pia along the secondary fissure and are indicative of neuronal migration defect. In a previous
study we tested the prediction that mutant and transgenic mouse models on a C57BL/6
background would also exhibit these same cerebellar malformations (Ramos et al. 2013).
Consistent with our hypothesis, we found that spontaneous mutant mice and several genetically-
engineered mouse lines did indeed exhibit molecular layer heterotopia. In the present study, we
expand the list of genetically-engineered mice, developed on a C57BL/6 background, that
display cerebellar heterotopia including numerous Cre-driver lines, reporter lines, and
GCAMP/Channelrhodopsin transgenic lines. These data have implications for investigators
wishing to use these mice in neuroscience research.
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Abstract: The DNA damage response (DDR) pathways are critical to ensure that replication
stress and other types of DNA lesions do not perturb production of neural cells during
development. Neural progenitors are particularly sensitive to DNA damage and their relative
susceptibility may vary depending on the stage of development. Defective DDR is often
associated with neurodevelopmental diseases. Cdk12 maintains genomic stability via regulation
of expression of DDR genes. To define its role during neural development in vivo, we
conditionally targeted Cdk12 using a Nestin-Cre mouse line. Nestin-Cdk12-cKO mice showed
microcephaly and rarely survived beyond postnatal day 0 (P0O). Results from cresyl violet-stained
brain sections of Nestin-Cdk12-cKO at PO showed reduced thickness of cortical plate layers in
neocortex, and aberrant anterior commissure and corpus callosum. Nestin-Cdk12-cKO mice
exhibited fewer neurons throughout the neocortex due to apoptosis of newborn progenitors.
Furthermore, birthdating experiments with EQU showed that Cdk12 involved not only in survival
of neural progenitor cells, but also in neuronal migration of late-born neurons in the developing
neocortex. Although 6-cortical layer organization was preserved, misaligning of layers II-IV
neurons marked with CUX1 expression was observed. An increase of ectopically localized
CUX1+ cells in deeper layers was detected in Nestin-Cdk12-cKO neocortex. Dil tracing also
showed a loss of the corpus callosum that is composed of axons of callosal projection neurons
located in layer II/III. To further investigate effects of Cdk12 on neuronal migration without its
confounding effect on neurogenesis, we used the Cdk12fx/fx mice that were electroporated in
utero with Cre-expression plasmid between embryonic day 14 to 16. Migrating neurons are
stagnant in the middle of the neocortex upon deletion of Cdk12. In short, Cdk12 function is
crucial for two aspects of neuronal development, including neurogenesis and late-born neuronal
migration. How deleting Cdk12 generates these effects is currently under investigation.
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Title: Regulation of the actin cytoskeleton by the Ndell-Tara complex is critical for cell
migration and invasion
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Abstract: Nuclear distribution element-like 1 (Ndell) plays pivotal roles in diverse biological
processes and is implicated in the etiology of multiple neurodevelopmental disorders. Ndell
exerts its functions by regulating microtubules or intermediate filaments; however, its functional
link to the actin cytoskeleton is largely unknown. Here, we show that Ndell interacts with TRIO-
associated repeat on actin (Tara), an actin-bundling protein, to regulate cell movement. /n vitro
cell migration assays revealed that Ndell- or Tara-deficient cells were defective in their
migration and invasion. Moreover, Tara alters its intracellular distribution and this redistribution
of Ndell was abolished by deletion of the Ndell-interacting domain of Tara, suggesting that the
altered localization pattern of Ndell requires a physical interaction with Tara. These findings
uncover an interesting role of the Ndell-Tara complex in actin reorganization during cell
migration and invasion.
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Abstract: Neuronal migration is a fundamental step during brain development, whose defects
are consistently correlated with brain malformation and dysfunctions. An essential feature of
neuronal migration is the nuclear translocation. When neurons migrate, they at first elongate a
long and thick process, referred to as a leading process, toward their migrating direction and then
the nucleus (and other organelles) translocates into the leading process, as if a soft ball moves in
a thin tube. Mechanical forces generated by microtubule and/or actin motor proteins have been
implicated in the nuclear translocation, yet the precise mechanism is still unclear; it remains
controversial which of microtubule or actin motors generate the primary force driving the
nuclear translocation and whether these motor proteins push or pull the nucleus. In order to
elucidate the physical basis of nuclear migration, we carried out high-resolution time-lapse
imaging of nuclear dynamics in migrating cerebellar granule neurons. Our time-lapse imaging
studies demonstrate that the nucleus dynamically changes its morphology and sometimes rotates
during neuronal migration. Considering the nucleus as a viscoelastic body in a fluid dynamic
system, these dynamic behaviors should reflect the forces applied to the nucleus. Hence, we have
established digital image analyses in order to quantify the deformation and rotation of the
nucleus. In addition, we have also measured the traction force on the culture substrate exerted by
migrating neurons, using a modified traction force microscopy technique. It has been revealed
that the leading process frequently exerts bidirectional traction force, contrasting with the
unidirectional force of the trailing process. Furthermore, the traction forces generated in the
leading process often synchronize and counteract to the nuclear translocation, suggesting that the
pulling force contributes to nuclear translocation. In this presentation, we would like to discuss
the force driving nuclear translocation based on these quantitative image analyses.
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Abstract: The activity and function of the mammalian cerebral cortex rely on the precise
assembly of specialized neuronal circuits involving an extraordinary diversity of excitatory
projection neurons and inhibitory interneurons. Although they have different developmental
origins, these two classes of neurons ultimately co-reside in the cortex, where they assemble into
balanced local microcircuitry. The developmental events governing the proper interaction
between excitatory projection neurons and inhibitory interneurons are poorly understood, in
particular the cellular and molecular events that direct interneurons to position precisely within
specific cortical layers. We recently reported that different subtypes of projection neurons
uniquely and differentially determine the laminar distribution of cortical interneurons. We found
that in Fezf2” cortex, the specific absence of subcerebral projection neurons and their
replacement by commissural projection neurons causes abnormal lamination of interneurons and
altered GABAergic inhibition. In addition, experimentally-induced ectopic corticofugal or
callosal neurons selectively recruit distinct subtypes of cortical interneurons, based on the
identity of the projection neuron. These data demonstrate that, in the cerebral cortex, individual
populations of projection neurons cell-extrinsically control the laminar fate of interneurons and
the assembly of local inhibitory circuitry (Lodato et al., Neuron, 2011). Here, we investigated the
molecular mechanisms that mediate the precise pairing between distinct subtypes of projection
neurons and interneurons in the early stages of radial migration of cortical interneurons. To
address this question, we FACS-purified and transcriptionally profiled pairs of projection neuron
and interneuron subtypes which preferentially reside in the same cortical layers, over multiple
developmental time points. Using custom bioinformatic analysis, we have identified candidates
that are functionally relevant for the lamination of interneurons within the cortex, and therefore
crucial for the assembly of specialized cortical circuits. These molecules have potential roles in
the etiology of neurological disorders such as autism and schizophrenia.
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Abstract: Young neurons in the developing brain establish a polarized morphology for proper
migration. The PIWI family of piRNA processing proteins are considered to be restrictively
expressed in germline tissues and several types of cancer cells. They play important roles in
spermatogenesis, stem cell maintenance, piRNA biogenesis, and transposon silencing.
Interestingly a recent study showed that de novo mutations of PIWI family members are strongly
associated with autism. Here, we report that PIWI-like 1 (PIWIL1), a PIWI family member
known to be essential for the transition of round spermatid into elongated spermatid, plays a role
in the polarization and radial migration of newborn neurons in the developing cerebral cortex.
Knocking down PIWILI in newborn cortical neurons by in utero electroporation of specific
siRNAs resulted in retardation of the transition of neurons from the multipolar stage to the
bipolar stage followed by a defect in their radial migration to the proper destination. Domain
analysis showed that both the RNA binding PAZ domain and the RNA processing PIWI domain
in PIWIL1 were indispensable for its function in neuronal migration. Furthermore, we found that
PIWILT1 unexpectedly regulates the expression of microtubule-associated proteins in cortical
neurons. Our finding of PIWIL1’s function in neuronal development implies conserved functions
of molecules participating in morphogenesis of brain and germline tissue and provides a
mechanism as to how mutations of PIWI may be associated with autism.
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Abstract: The Hippo signaling pathway is known to be involved in the control of organ size by
regulating proliferation and apoptosis. This well conserved pathway is activated by various
signal inputs, including cell-cell contact, mechanotransduction, and G-protein coupled receptors,
with the signals converging on the downstream effector protein Yap and its homologue Taz. Yap
has also been implicated as a potential oncogene, as it is upregulated and transcriptionally active
in several tumor types including medulloblastoma, a tumor that arises in the cerebellum.
Furthermore, inhibiting Yap activity in various cancer models has been shown to revert
tumorigenic properties. Although the role of Yap has been described in several organ systems,
there is a paucity of information about its role in the central nervous system. Here we investigate
the function of Yap/Taz in the cerebellum to determine its significance during both normal
development and medulloblastoma. To date, we have identified the expression pattern of Yap
from embryonic through adult stages in mice. Although Yap is highly expressed in granule
neuron progenitors (GNPs) during the rapid postnatal expansion stage, it does not appear to play
a major role in proliferation of these cells as conditionally knocking-out Yap/Taz in GNPs does
not alter their proliferative capacity. However, Yap/Taz does play a significant role in cerebellar
foliation: Yap has an important function in Bergmann glia (BG) cells for establishing normal
cerebellar foliation patterns during development. Furthermore, Yap-deficient BGs exhibit
migrational defects. To determine the role of Yap in medulloblastoma, we utilized mouse models
with constitutively activated sonic hedgehog (SHH) signaling, a pathway known to be activated
in about 25% of medulloblastomas, in various cerebellar cell types. Because GNPs proliferate in
response to SHH during normal development, SHH-mediated medulloblastoma is believed to
originate from GNPs with dysregulated SHH signaling. We found that knocking out Yap/Taz in
SHH-mediated medulloblastoma does not rescue the phenotype, an unexpected finding amidst
several reports of the significant function of Yap in several other cancer types. Our observations
demonstrate Yap has a novel function in cerebellar glia that is required for the development of
normal foliation and organization, but plays a minimal role in cerebellar tumorigenesis.
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Authors: *H. OGINO, A. HISANAGA, Y. KONDO, H. TSUIJI, T. KOHNO, M. HATTORI;
Biomed. Science, Grad. Sch. of Pharmaceut. Scienses, Nagoya City Univ., Nagoya, Japan

Abstract: Reelin is a secreted glycoprotein that is essential for normal brain development and
function. Reelin exerts its function by inducing phosphorylation of an intracellular protein Dabl.
Phosphorylated Dabl1 is degraded promptly. In recent years, downregulation and/or hypoactivity
of Reelin in adult brain has been suggested to be involved in the pathogenesis of
neuropsychiatric diseases including Alzheimer’s disease and schizophrenia. Reelin protein is
specifically cleaved at three sites, called N-t, C-t and CTR sites. The N-t site cleavage virtually
abolishes Reelin’s ability to phosphorylate Dab1. Therefore, inhibition of N-t site cleavage can
be a therapeutic strategy for neuropsychiatric diseases. We identified ADAMTS-3 (A Disintegrin
And Metalloproteinase with Thrombospodin motifs-3) as the candidate protease in charge of N-t
site cleavage by purification from the supernatant of cultured cortical neurons. Recombinant
ADAMTS-3 has the ability to cleave N-t site of Reelin in vitro. In this study, we analyzed the
knockout (KO) mice of ADAMTS-3 as well as conditional KO mice that lacks ADAMTS-3 only
in the excitatory neurons of forebrain to verify its contribution to N-t site cleavage in vivo and to
clarify the physiological significance of N-t site cleavage. It turned out that most of ADAMTS-3
KO mice die soon after birth. The amount of cleaved product of Reelin is significantly decreased
in the embryonic ADAMTS-3 KO mice brain, indicating that ADAMTS-3 is the major enzyme
that cleaves the N-t site in embryonic stages. Importantly, the amount of Dab]1 is decreased in
cerebral cortex of embryonic ADAMTS-3-KO mice, indicating that Reelin activity is enhanced.
These results strongly suggest that ADAMTS-3 is the major protease that inactivates Reelin in
embryonic mice brain. In order to analyze the contribution of ADAMTS-3 to N-t site cleavage in
postnatal stages, we established conditional KO mice that lacks ADAMTS-3 only in the
excitatory neurons of forebrain. This conditional KO mice lives to adulthood and does not show



obvious behavioral or growth abnormality. We are currently analyzing the brain of this
ADAMTS-3 conditional KO mice. These studies will help us understand the physiological
significance of N-t site cleavage in vivo, particularly in the pathogenesis of neuropsychiatric
diseases.
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Abstract: Congenital heart disease (CHD) is the leading birth defect worldwide, affecting nearly
1 in every 100 infants. A majority of patients suffering from severe/complex CHD display
significant neurological deficits, primarily due to a restricted oxygen supply to the brain during
fetal life or early infancy. The subventricular zone (SVZ) generates neural stem/progenitor cells
(NSPCs) that replenish damaged neurons and glia in the brain throughout the human lifespan.
The structural and cellular properties of the well-studied rodent SVZ are dissimilar from its
human counterpart. The piglet brain is a powerful tool to study human brain development as it
shares more metabolic and physiological similarities to humans than other large mammals. In



addition, the porcine brain displays a highly evolved, gyrencephalic neocortex absent in many
other mammals. Here we determine the contribution of SVZ NSPCs to cortical development in a
human-like, gyrencephalic porcine brain under normal physiological conditions and after
prolonged hypoxia. We found that the porcine SVZ shares significant anatomical/structural
similarities to the human SVZ; including nearly identical laminar organization with an astrocyte
ribbon. The dorsolateral-SVZ contained the largest number of NSPCs and was the predominant
proliferative region in early postnatal development. A majority of NSPCs in the SVZ region
generated immature neurons that migrated to the frontal cortices and olfactory bulb, indicating
that the SVZ contributes to cortical development. Neurospheres generated from this cell
population also displayed multipotency and a tendency for neuronal differentiation. Following
hypoxia, our MRI studies demonstrated a reduction in cortical volume and folding of the frontal
cortex; a phenomenon commonly seen in CHD patients. A reduction in cell proliferation and
neurogenesis was also seen in the SVZ. In addition, results from in vivo cell labeling
demonstrated that hypoxia limits the contribution of SVZ-derived neurons to postnatal cortical
development. Finally, a decrease in the number of immature neurons was displayed within the
frontal cortices with no changes in apoptosis. Our data indicate that chronic hypoxia reduces the
generation of neuronal producing NSPCs in the SVZ, which delays/impairs corticogenesis.
Future studies aimed at determining the underlying molecular signaling mechanisms
coordinating the endogenous response of regenerating SVZ NSPCs will be invaluable in
developing novel therapeutic targets and approaches to improve the neurological deficits
exhibited in CHD patients.
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Abstract: Cortical interneurons assemble into streams of tangentially migrating cells as they
enter the nascent cerebral cortex. As development proceeds, interneurons depart from migratory
streams on diagonal or radial trajectories in order to populate the cortical plate, where they
eventually segregate into layers and make synaptic connections with other cortical neurons.
Errors in this process can lead to inappropriate cortical wiring and cause cortical circuit disorders
such as schizophrenia, autism, and epilepsy. Therefore, elucidating cellular and molecular
mechanisms underlying the transition from tangential to radial modes of migration is critical for
understanding normal and pathological brain development. Our laboratory previously
demonstrated that the c-Jun N-terminal kinase (JNK) intracellular signaling pathway is important
for the initial entry of interneurons into the cerebral cortex. Jnk1/2 conditional double knockout
mice, where Jnk1 is conditionally removed from interneurons of Jnk2 knockouts, exhibited
significant delays in cortical interneuron entry as well as disruption in migratory streams at
embryonic day (E) 13.5. In the present study, we explore the involvement of JNK signaling in
the maintenance of cortical interneuron migratory streams between E14.5 and E15.5 when
interneuron migratory streams are well formed. Time-lapse imaging of organotypic slice cultures
treated with a pan pharmacological inhibitor of JINK signaling, SP600125, showed dramatic
evacuation of cortical interneurons from the subventricular zone stream, while interneurons in
the marginal zone stream slowed and extended leading processes into the cortical plate.
Additionally, analyses of SP600125-treated slice cultures showed dose-dependent dispersion of
interneurons from migratory streams and a tangential to radial re-orientation of leading
processes. Washout experiments revealed that stream dispersion is partially reversible upon
recovery of JNK signaling, indicating JNK-inhibition disrupts guided migration of cortical
interneurons. Finally, Jnk1/2 conditional double knockout mice were evaluated to determine if
interneuron-specific INK-deficiency leads to migratory stream dispersion in vivo and in ex vivo
slice cultures. Indeed, preliminary data indicate that long-lasting alterations in the radial
distribution of cortical interneurons are evident in cortices of JNK-deficient mice. Completion of
this work will further clarify the developmental mechanisms underlying appropriate migration
and lamination of cortical interneurons and hopefully provide insight into the origins of
detrimental disorders of cortical connectivity.
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Abstract: A growing body of evidence demonstrates that astrocytes are critical players in neural
circuit development, refinement, and function. To ensure all neurons have access to astrocytes,
these glial cells become regularly distributed throughout neural tissue during development. The
mechanisms that instruct the patterning of astrocytes into a uniformly-spaced network are not
known. The objective of the current study is to elucidate the key cell biological events
underlying the development of astrocyte patterning. In most regions of the nervous system,
astrocytes are born in a particular location and migrate to fill adjacent tissue. Next they must
adjust their local cell density, either by dividing, dying, or moving short distances, in order to
produce the mature, uniform distribution. To assess the relative contributions of these cellular
behaviors in astroctye patterning, we chose to focus on astrocytes of the retinal nerve fiber layer.
The retina is an excellent model because in this tissue astrocytes arise from a point source (the
optic nerve), exist in a monolayer, and can be easily manipulated in vivo or imaged ex vivo.
Astrocytes are not the only retinal cells showing non-random distribution - each neuronal cell
type is also distributed evenly over the retinal surface in a pattern known as a mosaic. Past work
on neuronal mosaics provides us with quantitative tools to assess astrocyte spatial patterning. To
begin our studies we used these tools to confirm that mouse astrocytes form a mosaic. We found
that astrocytes are indeed non-randomly distributed in mature retina. Next we quantified the time
course of astrocyte mosaic formation. We found that astrocytes pass through several
developmental stages prior to arriving at a mature mosaic. These stages include periods of
astrocyte chain migration (P1-P3), followed by the reorganization of astrocyte cell body position
into honeycomb-like clusters (~P5), and finally an epoch of mosaic refinement (P5-10) that
culminates in astrocyte somata regularity (P17). Additionally, during the course of mosaic
development, there is a marked reduction in astrocyte density. These results indicate that both
long- and short-distance migration, in addition to cell death, likely play roles in producing the
astrocyte mosaic. Taken together, this work sets the stage for future experiments aimed at
detailing the cellular and molecular mechanisms that astrocytes use to colonize neural tissues and
to ensure their uniform distribution throughout those tissues.
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Abstract: During the perinatal period, apoptotic cell death eliminates roughly fifty percent of the
neurons originally generated in the mouse brain. We previously reported that for most forebrain
regions, cell death peaks just after birth, then wanes by the end of the first week (Ahern et al.,
2013). However, several forebrain regions have delayed peaks of cell death (P5-P7) and there are
large (>10-fold) regional differences in the magnitude of cell death. It is not known what
accounts for these differences in timing and magnitude of neuronal cell death. Microglia have
recently been reported to play an active role in controlling neuronal cell death, although findings
have been contradictory. While microglia apparently increase developmental neuronal death in
the hippocampus and cerebellum (Marin-Teva et al., 2004; Wakselman et al. 2008), they are
neuroprotective in primary sensory cortex (Ueno et al., 2013). We find that the density of
microglia correlates with both the timing and magnitude of cell death in the mouse brain at P1
and PS5. This is consistent with the interpretation that microglia cause cell death, but alternatively
could simply reflect their role in phagocytosing dead neurons. To directly address whether
microglia are required for neuronal cell death, we used clodronate liposomes (CL) to deplete
microglia in the neonatal mouse brain. CL are lipid vesicles filled with clodronate. They are
exclusively taken up by macrophages (microglia), and when accumulated, are cytotoxic. CL
have been used extensively for in vitro and peripheral applications, but sparingly in vivo in the
CNS. We injected a 1:1 dilution of a 5 mg/ml solution of CL, or control saline-filled liposomes,
into the cerebral ventricles of mouse pups on P1. Brains were collected 24h later and alternate
sections processed for immunohistochemical detection of Iba-1 (a microglial marker) or
activated caspase-3 (AC3, a marker of cell death). CL markedly reduced the number of Ibal-
stained cells throughout many regions of the brain. Based on thresholding of Ibal
immunoreactivity, we see a ~90% reduction in the septum and hippocampus, and a ~70%
reduction in the hypothalamus. In adjacent sections stained for AC3, we did not see significant
differences in the number of dying cells (counted stereologically) in the septum, hypothalamus or
hippocampus. This suggests that microglia are not required for normal cell death, at least within



the time frame tested. We are currently testing shorter and longer time points after CL treatment,
and performing AC3 counts on additional brain regions.
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Abstract: Valproic acid (VPA), one of the first-line therapeutic agents for a wide spectrum of
epileptic syndromes, inhibits histone deacetylases (HDACs) and hence modifies expression
profiles of a variety of genes including cell-cycle related ones. An array of evidence strongly
suggests that VPA exposure in utero increases the risk of congenital malformations, autism
spectrum disorders, and lowers intelligence quotient scores in human offspring. Taken together,
VPA exposure in utero may impair the cell cycle kinetics of neural progenitor cells (NPCs)
through its HDAC-inhibitory activity leading to cerebral neocortical dysgenesis. We
administered VPA to pregnant CD-1 mice through drinking water throughout the course of
pregnancy. The following sets of experiments were conducted in the primary somatosensory area



of the neocortices of the postnatal day (P) 21 mice (experiments a and b) or in the dorsomedial
cerebral walls of the embryos (experiments b and c): a) the thickness of neocortices and the
number of GABAergic and non-GABAergic neurons, b) the number of neurons produced on the
embryonic day (E) 16 and their final d