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Abstract: Differentiation of oligodendroglial progenitor cells (OPCs) into myelinating
oligodendrocytes is regulated by the niche where they differentiate. However, it has not been
clarified whether or not oligodendroglial lineage cells (OLCs) derived from different anatomical
regions of the central nervous system (CNS) respond to microenvironmental cues in the same
manner. Here, we compared pure OPCs from rat neonatal forebrain and spinal cord in the same
in vitro conditions. We found that forebrain and spinal OLCs respond differently to the same
external factors. They were distinct in proliferation responses to mitogens, oligodendrocyte
phenotype after differentiation, and cytotoxic responses to a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionate-type glutamate receptor-mediated excitotoxicity at immature stages of
differentiation in a cell-intrinsic manner. Moreover, transcriptome analysis identified genes
differentially expressed between these OPC populations, including those encoding transcription
factors, cell surface molecules, and signaling molecules. Particularly, forebrain and spinal OPCs
retained the expression of region-specific transcription factors, such as Foxgl and Hoxc8,
respectively, even after serial passaging in vitro indicating that OPCs maintained regional
identity of their origins through the multiple cell divisions. Given the essential role of these
transcription factors in the regional identities of CNS cells along the rostrocaudal axis, our



results suggest that CNS region-specific gene regulation by these transcription factors may cause
cell-intrinsic differences in cellular responses between forebrain and spinal OLCs to extracellular
molecules. Further understanding of the regional differences among OPC populations will help
to improve treatments for demyelination in different CNS regions and to facilitate the
development of stem cell-derived OPCs for cell transplantation therapies for demyelination.
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Abstract: The hypothalamus (HPT), a central regulator of energy homeostasis, controls food
intake, metabolism and body temperature. Emerging evidence indicates that active neurogenesis
occurs in the post-natal and adult mammalian HPT and that new neurons are added to the
appetite and energy-balance regulating centers in young and old animals (Sousa-Ferreira et al,
Trends Endocrinol Metab, 2014). Tanycytes, ependymocytes, subventricular astrocytes and
parenchymal glial cells that are located next to the third ventricle (3V) represent potential stem
and progenitor cell candidates. However, the precise location and identity of these cells are not
known yet. We have developed a conditional mouse (GlastCreERT2-YFP) reporter line where
YFP is expressed in Glast cells (astrocyte-specific glutamate transporter expressed in astrocytes
and astrocyte-like Neural Stem Cells (NSCs)) upon administration of tamoxifen (Daynac et al,
Stem Cell Reports, 2016). We have observed that ten days after tamoxifen administration in
young adult mice, the reporter activity is detected in all tanycyte populations at the level of the
median eminence. These cells were located in the ventricular zone of the 3V and extended basal
processes as shown by intense YFP signals. The signal was also evident in the parenchyma in
agreement with its expression in Glast™ astrocytes. Using this reporter mouse model, we have
purified Glast-YFP cells from HPT of adult mice by fluorescence-activated cell sorting (FACS).
We labelled the YFP cells with a Glast antibody to distinguish Glast-expressing recombined cells
(Glast"YFP™) from their progeny that no longer express Glast (Glast"YFP™). Experiments are in
progress to further quantify and characterize YFP expression in Glast® cells and in their progeny



6 and 10 months after tamoxifen administration and to delineate the molecular mechanisms
(single cell RNAseq) regulating the maintenance of these cells. These experiments will bring
novel methods and genetic tools to investigate the role of Glast™ cells and their progeny in
feeding behaviors, energy-balance and in neurodegenerative diseases.
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Abstract: Oligodendrocytes (OLs) and pericytes (PCs) have very distinct functions. OLs
myelinate and metabolically support axons of the central nervous system, while PCs are involved
in angiogenesis, blood flow regulation, and are essential to maintain the integrity of blood-brain
barrier. We have recently identified a Pdgfra™ cell subpopulation (a widely accepted marker of
OL precursor cells) that belongs to the pericyte lineage by single-cell RNA-sequencing analysis
of the OL lineage (Marques and Zeisel et al, 2016, Science). OL progenitor cells and PCs also
share other markers such as NG2 (Cspg4). Moreover, Sox10 is a pan marker for the
oligodendrocyte lineage but Sox10™ neural crest progenitors have been reported to originate PCs
(Simon et al, 2012, Genesis). To address whether OLs and PCs have a common multipotent
progenitor, we fate mapped Pdgfra® cells at embryonic (E) day 13.5 and observed that they
differentiate in both OLs (expressing Pdgfra and CC1) and PCs (expressing Collal) in the brain
and spinal cord. We also fate-mapped pericytes at embryonic and juvenile stages, using the
CollalCreER™-TdTomato reporter mouse line. We observed that a subpopulation of Collal*
pericytes express markers such as Pdgfro™ and Sox10* in vitro and in vivo, but not markers of
OL differentiation, such as MOG, CNPase, or MBP. We are further investigating the fate of the
Collal® pericytes in case of demyelination. We aim to unveil whether a cell type within the
pericyte lineage has the ability to transdifferentiate into oligodendrocyte and contribute to self-
repair following demyelinating injuries.
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Abstract: Astrocytes encompass a large and heterogeneous population of cells whose molecular
and functional diversity remain poorly understood. We previously showed that in the adult
mammalian cortex, a subpopulation of astrocytes express the transcription factor, Glil,
indicating active and high level Sonic hedgehog (Shh) signaling. These Glil astrocytes exhibit a
layer specific distribution such that Layers 4 and 5 exhibit the highest density of Glil astrocytes,
while Layers 1 and 2/3 are relatively sparse. The developmental origins of cortical Glil
astrocytes are not known. In addition, whether Shh signaling in astrocytes is restricted to mature,
post-mitotic cells or whether it occurs in astrocyte precursors that produce Glil cells remains to
be determined. In this study, we examined the developmental origins of cortical Glil astrocytes
across postnatal development. We found that the number of cells expressing Glil increases
dramatically over the first two postnatal weeks, reaching adult expression levels by postnatal day
14 (P14). Proliferation studies with BrdU showed that few Glil cells are dividing at P7, although
30% of cells are double labeled at P3, suggesting that the early postnatal cortex harbors a
population of Glil expressing progenitor cells. In order to map and trace the lineage of
proliferating, Glil expressing precursors, we performed genetic inducible fate mapping (GIFM)
using Gli1CreER mice crossed with the Ail4 Rosa26 tomato reporter line
(Gli1CreER*;R2gMTOmdTOm) 1 animals that received tamoxifen at P7 and were analyzed at P14,
marked cells show a distribution consistent with that observed in adult tissues, with the majority
of cells localized in Layer 5. In contrast, animals that received tamoxifen at P3 show numerous
marked cells in superficial cortical layers. Additionally, we observed a greater number of marked



cells at P3, compared with P7, suggesting that proliferation of Glil cells occurs primarily during
early postnatal development. Single cell, colocalization analysis with tomato and cell-type
specific markers showed that the vast majority of Glil cells marked by tamoxifen at any age
express S100R, suggesting that these cells predominantly generate astrocytes. We did not observe
any marked cells that correspond to oligodendrocytes. Taken together, these data suggest that
Glil astrocytes are derived from a Glil expressing precursor cell in the early postnatal cortex.
Moreover, these data show that in contrast to the embryonic CNS, where Shh regulates
specification and proliferation of oligodendrocyte precursor cells, Shh signaling in the early
postnatal cortex occurs predominantly in astrocyte progenitor cells.
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Abstract: FGF signaling plays a critical context-dependent role in both dorsal-ventral cell fate
specification and neurogenesis during brain development. But its role in the regulation of adult
stem/progenitor cells in the subventricular zone (SVZ) in vivo is not clear. Here in this study, a
conditional mouse genetic approach was used to modulate FGF signaling specifically in adult
neural stem/progenitor cells in the SVZ, and the effects of both loss and activation of FGF
signaling on stem/progenitor cell fate specification was examined. The results showed that
although FGF signaling is not essential for the neurogenesis in the SVZ, its increased activity
leads to a greatly increased generation of Olig2+ transit amplifying progenitor (type C) cells that
are committed to oligodendrocyte lineage at the expense of neurogenic progenitor cells.
Importantly, upon demyelination, the increased generation of oligodendrocyte lineage progenitor
cells in the SVZ results in an improved cell regeneration and replacement in the corpus callosum,
whereas the neurogenesis from the SVZ is temporarily decreased, likely due to the re-directed
differentiation of stem/progenitor cells toward oligodendrocyte lineage. Whether the
oligodendrocyte fate specification by FGF signaling can lead to improved remyelination and
functional recovery after demyelination will be further examined. The finding that the fate of



neural stem cells in the SVVZ can be re-specified toward oligodendrocyte fate by FGF signaling
has important implications for the potential use of endogenous stem/progenitor cells in
demyelinating diseases.
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Abstract: Integrin linked kinase (ILK) is a serine/threonine protein kinase, localized at the inner
margin of the plasma membrane, where it also serves as a scaffolding protein/focal adhesion
mediator. Its presence has been reported in neurons, astrocytes and oligodendrocytes in the
central nervous system, but its exact role during the embryonic development of the glial/neuronal
profile in brain and spinal cord remain unknown. We selectively knocked out ILK in embryonic
neural progenitor cell populations in Cre-lox experiments driven by promoter of the the 2’3
cyclic nucleotide phosphodiesterase (CNP) gene or the promoter of the transcription factor Oligl
gene. These promoters are both active in spinal cord by E12.5. Deletion of ILK severely reduced
the number of proliferating (Ki67+) oligodendrocyte progenitor cells (OPCs) in both transgenic
lines, which ultimately resulted in reduced OPCs in different regions of the embryonic spinal
cord. ILK deletion not only reduced OPC proliferation, but also increased the number of
apoptotic OPCs, identified by TUNEL staining. CNP*" X ILK ¥ (CNP-ILK cKO) embryos
were embryonic lethal, and even Olig1¢®*- X ILK ¥ (Olig1-1LK cKO) embryos often died in
utero. Importantly, Oligl-ILK cKO embryos had altered neuron/glia ratios by E14.5. As detected
by NeuN, Pax6, GABA, ASCL1, ISLET1, and HuD immunostaining, in the absence of ILK, the
normal neuron-glia balance shifted towards production of more neuronal cells. In conclusion,
ILK is important for the normal neuron-glia profile during development of the embryonic spinal
cord, and its absence reduces oligodendrocyte number by reducing proliferation and increasing
apoptosis.
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Abstract: Understanding the plasticity of human neural cell types and neural cell fate decisions
are critical milestones in the path toward the regeneration of nervous tissue after injury. A
primary normal human astrocyte (NHA) cell line with phenotypic plasticity was chosen for the
evaluation of the potential role of growth factors in cell fate decisions. Using phase contrast
microscopy, we made a morphological assessment of NHA cell fate after 10 days in culture
under spontaneous (Knockout DMEM/F-12, Glutamax, and StemPro Neural Supplement; Gibco)
and neuronal (Neurobasal Media, Glutamax, and B27 Supplement; Gibco) differentiation
conditions. Metamorph® software was used to evaluate (1) the number of phase-bright
structures, and (2) the length of processes protruding from the cell body in NHA cultured in the
two distinct growth factor combinations. Objects with a width less than 180 nm and a length
more than 900 nm were considered processes. In some cases, a phasedark irregularly shaped
structure interrupted objects otherwise considered processes. Objects were nevertheless counted
as processes, and the number of phasedark irregularly shaped structures was tallied for each
image. Our findings suggest that both the number of long processes and the number of phase-
bright structures are increased in NHA cultured under neuronal differentiation conditions.
Additional studies will compare neuronal beta tubulin in NHA cultured with the distinct growth
factor combinations. Research supported by the NMSU Manasse Endowment.
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Abstract: Radial glial cells (RGCs) in the ventral and dorsal forebrain can give rise to
committed oligodendrocyte precursor cells (OPCs) that migrate into the cortex in successive
waves to generate mature oligodendrocytes. The vast majority of oligodendrocytes in the mature
cortex arise from the dorsal Emx1 domain, although it has previously been thought that dorsally-
derived OPCs only begin to arise during postnatal ages in the mouse forebrain. We now show
that dorsal RGCs in the embryonic mouse forebrain begin to produce large numbers of OPCs as
early as E15.5, during the peak of upper layer neurogenesis. Furthermore, we have identified a
subpopulation of dorsal RGCs, marked by expression of the transcription factor Ascll, that
generate only cortical oligodendrocytes, but not excitatory projection neurons or astrocytes. We
also show that the sonic hedgehog (Shh) signaling pathway is critical for generating these dorsal
Ascl1l® RGCs and for producing normal numbers of cortical OPCs and oligodendrocytes. Using a
variety of Cre mouse lines to knock out Shh from various regions of the embryonic forebrain, we
provide evidence that the embryonic cerebral spinal fluid is a critical source of Shh for
generating oligodendrocytes from dorsal RGCs. Taken together, our results suggest a model in
which a late embryonic Shh signal initiates a neuron-glia switch in a subset of dorsal RGCs to
drive cortical oligodendrogenesis.
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Title: Barx2 can drive expression of astrocytic and neuronal markers similar to glioma "asteron”
cells
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Abstract: The characterization of candidate regulators of stem cell differentiation can be
performed in the chick embryo using quantitative PCR and anatomical techniques. Here we
focus on one gene of interest, Barx2, on neural progenitor differentiation in the developing chick
neural tube. Barx2 is highly enriched in neural stem cell populations, making it an interesting
target of study in terms of stem cell self renewal. However, overexpression of Barx2 resulted in
the formation of hybrid cells that ectopically express both neuronal and astroctyic markers.
These features resemble “asterons”, previously reported both as intermediate cells in neurosphere
transdifferentiation in vitro and as prevalent cell types in many forms of aggressive glioma
tumors. Additionally, we found that Barx2 drove the expression of multiple proteins known to be
highly expressed in astrocytoma. Future work will determine potential expression patterns of
Barx2 in glioma tumors and further classify the progression of the “asteron” cell type following
Barx2 overexpression.
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Abstract: Functional magnetic resonance imaging (fMRI) is a technique widely used in research
and in clinics, however the biological mechanism underlying the generation of BOLD fMRI
signals remains incompletely understood. Astroglial cells are the central elements of the
neurovascular unit that link neural circuitry with local blood flow and metabolic support. It has
been proposed that release of vasoactive substances by astrocytes couples neuronal activity to
changes in cerebrovascular blood flow. However, the contribution of astrocytes to the fMRI
BOLD response remains controversial. In order to investigate this question further, we measured
simultaneously the calcium activity of astrocytes and neurons in the somatosensory cortex, while



performing fMRI, with the use of genetically encoded calcium indicators (GECIs). This revealed
differential time course responses of the two cell types during sensory stimulation, that was
diversely correlated with the BOLD signal. In addition, specific activation of astrocytes using
DREADDs further contributed to changes in the BOLD signal. Our results point to a novel role
of astroglia in the generation of BOLD signal and may further hep the interpretation of fMRI
data.
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Abstract: Primary neurons derived from rodent fetal brain are used extensively throughout
neuroscience research providing scientists with dynamic and convenient model systems to study
basic neuronal function and morphology, disease modeling, drug development, and
neurotoxicity. Cryopreserved primary neurons significantly reduce the resources, variability, and
time, necessary to isolate these cells from embryos and are routinely used for
electrophysiological recording, excitability experiments, and high-throughput and High-Content
Screening (HCS) studies. A common complication observed when culturing primary neurons is
the presence of contaminating glial cells. The levels of glial cell contamination can vary widely
with different isolation methods, age of embryos used, the composition of different media
systems, and species of origin. Glial cell contamination and overgrowth can affect assay
sensitivity, resolution, and reproducibility. Current methods for reducing glial cell populations in
primary neuronal cultures involve treatment with anti-mitotic molecules, such as Cytosine
Arabinoside (Ara-C), which have been shown to be toxic to neurons in culture. Gibco
CultureOne™ supplement was developed for the differentiation of human pluripotent stem cell-
derived neural stem cells (NSCs) into neurons by suppressing the proliferation of NSCs and
accelerating the maturation of differentiating neurons. Here we show that addition of
CultureOne™ supplement to neuronal culture medium can suppress the outgrowth of
contaminating glial cells (astrocytes and oligodendrocytes) in primary rat (E18) cortical neurons,
and mouse (E17) cortical and hippocampal neurons. We also demonstrate CultureOne
supplement does not impact neuron numbers, morphology, or function. To quantify glial cells



and neurons we employed Immunocytochemistry (ICC) and quantitative image analysis with a
High-Content Analysis platform. Depolarization induced calcium influx (Fluo4 Direct assay) and
Multi-Electrode Array (MEA) analysis were used to assess neuronal function. Treatment of
primary neuron cultures with CultureOne™ supplement at time of cell plating resulted in nearly
complete elimination of contaminating glial cells assessed following 14 and 21 days in culture
with no significant impact on neuron numbers or morphology. In contrast, delaying the addition
of CultureOne™ 3, 7, and 10 days following plating, resulted in increasing levels of glial cells.
The results suggest that glial cell levels can be controlled or optimized by adjusting
CultureOne™ treatment schedule.
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Title: Regulation of Reelin function by specific proteolysis
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Abstract: The secreted glycoprotein Reelin regulates embryonic brain development and adult
brain functions. It has been suggested that reduced Reelin activity contributes to the pathogenesis
of several neuropsychiatric and neurodegenerative disorders, such as schizophrenia and
Alzheimer's disease; however, non-invasive methods that can upregulate Reelin activity in vivo
have yet to be developed. The proteolytic cleavage of Reelin within Reelin repeat 3 (N-t site)



abolishes Reelin activity. We partially purified the enzyme that mediates the N-t cleavage of
Reelin from the culture supernatant of cerebral cortical neurons. This enzyme was identified as A
Disintegrin And Metalloproteinase with Thrombospondin motifs-3 (ADAMTS-3). Recombinant
ADAMTS-3 cleaved Reelin at the N-t site. ADAMTS-3 was expressed in excitatory neurons in
the cerebral cortex and hippocampus. N-t cleavage of Reelin was markedly decreased in the
embryonic cerebral cortex of ADAMTS-3 knock-out (KO) mice. Importantly, the amount of
Dabl and the phosphorylation level of Tau, which inversely correlate with Reelin activity, were
significantly decreased in the cerebral cortex of ADAMTS-3 KO mice. Conditional KO mice, in
which ADAMTS-3 was deficient only in the excitatory neurons of the forebrain, showed
increased dendritic branching and elongation in the postnatal cerebral cortex. Our study shows
that ADAMTS-3 is the major enzyme that cleaves and inactivates Reelin in the brain. Therefore,
inhibition of ADAMTS-3 may be an effective treatment for neuropsychiatric and
neurodegenerative disorders.

ADAMTS-3 is known to cleave many proteins other than Reelin. Therefore, the phenotypes
observed in the brain of ADAMTS-3 KO mice may not derive from the decrease of Reelin N-t
cleavage. We thus generated knock-in (K1) mice in which the N-t cleavage site of Reelin had
been mutated. The N-t cleavage was dramatically diminished in the brain of the KI mice. More
results on these mice will be presented in the meeting.
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Abstract: The endoplasmic reticulum (ER) is central organelle responsible for calcium ion
storage, lipid metabolism, protein synthesis and post-translational modification of secretory and
membrane proteins. Various cellular abnormalities such as disturbance of calcium ion
homeostasis in ER lumen lead to the disruption of ER function and the accumulation of unfolded
proteins (ER stress). The ER stress transducers, IRE1, PERK and ATFG6 are activated in response
to ER stress, followed by transducing signals from ER to cytoplasm or nucleus to avoid cellular
damages (Unfolded Protein Response, UPR). Recent studies have uncovered novel UPR
functions not only in dealing with unfolded proteins but also in regulating cellular homeostasis.
The well-developed ER network has a highly dynamics that is constantly remodeled and
complexly extended from cell soma to distal dendritic segment of neurons, indicating that ER
functions could orchestrate local events contributing to dendritic capabilities. In the present
study, we focused on the machinery for dendritic functions manipulated by ER-derived signaling
including UPR. The phosphorylation levels of IRE1 and PERK were transiently up-regulated by
the pre-treatment and washout of primary cultured mouse hippocampal neurons with
tetrodotoxin to induce spontaneous excitatory synaptic activity. The activation of these ER stress
transducers was observed at post-synaptic sites. We found that the phosphorylation levels were
reduced by inhibiting calcium ion outflow from ER, suggesting that the acceleration of calcium
ion outflow and its depletion in ER lumen by the excitatory synaptic activation triggers the
induction of UPR at post-synaptic sites. The blocking of UPR signaling by the knockdown of
UPR-related genes using lentiviruses expressing ShRNA inhibited the extension and branching of
dendrites. Furthermore, the impaired dendritic spine formation was shown in these knockdown-
neurons. Immunofluorescence analysis in the knockdown-neurons revealed that the ER failed to
elongate and invaginate into the spine segments. Thus, UPR signaling may regulate the
development of intricately branched dendrites and dendritic spine formation through the spatio-
temporal fine-tuning of the dendritic ER-dynamics.
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Abstract: The correct morphology of dendrites is essential for the function of the nervous
system. The underlying cytoskeleton defines the shape and dynamics of dendritic branches under
the control of complex protein networks. The aim of this study is to elucidate how regulators of
the actin cytoskeleton define the diverse characteristic shapes of dendritic arbors.

Investigating the differentiation of Drosophila larva dendritic arborisation (da) neurons, we
previously demonstrated that WAVE through recruitment of the Arp 2/3 complex promotes the
formation of a branched actin patch at the base of a newly forming branchlet. To elucidate the
mechanisms of actin organization following this initial step, we asked whether additional actin
nucleating factor are required for branching in these neurons. Here, we focus on the actin
nucleators Spire and Capu. While the role of Spire and of the formin Capu in forming a transient
actin meshwork during oogenesis has been the object of intensive studies, little is known about
the function of these proteins in the nervous system. Spire is negatively regulated by the
transcription factor Lola, controlling outgrowth and guidance of axons in the Drosophila larval
nervous system. In addition, a recent report suggested a role for Spire downstream of Lola also in
the establishment of appropriate dendrite morphology of larval da neurons.

We found that Spire and Capu play a role in the formation of the terminal branchlets of Class 111
da neurons. Class 111 da neurons have highly actin enriched terminal branchlets and the
distinguished dynamics of these branches are essential for the function of the neuron. Spire?F or
capu/EE mutant larvae show a reduced number specifically of these characteristic branchlets.
Therefore, we analysed this phenotype further by performing in vivo time-lapse recordings and
are developing quantification methods in the “Trees Toolbox” in Matlab. This data revealed a
reduced branchlet extension and retraction in spire”?™ mutant larvae. Further ongoing studies
will elucidate the subcellular localization of these molecules during branch formation and
extensions.

Taken together our results suggest a function of Spire and Capu specifically in the formation and
dynamics of terminal branchlets of Class 11l da neurons.
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Abstract: Notch receptors are conserved transmembrane proteins that regulate key
developmental processes and promote stem cell proliferation and renewal. Notch signaling
remains active in the nervous system from birth to adulthood. Notch pathway genes are highly
conserved across many species, including humans, and extensive work to decipher Notch
signaling was initially done in Caenorhabditis elegans. While these animals’ mechanosensory
neurons have been well characterized behaviorally, little is known about the late stage
development of the connections between them. We show that animals lacking the Notch
metalloprotease sup-17/ADAM10 have significantly higher rates of ALM-AVM nerve ring
breakage than wild type animals. Significantly higher rates of breakage were found also found in
Notch receptor and gamma-secretase complex mutant animals, confirming that the Notch
pathway is involved in ALM-AVM connection at the nerve ring. Notch mutants did not exhibit
different break rates across life stages. This suggests that the defect is likely to be developmental
rather than degenerative or the result of a developmental delay. To ask if Notch functions cell-
autonomously, we are currently performing tissue specific rescue experiments for both the
mechanosensory neurons and the surrounding glia. We are also assessing the functional role of
the nerve ring connection in mechanosensory neurons with optogenetic experiments comparing
Notch and wild type worms.
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Abstract: Dendrite dysgenesis is a common feature of disparate neuropsychiatric and
neurodevelopmental disorders, underscoring the need for a more comprehensive understanding
of the molecular mechanisms underlying neuronal morphogenesis. The dendrites of Drosophila
larval class IV dendritic arborization (c4da) neurons, a subset of cutaneus nociceptive sensory
neurons, provide an excellent model system to study the regulation of dendrite morphogenesis
because their complex branching patterns show clear parallels to those seen in vertebrates, and
their two-dimensional organization on the surface of the larva allows for easy

visualization. Recently, a screen for dendrite-localized mRNAs identified the gene mini spindles
(msps) as a positive regulator of dendrite growth. msps encodes a microtubule associated protein
homologous to XMAP215-family proteins in vertebrates. Previous studies have demonstrated
that msps regulates microtubule nucleation and promotes dynamic instability. We therefore
hypothesized that it might play a role in regulating cytoskeletal events important for the growth
and/or retraction of dendrite branches in da neurons during development. RNAi-mediated
knockdown of msps in c4da neurons resulted in a significant loss of branching and total dendrite
length, supporting this initial hypothesis. In addition, reduced msps expression resulted in
decreased receptive field coverage. Strikingly, a loss of msps also impaired intraneuronal
dendrite self-avoidance, and msps”NA' neurons exhibited more than twice as many self-crossings
as control yw neurons. Self-crossing events have previously been linked to the enclosure of
dendrites by overlying epidermal cells; immunostaining for Coracle, a marker of enclosure,
confirmed that self-crossing dendrites in mspsfNA' neurons also exhibit this behavior. The
localization of msps mRNA to dendrites and the disorganization of dendrites in the absence of
Msps protein preliminarily suggest a model in which local control of msps expression could
regulate cytoskeletal dynamics in response to signals exchanged between neurons and epidermal
cells.
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Abstract: PTEN-induced kinase 1 (PINK1), which is linked to Parkinson’s disease, is a
neuroprotective kinase that regulates dendrite remodeling, mitochondrial trafficking and function
(Dagda et al., 2014, Journal of Neurochemistry, 128(6):864-77). The molecular mechanisms by
which PINKZ1 stimulates dendrite outgrowth remain to be elucidated. Like PINKZ1, brain-derived
neurotrophic factor (BDNF) is a potent stimulator of dendrite outgrowth and maturation. Hence,
we surmised that PINK1 regulates dendrite outgrowth via BDNF. Immunohistochemical
analyses of brain slices derived from 10 month old PINK1 knockout mice show that PINK1-
deficient cortical and hippocampal neurons have reduced intracellular levels of BDNF and a
concomitant reduction in dendrite length. In vitro, time-dependent analyses of dendrite length
and complexity revealed that PINK1-deficient primary neurons exhibit significantly decreased
outgrowth rates and retraction of dendrites upon reaching maturation in culture. Treating PINK1-
deficient neurons with recombinant human BDNF was able to restore dendrite length in PINK1-
deficient cortical neurons to similar levels as wild-type neurons. Conversely, treating PINK1-
overexpressing SH-SY5Y cells with inhibitors of the BDNF receptor (TrkB) blocked the ability
of PINK1 to enhance neurite outgrowth. These results suggest that PINK1 stimulates dendrite
outgrowth through BDNF-mediated activation of TrkB. Mechanistically, PINK1 activates PKA
signaling to enhance BDNF levels as transfecting neuroblastoma SH-SY5Y cells with an
inhibitor of Protein Kinase A (PKI) was able to block PINK1’s ability to enhance intracellular
levels of BDNF. Primary neurons treated with human recombinant BDNF (2-24 hours) showed
enhanced oxygen consumption rates (basal, maximal and ATP-linked OCRs), increased rates of
glycolysis, increased anterograde mitochondrial trafficking, increased mitochondrial content and
fusion suggesting that BDNF phenocopies the ability of PINK1 to enhance the bioenergetics
status of the cell. Overall, our data suggest the existence of a new neuroprotective signaling axis
in which PINK1 stimulates BDNF by activating PKA signaling to modulate dendrite outgrowth
and enhance mitochondrial function in neurons.
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Abstract: Reelin is a large secreted protein that is essential for normal brain development. In the
postnatal brain, Reelin plays important roles in modulating synaptic plasticity and functions.
Accordingly, downregulation and hypoactivity of Reelin in the postnatal brain have been
suggested to be involved in the pathogenesis of several neuropsychiatric and neurodegenerative
disorders, such as Alzheimer’s disease and schizophrenia. Therefore, upregulation of Reelin
activity can be a therapeutic strategy for these disorders. Reelin binds to its cell-membrane
receptors and induces phosphorylation and subsequent degradation of intracellular protein Dab1.
A specific cleavage of Reelin, called N-t site cleavage, virtually abolishes Reelin’s ability to
induce phosphorylation and degradation of Dabl (Kohno et al., 2009). Previously, we identified
ADAMTS-3 (A disintegrin and metalloproteinase with thrombospondin motifs 3) as the major
proteinase in charge of the N-t site cleavage in the embryonic and the early postnatal brain
(Ogino et al., 2017). However, it was also suggested that other proteinase(s) may contribute to
N-t site cleavage in the postnatal brain. The domain structure of ADAMTS-3 is almost identical
to that of ADAMTS-2 and -14, and these three molecules compose the subfamily of ADAMTS
family members called procollagen N-proteinases, suggesting that ADAMTS-2 and -14 may also
cleave Reelin at the N-t site. The aim of this study is to clarify the contribution of ADAMTS-2
and -14 to the N-t site cleavage of Reelin in the postnatal brain. The recombinant ADAMTS-2
protein had the ability to cleave Reelin at the N-t site, whereas ADAMTS-14 did not. The mRNA
of ADAMTS-2 was expressed in the postnatal brain, whereas ADAMTS-14 was not. These
results suggested that ADAMTS-2 is the good candidate proteinase in charge of N-t site cleavage
in the postnatal brain. We then generated ADAMTS-2 knock-out mice by using the
CRISPR/Cas9 system. We are now analyzing these mice to understand the contribution of
ADAMTS-2 to the N-t site cleavage of Reelin.
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Abstract: Neurons exhibit a specialized dendritic morphology, which is specific to the neuronal
types and closely related to their function in the neural circuit. However, molecular mechanisms
underlying in vivo dendritic development are largely unknown. Cerebellar Purkinje cells (PCs)
have a unique dendritic architecture characterized by a single primary dendrite with a finely
branched, flat fan-like arborization. These features of dendrites are established through dynamic
morphological remodeling during early postnatal ages. At birth, post-migratory PCs exhibit
fusiform shape with long primitive dendrites. In the next few days, these primitive dendrites are
retracted, and the PCs enter the “stellate cell” stage with multiple short dendrites radiated in all
directions. Shortly thereafter, by around P8 in mice, the PCs suddenly turn into the “young PC”
stage equipped with the typical single stem dendrites and flatten branches. The molecular
mechanism of this remodeling process from the “stellate-cell” stage to the “young PC” stage has
been one of the great mysteries of dendritic morphogenesis. To address this question, we
investigated how single stem dendrites and flatten branches are generated by in vivo two-photon
imaging of developing PCs in mouse cerebellum. We revealed that dendrites actively change
their length and branching patterns during transition from the “stellate-cell” stage to the “young
PC” stage. We also found that the neuronal activity of PCs is required for this process by
overexpression of the inwardly rectifying potassium channel (Kir2.1) in vivo. Our study shed
light on how a cell-type specific three-dimensional dendritic morphology is established in vivo.
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Abstract: Preterm-born children and adolescents suffer neurological and behavioral disorders.
These neurobehavioral conditions might be attributed to the effect of premature birth, suboptimal
nutritional support or rearing practices (breast vs. formula feeding) on brain development. The
hippocampus plays distinctive roles in memory, learning, flexible cognition, and social behavior.
Therefore, we hypothesized that premature birth and formula feeding of preterm newborns might
impact neurobehavioral function, hippocampal dendritic arborization, and density of dendritic
spines. To test our hypotheses, we compared preterm (E28.5) and term (E32) rabbit pups at an
equivalent post-conceptional age (P28) for neurobehavioral function and dendritic length,
branching, and spines in the CA1 area of the hippocampus. Preterm pups were reared in an infant
incubator and were gavage fed, whereas term pups were reared by mother rabbit.
Neurobehavioral tests included open field test, novel object recognition (NOR; recognition
memory), elevated plus maze, three chambered socialization test, and Barnes Maze test, using
video tracking system (ANY-maze, Stoelting Co.). Dendritic length, branching, and spines in
pyramidal neurons of the CA1 area of the hippocampus were evaluated in Golgi-stained sections
and all the quantifications were done by computerized stereology (Stereologer, SRC Biosciences,
Tampa, FL). We found that preterm pups spent more time in arena center compared to term pups
(P<0.05). The speed of locomotion and distance travelled in the arena were comparable between
two groups. Preterm pups spent less time with the novel object compared to term pups (P<0.05).
Three chambered socialization test revealed that preterm pups showed less interest in the
stranger compared to term pups (P<0.05). Dendritic branching and dendritic spine density were
significantly reduced in preterm rabbits compared to term controls (P=0.025 and 0.037).
Dendritic length showed a non-significant decrease in preterm rabbits compared to controls.
These data suggest preterm rabbits lack preference for novelty and display poor learning and
memory, which can be ascribed to reduced dendritic arborization and fewer dendritic spines in



the CA1 area of the hippocampus. Premature birth and postnatal rearing practices in humans
might result in enduring microstructural changes in brain growth and development.
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Abstract: A key component of neural circuit formation is the elaboration of complex dendritic
arbors, the pattern of which constrains inputs to the neuron and thus the information it processes.
As such, many neurodevelopmental disorders such as autism and Down, Rett, and Fragile X
Syndromes are associated with reduced forebrain dendrite arborization. The Pcdhg gene cluster
encodes a family of 22 homophilic cell adhesion molecules, the y-Protocadherins (y-Pcdhs), that
we have shown are critical for the elaboration of complex dendrite arbors in the cerebral cortex.
Each y-Pcdh isoform is unique in its extracellular and proximal cytoplasmic domain, but all 22 y-
Pcdhs share the same C-terminal constant domain. We recently found that PKC phosphorylation
at a serine residue in the constant domain prevents the y-Pcdhs from promoting dendrite
complexity through inhibition of FAK in cultured neurons (Keeler et al., JBC 2015). In a
separate study, we found that the unique cytoplasmic domain of one isoform, y-Pcdh-C3, can
inhibit Wnt signaling in HEK293 cells through its interaction with and stabilization of Axinl, a
protein also necessary for dendrite arborization (Mah et al., Sci. Rep. 2016). Here, we have
utilized CRISPR/Cas9 genome editing to generate 3 new mouse lines: 1) Pcdhg®”, in which the
PKC target serine residue in the constant domain is mutated to an alanine, preventing PKC
phosphorylation of all y-Pcdhs; 2) Pcdhg®™, in which an early stop codon results in all y-Pcdhs
lacking the C-terminal 15 amino acids of the constant domain (including the PKC target serine);
and 3) Pcdhg®*¥®, in which a 13 bp deletion near the ATG of the PcdhgC3 variable exon



generates a null for this isoform. All mice are viable and fertile, and the expected protein
modifications are observed: y-Pcdhs are entirely unphosphorylated at the C-terminal serine in
both Pcdhg®” and Pcdhg®™, and the C3 isoform (and only this isoform) is absent in Pcdhg©3©.
We utilized Thyl-YFPH mice to label cortical layer V pyramidal neurons and analyzed dendrite
arborization at 3 and 6 weeks of age. Arborization was significantly altered in all 3 lines: an
increase in arbor complexity in both Pcdhg®” and Pcdhg®™ animals, and a decrease in
complexity in Pcdhg®*K© mice. As predicted, we also observe increased canonical Wnt signaling
in Pcdhg©3<© brain, assayed using a Wnt reporter allele; current experiments are aimed at
confirming Axinl as an effector of y-Pcdh-C3’s promotion of dendrite complexity in vivo. These
observations confirm that y-Pcdhs can regulate dendrite arborization through multiple
intracellular pathways, and provide new in vivo tools for the genetic dissection of Pcdh
mechanisms of action.
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Abstract: Schizophrenia is a debilitating mental illness that affects 1% of the U.S. population
and includes positive, negative, and cognitive symptoms. Current antipsychotics target dopamine
signaling and are unable to treat all symptom domains of the disorder. Therefore effective
treatments for schizophrenia represent a significant unmet medical need. N-methyl D-aspartate
(NMDA) receptor signaling has also been implicated in the pathophysiology of schizophrenia
and NMDA receptor agonists represent promising potential treatment options. Nitric Oxide
Synthase 1 Adaptor Protein (NOS1AP) is a protein encoded by a schizophrenia susceptibility
gene that negatively regulates NMDA receptor signaling. Moreover, NOS1AP protein is
overexpressed in the dorsolateral prefrontal cortex (DLPFC) of postmortem tissue of patients



with schizophrenia and has been found to reduce dendrite branching, which is also observed in
individuals with schizophrenia. Here, we found that the NMDA receptor agonist D-serine is able
to significantly reduce NOS1AP protein expression in embryonic rat cortical neurons and is able
to rescue NOS1AP-mediated reductions in dendrite branching. On the other hand, traditional
antipsychotics such as clozapine, haloperidol, and fluphenazine have no effect on NOS1AP
expression or dendrite branching. Ultimately, our research will shed light on the therapeutic
potential of D-serine as a treatment for schizophrenia and the mechanism by which D-serine
takes effect.
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