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Abstract: Regenerative endodontic procedures are biologically based procedures designed to
restore normal physiologic function in the pulp-dentin complex by the delivery of mesenchymal
stem cells (MSCs). Stem cells of the apical papilla (SCAP) are recognized as a prominent
population of MSCs in these procedures. Many regenerative endodontic patients regain
sensitivity to cold stimulation as early as one year post-procedure, even with a coronal
restoration in place. However, the mechanisms mediating neuronal sprouting and transduction of
physiologic stimuli (eg. cold sensation) after regenerative endodontic procedures is not fully
understood. We have hypothesized that SCAP modulate nociceptive function through a paracrine
mechanism that involves the release of soluble trophic factors and upregulation of TRPA1
function. To test this hypothesis, we established a co-culture system with a previously
characterized human SCAP cell-line and rat primary trigeminal sensory neurons in a dual-
chamber culture environment. Nerve growth factor (NGF), brain-derived neurotrophic factor
(BDNF), and glial cell-derived neurotrophic factor (GDNF) gene expression levels and release
from SCAP co-cultured with TG neurons was measured by qRT-PCR and specific ELISA
assays, respectively. In addition, the effect of SCAP co-culture on TRPA1 activity was evaluated
using whole cell patch-clamp electrophysiology. SCAP co-cultured with TG neurons displayed
significant upregulation of BDNF (p<0.001) and GDNF (p<0.001) mRNA. In addition, the
release of BDNF was significantly higher than GDNF or NGF release (p<0.001). Finally, TG
neurons co-cultured with SCAP demonstrated increased TRPA1 mediated (mustard oil-evoked)
inward currents at 24 hours (p<0.001) and 48 (p<0.05) hours in co-culture compared to inward
currents in neurons cultured alone. Collectively, these data suggest that SCAP responded to the
nearby presence of neurons by the release of supportive trophic factors that in turn increased
TRPA1-mediated responses. Importantly, this novel dental stem cell-neuronal interaction may
underlie the mechanism of cold detection in the regenerated dental pulp.
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Abstract: In recent years, much effort has been focused to identifying strategies able to
stimulate adult neurogenesis, a process that generates new neurons throughout life and that
appears to be dysfunctional in the senescent brain and neurodegenerative diseases. We
previously reported that in vivo exposure to extremely low-frequency electromagnetic fields
(ELFEFs) promotes the proliferation and neuronal differentiation of hippocampal neural stem
cells (NSCs) that functionally integrate in the dentate gyrus (DG). Here, we demonstrated that in
vivo ELFEF stimulation also promotes the survival of neurons generated from NSCs residing in
the hippocampal neurogenic niche. This effect is associated with down-regulation of the pro-
apoptotic protein Bax and increased expression of the anti-apoptotic protein Bcl-2. As a result of
increased survival of granule cells in the hippocampal DG, the ELFEF- exposed mice showed
improved spatial learning and memory. To gain insights on the molecular mechanisms
underlying ELFEFs' effects on the process of adult neurogenesis, we extended our studies to an
in vitro model of NSCs isolated from the hippocampi of newborn mice. We found that ELFEFs
enhanced proliferation and neuronal differentiation of hippocampal NSCs by regulation of
epigenetic mechanisms leading to pro-neuronal gene expression. Upon ELFEF stimulation of
NSCs, we observed a significant enhancement of expression of the pro-proliferative gene hairy
enhancer of split 1 and the neuronal determination genes NeuroD1 and Neurogeninl. These
events were preceded by increased acetylation of H3K9 and binding of the phosphorylated
transcription factor cAMP response element-binding protein (CREB) on the regulatory sequence
of these genes. Collectively, our results further underscore the potential for the use of ELFEFs in



ameliorating the neurogenesis alterations associated with normal aging or neuropsychiatric and
neurodegenerative diseases. Moreover, our study identifies a novel molecular mechanism
responsible for ELFEF-induced enhancement of hippocampal neurogenesis, that could be
targeted in future stem cell-based therapeutic approaches.
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Title: Wnt receptors Frizzled in neural progenitor cells and immature neurons of the adult
hippocampus
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Abstract: Wnts are secreted glycoproteins that have distinct roles during early development, and
also they are key regulators of late embryonic and postnatal development of the central nervous
system. In the adult brain, the Wnt signaling pathway regulates neurogenesis in the subgranular
zone (SGZ) of the hippocampal dentate gyrus. In this region, Wnt ligands have shown to regulate
both, proliferation and differentiation of neural progenitor cells. Here, we investigated the role of
Wnt receptors Frizzled (FZD) in adult neurogenesis. In mammals, 10 FZD receptors have been
identified and these may activate different signaling cascades in response to a specific Wnt



ligand. The presence of FZD receptors in the SGZ was studied by immunofluorescence staining
in brain sections of 2-month-old wild-type mice and also in cultured adult hippocampal
progenitors (AHPs) isolated from adult mouse brain. In the hippocampus, neural progenitor cells
and newborn immature neurons were identified by immunodetection of protein markers. We
determined that FZD3 is present in neural progenitor cells in the SGZ, and it was also observed
in cultured AHPs. On the other hand, FZD1 was observed in progenitor cells but was mainly
detected in immature neurons in the dentate gyrus, suggesting that the expression of this receptor
is increased during differentiation. In AHPs, overexpression of FZD1 induced a decrease in the
levels of the progenitor cell markers Nestin and SOX2, suggesting that differentiation was
induced. Finally, retroviral shRNA-mediated knock-down of FZD1 in the dentate gyrus
decreased neuronal differentiation of progenitor cells. Our findings suggest that there is a
temporal expression of FZD receptors during adult hippocampal neurogenesis, and these
receptors could mediate specific Wnt effects during the development of newborn neurons. Also,
our results indicate that FZD1 regulates the differentiation of neural progenitors cells in the adult
hippocampus.
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Abstract: Oxidative stress has been implicated in the pathophysiology of several
neurodegenerative disorders. Numerous studies have reported that ethanol exposure produces
reactive oxygen species (ROS), one of the most noted molecular mechanisms of ethanol



neurotoxicity. We recently reported GABAg; receptor dependent protection of anthocyanins
against ethanol-induced apoptosis in prenatal hippocampal neurons. Here, we sought to extend
these findings by examining the effect of anthocyanins neuroprotection against ethanol in the
hippocampus of postnatal day 7 rat brain. After four hours of ethanol alone and along with
anthocyanins administration, the expression of glutamate receptors (AMPARs), intracellular
signaling molecules, different synaptic, inflammatory and apoptotic markers were evaluated. The
results indicate that anthocyanins significantly reversed ethanol-induced inhibition of
glutamatergic neurotransmissions, synaptic dysfunction, GABAg;R activation and neuronal
apoptosis by stimulating PI3K/Akt/GSK3f pathway in the hippocampus of postnatal age brain.
Anthocyanins also inhibited ethanol activated phosphorylated c-Jun N terminal kinase p-JNK,
phospho Nuclear Factor Kappa B (p-NF-kB), Cyclooxygenase 2 (COX 2) expressions,
attenuated neurodegeneration and neuronal cell death in the hippocampal CA1 region of
developing brain. Furthermore anthocyanins increased cell viability, attenuated ethanol-induced
PI3K dependent ROS production, cytotoxicity and caspase-3/7 activation in vitro. In summary
these results indicates that anthocyanins are beneficial against ethanol abuse in the developing
stage.
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Abstract: A large proportion of neuronal stem and dividing progenitor cells (NSPCs) in the
adult brain die due to apoptotic cell death. Elucidating at what stage during NSPCs development
apoptosis occurs and the mechanisms that regulate apoptosis would aid in promoting the
regenerative therapeutic potential of adult neurogenesis. Knockout mouse models suggest that
the B-cell Lymphoma-2 (Bcl-2) family of pro-apoptotic (e.g. Bcl-2-associated X (BAX)) and
anti-apoptotic (e.g. Bcl-2) proteins are regulators of NSPC death through activation of the
intrinsic mitochondrial apoptotic pathway. To evaluate the role of Bcl-2 in NSPCs throughout
their development, Bcl-2 was removed from NSPCs within the adult brain in vivo. Retroviral
mediated gene transfer of Cre directly into the dentate gyrus of floxed Bcl-2 (fBcl-2) mice
resulted in the complete ablation of neurogenesis by 30 days post infection supporting that Bcl-2
is essential for survival of the dividing progenitor cells. This was also confirmed through
removal of Bcl-2 using a nestin-induced CreER" conditional mouse. Conditional ablation of
Bcl-2 reduced the total number of recombined PCs and increased the number of activated
caspase-3 (AC3) expressing cells by 12 days following induction of recombination. Additionally
removal of Bcl-2 reduced the GFAP+/SOX2+ stem cell population in hippocampus, suggesting
that Bcl-2 is necessary for stem cell maintenance. In agreement with the role of Bcl-2 acting
upstream of BAX, the combined removal of Bcl-2 and BAX was able to rescue the Bcl-2
mediated ablation of neurogenesis. Together, these finding support the requirement of Bcl-2 and
BAX in stem cells and the generation of newborn neurons in the adult brain.
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Title: Differential oxygen tension in the SGZ niche determines the early survival of newborn
hippocampal granule cells
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Abstract: The subgranular zone (SGZ) of the adult hippocampal dentate gyrus (DG) is one of
the two neurogenic niches in the mammalian brain where new neurons are continuously
generated from neural stem cells and progenitors. In the adult mouse as many as 4000 new
granule cells are born daily, but only a small subset of those (~30%) survive the 4 weeks post-
mitosis to differentiate into mature granule cells. To survive, adult-generated granule cells must
pass through two critical periods: an early one during transition from intermediate progenitors to
neuroblasts, and a later during integration of immature neurons into pre-existing hippocampal
circuits. Although the integration phase is activity-dependent, little is known about the
mechanisms responsible for early survival during the first week post-mitosis. Given the
increasing evidence that differential oxygen tensions may be an important component of the
neurogenic niche, and that oxygen-sensing may regulate the survival of neural stem cell
precursors, we tested the role of oxygen tension on early granule cell survival. In order to
characterize the oxygen tensions within the SGZ, we injected adult mice with the hypoxia
marker pimonidazole hydrochloride. Several hypoxic niches were detected along the inner
border of the SGZ with the hilus, consisting of adult neural stem cells and early intermediate
progenitors. Interestingly, oxidative byproducts, marked by 8-hydroxyl-2'-deoxyguanosine, were
highly localized in late intermediate progenitors and neuroblasts located adjacent to the hypoxic
areas. Thus, we hypothesized that migration of a subset of intermediate progenitors along
differential oxygen gradients might result in oxidative damage and thus trigger an early phase of
apoptosis. In order to test this idea, we employed a hypoxia mimetic agent, DiMethylOxallyl
Glycine (DMOG), that stabilizes Hypoxia Inducible Factor-1a (HIF-1a), the major regulator of
oxygen homeostasis under normoxia. Mimicking hypoxia with DMOG specifically promoted the
survival of the DG newborn cells during their transition from intermediate progenitors to
neuroblasts (PND 3-7). However, DMOG had no effect on proliferation and differentiation both
in vivo and in vitro. Using whole-cell recording of 3 day-old DG progenitors and
immunohistochemical markers of neural activity, there was no detectable neural activity at this
early stage, suggesting that the action of DMOG on survival was activity-independent. We
propose that differential oxygen tensions within the SGZ contribute to the neurogenic
microenvironment and determine the early survival of adult DG newborn cells.
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Abstract: Neurogenesis is regulated by numerous extrinsic and intrinsic factors, and varies
among brain regions and across the lifespan. We have previously reported that early postnatal
neurogenesis in the hippocampal formation of the Sprague Dawley rat differs between males and
females, and is regulated by steroid hormones. Cell proliferation is greater in the dentate gyrus of
males compared to females during the first week of life, but not the second, and this is modulated
by estradiol signaling (Bowers et al., 2010). The downstream factors mediating the sex
difference in cell genesis and the cell cycle response to estradiol in the early postnatal
hippocampus are as yet unknown. In this study we examined the expression of several
microRNAs known to be functionally involved in neuronal cell genesis, differentiation, and
maturation. Female rat pups had higher baseline expression of several mature microRNAs in the
dentate gyrus during the first postnatal week, including miR124, which is known to be involved
in cell-cycle exit and neuronal differentiation. Exogenous administration of estradiol decreased
expression of several microRNAs in the female dentate, while blocking estradiol signaling in
males with tamoxifen increased microRNA expression. The effects of estradiol and tamoxifen on
microRNA levels are inversely correlated with their effects on cell proliferation. In females, the
increased cell proliferation in the early postnatal dentate in response to estradiol was blocked by
inhibition of DNA methylation using zebularine, and zebularine also increased expression of
miR 124 and other microRNAs in the female dentate. Blocking DNA methylation with zebularine
had little effect on expression of these microRNAs in the dentate of male pups. These results
demonstrate a sex difference in microRNA expression during early postnatal development of the
hippocampus, corresponding to a period in which a robust sex difference in cell genesis is seen.
These results also suggest that microRNAs may be involved in mediating the effects of hormonal



signaling and epigenetic factors on cell proliferation and neurogenesis in the developing
hippocampus. This work is supported by NINDS award 040726B1 to MMM.
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Title: BMP signaling regulates the tempo of adult hippocampal progenitor maturation at multiple
stages of the lineage

Authors: *A. M. BOND', C.-Y. PENG', E. A. MEYERS', T. MCGUIRE', O. EWALEIFOH’,
J. A. KESSLER'

"Neurol., “Microbiology-Immunology, Northwestern University's Feinberg Sch. of Med.,
Chicago, IL

Abstract: Novel environmental stimuli, such as running and learning, increase proliferation of
adult hippocampal neural stem cells (NSCs) and enlarge the population of new neurons.
However, it remains unclear how increased numbers of new neurons can be generated in a time
frame far shorter than the time required for proliferating stem cells to generate these neurons.
Here we investigated how bone morphogenetic protein (BMP) signaling regulates neural
progenitor cell maturation in the adult hippocampus. BMPs are a class of morphogens within the
transforming growth factor B superfamily, and are known to negatively regulate hippocampal
neurogenesis. We show that BMP signaling in the SGZ regulates the tempo of neural progenitor
cell (NPC) maturation by directing their transition between states of quiescence and activation at
multiple stages along the lineage. Virally mediated overexpression of BMP4 caused NPC cell
cycle exit and slowed the normal maturation of NPCs, resulting in a long-term reduction in
neurogenesis. Conversely, overexpression of the BMP inhibitor noggin promoted NPC cell cycle
entry and accelerated NPC maturation. Similarly, BMP receptor type 2 (BMPRII) ablation in
Ascll+ intermediate NPCs accelerated their maturation into neurons. This in turn resulted in a



period of increased neurogenesis that is associated with enhance cognition on a hippocampus
dependent task. Thus inhibition of BMP signaling is a mechanism for rapidly expanding the pool
of new neurons in the adult hippocampus by tipping the balance between quiescence/activation
of NPCs and accelerating the rate at which they mature into neurons.
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Abstract: The total outcome of adult hippocampal neurogenesis (AHN) is tightly regulated both
by cell proliferation and apoptosis. IP administration of KA at doses that induce status
epilepticus (SE) induce AHN starting at three days after treatment remaining for as long as 15
days in mice (1). We hypothesize that during the early stages of AHN induction after KA-
induced status epilepticus (SE) a dysbalance in apoptosis-related proteins stabilizes
mitochondrial integrity, subsequently rescuing newborn neurons from apoptosis. By means of
proteomics, transcriptomics and microRNAomics analyses we identified several apoptosis
related targets and microRNAs that were differentially expressed in the dentate gyrus 3 days
after KA treatment. Interestingly, while protein levels of some members of the BCL family of
apoptosis-related proteins were decreased, mRNA levels remained unchanged, suggesting a
possible role for microRNA regulation. This role was confirmed in hippocampal neural stem cell
(NSC) cultures. Our data shows that specifically upregulated microRNAs bind to the 3'UTR of
mRNA of members of the BCL family and inhibit protein expression. Furthermore,



overexpression of specific microRNAs and concomitant downregulation of their targets revealed
a significant contribution to lowering KA-associated caspase3 activity in NSCs. As observed
before, low amounts of caspase3 activity induced a differentiation phenotype (2). These data
support our hypothesis that NSC apoptosis is hampered shortly after induction of SE and
suggests microRNA upregulation as an intrinsic regulatory mechanism to favor differentiation
over induction of apoptosis. This work was financed by a NWO VIDI grant H64.09.016 to CPF.
(1) Jessberger et al., Exp Neurol, 2005 (2) Fitzsimons et al., Mol Psych, 2013
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Abstract: Adult neurogenesis occurs throughout life in the subgranular zone (SGZ) of the
dentate gyrus of hippocampus and the subventricular zone (SVZ) lining the lateral ventricles in
the adult mammalian brain. Newborn neurons in SGZ integrate into the neural circuit, thereby
implicating in learning and memory. The adult neurogenesis is declined with age, however, it
still remains unknown about the mechanisms of age-related decline in neurogenesis. Checkpoint
kinase 2 (Chk2), a mediator of DNA damage response, is essential for p53-mediated apoptosis
and cell cycle arrest in response to DNA damage. Here we show that Chk2 deficiency accelerates
a decrease in the neural stem cells in SGZ, leading to a decline in hippocampal neurogenesis.
The weight of the body and brain of 4.5-month-old Chk2 KO mice was indistinguishable from
those of wild type mice. Quantitative analysis in SGZ reveals that the number of S100beta-,



Sox2+ neural stem cells and DCX+ immature newborn neurons is significantly reduced in the
4.5-month-old Chk2 KO mice compared to that of wild type mice. The ratio of differentiation
from neural stem cells to immature neurons in Chk2 KO mice is comparable to that of wild type
mice. These results suggest that Chk2 may be required for the maintenance for adult
hippocampal neural stem cell pool and cognition during aging. Supported by The Research
Funding for Longevity Sciences (23-1, 26-25) from NCGG, Japan
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Abstract: Adult neurogenesis persists in the central olfactory pathway of the decapod crustacean
brain. The first stage in this pathway is the olfactory deutocerebrum (OD), which receives
afferent input from olfactory receptor neurons. Adult neurogenesis in the OD is maintained by a
few putative neural stem cells, identified as 'adult neuroblasts' (aNBs). Each aNB is associated
with a small group of neuronal progenitor cells located in a proliferation zone (PZ) within the
paired neuronal soma clusters of the OD: the lateral cluster (LC) containing the somata of
ascending projection neurons (PNs) and the medial cluster containing the somata of local
interneurons (LNs). In spiny lobsters Panulirus argus and crayfish Procambarus clarkii, each
aNB of the OD is embedded in a distinct aggregate of small, bipolar cells likely representing a
neurogenic niche (Schmidt, ] Comp Neurol 503:64-84, 2007; Song et al., Arthrop Struct Dev
38:339-360, 2009; Schmidt & Derby, J Comp Neurol 519:2283-2319, 2011). The second stage
of the central olfactory pathway is the lateral protocerebrum (LP), which is the target of
ascending OD-PNs. The LP contains the hemiellipsoid body (HB), a neuropil corresponding to
the mushroom body of insect brains (Wolff et al., J] Comp Neurol 520:2824-2846, 2012). The
somata of intrinsic HB-LNs form a large soma cluster attached to the HB, the HB cluster (HBC).



In anomuran and brachyuran crabs including Carcinus maenas, the HBC contains a
circumscribed PZ (Schmidt, Brain Res 762:131-143, 1997). We examined if the PZs in the LC
and HBC of the brain of adult C. maenas are associated with aNBs embedded in neurogenic
niches by combining in vivo labeling using the S-phase marker BrdU with nuclear labeling.
Three BrdU injections given in 8 h-intervals with a total survival time of 24 h resulted in the
labeling of (1) neuronal progenitor cells in the PZs of LC and HBC, (2) cells associated with a
neurogenic niche in the LC, and (3) one large cell at the edge of the PZ in the HBC (n = 6 crabs).
Significantly, this cell, which we identify as a putative aNB based on being larger than the cells
in the PZ of the HBC, was not associated with a cellular aggregate reminiscent of a neurogenic
niche. We conclude that adult neurogenesis in the LC and HBC of shore crabs is based on aNBs,
which in the LC are associated with a neurogenic niche whereas in the HBC they are not. The
latter result tightly links adult neurogenesis in the HBC of shore crabs to adult neurogenesis in
the mushroom bodies of insect brains, where Kenyon cells, the intrinsic mushroom body LNs,
are generated by the activity of large aNBs not associated with a neurogenic niche (Dufour &
Gadenne, J Comp Neurol 495:635-643, 2006)
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Title: Lncrnas in granule cell progenitor differentiation
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Abstract: We have performed a systems level analysis of cell cycle exit in the developing
nervous system. We chose the granule cell progenitor (GCP) as a model to study cell cycle exit
due to its abundance in the mammalian brain and importance to cerebellar development. We



performed RNA sequencing of GCPs at various times of differentiation and identified several
long noncoding RNAs (IncRNAs), which are differentially expressed as GCPs exit the cell cycle.
Considering the complexity of the “dark matter” RNA (produced by the 70% of the genome that
does not encode proteins) and the relative high mass of that RNA in cells compared to the
protein-coding RNA, it is logical to assume that IncRNAs harbor yet uncharacterized regulators
of basic cellular processes, such as the cell cycle. Yet no systematic analysis of the contribution
of long coding RNAs to cell cycle exit has been performed. We have performed functional
studies, which demonstrate the contribution of long noncoding RNA to cell cycle exit of GCPs in
vitro, ex vivo, and in vivo. Further, we have utilized long noncoding RNA- RNA interactions to
generate a statistical model of cell cycle exit in the developing nervous system.
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Abstract: Presenilins (PS1 and PS2) are components of the gamma-secretase complex and
mutations in these genes are the major cause of familial Alzheimer’s disease (AD). Cognitive
decline in AD and the role of PSs in embryonic neurogenesis raised the possibility that reduced
neurogenesis may contribute to AD-associated cognitive deficits. This was further supported by



conditional deletion of PSs in the adult cortex resulting in learning and memory impairments,
synaptic deficits and age-dependent neurodegeneration. These findings prompted us to
investigate whether PSs alter hippocampal neurogenesis in the adult brain. To birthmark and
track the fate of dividing progenitor cells (PCs) in the dentate SGZ, we injected a mixture of
retroviral GFP-Cre (CAG-GFP-Cre) and control RFP (CAG-RFP) into floxed PS/ mice in the
PS2-null background. The resulting PS-null GFP+ PCs developed normally and within 1 month
the majority of PCs had a mature granule cell phenotype, measured by expression of NeuN,
dendritic morphology and electrophysiological assessment including the AMPAR/NMDAR
ratio. Exercise also induced an increase in the PS-null GFP+ and control RFP+ cells in animals
that had 2 weeks of access to a running wheel compared to animals housed with a locked wheel,
suggesting PS does not alter exercise induced increase in adult neurogenesis. To evaluate further
whether PSs are required for adult neurogenesis, we generated a PS conditional KO (cKO)
mouse carrying NestinCre-ER"?, RosaYFP, homozygous floxed PSI, and PS2-null alleles. At
five weeks of age, PS cKO mice and littermate controls received tamoxifen to induce
recombination in the Nestin expressing stem/progenitor cells and their progeny. Compared to
controls, the number of recombined (YFP+) cells co-expressing the stem cells markers (Sox2 and
GFAP) or Ki67-expressing proliferating cells was unchanged in PS ¢cKO mice. Additionally, up
to 60 days following removal of PSs, the number of mature neurons expressing NeuN was also
normal. Together these results indicate that loss of PSs does not affect proliferation, survival, and
maturation of neurons generated within the adult hippocampus, suggesting a divergent role for
PSs in the embryonic versus adult neurogenesis.
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Abstract: Adult neurogenesis occurs throughout life in discrete regions of the mammalian brain.
In the hippocampal dentate gyrus (DG), immature neurons, originating from adult neural
progenitors at the subgranular zone, migrate into the granule cell layer to become new dentate
gyrus granule cells. Adult neurogenesis is highly regulated by physiological and pathological
stimuli, including exercise, environmental enrichment and seizures. One of the well-established
mechanisms for regulation of the process of adult neurogenesis is activity to newborn neurons
using the neurotransmitter y-aminobutyric acid (GABA). Several recent studies have suggested
that GABA has crucial roles in regulating different steps of adult neurogenesis, including
proliferation of neural progenitors, migration and differentiation of neuroblasts, and synaptic
integration of newborn neurons. GABAergic neurons in the DG are a diverse group that can be
classified by a variety of morphological, neurochemical, and physiological characteristics.
Parvalbumin (PV)-containing GABAergic neurons project axon terminals that synapse
exclusively on the axon initial segments to control the output, synchronizing the action potential
firing of large group of principal neurons. Furthermore, PV-positive GABAergic neuron activity
regulates Type I stem cell quiescence via tonic GABA receptor signaling. To investigate the
roles of PV-positive GABAergic neurons in postnatal neurogenesis, we generated PV-positive
neuron-specific GAD67 knockout mice using the Cre-loxP system. PV-Cre; GAD67flox/flox
mice showed reductions in expression of calbindin, a mature granule cell marker, but similar
levels in expression of calretinin, a immature granule cell marker, compared to the control
GADG67flox/flox mice. These data suggest that PV-positive GABAergic neurons have a critical
role in the maturation of newborn neurons during postnatal dentate gyrus neurogenesis.
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Title: Histone deacetylase 1 is required for doublecortin expression: implication for ethanol
inhibition of neurogenesis
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Abstract: Histone deacetylases (HDACs) are nuclear enzymes capable of repressing gene
expression by removing acetyl groups from histones and play important role in maintaining
functional neurogenesis, but little is known about the functional specificity of different HDAC
isoforms in regulation of ethanol-impaired hippocampal neurogenesis. The present study
investigated the specific role of HDAC isoforms in regulation of hippocampal neurogenesis
under control as well as during ethanol exposure in an organotypic hippocampal-entorhinal
cortex (HEC) slice culture model. HEC slices were prepared from P7 neonates, maintained in
culture for two weeks and then treated with pan-HDAC inhibitors including trichostatin A
(TSA), sodium butyrate (SB) and valproic acid (VPA) and specific HDACI inhibitor MS-275.
DCX immunoreactivity (IR) and BrdU+ neural progenitors were measured with
immunohistochemistry. Treatments of HEC slices with pan-HDAC inhibitors SB (100uM) and
VPA (100uM) for 4 days significantly increase DCX+IR and proliferation of BrdU+ progenitors.
Treatment of HEC slices with specific HDACI inhibitor MS-275 (500nM) drastically inhibited
DCX expression and progenitor cell proliferation. HDAC1 knockdown with specific siRNA had
the same effects on DCX expression as MS-275. Combination of MS-275 with pan-HDAC
inhibitors SB and VPA eliminates the increased effects of SB and VPA on DCX expression.
However, combined treatments of MS-275 and HDACI activator such as acetyl-CoA reversed
MS-275-induced reduction of DCX expression. These results strongly suggest that HDACI is
required for maintaining hippocampal neurogenesis. Ethanol (100mM) treatment for 4 days
significantly reduced DCX expression and proliferation of neural progenitors accompanying with
reduction of HDAC1 mRNA expression. The presence of MS-275 during ethanol treatment
further decreased DCX expression. Ethanol inhibition of DCX expression was also reversed by
HDACIT activator Acetyl-CoA. Western blot analysis further indicates that ethanol exposure
results in mobilization of HDACI1 from nuclear to cytoplasmic compartments, suggesting
reduced nuclear HDACT activity. Together, these novel findings suggest that HDACI is required
for hippocampal neurogenesis and may be a therapeutic option for ethanol-impaired
neurogenesis.(Supported by NIAAA)
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Abstract: In the adult brain, the main function of SVZ neural stem cells is generating
interneurons for the olfactory bulb (OB) throughout life. In general, the slowly dividing B1 cells
give rise to rapidly dividing transit amplifying C cells, which in turn generate large numbers of
immature neurons (also known as neuroblasts, or A cells) that migrate forwards along the rostral
migratory stream (RMS) to the OB, where they become olfactory mature interneurons. In the
present study, we have examined the function of chicken ovalbumin upstream promoter
transcription factors COUP-TFI and COUP-TFII in regulation of mouse OB interneuron
migration and survival. We found that COUP-TFI, but not COUP-TFI], is expressed in the SVZ
stem/progenitor cells, migrating neuroblasts and mature OB interneurons. Conditional
inactivation of COUP-TFI resulted in upregulation of COUP-TFII expression in the SVZ-RMS-
OB pathway. In COUP-TFI/COUP-TFII double conditional mutants, we found that Pax6-
expressing mature interneurons in the granular cell layer were lost. We also found that NeuN-
expressing cells accumulated in the double mutant SVZ. Accordingly, apoptotic cells were
significantly increased in COUP-TFI/COUP-TFII double conditional mutant SVZ. These results
suggest that Coup-TFI and Coup-TFII regulate the migration and survival of a subpopulation of
OB granule cells. Keywords: Sp8; DIx5/6; neural stem cells; neurogenesis; parvalbumin;
interneurons; olfactory bulb
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Abstract: The neurotransmitter serotonin (5-HT) plays an important role in mood disorders and
its synthetic rate is lower in the brain of women than men. Intriguingly, mood disorders are twice
as common in women than men. It has been demonstrated that 5-HT signaling through 5-HT1A
receptors (5-HT1A-R) is crucial for early postnatal hippocampal development and later-life
behavior. Although 5-HT signaling through 5-HT1A receptors (5-HT1A-R) regulates early brain
development, the mechanistic underpinnings have remained unclear. We have shown that
suprabasal 5-HT1A-R signaling in postnatal day 6 (P6) mice through protein kinase Ce (PKCe)
and extracellular receptor activated kinase 1/2 in the dentate gyrus (DG) boosts neonatal
neuroblast proliferation in both sexes. However, the basal 5-HT1A-R signaling exerts a female-
specific effect and neuroproliferation is severely impaired in P6 female but not male 5-HT1A-
R(-/-) (KO) mice. Establishing the sex-specific developmental importance of early
neuroproliferation, the KO female but not male mice showed significantly elevated anxiety-like
behavior at P60. Intrahippocampal infusion of the selective PKCe stimulator DCP-LA at P6
partially rescued neuroblast proliferation in the KO females and repeated systemic treatment
from P6 to P14 corrected the later-life anxiety-like behavior. To explore the possible mechanism
of this sex-specific effect of 5-HT1A-R signaling, we studied the involvement of the estradiol
receptor GPR30, which has been reported to associate with the 5-HT1A-R and also influence its
signaling activity. 5S-HT1A-R-mediated neuroproliferation in the P6 hippocampus was eliminated
in the presence of the GPR30 antagonist G15 and the GPR30 agonist G1 elicited a dramatic
increase in neuroproliferation. GPR30 has been believed to localize in the intracellular
membranes. Our studies will investigate the possibility of its interaction with the 5S-HT1A-R
through both direct association as well as interaction with the signal transducers, such as G-
proteins and effector molecules.
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Abstract: The continuous generation of new neurons occurs throughout life in two localized
regions of the adult mammalian brain, the subventricular zone (SVZ) of the lateral ventricles and
the subgranular zone (SGZ) of the dentate gyrus (DG) of the hippocampus. Behavioral studies in
rodents have suggested that ongoing hippocampal neurogenesis may play a key role in cognition.
Diverse signaling molecules present in the SGZ regulate multiple aspects of the neurogenic
process, including neural stem cell (NSC) maintenance, proliferation, and differentiation. In
particular, inhibition of BMP signaling promotes hippocampal neurogenesis and improves
cognition. However, relatively little is known about how different signaling pathways may
interact to regulate NSC behavior. We found that BMP signaling in NSCs is modified by B1-
integrin, an extracellular matrix-interacting protein that has been implicated in maintenance of
NSCs. Co-immunoprecipitation studies demonstrated that f1-integrin physically interacts with
both type I BMP receptors (BMPR1a and BMPR1b) in both the wild type adult hippocampus
and in cultured NSCs. We used the Cre/LoxP system to genetically ablate B1-integrin in cultured
NSCs derived from the SVZ of B1-integrin floxed mice. Ablation of B1-integrin in NSCs resulted
in increased partitioning of BMPR1b into lipid rafts, increased pPSMAD1/5/8 and p38 signaling,
and increased expression of BMP target genes including GFAP and inhibitor of differentiation
(ID) proteins. Disruption of lipid rafts resulted in a marked reduction in BMP signaling,
indicating that lipid rafts are critical for BMP signaling in NSCs. We conclude that B1-integrin
modulates BMP signaling in neural stem cells in vitro by regulating the localization of BMP
receptors within the cell membrane.



Disclosures: S.M. Brooker: None. H.A. North: None. C. Peng: None. T.L. McGuire:
None. J.A. Kessler: None.

Poster

394. Postnatal Neurogenesis: Molecular Mechanisms
Location: Halls A-C

Time: Monday, November 17, 2014, 1:00 PM - 5:00 PM
Program#/Poster#: 394.19/A19

Topic: A.03. Postnatal Neurogenesis

Support: NRF-2013R1A1A3010216

Title: Differential expression of hyperpolarization-activated and cyclic nucleotide-gated (HCN)
channel isoforms during hippocampal development in the mouse

Authors: *H. SEO'?, M.-J. SEOL', K. LEE'

'Dept. of anatomy, Kyungbook Natl. Univ. of Med., Daegu, Korea, Republic of; *Dept. of
Biomed. Science, Kyungpook Natl. Univ., BK21 Plus KNU Biomed. Convergence Program,
Daegu, Korea, Republic of

Abstract: Hyperpolarization-activated cyclic nucleotide-gated (HCN) channels are
intermembrane proteins that serve as nonselective ligand-gated cation channels in the plasma
membranes of heart and brain cells. Among HCN channels isoforms 1, 2, 3, and 4, HCN1, 2, and
4 are widely expressed throughout the brain and help to control the rhythmic activation of
pacemaker oscillatory neurons during brain development as well as to control neural synaptic
plasticity in the adult brain. In the mouse, the hippocampus has been studied extensively as a part
of brain responsible for learning and spatial memory related to synaptic plasticity. Therefore, we
examined the expression profile of brain-enriched HCN1, HCN2, and HCN4 in the hippocampus
of mouse by ontogenic study with the tissue obtained from postnatal day (PND) 0, 7, 21, and 56.
All of HCN1, HCN2, and HCN4 are expressed abundantly through the whole hippocampal area
at PND 0 and PND 7 and each HCN channel showed the specific expression according to the
hippocampal layer after PND 7. Especially, HCN4 expressions are collocalized with GFAP-
positive immunoreactivity in stratum lacunosum moleculare layer at only PND 7. In PND 21 and
PND 56, all of HCNI, 2 and 4 were outstandingly expressed at the pyramidal cells of all CA
fields and parvalbumin-positive interneuron primarily at CA3. In the dentate gyrus, the
immunoreactivity for HCN1, 2, and 4 are exhibited at hilus and granular cells near molecular
layer, but not at double-cortin (DCX)-positive cells of subgranular zone in both PND 21 and
PND 56. Taken together, the mapping process we performed to discovery the hippoocampal



expression pattern of HCN isoforms in mouse suggest the specific expression and distinct
potential role of hippocampal HCN1, HCN2, and HCN4 during neural development.
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Title: Atypical PKC-CBP pathway regulates murine adult neurogenesis
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Abstract: Our previous studies showed that CBP phosphorylation at serine 436 (S436) by
atypical PKC (aPKC) is important for CBP to promote embryonic neural precursor
differentiation in culture (Dev Cell, 2010). Recently, intriguing findings that CBP levels and/or
activity are also required to regulate adult neurogenesis led us to ask whether aPKC-mediated
phosphorylation of CBP at S436 is also a key modulator of adult neurogenesis. To do this, we
used two knock-in mouse models to target the aPKC-CBP pathway, CBPS436A and
p300G422S, where an aPKC phosphorylation site was modified in CBP and p300 alleles in order
to generate phosphorylation-defective (CBPS436A) and phosphorylation-competent
(p300G422S) mouse models. By using BrdU in vivo labeling technique, we showed that the total
number of hippocampal newborn neurons (BrdU/NeuN+ cells) was significantly decreased in the
CBPS436A mutants, while the total number of hippocampal newborn neurons (BrdU/NeuN+
cells) was significantly increased in the p300G422S mutants at the age of 3 months. More
interestingly, we observed that the proportion of double labeled BrdU/NeuN + neurons over total
BrdU + cells was only reduced in the hippocampi of CBPS436A mutants at the age of 6-month,
associated with an increased proportion of double labeled BrdU/Sox2 + neural stem cells (NSCs)



in the same hippocampi. However, the total number of immature doublecortin (DCX) + neurons
was not changed in the CBPS436A mutants at the age of 6 months. These data suggest that
aPKC-mediated CBP phosphorylation is important for adult neurogenesis, and that it modulates
differentiation of NSCs and maturation of newly-born neurons in an age-dependent fashion. In
addition, our co-immunoprecipitation experiments showed that the association of CBP with
CREB in the CBPS436A hippocampal tissues was abolished at the age of 6 months, but not at
the age of 3-month, suggesting that CREB might be a downstream signaling of the aPKC-CBP
pathway to regulate adult hippocampal neurogenesis in an age-dependent manner. To probe the
upstream kinase that regulates the aPKC-CBP pathway to promote adult neurogenesis, we
cultured subventricular zone (SVZ) adult neurospheres and showed that AMPK activators
(metformin and AICAR) promoted adult neurogenesis in culture and that the increased
neurogenesis caused by AMPK activators was abolished in cultures derived from CBPS436A
mice, but potentiated in cultures derived from p300G422S mice. In summary, the aPKC-CBP
pathway regulates adult hippocampal neurogenesis in an age-dependent manner and the aPKC-
CBP pathway is essential to mediate AMPK-induced adult neurogenesis in culture.
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Title: Neuroligin-1 knockdown reduces survival of adult-generated newborn hippocampal
neurons in vivo
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Abstract: Adult-born hippocampal granule cells mature in situ over several weeks through the
elaboration of dendrites and the formation of synaptic contacts. Survival of these adult-born
neurons is modulated by neural activity, and thought to be enhanced by excitatory synaptic
signaling. Using retrovirus-mediated gene knockdown in young adult mice in vivo, we confirmed
that a reduction in expression of the synaptogenic protein neuroligin-1 decreases dendritic spine
formation by immature newborn neurons in the dentate gyrus. At an early post-mitotic stage (21
days post-mitosis), the decrease in spines preferentially resulted from a decrease in filopodial-
like spines without a change in excitatory synaptic transmission, suggesting that these filopodial-
like structures were non-synaptic. Although primarily associated with synaptogenesis,
neuroligin-1 knockdown during early granule cell maturation also delayed dendritic outgrowth,
resulting in a decrease in dendritic branch number and length at 2 weeks post-mitosis.
Neuroligin-1 knockdown was also associated with a reduction in long-term survival of newborn
granule cells. Thus, our results indicate that neuroligin-1 not only has a role in dendritic spine
formation during adult neurogenesis, but also has broader roles - in dendritic growth and the
survival of newborn cells. We hypothesize that proper morphologic development of newborn
cells is a prerequisite survival signal for newborn granule cells.

Disclosures: E. Schnell: None. T.H. Long: None. A.L. Bensen: None. E.K. Washburn:
None. G.L. Westbrook: None.

Poster

394. Postnatal Neurogenesis: Molecular Mechanisms
Location: Halls A-C

Time: Monday, November 17, 2014, 1:00 PM - 5:00 PM
Program#/Poster#: 394.22/A22

Topic: A.03. Postnatal Neurogenesis

Support: NIH ROl WYS0022AGG

Title: Self-regulation of adult hippocampal stem cells via secreted VEGF
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Abstract: Vascular endothelial growth factor (VEGF) supports a number of potentially
beneficial processes in the adult brain, including angiogenesis, synaptic plasticity cell
proliferation, and neuronal survival. Though mature astrocytes were previously believed to be
the primary source of VEGF within the brain, we have recently shown that adult neural
stem/progenitor cells (NPCs) in the adult hippocampus secrete substantial amounts of VEGF,
potentially helping to shape their own neurogenic niche. A number of cancer cell types similarly
secrete VEGF and it has been hypothesized that this self-derived VEGF is an essential stem cell
factor that supports the multipotent self-renewal of tumor cells. We therefore investigated
whether self-secreted VEGF in adult hippocampal NPCs may similarly be stem cell essential.
We found that mouse adult hippocampal NPCs express several isoforms of secreted VEGF as
well as VEGFR2 (aka Flk1/KDR). Expression of both VEGF protein and its receptor were
tightly regulated by growth factors and decreased dramatically with differentiation. Inhibition of
VEGF via shRNA severely limited the long-term renewability of NPCs. In addition, transiently
blocking VEGF signaling with either of two VEGFR2-specific kinase inhibitors reduced the
number of recoverable large spheres in a sphere assay. Combined, our findings suggest that self-
secreted VEGF in adult hippocampal NPCs is essential for maintaining stem cell identity and
loss of VEGF may play a role in inducing differentiation. Current research is investigating the
consequences of this stem cell self-regulation via VEGF in vivo, as well as the effects of NPC-
derived VEGF on other cells in the neurogenic niche.
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Abstract: Newly generated young hippocampal granule cells in the adult brain receive
depolarizing GABAergic synaptic inputs, which were shown to be important for their
development and functional maturation. Whether activation of GABAergic synapses can evoke
action potential (AP) firing in newly generated granule cells is yet unknown. To identify the
young neurons in the adult brain, we used transgenic mice expressing the red fluorescent protein
DsRed under the control of the doublecortin (DCX)-promoter. Perforated-patch recordings
(gramicidin) revealed that the reversal potential of GABAergic synaptic currents is substantially
more positive in DCX-expressing young neurons (-34.2+2.1mV) as compared to mature granule
cells (-71.9£2.9mV). Coincidentally activated with depolarizing current injections or
glutamatergic synaptic transmission, GABAergic synapses generated a biphasic response pattern.
GABAergic synaptic currents were indeed able to excite AP firing in young granule cells within
a conductance window between ~0.5 and 6nS. Larger GABAergic inputs, however, effectively
blocked AP firing via shunting inhibition, which might be important to protect the young cells
from over excitation. Synaptic GABAergic transmission was fully blocked by 10uM gabazine,
whereas a half maximal concentration (0.2uM) increased AP firing at high stimulation
intensities, showing that both AP boosting and shunting inhibition are mediated by a GABA-A
receptor mediated chloride conductance. Taken together, we show that GABAergic synaptic
inputs in newly generated young granule cells can dynamically support either AP generation or
shunting inhibition dependent on hippocampal network activity. Supported by Swiss National
Science Foundation (SNSF)
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Abstract: Autophagy is an evolutionarily conserved lysosomal degradation pathway that
contributes to the maintenance of cellular homeostasis. In stem cells, autophagy has cell type
specific roles in cell maintenance, expansion and differentiation. The function of autophagy
throughout the development of adult-generated neurons formed from neural stem and progenitor
cells (NSPCs) remains unknown. Here we demonstrate autophagic flux in the NSPCs in the
subgranular zone of the dentate gyrus and investigate the role of autophagy in adult neurogenesis
through removal of the autophagy-related gene 5 (4#g5), which is required for the formation of
autophagosomes. Using a tandem DsRed-LC3-GFP retrovirus we show autolysosomes are
present in NSPCs throughout their development. Inducible removal of Atg5 in the adult brain
using Glast-CreER " mice (6 weeks old) reduced the number of stem cells (GFP+Sox2+GFAP+)
with a subsequent reduction in the number of dividing (GFP+Ki67+) as well as a decrease in the
number of new neurons formed (GFP+DCX+NeuN+). These results suggest that Atg5 reduces
the stem cell population and subsequently reduces neurogenesis in the absence of altering the
fate of the NSPCs. To examine if Atg5 has a role in the survival of neural progenitor cells
independent of its role in stem cells, we performed retroviral mediated ablation of Atg5 in the
dividing progenitor cells in the dentate. At 7, 30 and 60 days post retroviral injection there was a
significant reduction in the number of Atg5-null progenitor cells suggesting Atg5 is required for
progenitor cell survival. The reduced survival of Azg5-deficient progenitor cells was rescued in
mice that lacked the essential pro-apoptotic protein Bax (Bcl-2—associated X protein) supporting
that A¢g-5 deficient cells die through a Bax-dependent mechanism. Additionally, removal of A7g5
prevented running-induced increases in neurogenesis, supporting that autophagy contributes to
the beneficial neurogenic effects of exercise. These findings highlight A#g5 as an intrinsic
regulator of NSPCs and regulator of adult neurogenesis.
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Abstract: Sexual differentiation of the brain is an important process in normal development and
has vast implications on later behavior. Our laboratory has identified a sex difference in neonatal
hippocampal proliferation. Newborn male rats exhibit an increased rate of cellular proliferation
in the dentate gyrus, CA1 and CA3 of the hippocampus compared to females and most of these
become neurons. Administration of exogenous estradiol to newborn females increases cell
genesis to levels consistent with males, whereas inhibition of estradiol signaling in males
eliminates the sex difference (Bowers et al., Biol. Sex Diff., 2010). Sex differences are
traditionally accomplished through elevation of testosterone in neonatal males that is locally
aromatized to estradiol in the brain. However, throughout the period of increased male
neurogenesis, there is no sex difference in hippocampal estradiol content implicating an
alternative source of the difference (Konkle et. al, Endocrinology, 2011). Therefore, we
hypothesized that suppression of estradiol mediated neurogenesis in females may be responsible
for the observed sex difference in neonatal hippocampal proliferation. Epigenetic modifications
translate environmental variables into enduring, but malleable, changes in gene expression
making them appealing targets to mediate the sex differences seen in proliferation. Canonical
modes of epigenetic regulation include direct modification of the DNA, primarily through
methylation, as well as alteration to histone tails that modify the state of chromatin. The purpose
of this study was to assess contributions of variations in histone acetylation in epigenetic
repression of neurogenesis in females. On PN1 and PN2, male and female Sprague-Dawley rat
pups were injected 1.p. with the histone deacetylase (HDAC) inhibitor Trichostatin A (0.25mg/kg
in 5% DMSO in saline) or comparative control and injected s.c. with either estradiol benzoate
(100 ug/0.1 mL in sesame oil) or vehicle. Three hours after drug and hormone injection animals
were injected with 5-bromo-2’-deoxyuridine (BrdU, 100mg/kg in saline). On PN3 animals were
transcardially perfused, and brains sectioned coronally for BrdU immunohistochemistry. BrdU
cell counts were conducted stereologically using Stereolmager. Our results indicate that
treatment of newborn females with HDAC inhibitors mirror the increase in proliferation seen
following administration of exogenous estradiol (ANOVA, p<0.05). These findings suggest that



exogenous estradiol may act to increase total histone acetylation to overcome suppression of
estradiol mediated neurogenesis in females. Supported by NIH grant ROINS 050525 to MMM
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Abstract: In the mammalian central nervous system (CNS) more than a half of the genes in the
genome are expressed in a spatiotemporally regulated manner. Although they are thought to be
involved in brain developments and functions, most of them remain to be studied for the
subcellular localizations and molecular functions of their encoded proteins in the CNS. When
they are expressed in a specific stage of the brain development or in a specific cell type or brain
region, the genes should be involved in the neural development and function, such as
differentiation of neurons, neural network formation, and synaptic plasticity. Recently, we have
developed Cerebellar Development Transcriptome Database (CDT-DB) (Sato et al., Neural
Netw, 2008), and identified several brain-specific genes whose encoded proteins have not yet
been characterized for their functional significance in the CNS including the gene encoding
lysosomal-associated membrane protein 5 (LAMPS, also known as BAD-LAMP). We found that
Lamp5 is highly expressed in embryonic mouse cerebellum and is down-regulated in later
developmental stages while its expression at the whole brain level increases along with the
development. The nematode orthologous gene of Lamp5, unc-46, encodes a type 111
transmembrane protein with several glycosylation sites. UNC-46 has been shown to locate in the
synaptic terminal of GABAergic neurons and regulate the release of GABA, an inhibitory
neurotransmitter that plays an important role in brain development. A previous study also
showed that LAMPS protein was expressed in the II/III and V layers of mouse postnatal cerebral
cortex. However, its expression over other brain regions during developmental stages is still
unknown. In the present study, we have performed immunohistochemistry of murine brain



sections at various developmental stages with a polyclonal antibody against LAMPS5 and found
its expression in cerebellum and a certain cell population, which is presumably located near the
locus coeruleus. We are now generating a Lamp5 knockout mouse to investigate the
physiological function of LAMPS in the CNS.
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Abstract: Transient Receptor Potential family Vanilloid 1 (TRPV1) is well known for stress
response protein in the central nervous system. Activation of TRPV1 polymodal cation channels
permits the Ca®" influx through it. Ca*" influx through TRPV 1 can induce endocytosis of
AMPAR that results in long-term depression (LTD) and neurodegeneration. Since intracelluar
increase of Ca”" regulates synaptic plasticity and signal transduction in neurons, we first
hypothesized that TRPV1 deficiency may affect neuronal plasticity including adult hippocampal
neurogenesis. We show that the number of 5-bromo-2'-deoxyuridine (BrdU)(+) cells is increased
in the hippocampal dentate gyrus (DG) of TRPV1 KO mice compared to wild type C57B/L6.
Furthermore, expression of double cortin (DCX) and polysialylated-neural cell adhesion
molecule (PSA-NCAM), which are markers of early neuronal differentiation, are enhanced in
hippocampal DG of KO mice compared to wild type mice. Loss of TRPV1 also increases
synaptic molecules, such as postsynaptic density-95 (PSD95), glutamate receptor 1 (GluR1) and
synapsinl. These results suggest that TRPV1 deficiency may positively regulate neuronal
plasticity including adult hippocampal neurogenesis. Keywords ; TRPV 1, neurogenesis
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Abstract: Thyroid hormone (TH) is essential for growth and development of cerebellum. TH
exerts its major roles by binding to TH receptors (TRs). Deficiency of TH during perinatal period
causes abnormal brain development. To study the role of TH on cerebellar development, we have
generated a transgenic mouse expressing a dominant-negative TR specifically in the cerebellar
Purkinje cell. A mutant human TRB1 (G345R), which binds to TH-response element but cannot
bind to T3, was subcloned into exon 4 of the full length L7/ Pcp-2 gene, which is specifically
expressed in the Purkinje and the retinal rod bipolar cells. The transgene was specifically
expressed in the Purkinje cell in the postnatal cerebellum. Postnatal Purkinje cell dendritic
arborization was significantly delayed in the transgenic mice. To our surprise, granule cell
migration was also significantly delayed. In the primary cerebellar culture, TH-induced Purkinje
cell dendrite arborization was also suppressed. Using semi-quantitative PCR, we have examined
the change in TH-responsive gene mRNA levels. Levels of IP3 receptor typel and RORa
mRNA, which are mainly expressed in the Purkinje cell, and BDNF mRNA, which is expressed
in both Purkinje and granule cells were significantly decreased. Furthermore, levels of NT-3
mRNA, which is mainly expressed in the granule cell was also decreased. Levels of myelin basic
protein mRNA, which is mainly expressed in the oligodendrocyte was not altered. Motor
coordination of transgenic mice was significantly disrupted. These results indicate that the
development of Purkinje cell is directly regulated by TH through binding to TR, whereas TH
action through TR in the Purkinje cell is also important for development of other subset of
cerebellar cells such as granule cells.
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Authors: G. YOON, S. SHAH, *M.-0O. KIM
., Dept. of Biol., Gyeongsang Natl. Univ., GAZA 900, Jinju, Korea, Republic of

Abstract: Overactivation of the glutamatergic-induced excitotoxicity pathway has been reported
in several neurodegenerative diseases. Molecules that inhibit the release of glutamate or the over-
activation of glutamate receptors can minimize neuronal cell death in these diseases. Osmotin, a
homologue of mammalian adiponectin, is a plant protein has been examined in the present study
for the first time to determine how it may protect against glutamate-induced synaptic dysfunction
and neurodegeneration in the postnatal day seven rat brain. The results indicate that glutamate
treatment induced excitotoxicity by over activating glutamate receptors, synaptic dysfunction
and neuronal apoptosis after four hours in the cortex and hippocampus of the postnatal brain. On
the other hand, post administration of osmotin, significantly reversed glutamate receptors
activation, synaptic deficit and neuronal apoptosis by stimulating the JNK/PI3K/Akt intracellular
signaling pathway. Moreover, osmotin treatment also abrogated glutamate-induced DNA
damage, apoptotic cell death and attenuated the localization and distribution of p53 and p-Akt
and caspase-3 in the hippocampus of postnatal brain. Taken together all these results suggest that
osmotin might be a novel neuroprotective agent in the excitotoxic diseases.
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Abstract: Introduction: The cerebellum is a highly organized centre of motor coordination and
cognition. Structurally it consists of a three-layered cortex with distinct neuronal subtypes, such
as granule cells (ges) and Purkinje cells (Pcs). It is suggested that Pcs utilize reelin dependent
pathways to form a monolayer in the cerebellar cortex. Reelin expressed by gcs, is required for
Pcs distribution from the clusteric stage to establish a monolayer of Pcs between the molecular
and granular layers of the cerebellar cortex. Proliferation of the ges is influenced by Shh (Sonic
hedgehog) expressed in Pcs. A mouse mutant called nax (naked-ataxia), resulting from a
spontaneous mutation in lysosomal acid phosphatase (Acp2), presents multi-layered Pcs that
ectopically invade the molecular layer. We hypothesize that the establishment of this mono
layered Pcs is not dependent on the reelin pathway. Materials and Methods; Acp2 mutant mice
were used for this study. Molecular expression and distribution were assessed by
immunohistochemistry and Western blotting. Results; The cerebellar cortex of the Acp2 mutant
mice which was characterized by the absence of the vermis, reveals the presence of Pcs in a
randomized, dispersed manner spanning the entire molecular layer rather than a monolayer in the
cerebellar cortex. The amount of gcs is severely reduced in the cerebellum which is more
prominent rostrally as compared to their numbers in the caudal cerebellum. It is also observed
that Pax6 expression follows the pattern of gcs proliferation and migration during postnatal
development. The pattern of reelin expression is down-regulated in the Acp2 mutant cerebellum
at around P12 and accompanies the down-regulation of Shh. Conclusion; The down-regulation of
Shh that followed the declined reelin expression may be secondary to Pcs degeneration.
However, the presence of reelin is comparable with wild type during early postnatal
development, indicative of reelin effect during clustric stages however failed to form mono
layered Pcs. Pcs differentiation is severely delayed inthe Acp2 mutant cerebellar cortex and it
can be concluded that multilayer Pcs may be due to the failure of appropriate cross-talk between
Shh and the reelin signalling pathway during postnatal cerebellar development.
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Abstract: There 1s growing evidence that untreated pain experienced in the neonatal period
could lead to changes in the neuronal circuitry, which may be associated to an adverse
neurodevelopmental outcome. Moreover, pain treatment with opioid is not free of deleterious
effects on the central nervous system. In this study we examined the effect of the neonatal
inflammatory pain, initiated in the postnatal day 1 of life (PN1), followed or not by analgesia,
over the hippocampal neurogenesis in a rat model. Female and male Wistar rats were randomly
assigned to four groups: control (without any stimulus); pain, whereas the nociceptive
inflammatory stimulus was performed by the injection of the complete freund’s adjuvant (CFA)
into the plantar surface of the paw on postnatal day 1; fentanyl (daily injections from PN1-PN&8);
and analgesia, fentanyl injection 30 minutes before the CFA injection on PN1, followed by daily
fentanyl injection from PN2 to PN8. On PN9, 5-bromo-20-deoxyuridine (BrdU) was given, and
24h later the animals were perfused. BrdU+ cells were counted in the subgranular zone of the
dentate gyrus of the hippocampus. Kruskal-Wallis was applied, being significant p<0.05. We
found that the male analgesia group showed greater number of BrdU+ cells compared with the
male fentanyl group (p .0005). The female analgesia group also presented with more BrdU+ cells
in the dentate gyrus compared to the fentanyl group. Our findings suggested differences at the
hippocampal neurogenesis among the male and female rats, following an inflammatory painful
stimulus and the fentanyl administration, represented by an increase of the neurogenesis with



CFA and fentanyl administrations. We are still working on more data looking for the explanation
for these results.

Number of BrdU+ cells in the dentate gyrus of the hippocampus

Group Mean N
Female Control 8.1 4
Male Control 13.1 4
Female Pain 9.3 4
Male Pain 12.3 4
Female Analgesia 54.6 4
Male Analgesia 52.1 4
Female Fentanyl 20.1 4
Male Fentanyl 7.1 4

BrdU+ cells are expressed by total number of BrdU+ cells/the length of dentate gyrus (um)
multiplied
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Title: High aerobic capacity is necessary and sufficient for the beneficial effects of exercise on
hippocampal neurogenesis and cognition
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Abstract: It is commonly accepted that exercise (e.g., wheel running or treadmill training)
increases hippocampal neurogenesis and cognitive function. However, exercise exerts myriad
effects on body and brain, and it is unclear what the contribution of aerobic capacity, the body’s
ability to consume oxygen, is to these effects. To isolate the role of aerobic capacity in
hippocampal plasticity, we exploited selectively-bred rat models of acquired (high/low
responders to training: HRT/LRT rats) and inherent (high/low capacity runners: HCR/LCR rats)
aerobic capacity. HRT and LRT rats have the same aerobic capacity at baseline, yet after 8 wks
of comparable treadmill training, HRT but not LRT rats significantly increase their aerobic
capacity. While sedentary LRT and HRT rats had equivalent levels of hippocampal
neurogenesis, only HRT rats had increased DCX+ young neurons following training. These data
were positively correlated with their performance on pattern separation tasks, which have been
shown to be neurogenesis-dependent. Increased aerobic capacity appears to be necessary for
exercise to increase in hippocampal neurogenesis and cognitive function. To determine whether
high aerobic capacity is sufficient for enhanced hippocampal function, we examined HCR and
LCR rats, which have an inherent 2- to 3-fold difference in aerobic capacity. We found that HCR
rats also had 2- to 3-fold more DCX+ young neurons in the hippocampus than LCR rats and rats
from the heterogeneous founder population. HCR rats also had 4- to 5- fold more newborn
BrdU+ cells that had matured into NeuN+ adult neurons compared to LCR rats, but no
differences in the number of BrdU+ cells 24 hr after injection, indicating that aerobic capacity
has a specific effect on neuronal survival in the hippocampus. In contrast, when neurogenesis in
the subventricular zone was examined, HCR rats had more proliferation in this region than LCR
rats but did not appear to have more surviving neurons in the olfactory bulb. We asked whether
HCR’s enhanced neurogenesis translated to enhanced hippocampal cognition, as is typically seen
in exercise-trained animals. Compared to LCR rats, HCR rats performed with higher accuracy on
pattern separation tasks, and their performance was positively correlated with their levels of
hippocampal neurogenesis. Together, these findings demonstrate that aerobic capacity, not
exercise per se, is critical for enhanced hippocampal plasticity and function. Because human
populations are widely variable in inherent and acquired aerobic fitness, these findings have
important implications for the recommendation of physical exercise as a cognitive therapy.
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Abstract: Our lab has shown that repeated intranasal irrigation with Triton X-100 in adult
zebrafish severely alters the olfactory organ and diminishes innervation to the olfactory bulb,
resulting in a decrease in bulb volume. Cessation of the treatment allows for reinnervation and
recovery of bulb volume. We predicted that patterns of cell genesis could account for
deafferentation-induced bulb volume reduction and reafferentation-induced bulb volume
recovery. The hypothesis of this study was that the decrease in bulb size, seen after reduced
afferent input with repeated detergent ablation of the olfactory epithelium, is due to decreased
cell genesis or migration of newly formed cells into the bulb and that cessation of the detergent
treatment will result in a reversal of the deafferentation-induced reduction in bulb size through
increased cell genesis or migration into the olfactory bulb. First, potential effects on proliferation
in the ventricular zone were examined in 3-week chronically Triton X-100-treated fish and in
fish allowed to recover for 3 weeks using anti-bromodeoxyuridine, anti-proliferating cell nuclear
antigen, and anti-SOX2. Fish were exposed to bromodeoxyuridine via intraperitoneal injection.
Cell proliferation in the olfactory bulb was not affected by this deafferentation or by recovery.
Additionally, preliminary data showed no observable differences in proliferation in the
ventricular zone. Next, migration of newly formed cells into the olfactory bulb was examined by
exposing fish to bromodeoxyuridine at the time of the initiation of Triton X-100 treatment,
followed by chronic detergent treatment every three days for three weeks. Contrary to our
hypothesis, we observed a bilateral increase in anti-bromodeoxyuridine labeled profiles in the
olfactory bulb (P<0.05 for the treated bulb and P<0.05 for the internal control bulb). Allowing
the bulb to recover from detergent treatment for three weeks did not reduce this bilateral
increase. These findings suggest that recovery of bulb volume after chronic detergent treatment
may be due, at least in part, to increased migration of cells into the olfactory bulb internal cell



layer. These studies permit investigation into the adult brain’s potential for recovery from
physical or functional deafferentation due to injury or disease.
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Abstract: Intolerance to wheat and milk causes symptoms of gastrointestinal (GI) inflammation
in sensitive individuals and the prevalence of this intolerance is increasing. GI inflammation can
adversely affect the absorption of critical nutrients and can also affect immune cells, which are
resident in the intestine. Gluten and casein are prominent proteins from wheat and milk,
respectively, and their intestinal hydrolysis gives rise to homologous seven amino acid peptides
with opiate activity. A gluten-free/casein-free (GF/CF) diet can relieve symptoms of GI
inflammation and is also reported to improve neurological conditions including autism and
schizophrenia, as well as reducing autoimmunity. Since oxidative stress and impaired
methylation have been implicated in autism and schizophrenia, we examined the influence of
gluten- (GM?7) and both human and bovine and casein-derived opiate peptides (hBCM7 and
bBCM?7), on redox and methylation status in cultured SH-SY5Y neuroblastoma cells. All three
peptides caused time-dependent changes in cysteine uptake, and levels of cellular metabolites in
glutathione synthesis (antioxidant) and methionine cycle (methylation) pathways, similar to, but
less extensive than, the effects of morphine. After a 4 hr treatment with hBCM7, bBCM?7 or
morphine we observed changes in the global pattern of DNA methylation, using MBD-SEQ to
identify site-specific changes in CpG methylation. Differential effects of hBCM7 vs. bBBCM7 on
promoter methylation status could be discerned. Microarray studies revealed differential gene
transcription associated with the changes in global DNA methylation. Morphine, hBCM and



bBCM treatment showed both overlapping changes in transcription as well as changes which
were distinct for each agent. The changes induced by bovine form of BCM7 were similar to
morphine and much different to the human form. This study is the first study to link
casein/gluten derived peptides to epigenetic changes in neurological disorders, and provides a
novel mechanistic explanation for the benefit of GF/CF dietary intervention for the treatment of
autism and other inflammatory disorders. It is noteworthy to mention that, BCM7 is released
only from the A1 type of casein and not the A2-beta casein.
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Abstract: Neural activity is tightly coupled to energy consumption, particularly sugars such as
glucose. Yet we find that, unlike mature neurons and astrocytes, neural stem/progenitor cells
(NSPCs) do not require glucose to sustain aerobic respiration. NSPCs within the adult
subventricular zone express enzymes required for fatty acid oxidation and show sustained
increases in oxygen consumption upon treatment with a polyunsaturated fatty acid. NSPCs also
demonstrate sustained decreases in oxygen consumption upon treatment with etomoxir, an
inhibitor of fatty acid oxidation. In addition, etomoxir decreases the proliferation of
subventricular zone NSPCs without affecting cellular survival. Finally, higher levels of
neurogenesis can be achieved in aged mice by ectopically expressing PGCla, a factor that
increases cellular aerobic capacity by promoting mitochondrial biogenesis and metabolic gene
transcription. Endogenous neural stem cells are excellent therapeutic targets, retaining the
capacity to rebuild and repair tissue in the adult brain by producing new neurons and astrocytes.
Since catabolic activity is a fundamental characteristic of a cell, exquisitely optimized to meet
energetic needs and constraints, the identification of metabolic substrates required by the adult
neural stem cell is imperative to understanding the process of regeneration. Regulation of
metabolic fuel availability could prove a powerful tool in promoting cellular proliferation in the
central nervous system. Boosting the regenerative potential of the aging brain by providing
additional aerobic respiratory capacity may alleviate cognitive deficits associated with normal
aging, such as impairments in working memory and olfaction.

Disclosures: E. Stoll: None. R. Makin: None. I.R. Sweet: None. A. Trevelyan: None. S.
Miwa: None. P.J. Horner: None. D.M. Turnbull: None.

Poster
395. Postnatal Neurogenesis: Environmental and Pharmacological Regulation
Location: Halls A-C
Time: Monday, November 17, 2014, 1:00 PM - 5:00 PM
Program#/Poster#: 395.06/A36
Topic: A.03. Postnatal Neurogenesis
Support: NIH Grant KOSNS073793
NIH Grant P01 NS062686
NIH Grant P30HD040677

National Brain Tumor Society



Title: Effects of intranasal epidermal growth factor treatment on the subventricular zone after
chronic perinatal hypoxia

Authors: *J. SCAFIDI', J. EDWARDS?, J. KURZ’, V. GALLO?
1Dept of Neurol. and Ctr. for Neurosci. Res., Children's Natl. Med. Ctr., WASHINGTON, DC;
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Abstract: There are no effective treatments available that improve function in the growing
population of very preterm infants (<32 weeks gestation) with neonatal brain injury. Diffuse
white matter injury (DWMI) is a common finding in these children that contributes to their
chronic neurodevelopmental impairment. As we recently published (Scafidi et al., Nature, 2014),
using chronic perinatal hypoxia (postnatal day P3-11) as a clinically relevant mouse model of
very preterm brain injury, the administration of intranasal epidermal growth factor (HB-EGF;
P11-14) stimulates the endogenous response of EGF receptor (EGFR)-expressing progenitor
cells in the white matter and promotes cellular, biochemical and functional recovery. It is
established that injury results in a significant expansion of the neural stem cells (NSCs) and
progenitor cells that reside in the subventricular zone (SVZ). However, it is unknown whether
administration of intranasal HB-EGF in the developing brain provides an additive stimulatory
effect on newly generated NSCs and progenitor cells after chronic perinatal hypoxia and the
specific phenotype of the cells that results from HB-EGF treatment in vivo. In this study, we
demonstrate the following results in the SVZ after chronic hypoxia: i) a significant increase in
phosphorylated-EGFR and EGFR ligand expression immediately after hypoxia but not at later
time points; ii) a significant increase in the number of proliferating cells (anti-Ki67+); iii) a
significant increase in number of Ascll-expressing bipotential progenitor cells; and iv) a
significant increase in the number of NG2-expressing oligodendrocyte progenitor cells (OPCs).
Interestingly, there was a significantly additive, but transient (P15, but not P18) effect on all cell
types in the chronic hypoxia group treated with intranasal HB-EGF, while inhibition of EGFR
using an antagonist prevented any hypoxia-induced increases in these cell populations. Finally,
we also used fate-mapping techniques with tamoxifen-inducible Cre-transgenic mice to
demonstrate the effects of chronic hypoxia and HB-EGF on SVZ GFAP-expressing stem cells
and PDGFalphaR-expressing progenitor cells. Our results indicate that hypoxia promotes
expansion of SVZ progenitor cells and HB-EGF potentiates the effects of the injury. Therefore,
understanding the effects of intranasal HB-EGF treatment on the SVZ is crucial in order to
develop this treatment as a potential therapeutic strategy for neonatal brain injury arising from
very premature birth.
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Title: Physical exercise prevents suppression of hippocampal neurogenesis and mitigates
cognitive impairment in chemotherapy-treated rats
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Abstract: Increasing evidence shows chemotherapy-induced cognitive impairments in humans
and rodents. These deficits include confusion, memory loss, decreased attention span, and
inability to focus or concentrate. Physical exercise is known to enhance hippocampal
neurogenesis and improve cognitive function. In this study we examined the effect of physical
exercise on rats that were treated with chemotherapeutic agents. 3-month-old Long-Evans rats
(n=37), housed in either standard cages or cages that allowed unlimited access to a running
wheel, received intra-peritoneal injections of 5-fluorouracil and methotrexate, or equal volumes
of saline. They subsequently underwent a series of cognitive tasks - including spatial memory
(SM), non-matching-to-sample rule learning (NMTS), and delayed NMTS (DNMTY) tests.
Expression levels of Ki67, doublecortin (DCX) were examined in the dentate gyrus. Analysis of
variance (ANOVA) was used to test differences between groups on behavioral measures and cell
counts. First, chemotherapy significantly reduced the number of DCX+ cells in the dentate gyrus
by approximately 25% (P=0.02), while running markedly increased DCX+ cells (P<0.01). In
addition, rats exposed to running showed evident increases in both Ki67+ (P<0.05) and
BrdU+/DCX (P<0.05) cells. No significant difference in average running distance was observed
between saline- and chemotherapy-treated rats (P>0.25). Behaviorally, ANOVAs showed
significant main effects of chemotherapy on performance in SM, NMTS and DNMTS. Running
improved the performance on all these tasks. In summary, we report promising results where the
adverse effects of chemotherapy on both hippocampal neurogenesis and behavioral performance
were rescued by running, indicating physical exercise as a highly feasible and safe therapeutic
intervention against chemotherapy-induced cognitive deficits.
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Title: Why social interaction can facilitate adult neurogenesis
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Abstract: We have previously shown that adult neurogenesis in the ventral medial nucleus of the
hypothalamus (VMN) can be facilitated by social factors. When a male ring dove is housed with
a female mate in comparison to being housed in isolation or with a male, there is a significantly
higher level of mature new neurons in the VMN lesion area and an increase in courtship
function. In this study, we seek to determine whether an increase in the production of new
neurons in males can be explained by properties of the female stimulus or is a result of the
male’s own activity that engages the circuitry involved in neurogenesis. In study one, male doves
were housed with females that they were bonded to versus those that they were not bonded to,
namely, two similar stimuli that provoke varying levels of male behavior. The VMN was
lesioned and the number of double labeled NeuN+/BrdU+ cells at the lesion site were analyzed
using a confocal laser microscope immediately after lesion and at weeks 2,4, and 8 post lesion.
Recovery of courtship behavior was measured during these time points. Behavior of all males
and the females they were housed with were recorded every three days during the 8 week
recovery period. Brain derived neurotrophic factor (BDNF) is closely associated with the
neurogenesis process. In study two, we determine whether activity dependent BDNF level is
associated with levels of neurogenesis by comparing BDNF levels in bonded versus non-bonded
males (ie: males engaged in low versus high courtship activity).
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Abstract: It is well established that early life experience is associated with cognitive ability in
old age and the development of neurological disease. The Neurogenic Reserve hypothesis has
emerged as a mechanism for cognitive reserve, based on evidence that enrichment maintains
neurogenesis at a higher level and results in improved learning and memory. The majority of
studies to date have examined short-term consequences of enhancing or blocking neurogenesis
but long-term changes with age resulting from early intervention remain less well understood.
The goal of this study was to address the hypothesis that early life experience, such as a period of
voluntary running in juvenile rats, can alter properties of adult neurogenesis for the remainder of
the animal’s life. Briefly, male Long Evans rats were grouped into Runners (running wheel
access) and Controls (sedentary). After a 30 day running period, cohorts of animals were
sacrificed 1 week, 5 weeks, 6 months and 9 months post-running. All animals were injected with
thymidine analogues, 5-iodo-2'-deoxyuridine (IdU) and 5-chloro-2'-deoxyuridine (CldU), 1 week
and 4 weeks prior to perfusion, respectively. Single and dual-label immunohistochemistry for
IdU and CldU was conducted along with other immunohistological markers to assess cellular
proliferation (Ki67), neuronal differentiation (Doublecortin (DCX)), survival and maturation
(Calbindin (CaBP)) of the labeled adult-born cells. Our results indicate that the number of
differentiating neuronal precursors is increased in Runners early on, but within 5 weeks post-
running has returned to Control levels. However, the rate of neuronal maturation and survival
during a four week period after cell division was enhanced in rats up to 11 months of age (9
months post-running).These results suggest that short term enhancement of neuronal
differentiation is under homeostatic regulation, whereas neuronal maturation and survival show
long-term alterations with age that do not appear to be regulated in a homeostatic manner. This
study is the first to show that a transient period of physical activity at a young age promotes
changes in neurogenesis that persist over the long-term, which is important for our understanding
of the modulation of neurogenesis by exercise with age. Functional integration of adult-born
neurons within the hippocampus that resist homeostatic regulation with aging may be an
essential feature of adult neurogenesis that promotes the maintenance of neural plasticity in old
age.
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Title: Reduction of adult hippocampal neurogenesis via cranial irradiation enhances morphine
self-administration and morphine-induced locomotor sensitization
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Abstract: Drugs of abuse dynamically regulate adult hippocampal neurogenesis, a process
important for hippocampal-dependent functions such as context learning and memory, context
discrimination, and regulation of the stress response. To test the hypothesis that hippocampal
neurogenesis is involved in the vulnerability to morphine addiction, we assessed whether
ablation of neurogenesis enhances vulnerability to addiction during morphine self-administration
(MSA) and morphine locomotor sensitization (MLS). Male Sprague-Dawley rats (~6 weeks old)
were exposed to either sham treatment (Sham) or image-guided cranial x-ray irradiation (IRR) to
eliminate new hippocampal neurons. Ablation was confirmed via absence of doublecortin+
immature neurons. Six weeks post-IRR when inflammation subsided, rats began either MSA
(Sham=16, IRR=15) or MLS (Sham=12, IRR=12). For MSA, IRR rats self-administered more
morphine vs. Sham rats (p<0.019). This was not a general enhancement of learning, motivation,
or locomotion, as operant learning and locomotor activity were unchanged. After 28 days of
withdrawal, IRR rats exhibited higher context-induced reinstatement than Sham rats (p<0.038).
In a separate group of rats used for MLS, IRR rats exhibited a dose-dependent enhancement of



morphine locomotor sensitization, with a greater increase in beam breaks vs. Sham rats when
sensitized at 5 mg/kg (p<0.018), but similar increases at 10 mg/kg, suggesting a ceiling effect.
Irradiated rats also showed increased activity during a dose-response experiment at 1 mg/kg.
Along with previous studies, these data indicate that reduced hippocampal neurogenesis confers
vulnerability for multiple classes of drugs of abuse. While other irradiation-induced changes (e.g.
gliosis) are being considered for their involvement in these behaviors, it is intriguing to consider
whether therapeutics that increase or stabilize neurogenesis prevent addiction and/or relapse.
Mechanistic studies are also ongoing to explore the involvement of neurogenesis in the neural
circuitry underlying the morphine-induced activation of the hippocampus and downstream brain
areas, and how this circuitry is altered when adult neurogenesis is ablated.
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Title: Fructose impairs neuronal differentiation of adult neural stem cells in vitro
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Abstract: In recent decades the consumption of fructose, as high fructose corn syrup in
processed foods, has increased dramatically and has now been recognized as a significant health
concern. In hepatocytes and adipocytes, high levels of fructose generate uric acid, leading to
generation of reactive oxygen species (ROS) that cause cellular damage. Fructose penetrates the
blood brain barrier through the Glut5 transporter, but its effects on the mechanisms operating in
neurons is not well understood. In animals exposed to a high-fructose diet, cognitive deficits
similar to those associated with aging are observed. Reduced neurogenesis is thought to
contribute to the cognitive decline in aging, indeed, a high-fructose diet also reduces adult
neurogenesis, although the cellular mechanisms by which this occurs is unclear. In mammals,



defined populations of adult neural stem cells (NSCs) are located in the hippocampus and the
subventricular zone (SVZ). Here, they continue to proliferate, giving rise to progenitor cells that
migrate, differentiate and integrate into existing circuitry where they are involved in plasticity
with roles in memory formation, learning, behavioral responses, and reward systems. In addition,
NSCs are thought to migrate to damaged brain tissues and contribute to repair. /n vivo and in
vitro, NSCs can differentiate into oligodendrocyte, astrocyte, or neuronal phenotypes in response
to appropriate chemical signals. Adult NSCs from the SVZ can be maintained as progenitors in
culture and plated in conditions that encourage differentiation, allowing investigation of the
cellular mechanisms underlying this process at the level of individual cells. This accessible
model system has been used to identify many of the exogenous signals that drive differentiation,
and the intracellular mechanisms involved. We tested the effects of fructose exposure on the
mechanisms underlying differentiation in NSCs cultured from the SVZ of young adult rats.
Using immunocytochemistry, we found that the proportion of cells expressing B-tubulin III, an
early neuron marker, was reduced in cells cultured in media containing fructose. This indicates
that fewer NSCs differentiate towards a neuronal lineage after fructose exposure. Time lapse
microscopy revealed that the neurites extended by NSCs cultured in the presence of fructose are
less complex, with fewer branch points than those differentiating in control conditions. These
results suggest that fructose inhibits the maturation of NSCs towards a neuronal fate. These
cellular effects on differentiating NSCs could contribute to the cognitive decline observed in
animals subjected to a high-fructose diet.
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Title: Interferon-a inhibits neurogenesis and induces depression-like behavioral phenotype via
interferon receptors expressed in the mouse brain



Authors: *N. KANEKO', L.-S. ZHENG'”, S. HITOSHI**, K. TAKAO®, T. MIYAKAWA™>*’,
Y. TANAKA®?, U. KALINKE®, K. KUDO’, S. KANBA'?, K. IKENAKA’, K. SAWAMOTO'
'Dept. of Developmental and Regenerative Biol., “Dept. of Virology and Liver unit, Nagoya City
Univ. Grad. Sch. of Med. Sci., Nagoya City, Aichi, Japan; *Zhejiang Univ., Hangzhou, China;
4Shiga Univ. of Med. Sci., Otsu, Japan; >Natl. Inst. for Physiological Sci., Okazaki, Japan; SCore
Res. for Evolutionary Sci. and Technol. (CREST), Kawaguchi, Japan; 'Inst. for Comprehensive
Med. Science, Fujita HIth. Univ., Toyoake, Japan; 8Inst. for Exptl. Infection Research,
TWINCORE, Hannover, Germany; Y okohama Clin., Yokohama, J apan; 10Dept. of
Neuropsychiatry, Grad. Sch. of Med. Sci., Kyushu Univ., Fukuoka, Japan

Abstract: New neurons generated by the neural stem cells (NSCs) in the adult hippocampus play
an important role in emotional regulation and respond to the action of antidepressants.
Depression is a common and serious side effect of interferon-o (IFN-a), which limits its use as
an antiviral and anti-tumor drug. However, the mechanism(s) underlying IFN-induced depression
are largely unknown. We characterized the behavior of mice subjected to chronic IFN-a
treatment using a comprehensive battery of behavioral tests, and found that the animals exhibited
a depression-like behavioral phenotype including learned helplessness and decreased social
interactions. Using these mice and a neuronal cell culture system, we found that IFN-a directly
suppressed NSC proliferation, resulting in the reduced generation of new neurons. Both systemic
and brain-specific mouse knockouts of the IFN-a receptor prevented IFN-a-induced depressive
behaviors and the inhibition of neurogenesis, suggesting that [IFN-a suppresses hippocampal
neurogenesis via its receptor in the brain, to induce depression. These findings provide new
insight for understanding the neuropathology underlying IFN-a-induced depression and for
developing new strategies for the prevention and treatment of IFN-o-induced depressive effects.
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Title: Exercise modifies the neuronal network of newborn dentate granule cells
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Abstract: The adult mammalian brain continuously generates new neurons in the hippocampus.
The integration of newborn neurons into the existing hippocampal neuronal network is
considered physiologically important for learning and memory. Enhancement of neurogenesis
has been suggested to improve cognition. A simple intervention like exercise increases activity-
dependent synaptic plasticity and memory function, and correlates with enhanced adult
hippocampal neurogenesis. We previously described that newborn hippocampal neurons are
sequentially innervated by structures important for memory function forming a unique neuronal
circuit. To understand how exercise enhances learning and memory;, it is essential to determine
whether physical activity can modify the unique neuronal circuits of the newborn hippocampal
neurons. Using a combination of retrovirus to label dividing cells and rabies virus as a retrograde
tracer we identified the monosynaptic inputs to the newborn hippocampal neurons in young male
C57Bl/6 mice (5-6 weeks old) in sedentary control or exercise conditions. Stereotaxic surgeries
were performed to deliver the retrovirus into the right dentate gyrus (DG) of the hippocampus,
and several weeks thereafter rabies virus was injected into the same DG location. Preliminary
histological analysis shows that both subcortical and cortical afferents to the DG were
transsynaptically labeled, and that these projections were modified by voluntary wheel running.
In particular, exercise increased cortical input to the newborn granule cells, which may
contribute to improved pattern separation and memory storage.
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Abstract: The area surrounding the central canal of the spinal cord is a highly plastic area that is
a postnatal neurogenic niche. Within this region are ependymal cells which may be the source of
new astrocytes and oligodendrocytes following injury (Barnabe-Heider et al. (2010), Cell Stem
Cell 7: 470-482) and cerebrospinal contacting cells (CSFcCs), the function of which is poorly
understood. Acetylcholine in other CNS neurogenic regions has profound effects on proliferation
and differentiation (Berg et al. (2013), Development 140: 2548-61); these are mediated through
specific nicotinic receptors. To test whether acetylcholine may have similar effects in the spinal
cord, we examined the effects of application of cholinergic drugs in acute spinal cord slices and
in spinal cord slice cultures. Spinal cord slices were obtained from Urethane (2g/kg i.p.)
anaesthetised Wistar rats (9-12 days old) that were transcardially perfused with sucrose aCSF
and either maintained for acute whole cell patch clamp electrophysiology or prepared for
organotypic culture (Hilton et al. (2006), J. Neurochem 98:690-9). All CSFcCs (n = 82) and
ependymal cells (n = 36) responded to focally applied acetylcholine with a robust depolarisation;
the responses in CSFcCs (15.7 + 0.8 mV) were significantly larger than those elicited in
ependymal cells (3.0 = 0.3 mV); lack of effect of tetrodotoxin indicated that the response was
direct. The non-a7-containing nicotinic cholinergic receptors (a7*nAChR) antagonist dihydro-f3-
erythroidinne decreased the cholinergic response in both ependymal cells (3.7 + 0.7 mV to 1.9 £+
0.4 mV; n=9)and CSFcCs (16.1 = 1.8 mV to 3.0 £ 0.5 mV; n = 20, while the a7*nAChR
modulator PNU 120596 significantly potentiated the remaining depolarisation in ependymal cells
(1.5£02mVto7.3+1.9mV;n=4;p<0.05) and all CSFcCs (3.6 £ 0.7 mV to 27.6 + 4.0 mV;
n=10; p <0.001); this revealed that both a7*nAChRs and non-a7*nAChRs were mediating the
cholinergic responses. Application of a7*nAChR modulators in spinal cord cultures induced
proliferation, revealed by increased EdU uptake, in ependymal cells but not CSFcCs. Our study
provides evidence that acetylcholine may play a role in modulating the activity of cells within
the neurogenic niche of the spinal cord.
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Title: Environmental enrichment effects on adult hippocampal neurogenesis in mice: Dorsal vs.
ventral dentate gyrus
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Abstract: The hippocampus is a well-defined anatomical structure belonging to the brain’s
limbic system that may not act as a unitary structure, with the dorsal (Septal pole) and ventral
(Temporal pole) portions of it being involved in different roles. Functionally, it has always been
associated with long-term memory and spatial navigation, but it also modulates corticosteroid
feedback through the type I & II glucocorticoid receptors and one of its sub regions, the dentate
gyrus (DQ), is a source for neurogenesis. Our aim is to compare the difference in neurogenesis
within dorsal and ventral DG in both standard condition and in an environmental enrichment
paradigm to identify which subdivision is more sensitive. In our experiment we used 96 eleven-
week-old CD-1 female mice, running four replicate experiments in each of which 24 animals
were randomly divided into 4 ENRICHED and 4 CONTROL cages. Enrichment consisted of: 1)
running wheels, i1) increased space for social activity and iii) murine urinary proteins (MUPs)
present in dirty bedding obtained from C57BL6 male mice. The control condition consisted of
the standard group housing with minimal enrichment accordingly to UK 3Rs guidelines. Each
replicate was conducted for 8 days and their brains were collected as follows: on third were post
fixed in 4% PFA-PBS and used for morphological analyses, two thirds were processed for DG
dissection. Subsequently, each dissected DG was divided in ventral and dorsal parts and rapidly
frozen in dry ice for molecular biology analyses. Immunohistochemistry for Doublecortin (DCX)
was carried out in 40 pm slices using the ABC indirect technique with 3,3'-Diaminobenzidine as
the chromogen. Images were taken with a 20X objective on a Leica DM-LB microscope and
processed with ImagelJ to quantify changes in DCX positive surface area within the DG.
Molecular biology analysis (quantitative PCR and protein quantification) was carried out on the
dissected dorsal and ventral DG of each animal to quantify neurogenesis markers such as DCX.
This study helps to clarify the functional differentiation between dorsal and ventral hippocampus
and their respective sensitivity to environmental enrichment. Furthermore, using real-time PCR
or ELISA assay to measure gene/protein expression allows for a quicker way to quantify
hippocampal neurogenesis. This could be used to monitor the welfare condition (e.g. in terms of
environmental enrichment in the home cages) of laboratory rodents, as well as in animal models
aiming to investigate pathologies in which neurogenesis plays a crucial role (e.g. depression,
Alzheimer’s disease, etc.).
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induced by enriched environment
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Abstract: The extracellular matrix (ECM) glycoprotein tenascin-C (TnC) plays an important
role during cell proliferation, migration, neurite outgrowth and guidance early in embrional and
postnatal development when it is abundantly expressed in neuronal and non-neuronal tissue. Its
expression is downregulated in adult CNS with the exception of areas of plasticity and active
neurogenesis. Since it is known that exposure of animals to enriched environment (EE) leads to a
variety of molecular, cellular and behavioral changes, this study was designed to examine the
role of TnC in: 1) structural plasticity of the hippocampus after EE by following the
redistribution of perineuronal nets (PNNs) - dynamic structures involved in regulation of
neuronal plasticity by immunostaining with Wisteria floribunda agglutinin (WFA), and 2) adult
neurogenesis in the subgranular zone of the dentate gyrus by following markers of cell
proliferation (BrdU, Ki67 and Dcx). In addition, we investigated the involvement of two ECM
degrading enzymes, matrix metalloproteinases 2 and 9 (MMP-2 and MMP-9), in these prossesess
by gel and in situ zymography. Wild-type (TnC+/+) and TnC deficient mice (TnC-/-) were
housed in standard conditions (SC) and EE for 4 and 8 weeks starting from postnatal day 21.
Quantitative analysis of WFA signal intensity revealed that TnC +/+ mice reared in SC have
higher PNN intensity as compared to TnC -/- mice. On the other hand, we found significant
reduction of WFA signal in TnC +/+ mice reared in EE, indicating strong degradation of PNNs



and enhanced structural plasticity induced by EE, while in TnC -/- mice the effect was opposite
with slight increase in PNN intensity after EE, thus implying that TnC is necessary for PNN
decomposition. Furthermore, we found a significant rise in the number of BrdU, Ki67 and Dcx
stained cells in TnC +/+ after EE that also occurred in TnC -/- mice, however, with higher values
in both SC and EE as compared to respective groups in TnC +/+, suggesting an inhibitory effect
of TnC in adult neurogenesis. Concerning MMP activity, gel zymography revealed increased
MMP-9 activity after 4 weeks of EE in the hippocampus of both genotypes, while MMP-2
activity remained unchanged. However, in situ zymography showed significantly reduced
activity of both MMPs after 8 weeks of EE in TnC +/+ and generally weak activity in TnC-/-
animals. These results together emphasize a significant role of TnC in neuronal plasticity and
adult neurogenesis, and also imply that interaction between TnC and MMP-9 might be critical in
these processes.
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Title: Silver nanoparticles interfere with differentiation of adult neural stem cells in culture
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Abstract: Silver nanoparticles (SNPs) have unique chemical and physical properties due to their
small size and high surface area. They are widely used for their antimicrobial properties in
commercial and consumer products, leading to exposure by inhalation or ingestion. At the
cellular level, SNPs bypass membranes, disrupt cytoskeletal dynamics, induce oxidative stress,
damage DNA, and cause apoptosis or necrosis. Recent studies indicate that SNPs breach the
blood-brain barrier and accumulate in the brain. Notably, most work on SNPs examines their
effects at concentrations exceeding the levels found in physiological systems, and their effects on



endogenous adult neural stem cells (NSCs) in the brain are not known. NSCs reside primarily
within the subventricular zone (SVZ) of the lateral ventricles and in the hippocampus. In a
healthy adult brain, these NSCs proliferate, migrate, and differentiate to integrate into existing
circuits. The differentiation process results in development of mature cellular properties typical
of neurons, astrocytes or oligodendroyctes in vivo and in vitro. This process of neurogenesis is a
normal brain function; it is involved in learning and memory and has been implicated in
endogenous repair systems. To investigate the effects of SNPs on the cellular differentiation
programs of NSCs, we used an accessible model system of cultured NSCs isolated from the SVZ
of young adult rats. These progenitor cells are maintained as neurospheres, and then induced to
differentiate by appropriate media conditions. We observed a significant increase in the
formation of f-actin inclusions when differentiating NSCs were exposed to sub-lethal levels of
SNPs. Chemical enhancement of the SNPs to allow their visualization confirmed that SNPs do
not co-localize with the actin inclusions. This implies that the inclusions, which are similar to
those observed in response to an actin-stabilizing toxin, are formed due to an SNP-induced
disruption of cytoskeletal actin dynamics, instead of being associated with sequestered SNPs. In
order to further investigate cytoskeletal effects of sub-lethal SNP exposure, we used B35
neuroblastoma cells, a model for neurite extension, and time-lapse microscopy. We found that
exposure to SNPs resulted in a significant decrease in maximum neurite extension. As neurite
extension and dynamics are a vital part of NSC differentiation, disruption of cytoskeletal
function could lead to a corresponding dysfunction of adult neurogenesis. Therefore, exposure to
SNPs released from a wide variety of products may produce a deviation from healthy brain
function, and a decreased capacity for learning, memory and endogenous repair.
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Title: Doublecortin in the cerebrospinal fluid after hypoxic-ischemic brain injury in the rat
neonate is a biomarker of neurogenesis
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Abstract: Study's objectives There is an unmet clinical need to monitor endogenous
neurogenesis in vivo in developmental brain disorders. Biomarkers of neurogenesis may prove
valuable for diagnostic, prognostic and therapeutic purposes. Doublecortin (DCX) is considered
as a marker for neurogenesis, because it is highly expressed in migrating neuroblasts. Using a rat
model of neonatal hypoxia-ischemia (HI), the study’s objectives were to (i) quantify DCX in the
cerebrospinal fluid (CSF) of neonates prior to and after an HI brain injury, and to (i) examine
whether DCX measured in the CSF reflects neurogenesis in the brain after HI. Methods Right-
sided HI was elicited at postnatal day (P) 7 in Sprague-Dawley rats via ligation of the right
common carotid artery and 40 minutes exposure to 8% O,. Control animals received a sham
surgery without hypoxic exposure at P7. CSF was collected before (P5) and after (P10) surgery,
and DCX was quantified using a specific and highly sensitive immunoassay. BrdU (100 mg/kg)
was injected intraperitoneally from P7 to P9. Animals were sacrificed at P10 and their brains
were processed for immunohistochemical analysis. Results In sham-treated neonates, the
concentration of DCX in the CSF (DCX-CSF) decreased by 85% between PS5 and P10 (n=11,
p<0.0001, paired t-test). In contrast, DCX-CSF increased by 123% in HI-injured animals (n=11)
during the same time interval. Interaction between postnatal day and treatment was significant
(two-way ANOVA p=0.0197). In the HI group, a positive correlation between DCX-CSF and
stroke severity was observed. DCX immunointensity was increased in the ipsilateral
subventricular zone (SVZ) and dentate gyrus from HI-injured animals in comparison to sham
animals. The number of BrdU-positive cells was higher in the right SVZ from HI animals versus
sham animals (p<0.01). Conclusion The decline in DCX-CSF in sham neonates between P5 and
P10 is in accordance with the well-documented postnatal downregulation of DCX in the brain,
and confirms that DCX is a highly developmentally regulated protein. The results after HI
suggest that DCX-CSF reflects the neurogenic and proliferative responses in the brain 3 days
after the insult. Overall, DCX in the CSF appears to be a valid in vivo biomarker of neurogenesis
in the rat model of neonatal HI.
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Abstract: Abstract: Recent human post-mortem evidence indicates that frontal cortex neuronal
cells have distinct DNA methylation signatures compared to non-neurons. In addition, the
methylation landscape of neuronal cells varies depending on neuronal activity, based on in vivo
research in adult mice. This evidence suggests that the methylome may be plastic, and
particularly sensitive to environmental conditions such as lead (Pb) exposure. Studies in rodents
and monkeys exposed to Pb in the first few weeks and first year of life, respectively, suggest that
gene expression in the adult brain is associated with early life exposures. Epigenetic
epidemiology research in the brain usually examines whole tissue samples comprised of mixed
cell types, but it is now clear that epigenetic analyses that target specific cell types may be more
informative, particularly since neurons are known to represent approximately only 10% of cells
in CNS tissue. Thus, we have conducted a novel study of neuron-specific epigenetic signatures
associated with Pb exposure in an isogenic mouse model (wildtype (a/a) mice of the viable
yellow agouti strain). Utilizing post-mortem frontal cortex tissues from 10-month old mice
exposed perinatally to Pb and controls, we optimized a Fluorescence Assisted Cell Sorting
(FACS) assay to separate neuronal nuclei from non-neuronal nuclei in 3 pooled control samples
(total n=9 mice) and 6 pooled Pb exposed samples (total n=19 mice). The exposure groups
consisted of offspring exposed via the maternal drinking water to 0 ppm, 2.1 ppm, or 32 ppm of
Pb two weeks before mating, throughout gestation, and three weeks after birth. Using
NimbleGen Promoter Tiling Arrays, we probed DNA methylation levels in the neuron-specific



cell population at a genome-wide level. Using the bioinformatics bumphunting method and a
family-wise error rate cutoff of 0.3, we report 3 novel exposure-dependent differentially
methylated regions associated with the following genes: Hnrnpc, Skint5, and Hnmt. The role of
Hnmt (histamine N-methyltransferase) is of particular interest, as it is associated with regulation
of neurotransmitter levels. In environmental epigenetic studies of humans, target tissues of
interest, such as the brain, are not available until post-mortem. Thus, future studies in the mouse
will include an evaluation of brain-specific epigenetic targets in biologically available specimens
such as blood in order to identify biomarkers of exposure and neurodegenerative disease risk.
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Abstract: Adult neurogenesis has been shown to occur throughout the telencephalon in turtles
(Perez-Canellas et al., 1997), but the effect of environmental variables on the amount of
neurogenesis has not been extensively studied. An enriched living environment and exercise are
two variables that have been shown to increase adult neurogenesis in mammals (e.g.,
Kempermann et al., 1997; Brown et al., 2003). We studied adult painted turtles, Chrysemys
picta, housed in different conditions to determine whether there would be an effect on
neurogenesis. The experiment had 3 groups of turtles: one housed in an enriched environment,
including deep water, group housing, and plastic plants and a hollow log, one (called the exercise
control group) given group housing and deep water but no plants or log, and one in which the
turtles were housed in individual tanks and shallow water. To detect neurogenesis the turtles
were administered 9 injections of BrdU (50 mg/kg) 3 times a week for three weeks at the start of
the experiment. Turtles from each environment were euthanized at 1 day, 21 days and 42 days



after the last injection. The results from this experiment showed significantly more neurogenesis
in the enriched environment and exercise control groups than in the individually housed turtles
but no difference between the exercise control and enriched environment groups. Amount of
neurogenesis did not differ by survival time. Thus exercise and social interaction by themselves
are sufficient to increase adult neurogenesis in turtles, and adding objects that make the
environment more stimulating does not increase the number of new neurons further. The results
demonstrate that environmental factors influence neurogenesis in a reptile similar to the
ancestors of mammals and suggest that the mechanisms that affect adult neurogenesis have been
similar in evolution since before the appearance of mammals.
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Abstract: In the last decade, the incidence of secondhand cigarette smoke exposure has not
declined for children in the U.S. as reported by the CDC. Evidence continues to mount that
environmental tobacco smoke exposure (ETS) increases behavioral and cognitive problems and a
risk for mental disorders in children, independent of maternal smoking during pregnancy. This
represents a significant burden on society, through treatment and disciplinary costs and also
through the loss of productivity. Thus, there is a need to identify the neurobiological relationship
between ETS exposure and mental health disorders. The human deficits correlated with ETS
exposure suggests cerebellar involvement, which is now regarded for its regulatory function in



executive control tasks. We hypothesize that late-forming and plastic cerebellar circuitry
involved in regulating fronto-cortical domains is susceptible to postnatal ETS exposure with
functional consequences for executive control tasks. To assess this hypothesis we exposed
Sprague-Dawley male rat pups to daily ETS (0 or 100 ug/m3 total suspended particulate) from
postnatal day 8 (PDS8) through PD22. At PD24 behavioral testing was performed to quantify
activity and attentional control in a novel environment. We assessed organizational perturbation
within lateral cerebellar circuitry induced with ETS exposure using fluorescence microscopy. We
found postnatal ETS exposure induced deficits in attention and inhibitory avoidance.
Furthermore, ETS exposure was shown to decrease excitatory vesicular accumulation and
synapses at the granular layer (GL). However, synaptic staining revealed an increase in
inhibitory synapses and vesicular accretion in the molecular layer (ML). These results suggest
there is less mossy fiber input into the GL and in turn less excitatory transmission into the ML.
Simultaneously there is an increase in inhibitory synapses which correlates with an increase in
GABA production within the ML. Together, these findings reveal the reduced GL mossy fiber
input capacity along with an increased threshold for parallel fiber excitation in order to regulate
Purkinje cell tonic inhibition, resulting in dysfunctional feedback in refining executive functions.
Our data point to the significant effects of ETS inhalation during postnatal critical period initial
formation of higher-order circuit, impacting cerebellar organization at both the synaptic and
neurotransmitter levels. Future studies will assess the effect of ETS exposure within frontal
cortical domains and the underlying biochemical networks involved in this process to help us to
further understand the neurodevelopmental impacts of ETS exposure.
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Abstract: Tryptophan is an essential amino acid, and required for synthesis of serotonin (SHT),
but upregulation of an alternate pathway towards kynurenine production reduces the amount
available. The kynurenine pathway in itself is neurotoxic, with metabolites such as quinolonic
acid associated with oxidative stress and excitotoxicity. Serotonin is an important
neuromodulator required for brain wiring. In this study, we evaluated if intrauterine
inflammation activated the kynurenine pathway of tryptophan metabolism in fetal brains and
placentas, which leads to injury and SHT depletion. Pregnant rabbits were administered E.coli
endotoxin along the uterus on G28 (term=G31). A control group received no intervention.
Placenta and fetal brains were harvested after 24 hours (G29), and at postnatal day 1. To
investigate the tryptophan pathway we measured the mRNA levels of major enzymes that are
involved in the tryptophan pathways, including IDO, KAT and KMO, as well as cytokine IFN-y.
We found that in utero endotoxin exposure increased the expression levels of IDO by 20-fold at
G29, and ~10 fold at PND 1. The enzyme KAT2 had 2 fold change at G29, but a decrease at
PND 1. KMO has had a (~7 fold-change), accompanied with an increase of IFN-y (~50 fold-
change) at G29. The expression levels of IDO (~ 10 fold-change) and IFN-y (~12 fold-change)
are still significantly higher in endotoxin animals than controls at PND1; however, the
expression levels of KAT (~2 fold-change) and KMO (~2 fold-change) were significantly
decreased at PNDI. These results indicate that the activation of tryptophan pathway might be
different at G29 and PND1; therefore, these data not only validate the feasibility of the maternal
KMO inhibitor treatment, but also provide the basis for the IDO inhibitor treatment at PND1. We
have concurrently measured all tryptophan and kynurenine metabolites in the placenta and fetal
brain using HPLC techniques. These results are consistent in showing that tryptophan is
metabolized to a greater extent along the kynurenine pathway in animals exposed to endotoxin
compared to controls. Meanwhile, in utero endotoxin exposure slightly increased kynurenine, but
significantly increased kynurenic acid level. This indicates that in utero endotoxin exposure
increased tryptophan metabolism in the placenta along the kynurenine pathway in endotoxin
group. In conclusion, maternal intrauterine inflammation results in increased activation of the
kynurenine pathway in the fetal and newborn brain. This pathway may be a potent therapeutic
target for suppression of toxic metabolites and for restoring serotonin levels that is crucial for the
normal development of the somatosensory cortex.
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Title: Adult guinea pig ventricular neurogenesis and precursor cell migration
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Abstract: Introduction In the mouse brain, neuroblasts generated in the subventricular zone
(SVZ), migrate to the olfactory bulb (OB) through a pathway called the rostral migratory stream
(RMS). Although the RMS is not present in the human brain, a migratory pathway organized
around a ventricular cavity (called extension of the lateral ventricles, eLV) that reaches the OB
has been reported. A similar eLV structure is found in the adult guinea pig brain; however,
neurogenesis and precursor cell migration has not been described in this species. Therefore, we
have analyzed the neurogenic activity and precursor cell migration in the SVZ and eLV of the
adult guinea pig brain. Materials and Methods We analyzed the SVZ, eLV and OB in 1, 6 and
12 month-old guinea pig brains. We performed bromodeoxyuridine (BrdU) labeling to analyze
proliferation. Immunohistochemical analysis, confocal spectral microscopy and transmission
electron microscopy were used to study the cytoarchitecture of the guinea pig SVZ and eL'V.
Results We identified neuroblasts (A cells, BIII tubulin +), precursors cells (B and C cells, BrdU
+), and ependymal cells (E cells, vimentin +) in the SVZ and eLV. The eLV was lined by
ependymal cells and was surrounded by migrating neuroblasts. The average number of
neuroblasts per section increased progressively from the SVZ to the BO, reaching 2559 + 164.5
neuroblasts in the OB. Ultra-structural analysis confirmed our results; the ependymal cells have
cilia and microvilli on their apical surface, and neuroblasts and astrocytes were densely packed
under the ependymal wall. After 24 h, BrdU labeling revealed that BrdU + cells were mainly
located in the SVZ, with few BrdU + cells in the eLV and OB. In addition, the average number
of BrdU + cells decreased in the SVZ and increased in the OB 1, 5 and 10 days after BrdU
labeling, indicating that neuroblasts migrate from the SVZ to the OB. Finally, analysis of
neurogenesis in 1, 6 and 12 month-old guinea pigs revealed that the eLV structure was preserved



in older animals; however, the average number of neuroblasts and BrdU + cells in the SVZ and
eLV decreased progressively in older animals. Conclusions In the adult guinea pig brain, the
eLV connects the LV with the OB in a fashion similar to that described in the human brain. A
stream of migrating neuroblasts is organized around the eVL migration path that has no
neurogenic potential. In older guinea pigs, neurogenesis decreases in a similar way to that
described in other species. Therefore, we propose that the guinea pig brain may be used as a new
neurogenic model with closest similarity to that observed in humans.
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Abstract: Species exhibiting remarkable adaptations, such as extended health and longevity,
may reveal insights into physiology and pathogenesis that are not readily apparent in traditional
animal models. Naked mole-rats (NMRs; Heterocephalus glaber) are the longest-living rodents
known, with a maximum life span of 30 years- 10 times that of similarly sized laboratory mice.
In addition to resistance to cancer, NMRs show attenuated declines in physical and cognitive
function with advancing age. Although work with traditional short-lived laboratory rodents has
established a link between age-related declines in neuronal turnover and cognition, longer-lived
mammalian species exhibit low levels of neurogenic activity throughout life, suggesting that
stable low rates of neurogenesis may help preserve cognitive function. To determine whether
altered profiles of neurogenesis might be associated with longevity in NMRs, we compared cell
proliferation and neurogenesis in NMRs and mice. At chronological and developmental stage-



matched time points (birth, infancy, weaning, sexual maturity, adulthood), brains were collected
and immunohistochemically processed for Ki67 and Doublecortin (DCX), markers for cell
proliferation and immature neurons, respectively. Preliminary data show comparatively low
levels of hippocampal Ki67 and doublecortin (DCX) expression in NMRs relative to mice
throughout early postnatal life and middle adulthood. Further, although mice exhibit striking
declines in proliferative activity with increasing age, relatively stable rates are observed in
NMRs. Future investigations will clarify other processes that preserve cognitive function in this
species (e.g., resistance to pro-apoptic stimuli), and further develop the NMR as a model for
adult neuroplasticity and successful cognitive aging.
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Title: Adult neurogenesis in the olfactory bulb and hippocampus of the homing pigeon: A
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Abstract: Homing pigeons permit life time studies of brain structures because the age of the
animals is routinely documented. This permits purchasing older birds without the need for long
periods of housing. We have studied a sample of pigeons spanning the entire lifetime including
development and ageing. Age levels included 1 month (n=6), 2 months (n=5), 6 months (n=5),
12 months (n=6), 24 months (n=4), 72-84 months (n=6) and 144-168 months (n=3). One
hemisphere was used for assessing Giemsa-stained neuron numbers in the olfactory bulb
(periglomerula and granule cell layer), and in the triangular area of the hippocampus, while the



other hemisphere was used for staining and quantification of neuronal proliferation by means of
PCNA ((proliferating cell nuclear antigen)), and markers for young neurons such as doublecortin
(DCX) and PSA-NCAM (polysialylated-neural cell adhesion molecule). In the olfactory bulb, we
observed a strong decrease in postnatal neurogenesis during the first year of life. Levels of adult
neurogenesis decreased further to 5-10% of the levels observed in the youngest pigeons., the
number of olfactory neurons remaining fairly constant across age levels. Conversely, in the
hippocampus the number of mature neurons nearly doubled in old birds, possibly due to
increased proliferation. There was an overall reduction in the number of newly generated (DCX-
positive) neurons, which possibly became integrated as adult cells. The observed decline in the
olfactory bulb might be related to the increasing attachment to their home loft, while the changes
in hippocampal neurons might reflect increased navigational experience.
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Abstract: Naked mole rats are the longest-living rodents. Whether their longevity associates
with altered postnatal neuronal turnover, diversification and network wiring remains unknown.



By using high-resolution and quantitative neuroanatomy, we show that neuronal immaturity,
defined by molecular marks and the organization of synaptic connectivity and dendritic
morphology of CA1-CA3 pyramidal cells and dentate granule cells, persists in the postnatal
naked mole rat hippocampus until at least 4 years of age. Dendritogenesis, including dendritic
spine formation, was particularly delayed. Likewise, we observed intense neurogenesis in the
dentate subgranular zone with extensive migration of the resultant progeny, exceeding that in
other rodents. Dentate neurogenesis ceased by 10 years of age and was associated with
significant cell redistribution, neuronal apoptosis and gliosis in naked mole rats of advanced age.
Correlated patch-clamp electrophysiology measurements in CA1 pyramidal neurons revealed
protracted maturation of the hippocampal network, defined as the gradual acquiring of the ability
to fire action potentials (APs) and by biophysical AP parameters in naked mole rats. In contrast,
dentate granule cells exhibited relatively limited postnatal functional diversity, which we
attributed to the rapid turnover and continuous network integration of this cell population.
Overall, our data demonstrate that naked mole rats retain a heightened level of neuronal
plasticity throughout a prolonged postnatal period. Moreover, our data identify the naked mole
rat as a novel model for the analysis of the temporal and cellular control of neuronal network
formation.
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Title: Multicolor in vivo single cell tracking reveals the dynamic behavior of olfactory adult-
born neurons during the pre-integration phase
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Abstract: The olfactory bulb (OB) is one of the brain areas that receive continuous adult-born
neural progenitors (NPs) generated in the subventricular zone and the rostral migratory stream
(RMS) throughout life, but the rules governing migration and integration of NPs as well as their
migration patterns remain unknown. This is partly due to the difficulty of tracking single cells in
vivo over long period of time. To monitor the migration of adult-born NPs over time, we
established a two-photon-based optical imaging approach for precise identification of cell
positions in the OB of live mice. This approach, which we called optical brain positioning
system (0BPS), combines repetitive blood vessel imaging and red-green-blue (RGB) cell
marking. Blood vessel imaging provides a consistent reference for the position of cells. RGB
marking of adult-born NPs is achieved by simultaneous injection of three individual retroviral
vectors encoding mCherry, Venus, and mCerulean fluorescent proteins in the RMS. RGB
marking identified a group of cells expressing differential combinations of the three fluorescent
proteins, assigning them a unique color hue and facilitating single-cell analysis. With this o0BPS
system, we were able to follow the fate of individual adult-born NPs from day-post injection
(DPI) 6 onwards until DPI 60. We found that (1) adult-born cells first migrate vividly in the
glomerular layer (up to 150 um per half day) but virtually stop moving by DPI 30; (ii) the fate of
cells during this pre-integration phase follows three main pathways: around one third of them
settle down by DPI 30 making up the final population of integrated adult-born neurons, one third
die before DPI 30, and the remaining cells likely migrate out of the field-of-view. Once in the
glomerular layer, cells mostly migrate laterally, i.e. parallel to the surface of the OB. Thus, our
study is the first to monitor the life cycle of adult-born NPs during the entire pre-integration
phase. It reveals the surprisingly vivid exploratory behavior of adult-born NPs reflected by their
long-range lateral migration in the glomerular layer of the OB. In addition, oBPS proves to be an
effective tool for in vivo cell tracking and could also be applied to other parts of the brain, or the
other tissues in live animals.
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Title: Nestin expression and the proliferative potential of tanycytes and ependymal cells lining
the walls of the 3rd ventricle in the adult rat brain

Authors: *R. E. KALIL', I. ZUTSHI?, C. HASKEN®, M. HENDRICKSON'
'Univ. of Wisconsin-Madison, MADISON, WI; “Univ. of California San Diego, San Diego, CA;
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Abstract: There is disagreement regarding the rate of cell proliferation in the ependymal cell
layer lining the walls of the 3rd ventricle, and the potential of these cells to generate new neurons
under normal conditions in the adult mammalian brain. To investigate the proliferative and
neurogenic potential of ependymal cells and tanycytes in the walls of the 3rd ventricle, we
conducted a comprehensive distribution mapping of the types and location of cells expressing the
neural progenitor cell marker nestin along the entire rostral-caudal extent of the 3rd ventricle.
We also determined whether ependymal cells and tanycytes in the adult rat brain proliferate
under normal conditions or following an injury to the visual cortex. The distribution of
proliferating cells was monitored by the incorporation of the thymidine analogue
bromodeoxyuridine (BrdU) following seven daily injections of BrdU (150mg/kg) at 24 hour
intervals or by the expression of Ki-67, and was compared to the distribution of cells expressing
nestin. Abundant nestin was present in tanycyte cell bodies and processes and also was seen in
isolated ependymal cells and in patches of ependymal cells in the walls of the 3rd ventricle. We
observed very limited cell proliferation by ependymal cells or tanycytes as determined by BrdU
incorporation. Typically fewer than 20 BrdU+ cells were seen throughout the rostral-caudal
extent of the 3rd ventricle in each brain, and none of these cells expressed nestin. By contrast,
more than 200 Ki-67+ cells were observed throughout the rostral-caudal extent of the 3rd
ventricle in each brain and 13% of these cells co-expressed nestin. Most of these cells were
tanycytes, but some appeared to be ependymal cells. After an injury of visual cortex, we saw no
increase in cell proliferation as measured by BrdU incorporation in the walls of the 3rd ventricle.
Thus, unlike the close association of nestin expression and BrdU+ cells in neurogenic regions of
the brain, such as the subventricular and subgranular zones, as well as in neural progenitor cells
in culture, none of the nestin-positive cells in the walls of the 3rd ventricle had incorporated
BrdU following seven daily injections of BrdU. It is not surprising that the results with Ki-67
expression are different. While Ki-67 expression demonstrates that a cell has divided, it does not
shed light on when this event occurred. In summary, the present results indicate that cell division
in the walls of the 3rd ventricle is tightly controlled, but is not completely absent. Moreover,
very few cells that have divided express nestin; indicating that the production of new neurons by
cells located in the walls of the 3rd ventricle is not likely to be significant.
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Title: Serotonergic (5-HT) stimulation of enteric neurogenesis: identification of target neuronal
phenotypes and 5-HT4 mediation
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Abstract: The enteric nervous system (ENS) develops from neural crest-derived precursor cells
(ENCDC). These ENCDC give rise to neurons that are born in a phenotype-related sequence.
Because serotonergic neurons are among the first to terminally differentiate, they coexist with
still-dividing ENCDC. As a result, 5-HT from enteric serotonergic neurons can influence the
differentiation of those neurons that follow the withdrawal of serotonergic neurons from the cell
cycle. Indeed, the total number of enteric neurons and particularly dopaminergic, GABAergic,
and CGRP-expressing neurons, all of which are late-born, are deficient in transgenic (TPH2KO)
mice, which cannot synthesize neuronal 5-HT and in mice that carry a gain-of-function mutation
in SERT (G56A), which clears 5-HT from its receptors too rapidly. 5-HT4 agonists, including
prucalopride, were found to stimulate enteric neurogenesis in wild-type adult mice but not in
those lacking 5-HT4 receptors. We thus tested the hypothesis that 5-HT-promoted enteric
neurogenesis 1s 5-HT4-mediated. ENCDC were isolated from E15 fetal mouse gut with
antibodies to p7SNTR and cultured in serum-free media. Neurons were identified
immunocytochemically with antibodies to Hu proteins. 5-HT and the selective 5-HT4 agonists,
prucalopride (2.5 uM) and BIMU-8 (2.5 uM), enhanced the development/survival of total enteric
neurons to 135 £4 and 133 + 2 % control; p < 0.01); however, prucalopride/BIMU-8 exerted
significantly greater (p < 0.01) effects on development/survival of late-born neurons, expressing
tyrosine hydroxylase (178 = 17; 179 + 12 % control; p <0.01) or GABA (160 = 3; 189 £ 19 %
control; p < 0.01). These effects were not observed in early-born (calretinin) neurons. The 5-HT4
antagonist, GR113808 (1.0 uM), abolished the enhancement of neurogenesis in response to 5-
HT, prucalopride, or BIMU-8. These observations suggest that 5-HT4 stimulation is sufficient to



account for the ability of 5-HT to promote enteric neurogenesis and that late-born enteric
neurons are selectively 5-HT4-sensitive; however, further experiments are needed to determine
whether other subtypes of 5-HT receptor also contribute to 5S-HT-driven enteric neurogenesis.
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Title: Alternative splicing and DNA methylation in the developing human brain
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Abstract: Recent studies of brain development have detected global changes in gene expression,
alternative splicing, and DNA methylation (Kang et al, Nature 2011; Lister et al, Science 2013).
An unresolved question is to what extent these coincident genomic and epigenomic changes are
actually related. Cancer studies have established DNA methylation in promoter regions as a
mechanism for controlling gene expression, but few genome-wide studies have found many such
effects in normal tissues. Recent studies have implicated gene body CpG methylation in and
around exons as a mechanism for promoting exon inclusion (Maunakea et al, Cell Research
2013). Motivated by these findings, we employ whole-genome expression data from developing
brains from the BrainSpan Project to test for correlation between changes in alternative splicing
and corresponding nearby changes in DNA methylation. We develop a set of general statistical
methods using canonical correlation analysis on summary measures obtained from principal
component scores to test for overall association of exon inclusion and DNA methylation. We
perform further analysis using obtained canonical covariates to test if observed associations
correspond to differences between brain regions or developmental changes over time, or a
combination of the two, and test for the plausibility of cis-acting, specific associations using a



permutation test. These methods adapt to the often sparse and irregular coverage of the Illumina
HumanMethylation450 BeadChip used in the BrainSpan data. Only a quarter of hg19 exons have
a CpG probe within 250 bp, and only 16% of genes with 4 or more exons have a probe within
250 bp of more than half of their exons. Nevertheless, preliminary results show an enrichment of
loci-specific associations between splicing and methylation for genes involved in axon guidance,
post-synaptic density, and other genes known to have multiple isoforms. Additional studies using
emerging technologies assaying DNA methylation at a denser sampling of CpG sites will help
further elucidate DNA methylation’s role in regulating alternative splicing over brain
development. Our methods are readily adapted to other microarrays, sequencing assays, and
epigenetic marks.
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Title: Immunohistochemical detection of cyclin E in postmitotic neurons of the mouse adult
hippocampal dentate gyrus
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Abstract: Cyclin E is a member of the G1 cyclins and is essential for the G1/S transition of the
cell cycle in proliferating cells. However, it has been reported recently that cyclin E plays a role
in synapse function and memory formation in the adult mouse central nervous system, indicating
a cell-cycle independent role for cyclin E. We have previously shown that cyclin E is expressed
not only by proliferating neurons but also by postmitotic neurons in various brain regions
including the cerebral cortex and the cerebellum from embryonic development through
adulthood. In the present study, we studied using immunohistochemistry the detailed localization
of cyclin E in the adult mouse hippocampus, where new neurons are generated from precursor
cells in the subgranular zone (SGZ) of the dentate gyrus. Cyclin E expression was limited to
PCNA-negative postmitotic cells located in the SGZ. Cyclin E immunoreactivity was localized
to the vertical process of morphologically radial glia-like cells, and some of the cyclin E-positive



cells showed co-localization with neural stem cell markers including nestin and GFAP.
Furthermore, cyclin E immunoreactivity was detected in the nucleus of cells, which were double-
stained with various stage-specific markers of neurogenesis. The numbers of nuclear cyclin E-
positive cells in the SGZ reduced and increased with age and running, respectively, indicating a
role for cyclin E associated with neurogenic activity. We also found that the majority of nuclear
cyclin E-positive cells were double-stained with active caspase-3, a marker of apoptotic cells.
Collectively, these results indicate that cyclin E is expressed in the vertical process of neural
stem cells and the nucleus of apoptotic neurons in the adult mouse hippocampal dentate gyrus,
suggesting that subcellular localization may be important for the role of cyclin E in each cell

type.
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Title: Analysis of mechanism underlying brain growth accompanied by neurogenesis using
medaka fish (Oryzias latipes)
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Abstract: In vertebrates, the basic brain neural networks are defined during embryonic
development. The brain growth spurt occurs postnatally, accompanied by the rapid increases in



cell number and brain volume. It remains unknown, however, how postnatal (post-hatch)
neurogenesis contributes to the organization of neural network required for social behaviors. To
address this subject, I focused on medaka fish (Oryzias latipes), which is a model animal for
molecular genetics and show prominent post-hatch brain growth and behavioral development.
First, I analyzed proliferation zones in the young (sexually immature) medaka brain and
identified two zones that had not been identified in the adult brain. Next I intended to generate
transgenic medaka fish in which post-hatch neurogenesis can be genetically modified. And I
generated the transgenic line (HuC:loxP-DsRed-loxP-GFP) that HuC promoter drives
specifically in newborn neural progenitors in the adult brain. Further when stochastic
recombination was induced by micro-injection of Cre mRNA into the Tg embryos at the 1 cell
stage, it resulted that visualization of clonally-related cells in compartmented regions in the
telencephalon in the adult medaka brain. Also, heat induction of transgenic embryo (HSP:Cre)
led to Cre-recombination in the nervous system. Interestingly, by using this both lines (HSP:Cre
and HuC:loxP-DsRed-loxP-GFP), heat induction can induce different Cre-recombination pattern
depending on the developmental stages when heat induction was performed. As a result of
analyzing stochastic recombinated samples, I identified some clonal units in the telencephalon of
adult brain. Finally, by using an infrared laser-evoked gene operator (IR-LEGO) system,
induction of heat shock in a micro area in the developing brains led to visualization of clonally-
related HuC-expressing cells in the adult medaka fish.
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Title: Long-term hydrocephalus modifies the cytoarchitecture of the adult ventricular-
subventricular zone
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Abstract: Background: Hydrocephalus can develop secondarily to a disturbance in production,
flow and/or absorption of cerebrospinal fluid. Experimental models of hydrocephalus are few
and limited, and the effects of hydrocephalus on the subventricular zone are unclear. Objective:
To analyze the effects of long-term obstructive hydrocephalus on the subventricular zone.
Methods: We developed a new method to induce hydrocephalus by obstructing the aqueduct of
Sylvius in the mouse brain (P60), thus simulating aqueductal stenosis in humans. The degree of
ventricular dilatation and cellular composition of the subventricular zone were studied by
immunofluorescence and transmission electron microscopy (n = 18 mice per group). In adult
patients (age > 18 years), the sizes of the subventricular zone, corpus callosum, and internal
capsule were analyzed by magnetic resonance images obtained from patients with and without
aqueductal stenosis (n = 25 per group). Mice with 60-day hydrocephalus had a reduced number
of Ki67+ and doublecortint cells on immunofluorescence, as well as decreased number of neural
progenitors and neuroblasts in the subventricular zone on electron microscopy analysis as
compared to non-hydrocephalic mice. Remarkably, a number of extracellular matrix structures
(fractones) contacting the ventricular lumen and blood vessels were also observed around the
subventricular zone in mice with hydrocephalus. In humans, the widths of the subventricular
zone, corpus callosum, and internal capsule in patients with aqueductal stenosis were
significantly smaller than age and gender-matched patients without aqueductal stenosis.
Conclusion: Supratentorial hydrocephalus reduces the proliferation rate of neural progenitors and
modifies the cytoarchitecture and extracellular matrix compounds of the subventricular zone. In
humans, this similar process reduces the subventricular niche as well as the width of corpus
callosum and internal capsule.
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Abstract: The human brain undergoes an extended period of postnatal development, with white
matter (WM) maturation continuing through adolescence and even into adulthood. Studies using
diffusion tensor imaging (DTI), a technique which provides information about tissue
microstructure, have demonstrated widespread, nonlinearly increasing fractional anisotropy (FA)
over age. However, DTI lacks the specificity to disentangle individual microstructural features
such as myelination and axonal fiber density. Neurite orientation dispersion and density imaging
(NODDI) offers advantages as a multi-compartmental biophysical model of WM microstructure
(Zhang et al., 2012) that can infer the non-collinear properties of fiber orientation dispersion
(OD) and neurite density (ND), corresponding to the degree of incoherence in fiber orientations
and to the intracellular volume fraction, respectively. In WM, ND can be considered equivalent
to axonal density. In this work, we study WM maturation in a group of 68 human subjects (ages
7-63 years, 29 female, 39 male) using both DTT and NODDI. We also quantify the test-retest
reliability of FA, OD, and ND in 5 of these adult subjects who were each scanned 2-4 times.
High resolution 3T structural MRI was acquired, as well as whole-brain diffusion-weighted MRI
using 30 directions at b=1000 s/mm” and 64 directions at b=3000 s/mm?. Postprocessing
included motion and eddy current correction, brain extraction, and DTI as well as NODDI fitting
to calculate maps of FA, OD and ND. Using Tract-Based Spatial Statistics (TBSS) in FSL, the
FA maps from all subjects were registered to and skeletonized using FSL's MNI152-registered
FMRIB FA template. Global values of FA, OD and ND were obtained for each subject by
averaging over each whole-brain skeletonized WM map. Additionally, regional tract values were
obtained for each subject from WM skeleton voxels using the ICBM-DTI-81 White Matter
Labeled Atlas. We find that ND increases significantly and globally in WM throughout late
childhood, adolescence and adulthood through middle age, while OD exhibits weaker increases
globally in WM, and, in fast-maturing central white matter tracts, remains relatively constant
through late childhood, adolescence and adulthood through middle age. ND and OD demonstrate
comparable test-retest reliability to that of FA, with coefficients of variation of 1.8% (OD), 1.0%



(ND), and 1.1% (FA) for the global WM skeleton. We conclude that the rising FA of human
white matter development from childhood to young adulthood is driven by large increases of
ND, i.e., axonal density, which outweighs the smaller age-related increases of OD that would
otherwise cause diminishing FA.
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septotemporal location, and survival of hilar progenitors
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Abstract: The migration of neurons to their correct destination is essential for normal function.
We and others have shown that mismigrated neurons in the dentate gyrus (DG) can develop in
pathological conditions. In many rodent models of temporal lobe epilepsy (TLE) substantial
numbers of mismigrated granule cells (GCs) are found in the hilus, and there is a positive
correlation between seizure frequency and the numbers of these hilar “ectopic” GCs (hEGCs).
Remarkably, it is not known to what extent mismigrated GCs exist normally. Furthermore, it is
not clear if all hEGCs are caused by mismigration, because they may develop simply because
hilar progenitors (and their progeny) survive. The goal of this study was to determine 1) whether
hEGCs exist in normal mice, 2) their septotemporal distribution, and 3) if increasing survival of
progenitors early in postnatal development could lead to an increase in hEGCs. To address these
questions we quantified hEGCs, defined by the GC marker Prox1 and neuronal marker NeuN



using C57B6/J mice at postnatal day (P) 16 (n=4), P30 (n=5), and P60 (n=4). In addition, we
increased survival of progenitors and their daughter cells by removing the proapoptotic gene
BAX with a tamoxifen (TAM) injection at P2-P8 using NestinCreERT2 Bax{fl/fl mice
(NCBaxfl/fl). Animals were examined at P60 (TAM-treated, NCBax{fl/fl, n=7; TAM-treated,
Baxfl/fl, n=7; vehicle-treated, NCBaxfl/fl, n=3; vehicle-treated, Baxfl/fl, n= 7). To quantify
hEGCs along the septotemporal axis we separated one whole hippocampus from the rest of the
brain and sectioned it perpendicular to the long axis (1 every 5th section). We also used
conventional coronal and horizontal sections. The highest hilar Prox1 cell density was at P16,
followed by P30 and then P60 (one-way ANOVA, p< 0.0001). Preliminary results suggest that at
P16 most of the Prox1 cells in the hilus do not express NeuN but this proportion increases
substantially after P30 suggesting a role of puberty (Fisher’s exact test, P<0.0001). The density
of Prox1 cells was highest in the septal hippocampus regardless of age (two-way ANOVA,
p<0.0001). Also, increasing the survival of nestin-expressing progenitors and their daughter cells
postnatally increased hilar Prox1 cell density at P60 (One-way ANOVA, p=0.0003). The results
suggest that 1) hEGCs exist normally and continue to develop during puberty, 2) the septal DG is
the primary site of hREGCs and 3) hEGCs can form by increasing survival of hilar progenitors.
We suggest that early life is a time when the DG is susceptible to hEGC formation because of a
large population of hilar progenitors at that age.
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Abstract: In the adult rodent and monkey brain, newly-born neurons in the subventricular zone
(SVZ) in the wall of the lateral ventricle migrate into the olfactory bulb (OB) via the rostral
migratory stream (RMS). However, a recent study reported that there are constantly generating
neurons in the adult human striatum from the SVZ. In contrast, by taking advantage of the
continuous expression of the zinc finger transcription factor Sp8 from the neuroblast stage
through differentiation into mature interneurons, we found that the adult human SVZ does not
generate new interneurons for the striatum.In the adult human SVZ and RMS, very few
neuroblasts were observed and most of them expressed Sp8. Neuroblasts in the adult rhesus
monkey SVZ-RMS-OB pathway also expressed Sp8. In addition, we observed that Sp8 was
expressed by most adult human and monkey OB interneurons. However, very few Sp8+ cells
were in the adult human striatum. This suggests that neuroblasts in the adult human SVZ and
RMS are destined for the OB, but not for the striatum. BrdU-labeling results also revealed few if
any newly-born neurons in the adult rhesus monkey striatum. Finally, on the basis of
transcription factor expression, we provide strong evidence that the vast majority of primate
interneurons in the striatum are generated from the medial ganglionic eminence during
embryonic developmental stages, as they are in rodents. We conclude that, although a small
number of neuroblasts exist in the adult human SVZ, they do not migrate into the striatum and
become mature striatal interneurons.
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Abstract: In the adult rodent and monkey brain, newly-born neurons in the subventricular zone
(SVZ) in the wall of the lateral ventricle migrate into the olfactory bulb (OB) via the rostral
migratory stream (RMS). However, a recent study reported that there are constantly generating
neurons in the adult human striatum from the SVZ. In contrast, by taking advantage of the
continuous expression of the zinc finger transcription factor Sp8 from the neuroblast stage
through differentiation into mature interneurons, we found that the adult human SVZ does not
generate new interneurons for the striatum.In the adult human SVZ and RMS, very few
neuroblasts were observed and most of them expressed Sp8. Neuroblasts in the adult rhesus
monkey SVZ-RMS-OB pathway also expressed Sp8. In addition, we observed that Sp8 was
expressed by most adult human and monkey OB interneurons. However, very few Sp8+ cells
were in the adult human striatum. This suggests that neuroblasts in the adult human SVZ and
RMS are destined for the OB, but not for the striatum. BrdU-labeling results also revealed few if
any newly-born neurons in the adult rhesus monkey striatum. Finally, on the basis of
transcription factor expression, we provide strong evidence that the vast majority of primate
interneurons in the striatum are generated from the medial ganglionic eminence during
embryonic developmental stages, as they are in rodents. We conclude that, although a small
number of neuroblasts exist in the adult human SVZ, they do not migrate into the striatum and
become mature striatal interneurons.
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Abstract: New neurons are born into the dentate gyrus throughout adult life. They develop from
a pool of self-renewing radial glia-like (RGL) stem cells, which divide and differentiate into
mature granule cells that are capable of functionally integrating into the hippocampal circuit. The
RGL stem cells that give rise to new neurons have a very curious morphology. From their
subgranular cell bodies, they extend a substantial primary process radially through the densely-
packed granule cell layer to the molecular layer. This process then splits into secondary
processes that branch extensively, forming a dense plexus of fine glia-like processes. This
complex structure raises a couple of questions: 1) Does their structure enable the stem cell to
interact with other components of the neurogenic niche? 2) What signals could they be receiving,
and for what purpose? To begin answering these questions, we first examined the fine structure
of RGL stem cell processes using light and electron microscopy. Nestin-expressing RGL stem
cells were labelled in a Nestin-GFP transgenic mouse, using either an immunoperoxidase or
immunogold protocol, before imaging. Analyses showed that the fine processes of the stem cell
possessed mitochondria-containing varicosities at regular intervals, which gave rise to further
processes that wrapped local synapses in a glia-like fashion. However, due to the large number
of stem cell processes, very few astrocytic processes could infiltrate the same region.
Determining the neurochemical nature of the stem cell-wrapped synapses is currently underway.
Processes also wrapped around nearby blood vessels, with a pronounced thickening and more
cytosolic mitochondria where they met. When the primary process of the stem cell grew into a
region containing a blood vessel, its regularly branching tree of processes became warped, with
some secondary processes targetting the blood vessel and others maintaining a regular structure
separately. Analysing the fine structure of RGL stem cell processes has revealed a close
relationship with both local synapses and blood vessels within the neurogenic niche. This
suggests that RGL stem cells could use their fine processes to assess their local environment and
determine if new neurons were needed, or might survive, in their vicinity.
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Abstract: The discovery that neurons are added to the adult brain of nearly all mammals
examined, including humans, has had profound effects on our understanding of the potential for
plasticity in the brain. In the dentate gyrus, adult-born neurons have enhanced plasticity and
contribute to the mnemonic and emotional functions of the hippocampus. Furthermore, the stages
of adult neurogenesis and the factors that regulate neuron addition in adulthood have been
relatively well-characterized. In contrast, less is known about how developmentally born cells
integrate and survive over time and how these processes are regulated by experience. Since the
dentate gyrus is comprised of large numbers of adult-born and developmentally-born cells,
identifying the properties of these two populations is essential for understanding how the dentate
gyrus, as whole, contributes to behavior. To address this question we used BrdU to label dentate
gyrus neurons born on postnatal day 6 in rat pups, the peak of dentate gyrus development. We
quantified BrdU+ cells in 2 and 6 month-old rats and found 30% fewer BrdU+ neurons at the 6
month time point, indicating substantial loss of mature, developmentally-born cells throughout
adulthood. This contrasts with adult-born cells, which show stable survival after reaching
maturity. Despite the significant death of developmentally-born cells, our preliminary results
suggest that this cell death can be offset by exercise between 2 and 6 months of age. Ongoing
experiments will additionally examine the survival and maturation of developmentally-born cells
at earlier timepoints, similar to the work that has been done in characterizing adult neurogenesis.
Collectively, our findings indicate that the survival and turnover of developmentally-born cells
greatly influences the composition of the adult dentate gyrus. The sensitivity of these cells to
experience also suggests they may make novel contributions to dentate gyrus plasticity
throughout adulthood. These findings are relevant for understanding the role of the dentate gyrus
in learning and memory as well as conditions such as aging and disease where neurons are lost.
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Abstract: The aging brain faces many challenges- memory and cognitive deficits, structural
changes, and decreased plasticity. Aging is a major risk factor for increased susceptibility to
damage from brain insults like stroke, inflammation, and disease. As the brain ages, it loses the
capacity to make new neurons, which decreases its ability to respond to damage. Protecting the
brain’s potential to produce new neurons from neural stem cells is paramount for maintaining
healthy brain aging. Calorie restriction (CR) can improve physiological markers of health during
aging, including extending lifespan and protecting against age-related damage to the brain. The
largest source of neural stem cells in the adult brain is harbored in the subventricular zone, but it
is unknown if this neural stem cell population is altered by CR. We sought to determine the
effect of CR on neurogenesis and neural stem cell survival in the subventricular zone of young
and aged mice. Consistent with published reports, aged mice fed standard control chow showed
fewer subventricular zone derived neurons in the olfactory bulb, indicating that aging impairs
neural stem cell function. CR preserved neural stem cell function and resulted in a significant
increase in neurogenesis in aged mice compared with ad libitum- fed controls. Furthermore, we
observed a marked increase in cellular senescence in the subventricular zone in aged mice on
control diet compared to young mice. This was significantly reduced in aged CR mice, which
displayed rare senescent cells with expression levels similar to young mice. Confocal imaging
and fluorescent staining of subventricular zone wholemounts revealed an increase in both the
total number and reactivity of microglia in the aged control mouse, suggesting increased



inflammation in the neural stem cell niche during aging. Remarkably, these age-related
inflammatory markers were not observed in the CR aged mice, which appeared no different from
young control and young CR mice included in the study. These initial experiments have revealed
a protective role for CR in the aging subventricular zone, and are an important first step in
understanding how CR may be an effective therapeutic intervention for the aging or damaged
brain.
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Abstract: The subventricular zone (SVZ) is the largest reservoir of neural stem cells (NSCs) in
the adult brain. Neurogenesis is reduced during aging and this decline in NSC function is thought
to contribute to reduced brain function. Here we propose immune activation as a contributor to
age-related declines in NSC function. We observed a sharp decrease in neurogenesis in mice
between the ages of six and twelve months. Neuroblast number was also reduced with age.
Microglia are the prominent immune cells in the brain. Microglia were observed throughout the
SVZ niche and were observed at the level of the ependymal compartment and the vasculature
plexus. At the ependymal compartment, microglia processes can be observed intercalated
between ependymal cells and close to pinwheel structures. Microglial activation results in the



release of proinflammatory cytokines. Interestingly, the number of microglia cells in the SVZ
was observed to increase during aging. Furthermore, both morphological changes and increased
CD68 expression were observed during aging, indicative of microglia becoming more activated.
In conditioned media (CM) experiments, a higher amount of cleaved Caspase-3 staining was
observed in NSC cultures using microglia CM, compared to controls indicative of higher levels
of apoptosis. In addition, B-tubulin staining revealed a reduction in neurogenesis when microglia
CM was used compared to controls. Our results suggest that during aging there is increased
inflammation in the SVZ which may be an important contributor to declines in neural stem cell
function.
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Abstract: Rapid and efficient generation of sub-type specific neurons and neural networks from
neurosphere provide the platform for disease modeling and cell therapy. In neurotransplantation,
neurospheres are commonly used as neuroprogenitors but neurosphere derived subtype specific
neurons or their region specificity is not yet well established. Neurosphere derived neuronal
culture usually stays as clump which makes them very difficult to study. Here, we describe a
detailed protocol for direct differentiation of different layers of cortical, pyramidal, GABAergic,
glutamatergic, cholinergic and dopaminergic neurons from human embryonic and induced
pluripotent stem cells (h/iPSCs) derived neurosphere. In this protocol, we provide a total 27 days
of neuronal differentiation timeline including generation of fully functional neurons which is



faster than traditional protocol takes about 80-days. The neurons derived from this protocol have
fully functional synapses which spontaneously active to fire action potentials and form neural
network in vitro. Two critical additional steps are novel in this protocol, first step is to initiate the
neuronal differentiation with knockout serum replacement medium (KSRM) and incubate the
cells at 10% CO2. We found 10% CO2 culture condition increased 2-folds neuroprogenitors
gene expression compared to 5% CO2. Second, we introduced an AASTEP mechanical
procedure to generate smaller fragments that facilitates the robust and homogenous neural
population which always been challenging for neurosphere based neuronal culture. Furthermore,
we also provide side by side comparison of our neuroshere with standard neuroectoderm based
culture and found neuroprogenitors from neurosphere stable overtime and continuously can give
rise large percentage of neurons compared to neruoectoderm based neuronal culture. Therefore,
neurosphere based neuronal culture is valuable tool to study molecular mechanisms of
neurogenesis, neural development and cellular therapeutics for a variety of neurological diseases.
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Abstract: Prolonged culture of hPSCs can lead to chromosomal abnormalities as well as more
subtle genetic alterations, any of which can affect the properties of hPSC lines. We examined
associations between copy number variations (CNVs) on chromosome 17 and hPSC
mesodiencephalic dopaminergic (mDA) differentiation. Five karyotypically-normal hPSC lines
(BGO1, 02, 03, ES02, 04) and one trisomy 17 line (BG01V2) were examined. All displayed
similar survival rates and normal morphology. BG01V2 and BG03 showed enhanced rates of
proliferation, and lost pluripotency more rapidly than other cell lines following withdrawal of



basic fibroblast growth factor (bFGF). BG01V2 and BGO3 also displayed rapid mDA
differentiation, with earlier generation of LMX1A " mDA progenitors and TH/ TUJ1" DA
neurons. Since BG01V2, with trisomy 17, underwent rapid mDA differentiation, CNV analysis
was focused on chromosome 17. A genomic duplication located at 17q21.31 was identified in
BGO03, encompassing the WNT3-WNT9 gene cluster, two candidates for involvement in mDA
differentiation. Additional copies of WNT3 and WNT9B in both BG0O1V2 and BG03 were
confirmed by qPCR. We also screened an additional 18 hPSC lines for extra copies of
WNT3/WNTY9B. Among several hPSC lines with increased levels of WNT3 and/or WNT9B DNA,
CT3 was examined and showed rapid differentiation similar to that of BG01V2 and BGO03.
WNT3 and WNTYB act via the B-catenin (canonical) and the Rho/JNK (non-canonical) signaling
pathways, respectively. To examine the roles of WNT3-WNT9B CNVs in mDA differentiation,
we used canonical (DKK-1) and non-canonical (SP600125) signaling inhibitors as well as
lentiviral vectors to overexpress or silence WNT3 and WNT9B expression. In hPSC with
amplified WNT3-WNT9B, DKK-1 treatment or WNT3 knockdown reversed both enhanced
proliferation in the undifferentiated state, and accelerated mDA differentiation, decreasing mDA
markers including LMX1A, TUJ1, and TH in cells with amplified WNT3/WNT9B. SP600125
treatment or WNT9B knockdown reversed the accelerated loss of pluripotency in hPSCs with
amplified WNT3-WNT9B. Conversely, in control hPSCs WNT3 overexpression in increased
undifferentiated proliferation and mDA differentiation, while WNT9B overexpression
accelerated departure from pluripotency. Thus amplification of WNT3 and WNT9B causes
multiple changes in hPSC function and mDA differentiation. Enhanced non-canonical Rho/JNK
pathway signaling via WNT9B promotes early differentiation and departure from pluripotency,
while enhanced canonical/B-catenin signaling via WNT3 accelerates subsequent mDA
specification via up-regulation of LMX1A.
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Abstract: Neurons, astrocytes, and oligodendrocytes-the three major cell types that comprise the
central nervous system-are generated from common multipotent stem cells. Many reports have
shown that astrocytes can be generated from various tissue sources including human pluripotent
stem cells (PSC). In this presentation, we describe a chemically defined medium culture system
for rapidly generating astrocytes from neural precursor cells derived from human embryonic
stem cells. We found that neural and astrocyte precursor stage had the advantage for making pure
astrocytes. Gene expression patterns were investigated in astrocytes generated by our method.
We have tried to investigate the role of some genes during astrocyte differentiation.

Disclosures: B. Han: None. C. Lee: None. S. Lee: None. S. Kim: None.

Poster

397. Neural Differentiation of Pluripotent Stem Cells
Location: Halls A-C

Time: Monday, November 17, 2014, 1:00 PM - 5:00 PM
Program#/Poster#: 397.04/B7

Topic: A.04. Stem Cells

Title: Using human embryonic stem cells to understand in vitro cortical excitatory neurogenesis
and lineage

Authors: *S. KU, J. CLOSE, B. GREGOR, J. GRIMLEY, A. JAYABALU, A.-R. KROSTAG,
B. LEVI, R. MARTINEZ, R. MAY, V. MENON, H. MULHOLLAND, A. NELSON, K. NGO,
N. SHAPOVALOVA, M. SMITH, C. THOMPSON, E. THOMSEN, A. WALL, Y. WANG
Allen Inst. For Brain Sci., Seattle, WA

Abstract: /n vivo human brain development remains one of the greatest challenges of scientific
understanding, and while previous efforts at the Allen Institute for Brain Science have focused
on the adult human brain, the /n vifro Human Cell Types program is currently taking an
alternative approach by studying in vitro differentiation and development using human
pluripotent stem cells. Specifically, using a modified version of a previously developed method
for neural induction via dual-SMAD inhibition, we are differentiating embryonic stem cells
(ESCs) to forebrain cortical progenitors followed by maturation into cortical excitatory neurons.
At pre-determined time points, cells are collected and analyzed by flow cytometry,



immunocytochemistry, Fluidigm qRT-PCR, and population and single-cell RNAseq to
interrogate the gene expression changes that occur and/or changes that may be causal.
Additionally, we employ a cell line engineering platform that allows for the efficient generation
of targeted, genome-modified ESC lines of interest, including reporter and knockout lines. The
use of these reporter lines then allows us to isolate specific cell populations of interest to further
investigate their gene expression profiles as well as developmental potential/lineage. These
approaches, together with various computational methods for analyzing these data, will allow us
to generate hypothetical “maps” of neuronal differentiation and cell lineage relationships.
Subsequently, iterative testing of these hypothetical maps using the same analytical tools we
have developed as well as engineered reporter or knockout ESC lines will allow us to refine our
lineage map, ultimately helping to further our understanding of cortical development.
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Abstract: Midbrain dopamine (mDA) neurons derived from human pluripotent stem cells (hES
or hiPSC) are a promising cell source to be used in cell replacement therapy of Parkinson
Disease (PD) or as a PD cell model. In recent years, small molecule inhibitors and agonists have
been added to the differentiation protocols to produce mDA neurons, including the BMP



inhibitor dorsomorphin (DM), TGF B inhibitor SB431542 (SB) and SHH agonist
purmorphamine (Pur). Previously, we developed a protocol which mimics mDA differentiation
in vivo by combining these molecules with the growth factor FGFS8. Here, using a careful time
course study, we examine the effects of individual or combined molecules on mDA
differentiation in monolayer hES cell cultures. We find that all four substances in our cocktail are
necessary to produce a true mDA phenotype in stem cells. DM alone promotes pan-neurogenesis
including GABAergic and Glutamergic neurons. Neither SB nor Pur alone efficiently drive
neurogenesis or an mDA phenotype in cells. Only the combined treatment of all 4 reagents
yielded cells labeled by mDA markers Lmx1a, Foxa2 and TH. Importantly, these cells also
expressed high levels of En2 both at the neural progenitor stage and the mDA neuron stage. This
is the first demonstration that in addition to Lmx1a and Foxa2, En2, must be expressed in cells
with an authentic mDA phenotype, a proposition supported by our mouse developmental studies.
Finally, in our previous studies, the transcription factor SMAD-interacting protein (SIP1) was
identified as a key player regulating mDA differentiation following induction by SMAD
inhibitors DM/SB in our cocktail. Importantly, expression levels for all 3 mDA-specifying genes
(Lmx1a, Foxa2, En2) were dramatically reduced in SIP1 knockdown experiments, indicating
their coordinated regulation by SIP1. Ongoing studies are aimed at understanding the pathways
regulating an authentic mDA differentiated phenotype in stem cells.
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Abstract: Prenatal environmental challenges, such as maternal stroke and drug use affect fetal
cortical development, thereby increase the risk of intellectual disability, epilepsy and so on. Heat
Shock Factor 1 (HSF1) - Heat Shock Protein (HSP) signaling (HSF1-HSP signaling) is required
to protect the embryonic cortex from exposure to a variety of environmental challenges, thereby
reduces the risk of the mental disorders (Hashimoto-Torii K. et al, Neuron, 2014). In contrast to
general assumption that HSF1-HSP signaling is equipped equally by most types of the cells for
their protection, here, we show that HSF1-HSP signaling is activated at various levels among the
cells in the fetal cortices exposed to the environmental challenges and that this variable
activation may be a cause of cortical dysplasia. First we tested HSF1-HSP signaling activation in
human iPSCs-derived neural stem/progenitor cells (NSPCs) under exposure to ethanol, hydrogen
peroxide, and methyl mercury by quantifying the number of HSP70 mRNA using single
molecule Fluorescence /n situ Hybridization (smFISH). In contrast to the consistent expression
of housekeeping genes including GAPDH, HSP70 expression shows significant variability
among NSPCs in response to these environmental challenges. This result suggests that HSF1-
HSP signaling is activated at different level in individual cells by a variety of environmental
challenges. By generating in vivo mouse fluorescence reporter system for the HSF1-HSP
signaling, we also confirmed the heterogeneity of the activation in fetal cortices exposed to
environmental challenges. We next examined potential effects of the bursty activation of the
signaling that is induced in a part of cells exposed to the challenges on cortical development. By
introducing constitutively active form of HSF1 (caHSF1) into normal embryonic cortex, we
found that the pyramidal neurons electroporated with the caHSF1 impaired the radial migration.
Importantly, we also found that the impaired neuronal migration caused by exposure to
challenges is mitigated by reducing such bursty activation of the HSF1-HSP signaling.
Altogether, these results demonstrate that a part of cortical cells may activate protective signaling
at excess level in response to prenatal environmental challenges, and that this excess activation
adversely affects the cortical development.
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Abstract: Serotonin (5-hydroxytryptamine, SHT) is a major neuromodulatory neurotransmitter
and hormone in nearly all animal species. In mammals, SHT has been implicated as a regulator
of neurodevelopmental processes and alterations of the fetal SHT supply can have adverse
effects on neural circuit formation [1]. The physiological effects of serotonin range from
regulation of subcortical sensory and motor systems, to regulation of higher cognitive functions.
Deregulation of serotonin is implicated in a myriad of neuropathologies, including pain
syndromes, motor, sleep, eating and mood disorders. The effects of serotonin are exerted via 7
subfamilies of SHT receptors (SHTRs) [2]. The SHTRs comprise 6 families of GPCRs (SHT-1,
2,4,5, 6,and 7) and one ligand-gated ion channel (SHT3). Little is known, however, about the
effects of SHT in human embryonic stem cells (hESC). To address this question, after
confirming the expression of SHT receptors in day 5 human blastocysts, we tested 15 hESC
lines, namely HS181, 207, 306, 360, 364, 380, 401, 415, 420, 429, 799, 980, 999, 1001 and H9,
for expression of all SHTRs and 4 of them were tested for changes in cell signaling and gene
expression after exposure to SHT. METHODS Cell culture: In brief, hES cell lines were either
cultured on human foreskin fibroblasts in 20% KO-SR in KO-DMEM supplemented with bFGF,
or on laminin coated dishes in NutriStem hESC XF medium; 100 uM 5SHT was added to hESC
culture medium for 24h. Real time RT-PCR was performed to assess the expression of SHTRs.
RESULTS Transcripts of all SHTRs subtypes are present in hESCs and were all upregulated
after culture medium supplementation with SHT for 24hrs. Moreoever, exposure to SHT resulted
in upregulation of gene expression of stem cell markers, proneural genes, SHT specification-



related transcription factors and serotonergic pathway genes. DISCUSSION Currently, very few
SHTR ligands are subtype-selective and development of novel, specific SHT antagonists is
needed. Pharmaceutical R&D has mainly been compromised by a lack of experimental
platforms. Characterization of SHTR expression profiles is important for developing appropriate
tools for SHTR subtype-specific assays. References [1] Bonnin et al. (2007) Nature
Neuroscience 10:588-597. [2] Raymond et al. (2001) Pharmacology and Therapeutics 92:179-
212.
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Abstract: Since the discovery of human induced pluripotent stem cells (iPSCs), much
excitement and interest has been created around this technology as a platform for generating
pluripotent stem cell lines from a range of specific genetic backgrounds, both normal and
diseased. Using an optimized episomally-derived human iPSC platform, we have developed
highly consistent and scalable differentiation protocols for making various types of human
neurons. As described here, based upon previously published work (Kriks et al. 2011), we have
further optimized and developed a scalable method for the generation of differentiated,
cryopreserved human midbrain dopaminergic neurons (iCell DopaNeurons). This protocol
provides a consistent platform to study various aspects of midbrain dopaminergic neuron
biology, including Parkinson’s disease. Phenotypically, iCell DopaNeurons are floor plate-
derived midbrain dopaminergic neurons. During differentiation, these cultures go through a
highly pure midbrain progenitor phase as shown by high level expression of forkhead box A2
(FoxA2) and the LIM homeobox transcription factor 1a/b (Lmx1). Upon further differentiation,



midbrain dopaminergic neurons are generated as identified by expression of microtubule-
associated protein 2 (Map2), FoxA2, Lmx1 and tyrosine hydroxylase (TH). Utilizing a genetic-
based selection strategy, the differentiating dopaminergic neuron cultures are purified to >90%
neurons as determined by expression of Map2 and the absence of the progenitor marker nestin.
Upon thaw, iCell DopaNeurons quickly acquire a branched neuronal morphology and display
midbrain dopaminergic markers. In addition, these cultures maintain a high level of
dopaminergic neuron purity for extended culture post-thaw. Functionally, these cells display
characteristic neuronal electrophysiological properties, including proper ion channel activity, fire
both evoked and spontaneous action potentials and show excitatory post-synaptic currents. In
addition, through the use of multielectrode arrays, these cells display characteristic excitatory
phenotypes with responses to known pharmacological agents. Finally, as a proof-of-concept for
the ability to scale out a neuronal differentiation process, episomally-derived human iPSCs from
various donors were created and differentiated into a highly purified neuronal population,
exemplifying the potential application of this technology to panels of donors as a means to study
larger human populations.
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Title: Genome-engineering human induced pluripotent stem cell derived 3D retinas to model
photoreceptor development and disease
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Abstract: Background and Significance. Retinal degenerative diseases, such retinitis pigmentosa
(RP), cause dysfunction and death of photoreceptor (PR) cells leading to blindness. For most
retinal degenerations there is no cure and significant gaps exist in our understanding of how PR
loss occurs. To address this we are developing gene-modified human induced pluripotent stem
cell (hiPSC) retinal cell-reporters and RP-associated hiPSCs that will help to identify pathways
promoting retinal differentiation and potentially uncover pathways leading to PR survival. The
feasibility of this approach is supported by recent work showing that hiPSCs can be coaxed into
becoming retinal eyecup-like structures with complex laminar morphology and photoreceptor-
like cells. Our approach bridges three technologies: (1) hiPSCs to generate 3D-differentiated
retinas, (2) small molecule chemical screening to identify pathways that increase PR generation,
and (3) genome-editing using CRISPR technology to generate genetically matched retinal
reporters and disease-based mutant hiPSCs. A main goal of our work is to identify novel
mechanisms for PR development that could increase the efficiency and pace of PR generation
and provide insight into human ocular development. Methods. To differentiate hiPSCs toward a
retinal fate we have adopted and further modified a forced aggregate approach pioneered by
Nakano et al (2012) whereby stem cells are dissociated and re-aggregated to a defined size. In
the presence of small molecules to mimic pathways intrinsic to retinal development and matrigel
to mimic the ECM environment of the retina in vivo, human retinal eyecups are generated that
parallel human retinal development. To engineer retinal reporters (e.g. SIX6-H2BGFP) into our
cell lines we have adopted the CRISPR/Cas9 genome editing molecular scissor technology to
knock-in fluorescent proteins in frame into the 3’-end of retinal gene coding sequences. The
CRISPR/Cas9 system has also been used to generate CRX mutations similar to those found in
human patients with Leber congenital amaurosis (LCA), and autosomal dominant RP. Results.
We can now reliably generate retinal eyecups with complex laminar morphologies that develop
exuberant outgrowth of both rod and cone outer segment-like structures, hallmark features of
mature neural retinas. Using the above genome-editing approach we have also generated several
retinal reporter cell lines, one of which is a SIX6-H2BGFP iPSC line that is a reliable marker for
early retina. The eyecup protocol together with these CRISPR/Cas9 reporter lines will be used to
identify and characterize pathways that accelerate retinal formation.
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Title: Optogenetics reveal delayed afferent synaptogenesis on grafted human induced pluripotent
stem cell-derived neural progenitors
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Abstract: Reprogramming of somatic cells into a pluripotent stem cell state have given new
opportunities for cell replacement therapy and disease modeling in a number of neurological
disorders. It still remains unknown, however, to what degree the grafted human induced
pluripotent stem cells (hiPSCs) differentiate into a functional neuronal phenotype and if they
synaptically integrate into the host circuitry. Here we present a detailed characterization of the
functional properties and synaptic integration of hiPSC-derived neurons grafted in an in vitro
model of hyperexcitable epileptic tissue, namely organotypic hippocampal slice cultures
(OHSC), and in adult rats in vivo. The hiPSCs were first differentiated into long term self-
renewing neuroepithelial stem (It-NES) cells, which are known to form primarily GABAergic
neurons. When differentiated in the OHSCs for six weeks, 1t-NES cell-derived neurons displayed
neuronal properties such as TTX-sensitive sodium currents and action potentials (APs), as well
as both spontaneous and induced postsynaptic currents, indicating functional afferent synaptic
inputs. They had a distinct electrophysiological profile compared to host cells in the OHSCs with
higher input resistance, lower resting membrane potential and APs with lower amplitude and a
longer duration. To investigate the origin of synaptic afferents to the grafted It-NES cell-derived
neurons, the host neurons were transduced with Channelrhodopsin-2 (ChR2) and optogenetically
activated by blue light. Simultaneous recordings of synaptic currents in grafted 1t-NES cell-
derived neurons using whole-cell patch-clamp technique at 6 weeks after grafting revealed
limited synaptic connections from the host neurons. Longer differentiation times, up to 24 weeks



after grafting in vivo, revealed more mature intrinsic properties and extensive synaptic afferents
from host neurons to the It-NES cell-derived neurons, suggesting that these cells require
extended time for the differentiation/maturation and synaptogenesis. However, even at this later
time-point, the grafted cells maintained a higher input resistance. These data indicate that grafted
It-NES cell-derived neurons receive ample afferent input from the host brain. Since the It-NES
cells used in this study show a strong propensity for GABAergic differentiation, the host-to-graft
synaptic afferents may facilitate inhibitory neurotransmitter release, and normalize
hyperexcitable neuronal networks in brain diseases, e.g. such as epilepsy.
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Abstract: The investigation of serotonergic (5-HT) neuron activity and its relationship to disease
has been limited by a lack of physiologically relevant in vitro cell models. Differentiation of
pluripotent stem cell lines or transdifferentiation of somatic cells carrying a 5-HT neuron-
specific reporter provides a platform for such studies and can serve as a model for drug
discovery. In this study we aimed to generate 5-HT neurons from somatic cells directly or via
formation of induced pluripotent stem (iPS) cells using a serotonergic reporter mouse line. As a
source of somatic cells we took primary mouse embryonic fibroblasts (MEFs) carrying the eGFP
gene targeted to the endogenous Tph2 locus (Tph2:eGFP MEFs, Migliarini et al., 2013). Using
these MEFs we first generated iPS cells by transfection with a single polycistronic lentivirus
carrying Oct4, Sox2, cMyc, and K1f4 (OSKM) genes driven by a doxycycline-inducible
promoter. The resulting iPS cells showed ES cell-like morphology and expressed the



pluripotency-associated genes Nanog and Oct4, but not eGFP. To test the potential of
Tph2:eGFP-iPS cells to produce 5-HT neurons we induced neuronal differentiation by formation
of embryoid bodies following replating on PDL/Laminin substrate. First eGFP-positive (eGFP+)
cells with neuronal morphology appeared 14 days after induction of differentiation.
Immunohistochemical analysis revealed that all eGFP+ cells express the neuronal marker, Tujl,
and produce serotonin. We detected a high expression of 5-HT markers, such as Tph2 by gPCR
in the eGFP+ cell population isolated by FACS, further confirming the 5-HT nature of eGFP-
expressing cells. We next took advantage of Tph2:eGFP MEFs to monitor the
transdifferentiation of somatic cells to 5-HT neurons by two different strategies: (1) direct
conversion using a neuron-specific cocktail of reprogramming factors (Ascll, Brn2, Mytll,
(ABM)) in combination with transcription factors important for serotonergic differentiation, (2)
via induction of pluripotency genes in culture conditions permissive for the formation of 5-HT
neurons. Induction of neuronal genes (ABM) led to the robust generation of neurons, but not of
eGFP+ cells. In contrast, transfection of Tph2:eGFP MEFs with OSKM lentiviruses and
cultivation in LIF-free conditions in neuronal differentiation medium led to the appearance of
eGFP+ neurons after 25 days. In conclusion, we generated a useful model system to monitor 5-
HT neurons in in vitro reprogramming experiments. To our knowledge, this is the first successful
transdifferentiation of somatic cells to serotonergic phenotype. References: Migliarini et al.,
2013, Mol Psychiatry 18(10):1106-18
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Title: Directed differentiation of human induced pluripotent stem cells to sensory neurons by
combined small molecule inhibitors
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Abstract: Human induced pluripotent stem cells (iPSCs) hold great promise for cell therapies
and tissue engineering. iPSC-derived neural cells provide prospects for studying
neurodevelopment and modeling neurological diseases. A prerequisite for these studies is a
reproducible protocol that efficiently yields an abundant number of neural cell types. However,
differentiation of iPSCs with extrinsic factors is a slow, step-wise process, mimicking the
complex timing of human development. Progress has been made in identifying signaling
pathways that direct the differentiation of iPSCs into specific lineages. Using a combination of
small molecule inhibitors, we attempt to develop a new protocol to generate sensory neurons
from human iPSCs. Human iPSCs were exposed to small molecule inhibitors. The iPSC-derived
sensory neurons were maintained for two weeks in growth factors required for their survival.
After differentiation, over 90% of the total cell population expressed the neuron-specific protein,
Tuj-1 and neurofillament. Nearly 80% of the total cell population co-expressed peripherin and
Brn3a, the specific markers for sensory neuron. Therefore, we demonstrated that a combination
of small-molecule inhibitors of signaling pathways promotes highly efficient peripheral neural
induction from human iPSCs. Our in vitro model of iPSC-derived sensory neuron provides a
promising strategy for controlled production of sensory neurons and may serve as a useful tool
for studying human neurodevelopment and modeling neurological diseases.
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Title: Differentiation of retinal ganglion cells and photoreceptor precursors from mouse iPS cells
carrying a Math5/Atoh7 lineage reporter
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Abstract: The neural retina constitutes a critical part of the visual system, which provides the
majority of sensory inputs in humans. Various retinal degenerative diseases can result in the
permanent loss of retinal neurons, especially the light-sensing photoreceptor cells and retinal
ganglion cells (RGCs), which are the projection neurons connecting the retina with the higher
visual centers in the brain. In optic nerve neuropathy and glaucoma, RGCs undergo cell death
leading to decline of the vision. The repair of RGC damage is particularly challenging, as both
RGC specification and the subsequent axonal growth and projection require complex and precise
regulation. To begin addressing the serious roadblocks in RGC production and repair using stem
cell technology, we have established mouse iPS cells that are genetically marked for a
transcription factor, Math5/Atoh7, which is critical for RGC fate specification. Math5-Cre
knock-in mice were crossed with Rosa.YFP cre reporter mice to derive Math5-
Cre(KI);Rosa.YFP MEFs. Lentiviruses expressing the Yamanaka factors under TetO control
were then used to induce the MEFs into Math5-Cre; Rosa. YFP iPS cells that express pluripotent
markers and are capable of generating teratomas in SCID mice. Embryoid bodies of MathS5-
Cre.Rosa.YFP iPSCs were formed under anterior neural induction conditions, and further
differentiated under retinal neurogenic conditions. Immunocytochemistry detected neurons co-
expressing various RGC markers and YFP with extensive neurites and/or axons, indicating that
these neurons were derived from MathS5 lineage. Consistent with previous in vivo cell lineage
studies, Math5 YFP-expressing cells also gave rise to a subset of photoreceptor precursors.
Furthermore, FACS analyses showed that inhibition of Notch signaling in the Math5 iPSC
cultures enhanced YFP reporter positive cells, and increased the Brn3a+YFP+ cells from 8.1+0.8
to 12.5+0.9 %, and Crx+YFP+ population from 7.3+1.1 to 16.4+1.9 %. Together, these results
indicate that the MathS5 reporter iPS cells can be used to demarcate a sub-lineage derived from
retinal progenitor cells, and to study the development and survival of RGCs and photoreceptors.
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Abstract: Synaptically active neurons derived from human pluripotent stem cells hold great
potential as a physiologically relevant platform for studying development, synaptogenesis and
responses to neuromodulatory conditions. However, methods to reproducibly generate
synaptically active populations with emergent network behaviors have not been described. We
produced human stem cell-derived neurons (hSNs) using a well-described differentiation
protocol and evaluated their morphological and functional characteristics. hSNs expressed and
appropriately compartmentalized neurotypic markers and electrophysiological characterization
demonstrated immature neuronal characteristics. Although transmission electron microscopy
revealed the presence of pre- and post-synaptic architectures, evidence of synaptic activity was
not observed. These data suggested that despite expressing many of the characteristics required
for synaptic activity, hSNs produced using this method remained functionally immature. To
address the discrepancy between apparent morphological maturity and functional immaturity, we
used a developmentally inspired approach to identify cellular processes involved in neuronal
specification and patterning in vivo in an attempt to identify compounds that had the potential to
accelerate neuronal maturation in vitro. We determined that a temporally phased application of a
subset of these compounds produced hSNs with significantly improved morphologies, intrinsic
electrical characteristics and, most importantly, AMPA receptor-mediated post-synaptic currents.
Additionally, we tested the ability of two commercially available human stem cell-derived
neuron models to form functioning neuronal networks. Both commercial lines expressed and
appropriately compartmentalized neurotypic markers and expressed intrinsic electrical properties
consistent with a neuronal identity, however neither demonstrated evidence of AMPA receptor-
mediated post-synaptic currents. These data suggest that hSNs produced using developmentally
inspired conditions may provide an improved method to generate synaptically active, defined



populations of human neurons appropriate for the development of novel therapeutics, toxin
screening and basic research. Disclaimer: The views expressed in this abstract are those of the
authors and do not reflect the official policy of the Department of Army, Department of Defense,
or the U.S. Government.
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Title: Axonal polarity formation in human iPSCs-derived neurons
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Abstract: Recent advances in human induced pluripotent stem cells (hiPSCs) offer new
possibilities for biomedical research and clinical applications. Differentiated neurons from
hiPSCs are expected to be good tools for developing new methods of treatments for various
neurological diseases. However, the detail processes of neuronal development from hiPSCs have
not been known. In this study we analyzed development of hiPSCs-derived neurons, particularly
focusing on their early developmental stages. We cultured iCell Neuron (Cellular Dynamics
International) and compared their development with that of the primary cultured neurons derived
from rat hippocampus. In 2 days in vitro (DIV) culture of the rat neurons, we observed three
different stages which were stages 1, 2 and 3 in developmental classification proposed by Dotti.
Most developed stage 3 neurons had several short neurites with one long neurite, which is
destined for an axon. According to the classification of Dotti, stage 3 neurons are characterized
by this one long neurite. However in the DIV 2 iCell Neuron, we observed a few stage 3 neurons



and most of the neurons were in their stage 1 or 2. This suggests that the human neurons develop
slower than the rat neurons morphologically. To investigate if the axonal differentiation had
occurred even though iCell Neuron showed slower development, we used anti-phosphorylated
neurofilament. There were quite a few neurons with phosphorylated neurofilament positive
neuritis (axons) in DIV 2 iCell Neuron. This indicates that although the axonal growth speed of
iCell Neuron is slower compare to that of rat neurons, the polarity of iCell Neuron was normal.
We further double labeled these cells with drebrin and F-actin to see what makes this difference
between iCell Neuron and rat neurons. The main structural components of filopodia and
lamellipodia are F-actin, which is modulated with an actin-binding protein drebrin. We found
that the localization patterns of F-actin and drebrin in growth cones of iCell Neuron were similar
to those of rat neurons. Moreover to test if there are any differences between those neurons in
terms of reaction to a drug, we treated both neurons with Cytochalasin D (Cyto D), an inhibitor
of actin polymerization. The effects of Cyto D on both neurons were comparable. These results
indicate that iCell Neuron develops comparably to the rat neurons in regard to axonal
differentiation, but the growth speed of axon is slower.
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Title: MicroRNA profiling during human brain development
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Abstract: MicroRNAs (miRNAs) have been shown to be involved in developmental processes
and specification of different cell types. We set out to identify and investigate the expression of
miRNAs during the human neural development by using isolated neural progenitors from both
differentiating human embryonic stem cell (hESC) cultures and human embryos. hECSs were
differentiated and regionalized towards neural progenitors of ventral forebrain, ventral midbrain



and ventral hindbrain. Small RNAs were then isolated from the different neural progenitor
populations, as well as from three non-neuronal cell populations (hESCs, human lung fibroblasts
and mesendodermal cells). We performed global miRNA profiling using next-generation
sequencing, providing us with a spatial miRNA fingerprint of ventralized neural progenitors
along the anterior-posterior axis as well as potential pan-neuronal miRNAs. Although in vitro
differentiation of hECSs can recapitulate many aspects of the developing human nervous system
we next wanted to validate the expression of the miRNAs in corresponding in vivo progenitors.
This was achieved by dissecting corresponding brain regions from human embryos at different
ages during neurogenesis (5-11 weeks post conception) and performing a multiplex qRT-PCR
miRNA array. By this approach, we could again look at the spatial distribution of miRNAs and
thus confirm their expression in human fetal brain, but also the temporal distribution. Our data
support the existence of microRNAs that are regulated by either temporal or spatial aspects of
development. We are currently performing gain- and loss-of-function studies in hESCs to
investigate the functional role of specific miRNAs with these properties.
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Title: The generation of subgroups of GABAergic interneurons in 3D alginate hydrogel
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Abstract: Since dysfunction of GABAergic interneurons has been associated with schizophrenia
and autism, the generation of distinct ventral interneuron types has important clinical
implications. In rodents, the parvalbumin (PV) and somatostatin (SST) expressing subgroups
account for 60% of cortical interneurons (45% PV, 15% SST). Both subgroups originate mainly
in the medial ganglionic eminence (MGE) of the basal forebrain. Evidence from the Anderson
lab suggests a strong bias for SST+ interneurons to originate from ventricular zone (VZ)
divisions of radial glial cells (RGC), while PV+ interneurons are generated from subventricular



zone (SVZ) divisions of intermediate progenitor cells (IPCs). Embryonic stem cells have great
potential in studying the fate determination of cortical interneurons because they have ability to
self-renew as well as to differentiate into specific interneurons given the appropriate signals. In a
previous study from the Anderson lab, 2D stem-cell cultures, FACS sorted for a fluorescent
reporter of interneuron-fated precursors and transplanted into neonatal neocortex of mice, mainly
produced SST interneurons, recapitulating the VZ-like microenvironment. If so, a 3D system
might better recapitulate the SVZ-like microenvironment, resulting in enhanced production of
PV-expressing interneurons. We chose 3D alginate hydrogel because alginate is a major
component of the ECM in the brain and has the similar surface stiffness to the brain tissue. To
test our hypothesis using 3D alginate hydrogel, we are growing mouse embryonic stem cells of a
dual-reporter line; Nkx2.1-mCherry for MGE progenitors, and Lhx6-GFP for post-mitotic, fate
committed interneurons. The line is grown in either 2D or 3D (alginate) culture, and then MGE-
like progenitors or newly born interneurons isolated by FACS are assessed by marker analysis
for VZ or SVZ cells and by fate analysis 30 days after transplant into neonatal neocortex. If
successful, the system will be an excellent platform for further study of cortical interneuron
genesis and fate determination.
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Title: Direct differentiation of human pluripotent stem cells into cerebellar Purkinje cells
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Abstract: Purkinje cells (PCs) are the sole output from the cerebellar cortex and the dysfunction
of PCs leads various neurological diseases including ataxia, autism and multiple sclerosis. To
model cerebellar disorders in vitro for drug discovery, PCs derived from patients with such
cerebellar disorders have been expected. Although recent reprogramming technologies facilitated
making iPSCs from the somatic cell of patients, induction of PCs from human pluripotent stem



cells have not been reported. Here, we aim to establish an efficient method to generate PCs from
human pluripotent stem cells. We first demonstrated the induction of neural progenitors with
specific regional identities. We showed that it was possible to control the anteroposterior
identities, ranging from the telencephalon to the spinal cord, and the dorsoventral identities at
any given anteroposterior position by combinatory treatment of various patterning factors during
neural induction. Using this system, we successfully induced neural progenitors with the
characteristics of the dorsal anterior hindbrain where the cerebellum anlage arises. To accelerate
the differentiation and maturation of PCs, we next overexpressed master genes of cerebellar
development into the cells with characteristics of the dorsal anterior hindbrain. 15 days later of
overexpression, we detected PCs markers, such as calbindin, along with increased LHX1/5
expression. These results indicate that PC-like cells might be efficiently generated from human
pluripotent stem cells. Our study will elucidate not only the pathogenesis of cerebellar disorders,
but also the mechanism of cerebellar development.
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Abstract: The option of using human stem cells and even personalized patient cultures will
bridge in-vitro assays closer to man. Primary neuronal cultures have a long tradition and are well
characterized and validated. There is a plethora of literature data documenting their physiological
relevance in research and drug discovery. Neuronal cell cultures derived from murine and human
stem cells are in the focus of international research now. Yet, one of the most important issues is
their physiological relevance. This question can not be answered in general, but a lot of empirical
data contribute to a more and more comprehensive picture. We aim to understand and compare
the difference of electrical functional activity patterns from primary murine neuronal cell



cultures and those cultures derived from embryonic stem cells cultivated on micro-electrode
arrays (MEA). As a result of their phenotypic receptor and neuron type composition, primary
neuronal cell cultures show very specific and complex activity pattern after four weeks in vitro.
This complexity results from a high level of organization in network cultures, which is present in
primary cultures but distinguishable from those derived from stem cells. Thus, we are able to
compare but also classify the complexity of stem cell-derived activity patterns in comparison to
the current standard of primary cells. We compared primary neuron/glia cultures from different
brain tissues such as frontal cortex, hippocampus, hypothalamus, midbrain, a midbrain/frontal
cortex co-culture, spinal cord with dorsal root ganglia, and murine stem cell derived neuronal
networks grown on MEAs for 4 weeks in vitro and a randomly generated spike train pattern
generated with a Poisson process. Primary cell cultures show brain region-specific activity
pattern which can be clearly distinguished by pattern recognition methods. We describe and
analyze these activity patterns with 204 spike train parameters computed by in-house software
NPWaveX. We show that the pattern complexity from stem cell-derived cultures is sorted
between those generated with a randomly generated Poisson process spike train and primary
cultures. Thus, we provide a tool to optimize the culture condition towards a higher functional
network complexity.
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Abstract: Identification and phenotypic characterization of neural cell types derived from either
the central nervous system (CNS) or human pluripotent stem cells (hPSCs), including embryonic
and induced pluripotent stem cells, is heavily reliant on antibodies and mRNA probes. Although
these reagents can be highly effective and specific, their protocols are labor intensive, often
requiring optimization, and involve fixation and permeabilization steps that sacrifice cell
samples. Simple reagents that can quickly and selectively label live neural progenitor cells
(NPCs) in tissues and cell cultures are therefore highly desirable. We have developed
NeuroFluor™ CDr3, a ready-to-use fluorescent membrane-permeant probe that specifically
labels live NPCs. NeuroFluor™ CDr3 was developed based on CDr3, a boron-dipyrromethane
(BODIPY) derivative compound that was first identified in a screen for human and rodent CNS-
derived NPC probes (Yun et al. 2012; Leong et al. 2013). Here, we confirm that NeuroFluor™
CDr3 selectively labels NPCs from embryonic rodent CNS and further demonstrate its utility in
the detection of hPSC-derived NPCs. NPCs were generated from hPSCs via an embryoid body
(EB) protocol, using STEMdiff™ Neural Induction Medium (NIM) and AggreWell™800. In this
method neural rosettes, a morphological hallmark of in vitro neural differentiation were
efficiently generated. These rosettes contain CNS-type NPCs that express PAX6 and Nestin.
NeuroFluor™ CDr3 was diluted in NIM at various concentrations, added directly to cultures
containing neural rosettes, and incubated for 2 hours at 370C. After 2 washes, NeuroFluor™
CDr3 signal was observed with a fluorescent microscope. We found that NeuroFluor™ CDr3
used at either 0.5 or 1 uM, specifically labeled cells within the neural rosettes structures but not
the surrounding cells. Finally, we generated adherent monolayer NPC cultures from E18 rat
cortices using the NeuroCult™ Proliferation Kit. NeuroFluor™ CDr3 was applied directly to
monolayer NPC cultures in the NeuroCult™ Proliferation medium, incubated, and washed as
above. All of the cells in these cultures were positive for the neural progenitor marker, Nestin
and the majority (>95%) were co-labeled by NeuroFluor™ CDr3 as visualized by fluorescent
microscopy. Together, these data demonstrate that NeuroFluor™ CDr3 is a useful tool for the
detection of live hPSC- and rodent CNS-derived NPCs in culture. Because NeuroFluor™ CDr3
is compatible with flow cytometry protocols, it can be applied in cell sorting strategies for the
isolation and enrichment of NPCs directly from live cultures and CNS tissue samples.
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Abstract: Retinal degenerative diseases are a diverse group of disorders that affect millions of
people worldwide and can lead to irreversible vision impairment and blindness. In many
diseases, patients initially lose one type of retinal neuron (commonly the photoreceptors),
followed by the loss of other cell types. Although significant progress has been made in
understanding the molecular mechanisms behind retinal degeneration, current therapies do not
restore vision after retinal cells are lost. Cell therapy may thus be a promising treatment option to
replace lost neurons and to recover vision. While many sources of retinal cells have been
suggested, their self-renewal and pluripotent properties make embryonic stem cells (ESCs) an
ideal source for generating large numbers of photoreceptors through directed differentiation. We
and other groups have therefore developed protocols to differentiate ESCs into retinal lineages;
these protocols recapitulate key stages of retinal development, such as the formation of the optic
vesicle, optic cup, and production of different retinal neurons in a stereotypic manner. Although
these results are promising, it takes several weeks to months to produce photoreceptors from
mouse and human ESCs, respectively; hence speeding up differentiation will make ESCs a more
viable therapeutic option. Recent work has suggested that microRNAs (miRNAs) play an
important role in controlling developmental timing in the mouse retina; however, the role of
miRNAs during retinal differentiation of ESCs has not yet been studied. Our laboratory has
identified key miRNAs (Let7, miR-9, miR-125b, termed Late Progenitor miRNAs) that increase
during retinal development, and upon precocious overexpression, can accelerate the timing of
mouse neurogenesis. The current project was designed to determine whether LP-miRNAs play a
similar role during retinal differentiation of ESCs. Here, we characterized the expression patterns
of LP-miRNAs in the retinal cells derived from mESCs using RT-qPCR and miRNA sensors.
Our analysis shows that LP-miRNAs are upregulated and functional in mESCs from the earliest
stages of retinal differentiation. We then manipulated miRNA expression in the mESCs and
found that early changes in miRNA levels altered the timing of key retinal differentiation events.



These data suggest that miRNAs play an important role during directed retinal differentiation of
mESCs, and that manipulation of miRNAs can potentially be employed to derive retinal neurons
more efficiently.
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Abstract: The selective loss of GABAergic inhibitory interneurons is characteristic of numerous
neurodegenerative diseases. Absence of these inhibitory subtypes creates an electrical imbalance
in the hippocampal and cortical neural circuits. Our long term goal is to replenish these
inhibitory interneuron subtypes using an embryonic stem cell (ESC) source. During embryonic
development, these inhibitory interneuron progenitors arise from a transient ventral forebrain
structure known as the medial ganglionic eminence (MGE) and are characterized by the
expression of Nkx2.1. We have optimized an adherent monolayer protocol for the generation of
Nkx2.1+ neural progenitors from both mouse and human ESC lines using sonic hedgehog
treatment. The Nkx2.1+ enriched cell population expresses elevated levels of MGE markers,
including Nkx2.1 and Nkx6.2, based upon qRT-PCR analysis. Transcriptome analysis using high
throughput mRNA sequencing is underway to further characterize the Nkx2.1+ cell population.
To test the differentiation potential of the Nkx2.1+ cells in vitro, we used co-culture with mouse
cortical astrocytes and obtained an enriched population of interneurons in which 75% of the



MAP2+ cells are also GABA+ after 8 weeks. Preliminary studies examining the fate of human
ESC-derived Nkx2.1+ progenitors transplanted into the mouse hippocampus demonstrate the
expression of neuronal markers 3 weeks post-transplant.
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engineered reporter line
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Abstract: Purpose: A number of diseases lead to retinal ganglion cell (RGC) death and vision
loss, the most common of which is glaucoma. Once the optic nerve is damaged, few avenues of
intervention exist since the mammalian optic nerve does not regenerate. One ambitious goal is to
use cell replacement therapy to restore vision. Human pluripotent stem cell (hPSC)



differentiation could, in theory, provide the necessary RGCs for this strategy. In addition, human
stem cell-derived RGCs could make possible an approach for medically relevant drug screening
that would have advantages over the current use of rodent RGCs. In addition, such cells could
provide insights into human RGC development, gene regulation, and neuronal biology. Here, we
describe a protocol for differentiation of hPSCs to RGC-like cells that express a variety of RGC-
enriched markers, exhibit spontaneous transient calcium activity typical of neurons, grow
projections of over several millimeters in vitro, and can be cultured on nanofibers to direct
neurite outgrowth. Methods: H7 human embryonic stem cells were genetically engineered using
the CRISPR/Cas9 nuclease system to contain a membrane Cherry fluorescent reporter
downstream of BRN3B, an RGC-enriched transcription factor. This augmented cell line was
differentiated in N2B27 neuronal medium in the presence of 2% Matrigel. Following
differentiation, we were able to use fluorescent-activated cell sorting (FACS) to isolate the
BRN3B+ RGC-like cells. We analyzed the cells using qPCR, immunostaining, and calcium
imaging. Results: By day 30 of differentiation, BRN3B reporter expression was evident, the cells
displayed long neurites, and the fluorescent cells could be purified using FACS. The cultures
were enriched for BRN3B, BRN3A, SNCG, NEFH, NRN1, and RBPMS expression by qPCR.
Additionally, we were able to detect low levels of melanopsin expression. Calcium imaging
showed spontaneous calcium activity, typical of neuronal electrical activity. Immunostaining
confirmed the presence of cells double positive for MAP2 and BRN3A, neuronal and RGC-
enriched markers, respectively. When cultured long term, these cells sprouted neurites of several
millimeters in length, and their growth could be directionally guided by aligned nanofibers.
Conclusions: We were able to effectively differentiate hPSCs to RGC-like cells. Using CRISPR
technology, we generated a stem cell line containing a human RGC reporter, which enables
FACS-sorting to obtain isolated RGCs. This study provides a robust method for generating
hPSC-derived human RGCs, which can be used for drug screening, developmental and
biological studies, as well as cell replacement experiments.
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3D stem cell aggregates
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Abstract: Progenitor and tissue-specific stem cell domains emerge in development, persist into
adulthood and can potentially be harnessed for therapeutic purposes. In the primitive spinal cord,
a Sonic Hedgehog (Shh) gradient originating from the notochord and floor plate create distinct
progenitor domains in the ventral neural tube. /n vivo, the motor neuron progenitor (pMN)
domain gives rise to motor neurons (MN) early and oligodendrocytes late, both of which are
implicated in human health and disease including spinal cord injury and muscular dystrophy.
Necessary, but poorly understood, for the preservation of progenitors and this glial switch is
Notch signaling, a form of juxtacrine signaling often controlling asymetric division and daughter
cell fate in stem and progenitor populations. Pluripotent stem cells (PSC) have the unique ability
to form most cells of the body. 3D PSC aggregates, or embryoid bodies (EB), are extremely
useful tools for deriving downstream cells types from PSCs. The inherent emergent behavior
exhibited by EBs results in heterogeneous, organotypic cell clusters which can be controlled and
manipulated with the use of small molecules and growth factors. However, their size,
inconsistency of differentiation and heterogeneity make them difficult to interrogate. Using the
HBG3 PSC line, which includes a green fluorescent protein driven by a MN specific promoter,
we derived MNs and oligodendrocytes from EBs over a 10 day culture period by patterning with
retinoic acid and a Shh agonist, purmorphamine. DAPT, a Notch inhibitor, was used to mimic
development. To better grasp the spatiotemporal emergence of these cell types, we employed a
non-reductionist, evidence-based, computational modeling approach by visualizing pMN
progenitors (Olig2+), MNs (GFP+) and oligodendrocytes (Olig2+/Nkx2.2+) with
immunocytochemistry. Intact EBs were imaged in suspension using high-resolution, confocal
microscopy. A number of metrics were derived from the images for further investigation. Notch
inhibition increased the number of MNs, dependent on temporal application of DAPT. DAPT
treatment yielded less progenitors based on the inhibitor. The average number of MN clusters
was increased in the absence of Notch signaling. Progenitor clustering followed an inverse trend
to MN clustering. This data implies that MNs are being produced at the expense of progenitors in
the absence of Notch signaling. Further, a principal component analysis show distinct trajectories
of the treatments which, along with a computational model, will allow us to make more
inferences into how these cells behave in an in vitro model and possibly translate to the clinic.
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Abstract: A vast majority of chemical entities, ranging from pesticides to compounds of
therapeutic interest, remain untested for potential toxic outcomes on human neural development.
Current methods for evaluating developmental neurotoxicity (DNT) rely heavily on animal based
testing and non-uniform cell lines, are often prohibitively expensive, and provide suboptimal
predictive value. To fill this critical gap we evaluated a robust, species representative and
physiologically relevant cellular system, combined with high content imaging (HCI) and
metabolomics, to address human DNT. Scalable and uniform populations of undifferentiated
neural progenitor cells (hNP1TM), differentiated neurons (hN2TM) and astrocytes
(hAstroProTM), derived from human embryonic stem cells (hESC) were used to represent a
neurodevelopmental continuum and evaluated for toxin induced changes in neurite outgrowth,
metabolomic signatures and viability. To address developmental stage specific neurotoxicity,
Bis-1, a known neurotoxin, was applied to cultures either during or post neuronal differentiation,
as well as in neuron-astrocyte co-cultures to represent neural tissue. Differentiation and neurite
outgrowth were measured using HCI. For all of the above, Bis-1 induced reduction in neurite
outgrowth were observed at concentrations that did not lower neuronal viability. However, Bis-1
treatment during differentiation selectively reduced the Sox1+ neural progenitor fraction, without
affecting more mature HuC/D+ neuronal fraction, suggesting stage specific differences in
susceptibilities. Additionally, significant differences in Bis-1 induced toxicity between neuron
only and neuron-astrocyte co-cultures were observed, reinforcing the need for better tissue
representation in DNT studies. For metabolomics assays cells were treated pre- and post



differentiation, and both media and cells were analyzed by GC-MS. PLS-DA scores plots for
Bis-1 show a dose response, and Bis-1 and other toxicants demonstrate class changes and show
that changes in metabolomic profiles were induced at doses of test compounds significantly
lower than those affecting viability. Thus, like neurite outgrowth, metabolomic profiling
provides a more sensitive measure of DNT than a traditional viability assay. Further, it is a data-
rich approach for toxic outcomes even when no prior knowledge of compound class or
mechanism of action is available. The two approaches provide a powerful advancement in
neurotoxicity assessment.
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differentiation into neural progenitor cells in mouse induced pluripotent stem cells
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Abstract: Previous studies reported that anandamide, an endogeneous cannabinoid (CB),
promotes differentiation of neural progenitor cells (NPCs). On the other hand, stimulation with
muscarinic acetylcholine receptor (mAch receptor) agonists increased differentiation of
immature neurons in adult mice. Mouse induced pluripotent stem (iPS) cells display properties of
self-renewal and differentiation into various cells including NPCs. The present study examined
whether stimulation with either CB receptors or mAch receptors affects differentiation of mouse



iPS cells into NPCs. Mouse iPS cell differentiation was initiated by embryoid body (EB)
formation. All-trans retinoic acid (ATRA; 1 microM), HU210 (a CB1 receptor agonist), HU308
(a CB2 receptor agonist), or carbachol (a mAch receptor agonist) was added to the EB cultures
for 4 days, and then EBs were transferred to fibronectin-coated dishes and then cultured for 7
days. The differentiation potential from mouse iPS cells into NPCs was evaluated by Nestin
expression using immunofluorescence staining and western blot analysis. Treatment with either
HU210 (3 nM) or HU308 (3 nM) inhibited ATRA-induced Nestin expression. Pretreatment with
rimonabant (0.1 microM; a CB1 receptor antagonist) blocked the inhibitory effect of HU210.
Pretreatment with SR144528 (0.1 microM; a CB2 receptor antagonist) also blocked the
inhibitory effect of HU308. On the other hand, the treatment with carbachol (10 microM)
inhibited ATRA-induced Nestin expression. In addition, the pretreatment with atropine (10
microM) significantly blocked the inhibitory effect of carbachol. Thus, the stimulation with
either CB receptors or mAch receptors may inhibit ATRA-induced differentiation of mouse iPS
cells into NPCs.
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Abstract: Background: Human endogenous retrovirus (Herv) gene sequences occupy almost 7%
of the human genome and have been termed “junk DNA”. Amongst them, Herv-K is believed to
be the most recently incorporated virus into the human genome. Although incidental Herv-K
gene expression has been reported in a variety of pathological conditions, it’s potential
expression and role in physiological conditions has not been investigated. Objective: To study
the expression and function of Herv-K components in pluripotent stem cells and during the



process of neuronal differentiation. Methods: We used Sendai virus factors containing Yamanaka
transcriptional factors to generate induced pluripotent stem cells (iPSC) from human fibroblast
cells and CD34 hemopeotic stem cells. The iPSC were further differentiated to neural stem cells
and neural cells using induction media. Herv-K expression was detected by RT-PCR,
immunostaining and Western-blot assay. The function of Herv-K envelope (Env) was studied by
blocking its expression using siRNAs and specific antibodies and then followed by colony
formation and morphological studies. The possible interacting ligands of Herv-K Env were
studied using co-immunoprecipitation and Western-blot assay. Results: We found that Herv-K
components, especially cell membrane Env expression, were increased after iPSC generation
compared to the source cells such as fibroblasts and CD34 cells. The expression of Env
decreased dramatically after iPSC were differentiated to neural stem cells and neurons. The
increased expression of Herv-K was also confirmed in embryonic stem cell line W9.
Interestingly, treatment with antibodies against Env resulted in fewer stem cell colonies. When
Env expression was blocked by siRNA, there were significant morphological changes in iPSC
and ES. Further, Env was co-immuoprecipitated with CD98HC, a protein that plays an important
role in cell adhesion and stem cell maintenance. Western-blot assays showed that blocking Env
using siRNA resulted in decrease in CDISHC expression. Conclusion: These results indicate that
Herv-K Env is expressed in pluripotent stem cells and decreases during neural cell
differentiation. It may play an important physiological role in maintaining the pluripotent stem
cells by interacting and regulating other factors expressed on stem cells such as CD9SHC.
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Title: Neural precursors derived from mouse ips cells extensively remyelinate the demyelinated
central nervous system
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Abstract: Experimental studies have shown that loss of myelin, results in axonal loss and
disability. Furthermore, remyelination can restore lost electrical conductance in demyelinated
axons. Finding of an expandable, autologous and reliable source of myelin-forming cells to
enhance remyelination is a priority in treating the degenerative component of demyelinating
diseases like Multiple Sclerosis (MS). Induced pluripotent stem cell-derived neural progenitor
cells (IPSC-NPCs) have been developed recently from reprogrammed somatic cells. However,
the remyelination potential and safety of these cells remain to be well-addressed. The main goal
of this study is to fully characterize mouse iPS-NPCs in vitro and in vivo after transplantation.
We first used mouse embryonic neural progenitor cells (mENPCs) as control and characterized
iPS-NPCs derived from mouse fibroblasts for their expression of major markers of immature or
mature neural cells. Moreover, to investigate the behavior of cells in demyelination context, we
induced a focal area of demyelination using Lysolecithin in the spinal cord of adult ShivererRag
mouse and transplanted the cells in the lesion site 48 hours after demyelination. Animals were
sacrificed 1, 2, 6 and 10 weeks post graft to assess survival, migration and differentiation
potential of the grafted cells. Our results show that miPS-NPCs similarly to mE-NPCs expressed
the immature markers of naturally committed neural progenitor cells in vitro at the level of both
protein and mRNA transcripts. Moreover, our data from transplantation studies in demyelination
context revealed that the grafted iPS-NPCs similar to embryonic cells survived, integrated,
timely migrated, and extensively differentiated from immature to mature cells. Grafted cells
remyelinated the host axons as confirmed by immunostaining and electron microscopy.
Furthermore, no tumor was observed following engraftment. There is a competitive
differentiation into bona fide mature myelinating oligodendrocytes. No obvious difference was
observed between mE-NPCs vs miPS-NPCs.Our work should help increasing the knowledge
about the biology of mouse and in future studies, human iPS-NPCs to establish whether these
cells are a useful tool for testing personalized therapies or in regenerative biomedicine in
demyelinating diseases like MS.
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Abstract: The formation and maintenance of appropriate synaptic connections is a highly
regulated process, with misregulation resulting in disordered cognition. Given the emerging
information about non-coding RNAs, synaptic functions are likely to be regulated at least in part
by these molecules, including microRNAs (miRNAs). miRNAs have been implicated in
synaptogenesis, and thus, over- or under-expression of miRNAs in the brain could conceivably
contribute to synaptic dysfunction. Human chromosome 21 (HSA21) codes for 5 known
miRNAs, and Trisomy 21 (TS21) is the most common genetic form of intellectual disability.
Thus, TS21 provides a unique model to study the effect of miRNA overexpression on the
functionality of synapses. The objective of this project is to elucidate if and how the
overexpression of HSA21 miRNAs leads to dysfunction in synaptic transmission. Furthermore,
our preliminary evidence that suggests these miRNAs may affect synaptic integrity via a methyl
CpG binding protein 2 (MeCP2)-dependent pathway. Utilizing the induced pluripotent stem
(iPS) cell and induced neuronal (iN) cell technologies, we will study the synaptic implications of
this miRNA-MeCP2 pathway in human neurons. We have analyzed the 3> UTR of MeCP2 and
found putative targeting sites for 4 out of the 5 HSA21 miRNAs, and we have confirmed by dual
luciferase assay that they do indeed target MeCP2. In addition, our preliminary findings by
gPCR and immunohistochemistry (IHC) suggest that these miRNAs are overexpressed and that
MeCP2 is decreased in T21 patient-derived iNs versus control. After further verification of the
negative correlation between HSA21 miRNA and MeCP2 expression levels, we will
morphologically and functionally characterize the TS21 synapse to support our preliminary
electrophysiology data, which suggests impaired synaptic signaling. We will then establish a
cause-effect relationship between HSA21 miRNA overexpression and synaptic defects using
Tough Decoys to antagonize the miRNAs and “rescue” expression level of MeCP2 and the
synaptic function of TS21-iN cells. Furthermore, in order to isolate the synaptic effects of this



miRNA-MeCP2 pathway alone, we will repeat these analyses by overexpressing HSA21
miRNAs in control iNs. Our approach will not only broaden our knowledge of the biological
functions of miRNAs, it will also provide insight into mechanistic and molecular bases for the
treatment of TS21.
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Abstract: In order to reach the goal of personalized medicine, the control and observation of cell
types derived from pluripotent human stem cells must achieve a resolution that consistently
distinguishes the cellular behavior of individual genomes. Here we show that pluripotent cell
lines derived from multiple human genomes have distinct transcriptional dynamics as they self-
renew and initiate differentiation. RNA-seq data was obtained from 6 cell lines in conditions that
support self-renewal or differentiation to mesendodermal and neuroectodermal fates. Microarray
expression data from these same 6 lines and an additional 15 lines was also obtained.
Conventional principle component analysis (PCA) of the patterns of transcription within the
pluripotent state reveals bias in individual lines that predicts their differentiation efficiency to
mes-endoderm or neur-ectoderm. With a novel data analysis approach that incorporates a non-
negative matrix factorization algorithm (CoGAPS) we identified individual genome-specific
signatures present in pluripotency and in differentiation. These analytic technologies discover
stable genome-specific transcriptional dynamics with functional consequences in early human



neural development. This work opens the door to interrogate the cellular mechanisms, genetics,
and pharmacology of human brain development from a powerful novel perspective.
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Abstract: The mammalian neuromuscular junction (NMJ) undergoes prominent developmental
synapse elimination, during which supernumerary motor neuron (MN) axons are retracted to
produce mature patterns of connectivity. Despite the critical role of synapse elimination in the
maturation of motor function, the molecular mediators of this process remain elusive. Specific
immune proteins, members of the class [ major histocompatibility complex (MHCI), regulate
synapse elimination in the developing mammalian visual system, and are highly expressed in
adult MNs. We found that MHCI is expressed during synapse elimination at the developing
NMJ, and that synapse elimination is impaired in mice genetically lacking cell-surface
expression of most MHCI proteins (B2m-/-TAP-/- mice). In these broadly MHCI-deficient mice,
significantly more motor end plates remain multiply-innervated relative to WT at postnatal day



15 (P15), when synapse elimination is normally complete. Multiply-innervated NMJs are still
apparent in MHCI-deficient adults (P29-60) and aged animals (P365), suggesting that loss of
MHCI persistently disrupts synapse elimination at the NMJ. One key unanswered question is
which of the dozens of classical and/or nonclassical MHCIs are involved in synapse elimination
at the NMJ. We are addressing this question in three ways: (1) by profiling the expression of
specific MHCI genes at the NMJ before, during, and after synapse elimination, (2) by
determining the extent of synapse elimination in mice lacking the classical MHCI genes, H2-Kb
and H2-Db, and (3) by monitoring synapse elimination in mice that overexpress H2-Db
specifically in neurons. Since MHCI is upregulated at the NMJ during aging-related denervation,
understanding how MHCI contributes to synapse elimination at the developing NMJ could
ultimately identify mechanisms of pathological synapse loss during neuromuscular aging.
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Abstract: Visual subcortical connections develop terminal field specificities through the
selective elimination of misplaced axons and the maintenance of correct axonal branches,
processes that underlie the use-dependent fine-tuning of topographical maps. In the present work,
we studied the impact of a dietary restriction of omega-3 fatty acids on the development of eye
specific segregation and topographical specificity of retinofugal pathways. We also studied the
impact of low omega-3 diets on the differentiation of retinal layers and cholinergic markers in
the retina. Female Lister Hooded rats and their litters were fed with either control (soy oil) or
restricted (coconut oil) omega-3 diets. At various postnatal ages, rat pups received eye injections
of neuronal tracers to visualize retinal axons at their brain targets. Lipid analysis indicated that
the experimental diet led to a selective reduction in DHA content in the visual system. Omega-3
restriction induced an increase in the density of retinal axons in the superficial layers of the SC.
This effect was observed throughout the stratum griseum superficiale (SGS), including the
ventral and intermediate SGS layers at PND13, PND28 and PND42. The same pattern of
expanded terminal fields was observed in the retinogeniculate pathways. The supplementation
with fish oil (DHA) for two weeks was able to reverse the abnormal expansion of the
retinocollicular projection. We also studied possible mechanisms involved in the loss of synaptic
stabilization. Restricted omega-3 groups showed, in the visual layers of the SC decreased levels
of GAP-43 phosphorylated form (pGAP-43) consistent with a reduction in synaptic stabilization.
Omega-3 restriction increased the content of AMPAR subunits (GluR1 and GluR2) and
decreased NMDAR (NR1, NR2A and NR2B) subunits. Omega-3 restricted groups showed a
decrease in RXRa content and CREB phosphorylation (pCREB) in the visual layers of the
superior colliculus. Retinal differentiation was also affected by omega-3/DHA deprivation. We
describe a reduction in rhodopsin immunolabeling and also a reduced labeling of cholinergic
markers such as VAchT in the inner nuclear layer and f2-nicotinic receptors in the ganglion cell
layer and inner nuclear layer. The data indicate, therefore, that the chronic dietary restriction of
omega-3 fatty acids delays axonal elimination, interfering with the maintenance of synaptic
connections in the visual system. The data also indicate that the development of the retina is also
delayed, specially the development of retinal cholinergic transmission.
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Abstract: Schizophrenia is recognized as a neurodevelopmental disorder that results in the
emergence of cognitive symptoms during early adolescence. Accumulating evidence suggests
that glycogen synthase kinase-3 (GSK3p) play an important role in brain development and
synaptic plasticity, and is implicated in schizophrenia. However, it remains unclear how GSK3f
changes during critical developmental periods and whether the change involves synaptic
plasticity in prefrontal cortex (PFC). Here we show that GSK3p and its serine-9 phosphorylation
levels undergo large fluctuations in rat PFC during development and the change of GSK3f
activity during this period contributes to the long-term depression (LTD) induction. GSK3f and
its inhibitory serine-phosphorylation (Ser 9) in the PFC peaked around the first postnatal week
and declined rapidly from the second to sixth weeks of age, when the adult levels were reached.
In prenatal methylazoxymethanol acetate (MAM, E17) exposed rats, a neurodevelopmental
disruption model of schizophrenia, phosphorylated GSK3p (Ser 9) significantly decreased to
adult levels around postnatal day 21 (P21), indicating an accelerated GSK3p activity in the PFC
during development. In the saline control animals, LTD could only be induced by low-frequency
stimulation with paired pulses in adolescent (~P45) rat medial PFC slices but not in juveniles
(P21). Interestingly, the decrease of serine-phosphorylation in the juvenile (P21) MAM-exposed
rats appeared to enhance the induction of LTD. In contrast to the saline controls, LTD could be
induced in both juveniles and adolescents due to their comparable phosphorylated GSK3p levels.
GSK3p inhibitor SB216763 blocks the induction of the age-dependent LTD. These data
demonstrate the importance of GSK3p for synaptic plasticity in the PFC, suggesting that
abnormal activation of GSK3p signaling during the critical period may contribute to cognitive
deficits related to schizophrenia. Supported by NIH ROIMHO085666 to W.J. Gao.
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Abstract: Functional synapse elimination and strengthening are crucial developmental processes
in the formation of precise neuronal circuits in the somatosensory system, but the underlying
alterations in topographical organization are not yet fully understood. To address this issue, we
here generated transgenic mice in which afferent fibers originating from the whisker-related
brain region, called the maxillary principal trigeminal nucleus (PrV2), were selectively
visualized with genetically expressed fluorescent protein. We found that functional synapse
elimination drove and established large-scale somatotopic refinement, even after the thalamic
barreloid architecture is formed. Before functional synapse elimination, the whisker sensory
thalamus was innervated by afferent fibers not only from the PrV2, but also from the brain stem
nuclei representing other body parts. Most notably, only afferent fibers from PrV2 onto a
whisker sensory thalamic neuron selectively survived and were strengthened, whereas other
afferent fibers were preferentially eliminated via their functional synapse elimination. This large-
scale somatotopic refinement was, at least partially, dependent on somatosensory experience.
These novel results have uncovered a previously unrecognized role of developmental synapse
elimination in the large-scale, instead of the fine-scale, somatotopic refinement even after the
initial segregation of barreloid map.
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Abstract: The activation of an object-specific pattern in IT 120 ms following retinal activation
elegantly implies that wiring embeds cortical function. However, despite decades of
experimental discovery detailing individual mechanisms at play in the wiring process, including
axonal search and competition, dendritic spikes and other local events that contribute to synaptic
disintegration and stabilization, these mechanisms have not yet been synthesized to build
predictive understanding of the self-organization of neural circuits. To begin a systematic
program addressing this goal simulations were developed incorporating the mechanisms
enumerated above, and the wiring process quantified during the presentation of parameterized
artificial sensory input. An array of branched nonlinearly activated neurons was innervated by a
population of axons representing the output of a simulated visual or olfactory sensor array. Upon
formation each synapse was associated with an initial stability value, with a set of eight
independent wiring parameters defining the increment or decrement of stability that occurred
upon the joint conjunction or disjunction of axonal, branch and cell firing. When this stability
value declined below a floor the connection was eliminated and the newly vacant dendritic
location innervated by a randomly redrawn axonal partner. In this system the unsupervised self-
organization of wiring unfolded in time. In some parameter regimes the initially random wiring
first gave way to a period where each branch was dominated by axons associated with a distinct
feature (i.e. a set of correlated inputs), so that cell firing initially signified the joint presence of at
least a threshold number of co-active features. If but only if cell firing per se furnished additional
stability reward, then competition and cooperation between the various branches gradually
resulted in a common feature innervating all of them, with neuronal output coming to signify the
presence of just one feature (i.e. a simple cell). The results also robustly indicated that wiring
self-organization required an intermediate level of branch firing: not only did too little activity
fail to elicit the rewards and penalties that prompted selective synaptic disintegration, but too
much activity also prevented self-organization from occurring. The cell and branch firing rates
within which selective wiring developed was observed to be between 1% and 10%. These results
support the conjecture that the information-rich self-organization of neural wiring likely requires
the homeostatic regulation of branch excitability that is found ubiquitously in neural systems.
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Abstract: Recent studies demonstrated that the structural backbone of the human brain follows a
“rich-club” organization. This complex topological feature implies that highly connected regions,
hubs of the large-scale brain network, are more densely inter-connected with each other than
with nodes of lower degree. Demonstrating high centrality, rich-club nodes were also traversed
by a majority of short-paths between regions, underlining their potential importance for efficient
global exchange of information between functionally specialized areas of the brain. Though hub
neurons have already been described at the micro-scale of brain connectivity, their role in
shaping functional synchronous activity and forming microcircuit wiring during development is
not yet fully understood. The present study aimed at investigating the role of hubs during
network development in vitro, using multi-electrode local field potential coupling during
spontaneous neuronal activity of dissociated primary hippocampal neurons. Emergence of
functional connectivity is demonstrated by a significant increase in average connectivity strength
and network size over the first 4 weeks in vitro. Furthermore, we found a pronounced rich-club
coefficient in more mature networks. Rich-club connectivity is central to the functional network:
Results show that rich-club nodes connect early in development, demonstrating structural
similarities to network models grown with a preferential-attachment, “rich-get-richer”, rule.
Moreover, rich-club nodes of mature networks play an important role as leader or broker for
initiating and shaping spontaneous activity in the network. Cascades of spontaneous activity
preferentially started from, or traversed via, rich-club nodes, but not from nodes of the periphery.
These results potentially indicate that the rich club topology of hub nodes may play an important
role in coordinating functionally specific dynamics at the local microcircuit level.
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Abstract: We present a computational study objectively comparing measures for quantifying
pair-wise correlations in neuronal spike times. We use a detailed case study of the developing
retinotopic map to demonstrate the benefits of our results. In this case study, we make use of
existing published data. Quantification of the degree of correlations between recorded neuronal
spikes is a key part of analysis of experimental data in a wide range of systems. Correlations in
neuronal spike times are thought to play a key role in information processing since the output of
an individual neuron is small and unreliable therefore several neurons may be required for
reliable processing. One example is the developing retinotopic map, where correlations in
spontaneous retinal activity have been implicated in its formation. In this field, recordings are
made on multi-electrode arrays and the correlations calculated pair-wise across the array.
Correlations are then compared against the separation of the electrodes where the neurons were
recorded and this is then compared, along with the associated retinotopic map, across different
genotypes. From this, inferences are made about the role of correlated activity in map formation.
Many measures have been proposed to summarise these correlations and there is a standard
measure used to quantify correlations in spontaneous retinal activity - the Correlation Index
(Wong et al Neuron, 1993). We show that the Correlation Index is unbounded above and



confounded by firing rate. We specify properties which a measure should have in order to fairly
measure correlation. We then propose a novel measure, the Tiling measure. This measure is then
tested, together with 34 previously published measures, blindly and extensively for the required
properties. On the basis of this testing and analytical analysis, we propose a measure to replace
the Correlation Index. We re-analyse data from key studies which investigated the role of
spontaneous retinal activity in map formation and show that re-analysis of the data using a
measure of correlation which is independent of firing rate can significantly change the
conclusions.
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Abstract: The dorsal raphe nucleus (DRN) is a major source of serotonin (5-HT) in the brain
and it is controlled by several forebrain regions. The DRN receives a major projection from the
medial prefrontal cortex (mPFC). This projection has been implicated in several mental disorders
associated with serotonergic dysfunction (autism spectrum disorders, major depressive disorder,
schizophrenia, and others). The activity of DRN-projecting neurons in the mPFC is regulated by
a number of neurotransmitter receptors, among which three serotonin receptors (5-HT1A, 5-
HT2A, 5-HT4) directly affect their firing rates. We have shown that prenatal perturbations of 5-
HT levels result in altered 5-HT4 receptor expression in the embryonic telencephalon, and that
some of these effects are mRNA splice variant-specific (Chen et al., 2012). Recently, we have
found that acute prenatal exposure to fluoxetine (a selective serotonin reuptake inhibitor)
decreases the mRNA levels of the 5-HT1A, 5-HT2A, and 5-HT4 receptors in the embryonic
telencephalon (Chen and Janusonis, submitted). Taken together, these findings suggest that



abnormal 5-HT levels in prenatal development can affect the activity of mPFC neurons that send
their axons to the DRN. This, in turn, may disrupt the activity-dependent formation of mPFC-
DRN synapses and lead to a dysfunctional prefrontal control of behavior later in life. In this
study, we investigated (i) whether prenatally-induced changes in the expression of serotonin
receptors persist in the adult mPFC and (i1) whether a decrease in the expression of one serotonin
receptor (5-HT4) during development can affect the structure of mPFC-DRN synapses. In the
first part of the study, timed-pregnant C57BL/6 mice were exposed to fluoxetine, and the mRNA
levels of the 5-HT1A, 5-HT2A, and 5-HT4 receptors were analyzed in the mPFC of adult
offspring with quantitative reverse-transcription PCR (qQRT-PCR). In the second part, the density
of mPFC-DRN synapses was investigated in mice with a null-mutation in the 5-HT4R gene
(B6.129P2-Htr4(tm1Dgen)/J). The mPFC terminals in the DRN were labeled by using the
vesicular glutamate transporter 1 (vGluT1) as the marker, and synapses were quantified with
confocal microscopy and an algorithm for automated colocalization detection (Costes et al.,
2004). Adult 5-HT4+/- mice (but not 5-HT4-/- mice) had a significantly higher density of
synaptic contacts between mPFC terminals and 5-HT-positive neurons in the ventromedial DRN.
It suggests that a prenatally induced decrease in the expression of some serotonin receptors may
result in permanent changes in the prefrontal control of brain serotonin signaling.
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Title: Role of cyclic AMP signaling in synaptic refinement at the Drosophila NMJ
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Abstract: Neural activity plays a key role in synaptic plasticity and refinement. In the vertebrate
visual system, low frequency calcium and cyclic nucleotide oscillations refine early topographic
maps. At the Drosophila neuromuscular junction (NMJ) refinement also occurs in an activity-



dependent manner. Oscillatory neural activity and presynaptic calcium signaling modulate the
motoneuron’s response to the retrograde chemorepellent Sema-2a for the removal of off-target
synapses in a CaMKII-dependent fashion. In addition, mutations of the calcium-dependent
adenylyl cyclase rutabaga (ruf), and the cAMP phosphodiesterase dunce (dnc) increase the
frequency of miswired NMJs. We find that in ruf mutants 60% of the ectopic synapses are from
an octopaminergic type Il motoneuron, while 40% arise from type I motoneurons. By contrast, in
dnc mutants more than 80% are from the octopaminergic neuron. RNAi knockdown of ruf in
neurons phenocopies the frequency and the distribution of the ectopic contacts in ru¢ mutants,
indicating a presynaptic role of rut in synaptic refinement. However, the miswiring phenotype
observed in rut mutants can be partially rescued by expressing rut in either neurons or muscles,
indicating that rut signaling is also involved in a retrograde signal from the muscle.
Overexpression of rut and dnc in either neurons or muscles also significantly increases the
frequency of ectopic synapses, suggesting that cAMP levels are tightly regulated (both high and
low) on both synaptic sides. We have also observed increased frequency of ectopic synapses
after neuronal RNAi knockdown of the regulatory subunit R1 of PKA, a target of cAMP. As rut
is dependent on Ca activity, we are testing whether cAMP levels must also oscillate for normal
refinement. For live imaging experiments we use embryos mutant for the mhcl gene to suppress
movement, monitoring Ca activity with GCaMP5. Low frequency (0.01Hz) Ca oscillations are
evident in both native and ectopic contacts. We are also testing whether cAMP must oscillate by
using the photoactivated adenylyl cyclase bPAC to rescue rut. At moderate expression levels we
can suppress ectopic contacts in rut mutants following a protocol that mimics the native Ca
oscillation (15 sec on:150 sec off); no rescue is observed without bPAC activation. We are also
using the FRET based cAMP sensor epacl-camps as a tool for in vivo imaging of endogenous
cAMP levels at motoneuron growth cones. These results show that as in vertebrates, synaptic
refinement in Drosophila is dependent on dynamic signal transduction mechanisms that engage
both Ca and cyclic nucleotide oscillations.
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Title: A role of calcium influx through GluN2B receptors in the critical period plasticity for
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Abstract: Neuronal plasticity is generally active in young age and some of them decline or
disappear after a short time window so called “critical period”. Once the period is closed, loss of
plasticity limits modifiability of function in adulthood and it will never be re-opened throughout
life. Molecular mechanisms for such temporal restriction on neuronal plasticity, however, still
remains poorly understood. It is well known in thalamic and cortical synapses that shift of
NMDA receptor subunit composition from GluN2B (2B) to GIluN2A (2A) occurred during early
postnatal development, raising possibility that this shift is involved in the closure of critical
period. However, the involvement of NMDA subunit shift in ending critical period is questioned
in barrel and visual cortex. In this study, utilizing in vitro slice co-culture model of corticospinal
projection system that shows 2B-dependent synapse elimination possessing critical period, we
tried to identify specific biological mechanism that closes the critical period. In order to
selectively activate the corticospinal axons, we infected the cortical slices with AAV-CaMKII-
hChR2 (H134R)-EYFP and optogenetically stimulated with LED light (465 nm). This method
also allows live imaging of EYFP labeled- corticospinal axons. We also employed calcium
imaging to evaluate the amount of calcium influx through 2B channels. Slices were stained with
calcium-sensitive dye, fluo-4 AM and optical measurements of fluorescence changes of the dye
were performed using high speed camera system. We first confirmed the presence of 2B-2A-shift
in cultured spinal cord, that is, synaptic 2B declined markedly toward the end of the critical
period. In 2A knockout mice that express 2B at high level throughout life showed elongation of
critical period. Up-regulation of synaptic 2B in wild type mice by proBDNF or spermine
application re-opened the once closed critical period. As opposed to synaptic 2B, glycine
receptors in the spinal cord gradually increase during postnatal development accoding to in vivo
study. Partial reduction of inhibitory input by strychnine, which enhanced the amount of Ca
influx through 2B channels without up-regulating synaptic 2B, also extended the critical period
suggesting that the development of inhibitory inputs also play an important role in determining
the critical period. Our findings, however, indicate that decline of 2B plays a pivotal role in
closing the plastic time window and the development of inhibitory input might also be an
important player in regulation of critical period length through modulation of 2B activity.
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Abstract: During the period of programmed neuronal death in the neonatal hippocampus (HPC),
neurotrophins (NT) trigger neuronal activity and this activity promotes neuronal survival through
Akt signaling. Later in development, Akt is no longer rate-limiting but a MAPK/STAT3 pathway
is required for circuit formation. In this study, levels of the NT brain derived neurotrophin factor
(BDNF) and neurotrophin-3 (NT3) were measured in dissected HPC throughout post-natal (P)
development using ELISA. In addition, antibodies against phospho epitopes of Akt, MAPK, and
STAT3 were used to map the ontogeny of expression in the developing rat HPC by
immunofluorescence and western blot analysis. Clear increases in BDNF and NT3 occur both in
early P development and later after the first P week. Akt, MAPK, and STAT3 show distinct
patterns of developmental expression in the HPC, which corroborate the role of early Akt
activity and a later requirement for STAT3. To analyze the electrophysiological consequences of
BDNF exposure, in vitro slice recordings were performed at P4 and P6 on the HPC of rat pups.
64 channel Multielectrode Arrays recorded single neuronal extracellular spiking activity from the
HPC. This approach showed that BDNF immediately increased the frequency of action potential
firing of HPC neurons on P4. Application of the same BDNF dose 2 minutes after the first
administration changed the firing mode of neurons from single units to bursting mode,
suggesting intrinsic change of the neurons. To define the effects of BDNF in vivo, multichannel
extracellular recordings from HPC areas were obtained with a 4-shank multichannel silicon
probe implanted into the P2 and P7 HPC of wild type and BDNF+/- knock-out rats. Significantly
increased HPC oscillatory activities were found in all frequency ranges of P7 compared to P2
neonates. Beta and low-frequency gamma oscillation power showed the most significant
increase, most prominently in CA3. Increased single unit firing activity of CA1 and CA3 neurons
characterized gamma bursts and were related to micro muscle twitches during active sleep. These
data show neuronal activity elicits two distinct phases of second messenger responses in the post-



natal hippocampus. The mechanism of genetic risk associated with psychiatric disorders has
been modeled by systems that model early events in dissociated neuronal cell culture, in the
system we report, neuronal activity can be controlled by delivering exogenous compounds
(including NT) or by physiological inputs to the post-natal hippocampus in vivo. This approach
opens new ways to link disruption in the early steps of neuronal functional maturation to later
global dysfunction of brain circuits.
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Abstract: Dopamine signaling is poised to influence the development of striatal excitatory drive,
because dopaminergic fibers are present in the striatum long before most excitatory synapses are
formed. Among its many actions, dopamine impinges upon intracellular cascades implicated in
cellular and circuit development, such as the activity of Protein Kinase A (PKA). We found that
in vivo activation of D1 type dopamine receptors (D1Rs) rapidly increased the number of
dendritic spines and synapses on direct pathway spiny projection neurons (dSPN), and this effect
required PKA activity. To distinguish cell-autonomous and circuit-level requirements for
synaptogenesis, we induced and monitored the growth of new dendritic spines using 2-photon
glutamate uncaging, while imaging SPN dendrites in acute brain slices. We found that activation
of Gs-coupled receptors was sufficient to enhance synaptogenesis. Finally, we utilized an



optogenetic strategy to demonstrate the relevance of this PKA-dependent, fast plasticity form in
the developing corticostriatal circuits in vivo.
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Title: Cell-autonomous function of connexin 36 in dendritic refinement of barrel cells during
postnatal development
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Abstract: In immature neocortex, the expression of connexin 36 (Cx36), a neuron-specific gap
junction protein, and electrical coupling between cortical neurons increase during first two weeks
of postnatal development, and then decline during the following two weeks, when the number of
chemical synapses increase most rapidly. Besides these characterized developmental profiles,
whether and how gap junction participates in neural circuit formation remains unclear. To
address this issue, we utilized whisker-barrel circuit as a model system. In layer 4 (L4) of mouse
somatosensory cortex, spiny stellate neurons (barrel cells) extend their dendrites toward barrel
center to make synapses with thalamocortical axon terminals. This dendritic asymmetry, which is
established during early postnatal stage in an activity-dependent manner, enables each barrel cell
to process information from one whisker. Here, we characterized the role of gap junction in
whisker-barrel circuit formation, especially the role of Cx36 in dendritic refinement of barrel



cells. Firstly, we blocked endogenous Cx36 function by transfecting dominant negative form of
Cx36 (mutant Cx36) into most or sparse L4 neurons. Morphological analysis under both
conditions showed that, in barrel cells over-expressed with mutant Cx36, the dendritic length
inside the barrel was smaller than that in control barrel cells, while the dendritic length outside
the barrel was rarely different. These results indicate that Cx36 functions cell-autonomously to
regulate dendritic refinement of barrel cells by enhancing their dendritic orientation through
extending their inside dendrites. We also over-expressed mutant Cx36 into most L4 neurons
from 2nd postnatal week, after barrel cell dendrites acquired orientation bias. Histological
analysis revealed that the inside dendritic length in barrel cells which loose functional Cx36 from
2nd postnatal week was smaller than that in control barrel cells, indicating that Cx36 may
function from 2nd postnatal week to regulate dendritic refinement of barrel cells. Further
analysis will be performed to characterize the molecular and cellular mechanisms of Cx36-
dependent dendritic refinement of barrel cells.
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Abstract: Topographic maps are spatial representations of the sensory environment that are
located throughout the CNS and are thought to allow efficient computation within brain circuits.
Current models do not provide an adequate explanation for the role of activity in map formation.
Using the visual system of Xenopus, we show that the spatial distribution of retinal ganglion
cells axons in the CNS is specified by the temporal order of retinal ganglion cell activity in a
colinear manner. Spatial information in the visual scene is transformed into the temporal
sequence of activation of retinal ganglion cells. Subsequently the temporal sequence of activity
in retinal cells is transformed into the spatial arrangement of afferents in the target. The Spatial-



Temporal-Spatial (STS) transformation ensures that topographic projections are scaled across
available target area.
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Abstract: Early sensory experience exerts profound control over cortical circuit maturation
during an early ‘critical period’ (CP) of heightened cortical plasticity. Disturbances in CP circuit
maturation are thought to contribute to cognitive and psychiatric disorders. The molecules that
promote circuit maturation during CPs are poorly understood. Sema7A is an atypical member of
the Semaphorin family that is GPI-linked, is expressed principally postnatally, and is enriched in
sensory cortical areas during the CP. Accordingly, we investigated the role of Sema7A in circuit
maturation in mouse somatosensory (barrel) and visual cortex. We found that Sema7A is highly
expressed by L4 spiny stellate cells and GABA neurons. In barrel cortex, genetic ablation of
Sema7A disrupts barrel cytoarchitecture and impairs the generation of appropriately oriented L4
spiny cell dendrites. Thalamocortical axon ingrowth to L4 is unaffected. Additionally, Sema7A
ablation leads to imbalances in the ratio of excitation-to-inhibition evoked by thalamocortical
input to L4, which is likely due to delayed maturation of GABAergic inhibition. Levels of
GADG65/67 are lower and labeling of GABA-circuit markers is sparser in both S1 and V1 of
Sema7A knockout mice compared with wildtype (WT) mice. In V1, it is known that the onset of



GABA inhibition is important for initiating the CP for ocular dominance (OD) plasticity. Thus,
we predicted that delayed GABAergic inhibition in V1 of Sema7A KO mice would affect OD
plasticity. As expected, brief (4d) monocular deprivation (MD) during the CP failed to alter OD
in the absence of Sema7A, indicating that mutant V1 circuits are insensitive to experience-
dependent maturation. In humans, microdeletions in 1524, which include SEMA7A, lead to
autism and sensory perceptual deficits. Together, these data suggest that Sema7A is a critical
molecular mediator of experience-driven local circuit maturation during the CP, deficits in which
may lead to autism and related cognitive and perceptual abnormalities.
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Abstract: Neuronal activity is vital in many aspects of brain development. In most cases it is
known to be ‘permissive’, where a certain level of spiking is required for a particular
maturational or plastic event to occur. In far fewer cases is it known that neuronal activity is
‘instructive’, with particular patterns of spiking sculpting particular developmental outcomes.
The gold standard for this permissive versus instructive distinction is to compare the effects of
activity patterns that differ in their spatial or temporal structure while maintaining equal overall
firing rates. However, it has proven difficult to control ongoing neuronal activity with sufficient
scope or precision to fully explore the dependence of any particular phenotype on specific
patterns of spiking. Here we took advantage of optogenetic technology to undertake an



exhaustive screen of temporal patterns in spike firing, mapping the activity pattern space
associated with plasticity at the site of action potential initiation, the axon initial segment (AIS).
We sparsely transfected dissociated hippocampal neurons with a channelrhodopsin-2-YFP
construct that rendered them light sensitive. At 10 days in vitro we pharmacologically blocked
circuit-driven spontaneous activity, then employed 3h chronic photostimulation using custom-
built LED arrays. Individual flash stimuli were of 5Sms duration at an intensity known to produce
reliable spiking in our transfected neurons. Inter-stimulus intervals (ISIs) were drawn randomly
from a negative binomial distribution, accounting for all second-order structure in a stimulus
train by describing temporal patterns in terms of two independent parameters: mean ISI, or ‘rate’,
and the squared coefficient of variation of ISI, or ‘burstiness’. Cultures were subsequently fixed,
stained for cell-type markers and the AIS scaffolding protein ankyrin-G, imaged, and
quantitatively analysed for AIS length in dentate granule cells (DGCs). We found clear evidence
that the frequency of stimulation alone cannot account for activity-dependent changes in DGC
AIS length. A 2-dimensional distribution of AIS length according to pattern rate and burstiness
displayed a clear ‘hotspot’ where particular combinations of input frequency and temporal
structure were capable of reducing the length of the AIS over a 3h time period. Our optogenetic
activity screen therefore demonstrates the instructive nature of neuronal activity in inducing
length changes at the AIS, and goes further by precisely demarcating the input pattern
parameters that produce this form of activity-dependent plasticity.
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Abstract: Development of the functional (tonotopic) organization and signal processing
capabilities in the auditory cortex (ACx) critically depend on the early sensory experiences. With
inevitable increase in the exposure to chronic high intensity sound, it has become a major public
health concern, especially for fetuses and neonates. Here we report the effects of chronic loud
noise exposure (110 dB) during the embryonic development of chick (Gallus gallus domesticus)
on the metabolic profile and synaptic proteins of the auditory cortex analogue (AuL). Fertilised
eggs were exposed to loud noise from embryonic day 10 until hatching. Expression pattern of the
synaptic proteins were studied by immunohistochemistry, western blotting and qPCR and
metabolic profiling by 700 MHz 1H NMR spectroscopy of post hatch day-1 auditory cortices.
Protein expression analysis showed a significantly reduced expression of synaptophysin, PSD
95, gephyrin and GABA-A v-2 subunit but an enhanced expression of AMPA GluA-2 subunit in
the noise exposed group. Multivariate regression analysis (Principal Component Analysis and
Partial Least Square-Discriminant Analysis) of the concentration data of 18 metabolites
quantified through NMR spectroscopy showed a separate clustering of the control and noise
exposed samples. Statistical analysis (R2=0.95, Q2=0.88) showed a difference in metabolic
profiles between the two groups suggestive of a metabolic perturbation following chronic loud
noise exposure. Noise exposure significantly reduced the levels of GABA, energy metabolites-
glucose, B-hydroxybutyrate, NAD and ATP and neuromodulators aspartate and taurine. The
levels of glutamate and glutamine were significantly higher in noise exposed group as compared
to control. Overall the prenatal chronic loud noise exposure increased the excitatory to inhibitory
(E/T) neurotransmission related component ratio and reduced the expression of synaptic stability
and plasticity maker in the AuL. Increased excitation and poor inhibition not only alter the
spectrotemporal and spatial encoding of different sound frequencies but also lead to
excitotoxicity, as indicated by the reduced levels of N-acetyl aspartate, thus explaining the
decreased AuL neuronal number reported in our earlier stereological study (Sanyal, et al., 2013.
Int. J. Dev. Neurosci.). Depleted levels of major energy metabolites indicated an enhanced
neuronal activity due to chronic exposure to high intensity sound. Thus early chronic loud noise
significantly alters the E/I ratio and metabolic profile which affects the functional development
of the auditory cortex and associated behavior (Sanyal et al., 2013. PloS One).
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Abstract: Febrile seizures affect about 5% of children during the first year of life. Atypical
febrile seizures, particularly febrile status epilepticus, correlate with a higher risk of developing
cognitive deficits and temporal lobe epilepsy as adults, suggesting that they may permanently
change the developmental trajectory of neuronal circuits. In fact, the presence of a cerebral
malformation predisposes to the development of atypical febrile seizures and temporal lobe
epilepsy. The mechanisms underlying these effects are not clear. Cation-chloride cotransporter
KCC2 decreases intracellular CI” levels and renders GABA responses hyperpolarizing. Recent
data suggest that KCC2 also modulates excitatory synapse development. Here, we demonstrated
that KCC2 expression is altered by early-life febrile status epilepticus and investigated the
functional impact of this alteration on subsequent synapse formation. We analyzed KCC2
expression and spine density in the hippocampus of a well-established rodent model of atypical
febrile seizures, combining a cortical freeze lesion at post-natal day 1 (P1) and hyperthermia-
induced seizure at P10 (LHS rats). 86% of these LHS males develop epilepsy and learning and
memory deficits in adulthood. At P20, we found a precocious increase in KCC2 protein levels,
accompanied by a negative shift of EGABA following high-frequency stimulation. In parallel,
we observed a striking reduction in dendritic spine density and of mEPSC amplitude and
frequency in CA1 pyramidal neurons. To investigate whether KCC2 precocious overexpression
plays a role in spine alterations, we mimicked it in hippocampal organotypic cultures by biolistic
transfection and in-vivo by in-utero electroporation. We found that both manipulations decreased
spine density. Finally, to causally link KCC2 increased expression to spine loss in the LHS
model, we blocked KCC2 in vivo by in utero electroporation of shRNA, and induced the dual
pathologies as explained above. We are currently investigating whether reducing KCC2
expression levels in LHS rats rescues spine density loss. Our results show so far that an increase



of KCC2 levels induced by early-life seizure seem to affect spine formation and may be a
contributing factor to the occurrence of hippocampal atrophy and associated cognitive deficits in
LHS rats. Funded by CIHR, Savoy foundation and CHU Sainte-Justine Foundation.
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Abstract: The mTOR pathway has been implicated in controlling several aspects of
neurodevelopment by regulating the rate of protein-synthesis. Mutations in the regulatory
components Tscl and Tsc2 of mMTOR-Complex]1 (mTORC1) cause Tuberous Sclerosis (TSC) in
humans. The majority of TSC patients develop neurological problems including seizures, mental
retardation and autism. Recent studies investigated the role of mTOR pathway dys-regulation in
excitatory cortical cells, however its role in the development of cortical GABAergic interneurons
and the specific contribution of altered GABAergic cells in disease manifestation remain largely
unknown. Here, we investigated whether and how Tsc1 knockout perturbs GABAergic circuit
development, both in vitro and in vivo. We found that pS6 immunolabeling, a marker of
mTORCI activation, increased specifically in cortical Parvalbumin-positive, basket GABAergic
cells (BCs) during the peak of their synaptic maturation phase, between the 2nd and the 4th
postnatal week postnatal in vivo. To investigate the role of mTORCI1 activation in BC
development, we knocked down Tscl expression, by transfecting CRE-GFP driven by a



promoter specific for BCs in cortical organotypic cultures prepared from Tsc1flox mice. Tscl
knockdown in vitro caused a precocious increase in bouton density and terminal branching
formed by mutant BCs, which was reversed by Rapamycin treatment. These data suggest that
mTOR pathway hyperactivation affects the timing of BC synapse maturation. To investigate the
role of mMTORCI1 in GABAergic cells in vivo, we bred Tscllox mice with Nkx2.1-CRE mice.
Nkx2.1 is expressed by GABAergic neurons derived from the medial ganglionic eminence,
which include BCs. At P18, Tsc1fl/fl::Nkx2.1Cre mice showed both mTORC1 hyperactivation
in BCs and increased expression of VGAT, a presynaptic GABAergic marker. These data
suggest that BCs may form boutons prematurely in these transgenic mice. Behavioral studies are
currently underway to investigate possible deficits in working memory and social behavior.
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Abstract: SYNGAP1, which codes for a Ras GTPase-activating protein (GAP), is a component
of the NMDA receptor complex. We have previously shown that heterozygous loss-of-function
mutations in SYNGAP1 cause nonsyndromic intellectual disability (NSID) with or without
epilepsy and autism. Constitutive knockdown of Syngap1 in mice results in a hyperactivation of
Ras, increase of ERK phosphorylation, excess number of GluR1 at the surface of post-synaptic



membrane, altered dendritic spine development and impaired long term potentiation associated
with cognitive and behavioral deficits. Several recent studies have shown that impairment of
glutamatergic synapse development contribute to the cognitive phenotype in Syngap1+/- mice.
Whether Syngap1 affects GABAergic cell synapse development, thus contributing to
excitation/inhibition imbalance and cognitive deficits, is unknown. Here, we show that Syngapl
is expressed by GABAergic neurons. We further show that single-cell knockout of Syngap1 in
basket cells, a prominent subtype of GABAergic neurons, in cortical organotypic cultures affects
GABAergic axon branching and perisomatic synapse formation. To dissect the role of Syngap1
in GABAergic cell development in vivo, we generated conditional knockout mice by breeding
Syngap1flox/flox with Tg(Nkx2.1-Cre) mice, which express CRE exclusively in GABAergic
neurons derived from the medial ganglionic eminence. We are currently characterizing the
cognitive and social behavior of Tg(Nkx2.1-Cre);Syngap1flox/+ mice versus Syngapl+/- mice.
All together, our data suggest that Syngapl modulates GABAergic synapse development. The
behavioral phenotype associated with Syngap1 haploinsufficiency may thus be caused at least in
part by a decrease of its expression in inhibitory neurons.
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Abstract: The complex functions of the cerebral cortex rely on highly connected networks of
excitatory neurons, integrated together by a diverse population of GABAergic cortical
interneurons (cIN). Assembly of this network involves a series of events that are co-regulated by



genetic programs and neuronal activity. Yet, an understanding of how diverse cIN populations
incorporate into cortical circuitry has lagged behind. Low threshold-spiking SST and fast-spiking
PV cINs are the two most abundant cINs subtypes in the cortex derived from the medial
ganglionic eminence (MGE), and largely populate the (early born) deep cortical laminae.
Although previous studies have ascribed a latent maturation of FS-PV c¢INs; it is increasingly
clear that during early postnatal development, SST cINs contribute to the emergence and
synchronization of network activity. Using monosynaptic rabies virus tracing and optogenetics,
we found significantly denser thalamic inputs (TC) to the L5/6 SST cINs during the first
postnatal week. In contrast, deep layer SST cINs in juvenile mice receive only weak TC inputs;
yet receive dense intracortical input from layer 5/6 and layer 2/3 pyramidal neurons (PyrN).
Interestingly, we found that immature SST-cINs receive strong monosynaptic TC inputs
compared to adjacently positioned FS-PV cINs and PyrNs in L5/6, which are rapidly destabilized
at the end of the first postnatal week, resulting in a shift in the TC feed-forward inhibitory drive
from SST cINs to PV-cINs. We suggest that maturation of TC feed-forward inhibition is
associated with exuberant transient functional connectivity onto SST cINs that is later pruned to
achieve predominantly FS-PV mediated feed-forward inhibition in the adult. As such, we
hypothesize that dynamic patterns of TC input onto two distinct cIN types directly regulate their
incorporation into the cortical network.
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Abstract: Schizophrenia etiology is thought to involve the interaction between genetic and
environment factors during brain development. Despite significant progress in understanding
both genetic susceptibility and neuronal circuit dysfunction in schizophrenia, fundamental gaps
exist in our knowledge about how circuitry mechanisms may interact with genetic susceptibility
to affect neuronal development. Disrupted-in-schizophrenia 1 (DISC1), a risk gene for major
mental disorders, regulates various processes of neuronal development, including adult
hippocampal neurogenesis, deficiency of which alone is sufficient to cause cognitive and
affective behavior deficits. We found that DISC1 knockdown-induced glutamatergic synapse
formation defects of newborn neurons in the adult hippocampus required GABAergic input-
induced depolarization. Rabies virus-mediated retrograde tracing and optogenetic analyses
further identified aberrant GABAergic synaptic inputs from parvalbumin-expressing (PV+) and
somatostatin-expressing (SST+) interneurons. Functionally, optogenetic suppression of SST+
neuron activation rescued dendritic defects of DISC1-deficient newborn neurons, but not
glutamatergic synapse formation. In contrast, suppression of PV+ neuron activity partially
rescued DISC1 deficiency-induced glutamategric synaptic formation defects, but not aberrant
dendritic development. Therefore, distinct neuronal circuit interacts with the genetic
susceptibility to manifest different aspects of aberrant neuronal development.
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Abstract: Parvalbumin-positive (PV) GABA neurons significantly shape neocortical circuit
development and are crucial regulators of neural activity in mature cortical cell networks.
Comparing the development of the two main PV neuron subtypes, basket cells (BCs) and
chandelier neurons (ChNs), is thus essential to understand the roles of ChNs and BCs in
regulating the emergence of cortical network activity. Furthermore, distinctive developmental
trajectories of ChN and BC function would suggest that PV neuron subtypes could be
differentially affected by environmental factors that increase the risk of mental illnesses such as
schizophrenia. Recent studies suggested that relative to BCs, ChNs originate later in
development. If so, then developing ChNs may achieve a mature functional state later than BCs,
unless ChN function develops at a faster rate. To distinguish between these possibilities, we
began studying the postnatal development of PV neuron function in mouse prefrontal cortex
(PFC). We performed targeted patch clamp recordings from GFP-labeled neurons in brain slices
prepared from the PFC of G42 mice, a mouse strain in which GFP is expressed exclusively in PV
neurons. The recorded neurons were filled with biocytin to characterize their morphology post-
hoc. As suggested in previous studies, we found that as early as postnatal day 15 (P15) biocytin-
filled PV neurons could be classified as ChNs or BCs based on the presence or absence,
respectively, of characteristic vertical cartridges of axonal boutons. In current clamp recordings,
we examined the intrinsic properties of the recorded neurons measuring multiple parameters,
including input resistance (Rin), action potential (AP) threshold, AP duration at half maximal
amplitude, after hyperpolarization (AHP) amplitude and a spike frequency adaptation coefficient
(SFA). These parameters were measured from PV neurons of P15 to P45 mice, and the trajectory
of change was fit with exponential functions. Some parameters did not change with age (AP
threshold, AHP), but others exhibited a similar type of change in BCs and ChNs. For instance, in
both ChNs and BCs, Rin, AP duration and SFA decreased significantly with age until reaching a
plateau. However, preliminary curve fit analysis showed that, consistent with a later
developmental origin of ChNs, the plateau state was reached later in ChNs compared with BCs.
These preliminary results indicate that in PFC circuits the intrinsic excitability of PV neurons,
which is crucial for activity-dependent development of PV neuron signaling, matures following
different time courses in BCs and ChNss.
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Abstract: Neuronal microcircuits within the superficial layers of the mammalian cortex provide
the cellular substrate for associative cortical computation. Inhibitory interneurons constitute an
essential component of the circuitry and are fundamental for the integration of local and long-
range information. Nevertheless, the mechanisms by which these interneurons integrate into the
developing circuit are not known. Using a monosynaptic rabies-based approach, optogenetics
and electrophysiology, we report that, during early development, superficially positioned Reelin-
expressing neurogliaform interneurons in the somatosensory cortex receive innervation from
both cortical and thalamic excitatory populations. Interestingly, the inputs from the latter seem to
predominantly activate NMDA receptors subtypes that are necessary for driving the proper axo-
dendritic morphological development of neurogliaform cells, as well as for setting the balance
between their intracortical and thalamic inputs. These results reveal that sensory-driven activity
shapes the assembly of specific cortical interneuron circuits.
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Abstract: GABAergic interneurons are important for shaping sensory computation in mature
brain, but are also important in regulating the critical period during brain development. During
development, neural activity contributes to the maturation of GABAergic neurons, but the source
of this activity on GABAergic neurons is unknown. Excitatory inputs onto GABAergic neurons
could contribute to this activity. During the early developmental period, subplate-neurons (SPN)
are the first population of neurons exhibiting mature electrical properties and participate in
transient circuits relaying neural activity from thalamus to excitatory cortical neurons. Since SPN
ablation prevents the maturation of GABAergic function we hypothesize that SPN may provide
excitatory input to GABAergic neurons during brain development and thereby aid in the
maturation of GABAergic neurons. We use a mouse expressing gad2cre driven red fluorescence
protein to identify cortical GABAergic interneurons in the middle cortical layers of mouse
auditory cortex. We then investigate the presynaptic sources of glutamatergic input to these
GABAergic interneurons by laser-scanning photo stimulation (LSPS) during postnatal
development (P5 to P13). We find that a fraction of gad2cre labeled GABAergic interneurons
receive excitatory input from SPN and the fraction of GABAergic interneurons receiving
excitatory input from SPN was larger in older mice (P9 to P13) during the period of GABAergic
maturation and during the critical period than in neonatal mice (P5 to P7). Thus, excitatory
inputs from SPN might regulate neuronal activity dependent development of GABAergic
interneurons by providing excitatory input in early development. Therefore, removal of SPN’s
input to GABAergic neurons in early development removes this excitation and thereby might
prevent GABAergic maturation, leading to cortical hyperexcitability.
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Abstract: Animals have a remarkable capacity to change their behavior to suit a wide range of
circumstances. At the cellular level, this behavioral flexibility is made possible because
individual neurons modify their connectivity in response to varying patterns of synaptic activity
in a process termed experience-dependent plasticity. During experience-dependent plasticity, the
selective stabilization of new dendritic spines is linked tightly with functional changes in neural
circuits. High-frequency stimulation that induces long-term potentiation (LTP) has been shown
to increase the stability of new spines, but the molecular mechanism of this activity-dependent
structural stabilization is ill-defined. Here, we begin to characterize the molecular composition of
new spines compared to mature spines. We used time-lapse two-photon imaging of CA1
pyramidal neurons expressing DsRed-Express and EGFP-tagged postsynaptic proteins, focusing
on the membrane associated guanylate kinases (MAGUKSs) PSD-93, PSD-95, SAP-97, and SAP-
102. We assessed the relative enrichment of these postsynaptic proteins in new spines compared
to spines that were present and stable throughout the imaging session. We found that all four
PSD-MAGUKSs are less enriched in new spines compared to their persistent neighbors. This
difference is a function of spine age, not of spine size, as persistent spines were similarly
enriched regardless of size. Intriguingly, PSD-MAGUKSs enriched in new spines at different
rates. GFP-SAP-97 and GFP-SAP-102 enriched within 3 hours of spine outgrowth ultimately
reaching levels similar to neighboring, persistent spines. Notably, GFP-PSD-93 is unenriched in
new spines, but enrichment increases gradually, reaching mature levels by 6 hours. GFP-PSD-95
did not enrich in new spines over the entire course of the time-lapse (7.5 hours). Current
experiments are focused on characterizing the effects of stabilization-inducing activity on the
enrichment of PSD-MAGUKSs in new spines.
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Abstract: Olfactory sensory neurons (OSNs) that express the same olfactory receptors (ORs) are
scattered in the olfactory epithelium, yet their axons coalesce into just a few bundles of axons, or
glomeruli, on each olfactory bulb, a process that is still not fully understood. Previous work
indicates that both activity-dependent and —independent mechanisms are involved in OSN axon
fasciculation and targeting, but whether olfactory experience plays a role is unclear. This study
aimed to determine the effect of early postnatal odor experience on expression of axon guidance
molecules and subsequent OSN axon targeting, focusing on two related ORs, M71 and M72, that
normally converge into nearby yet separate glomeruli on the olfactory bulb. First, mice were
exposed to acetophenone, a cognate ligand for both receptors, for 16-hours per day from the day
of birth until the mice were 21 days old. Strikingly, stimulation affected M71- and M72- OSNs
so that the axons of these OSNs coalesced onto the same glomerulus. Double-label fluorescent in
situ hybridization was then used to compare the expression levels of known axon guidance
molecules, including Kirrel2, Kirrel3, EphAS, ephrinAS5, and BIG-2, in OSNs. The data suggest
postnatal stimulation with acetophenone influences expression of certain axon guidance genes
involved in OSN targeting: in mice stimulated with acetophenone, M71-OSNs exhibited
significant downregulation of Kirrel3 expression, while in M72-OSNss, Kirrel2, ephrinAS5, and
BIG-2 expression were significantly downregulated. Next, the relationship between OR
responsivity of M71, M72 and a series of M71/M72 chimeras in vitro and published axon
targeting data in vivo of OSNs expressing these ORs was examined. A significant correlation
was found between OR responsivity in vitro and glomerular targeting in vivo, further supporting
our hypothesis that ligand-dependent OR activation has a critical role in determining axon
targeting. Together, our study reveals an experience-dependent component involved in OSN
targeting in the olfactory bulb.
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Title: Differential requirement of presynaptic release for eye-specific and topographic retinal
maps
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Abstract: Projections of Retinal Ganglion Cells (RGCs) in their main targets, the dorsal Lateral
Geniculate Nucleus (dLGN) and the Superior Colliculus (SC), are organized in eye-specific
domains and with precise topography. Projections are initially intermingled and are refined into
their final territories during the first postnatal weeks. Alteration of spontaneous neural activity in
the retina disrupts both eye-specific segregation and retinotopy. However, the cellular
mechanisms linking neural activity to map refinement remain poorly understood. Here we
examine the role of presynaptic release on the refinement of retinal projections. To distinguish
between the synaptic and non-synaptic effects of activity blockade, we perturbed specifically the
presynaptic release at retinal terminals by a conditional deletion of Rim 1 and 2 in RGCs. The
removal of Rim proteins is known to strongly reduce calcium-dependent neurotransmitter



release, without affecting spontaneous release. Our tracing studies indicated that Rim conditional
double knock-out (Rim ¢cDKO) mice have defects in eye-specific segregation in the dLGN but no
major topographic defects in the SC. This result suggests that segregation but not gross
topography involves calcium-dependent synaptic release. Interestingly, ipsilateral projections in
the SC do not form patches and extend more laterally in Rim ¢cDKO compared to control mice,
suggesting that ipsilateral projections could be more sensitive to the perturbed presynaptic
release. Our results show that retinal synaptic release is important for eye-specific segregation
and for the organization of ipsilateral projections.
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Abstract: The liprina family proteins, originally identified as interacting protein of the receptor
protein tyrosine phosphatase LAR (LAR-RPTP), are suggested to play an indispensable role in
dendrite development and formation of excitatory synapse. However, the regulation and function
of liprinal in neural development remains unclear. We found that liprinal was highly expressed
at the post-synaptic fractions during early postnatal stages, when activity-dependent synapse
development actively occurs. Furthermore, liprinal was identified as an in vivo substrate of
CdkS5, and this phosphorylation was regulated in cultured neurons by neuronal activity.



Interestingly, phosphorylation of liprinal in the mouse visual cortex was also modulated during
eye opening, suggesting that liprinal phosphorylation might be involved in activity-dependent
synapse development in vivo. Importantly, knockdown of liprinal in cultured hippocampal
neurons led to defects in dendritic arborization and reduction in spine density. Together, our
results reveal a novel mechanism of activity-dependent synapse development that involves
phosphorylation of liprinal.
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Abstract: In various animal species, some instinct behaviors, such as mating behaviors and
social behaviors, dynamically alter in an age-dependent manner. It has been well-known that
endocrine systems regulate the behavioral and physiological alteration according to age.
However it remains largely unknown how neural reshaping contributes the behavioral alteration.
To approach this issue, we have focused on a transcription factor, Mblk-1, which is a possible
candidate that is responsible for neural reshaping. mblk-1 was originally identified in honeybee
as a gene specifically expressed in the higher-order brain center (mushroom body), which is
associated with behavioral alteration according to age-dependent division of labor in the workers
(Takeuchi et al., Insect Mol. Biol. 10, 487-494, 2001). Furthermore a nematode homologue of
Mblk-1 (mbr-1) is required for the neural reshaping (pruning), which occurs from the larval to
adult stages (Kage and Hayashi et al., Curr. Biol. 15, 1554-1559, 2005). Although vertebrate
homologues of Mblk-1 are also identified, their roles in the nervous system have not been
studied. We began to investigate the vertebrate homologue using medaka fish, because medaka
fish exhibit remarkable behavioral alteration according to their age (Imada et al., PLoS ONE, 5,
e11248, 2010), and detail neuronal morphology is observable in the medaka brain. Here we



report identification of cDNAs for three medaka homologues of Mblk-1 (Mbo-1, 2, 3) and their
expression analysis. First qRT-PCR using various adult tissues showed that the medaka
homologues were expressed mainly in the nervous system and/or reproduction organ. In situ
hybridization showed that mbo-1 was expressed prominently at the habenula and the preoptic
area, which are suggested to be involved in emotional and reproductive behaviors. Now we
generated mbo mutant strains using CRISPR/Cas system to examine whether these homologues
are involved in the neural reshaping and behavioral alteration.
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Abstract: The inability of the mature central nervous system (CNS) to regenerate suggests a loss
of function in the injury response associated with aging. Intense focus has been directed toward
understanding the mechanisms responsible for the regenerative failure of adult neurons in the
mammalian CNS, and on overcoming such failure. A particular emphasis was placed on the role
of the inhibitory environment and the role of development-dependent mechanisms, which.
identifying several molecular regulators. However, manipulations of these pathways result in
limited axon regeneration in vivo, suggesting that other major molecular factors are yet to be
discovered. In this study, our hypothesis was that the injury response in the adult CNS inhibits
the regenerative capacity of retinal ganglion cells (RGCs). Thus we systematically characterized
injury-triggered responses RGCs. We performed a quantitative proteomic analysis of a pure
fraction of neurons obtained after FACS sorting YFP positive RGC before and after optic nerve
injury. Using bioinformatics analyses, we generate a map of cellular functions and pathways
specifically regulated by injury. In addition, we obtained a list of potential upstream regulators



potentially essential for neuron survival and regeneration. While our study reveals a network of
injury-response signaling hubs, including known regeneration regulators such as mTOR,
calcium, and MAPK, novel molecules were also identified. We focused on one of the new
potential regulators, the c-myc transcription factor, which is down regulated by axotomy. c-myc
appears to be an important regulator that orchestrates both neuronal survival and axon
regeneration in RGCs. Forced expression of c-myc in RGCs, either before or after injury,
promotes RGC neuronal survival and axon regeneration. As our protemics study highlighted the
simultaneous alteration of several pathways by injury, we decided to overexpress c-myc in a
context of PTEN and Socs3 deletion. Surprisingly, modulating this combination of factors
dramatically increases axon regeneration in the model of optic nerve injury with a substantial
increase in the number of axons entering and crossing the chiasma. Altogether, our results
describe the first quantitative proteomics of a pure RGC in vivo population, revealing the major
effect of injury in CNS neurons. Our study highlights several new potential key players of
neuron survival and axon regeneration which might represent novel targets for developing neural
repair strategies in the adult CNS.

Disclosures: S. Belin: None. H. Nawabi: None. C. Wang: None. P. Warren: None. C. Uncu:
None. Z. He: None. J. Steen: None. H. Schorle: None.

Poster

399. Intrinsic Mechanisms of CNS Regeneration
Location: Halls A-C

Time: Monday, November 17, 2014, 1:00 PM - 5:00 PM
Program#/Poster#: 399.02/C5

Topic: A.08. Transplantation and Regeneration

Title: Musashi 1 expression in regenerating axolotl retina

Authors: *E. A. DEBSKI, J. MAYNOR, M. SINDALL
Univ. of Kentucky, Lexington, KY

Abstract: The axolotl salamander is able to repair damage to its retina caused by injury. We
have been examining the process by which it does so following optic nerve and ophthalmic
artery transection. These manipulations induce a severe degeneration of the retina that reduces
this structure to a rudiment withinl-2 weeks. Over the course of the next 6-8 weeks, the lost cells
are replaced and the neural circuitry is re-built. To help identify stem cell populations involved in
this process, we have been examining patterns of Musashi 1 expression during the regeneration
process. Musashi 1 is a RNA-binding protein that is expressed in the retina in both



stem/progenitor cells and some differentiated cell types (Kaneko and Chiba (2009) Neurosci
Lett. 450:252-257). In central sections of the control retinas of juvenile axolotls, Musashi 1
immunoreactivity is reliably found in a subset of small cells within the retinal pigment
epithelium and surrounding cell bodies in the outer nuclear layer. In contrast to reports in other
species, the outer nuclear layer staining is not contained within the cell bodies of photoreceptors.
Rather, it appears to be continuous with occasionally observed staining in Miiller radial glia and
thus most likely represents the apical ends of these cells. In lateral retinal sections, glial staining
with Musashi 1 can continue into the inner plexiform and retinal ganglion cell layers. Three days
after retinal injury, Musashi 1 immunoreactivity extends to a large area of the retinal pigment
epithelium. While glial cell immunoreactivity is indistinguishable from that seen in controls,
bright irregular shaped spots of immunoreactivity are seen throughout the retinal layers. By one
week after injury, Musashi 1 positive cells with the large inclusions characteristic of
macrophages are seen along the inner limiting membrane. Macrophage-like Musashi 1 positive
cells are abundant by the time that the retina is reduced to a rudiment and Miiller glial cell
staining is maintained in a manner consistent with their changed morphology at this stage. We
are in the process of extending our observations to later time points when cells are being born to
rebuild the retina. However, our results to date indicate that Musashi 1 may play an important
role in the injury response resulting in retinal degeneration. Furthermore, the maintenance of
Musashi 1 expression in Miiller radial glial at a time of tremendous cell death suggests that it
may help ensure the survival of these cells and/or be needed in the subsequent repair process.
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Abstract: Spinal cord injury (SCI) results in irreversible devastating functional impairments.
Damaged axons fail to regenerate after SCI because of the inhibitory environment in the mature
central nervous system (CNS) and the low intrinsic growth capacity of adult neurons. As an



alternative to regeneration, plasticity of intact circuits represents a potent route to recovery of
function after SCI. Previous data from our lab demonstrated that the intact corticospinal tract
(CST) could functionally sprout into the denervated side of the spinal cord in the absence of
nogo receptor 1 after unilateral pyramidotomy (uPyX). We sought to determine whether
sprouting of intact circuits could restore function after complete CST lesion. To test this, adult
wild type (n=20) and ngr!”” (n=20) mice received bilateral pyramidotomies (n=10 bPyX, n=10
sham/genotype). Mice were behaviorally assessed via grid walking, fore limb tape removal and
footprint analysis pre-surgically and on days 2, 4, 7, 14, 21, 28 and 35-post lesion. Seven days
before the end of the experiment, mice received Biotinylated Dextran Amine (BDA)
microinjections into their left side Red Nucleus to trace rubrofugal projections, and Alexa-
Fluor488-conjugated Dextran microinjections into their right side sensorimotor cortex to trace
the corticofugal projections rostral to the lesion. Wild type mice demonstrated persistent deficits
throughout the experimental period, while ngr/”” mice demonstrated a trend toward enhanced
functional recovery. The density of intact cortico-rubro, cortico-pontine, rubro-pontine, rubro-
raphe, and rubro-spinal projections were enhanced in all lesioned animals compared to sham.
ngrl” mice demonstrated significantly more dense projections between these nuclei in
comparison to wild type mice. To dissect the impact of these de novo circuits on functional
recovery after bPyX we used pharmaco-genetics to silence each circuit. Preliminary data shows
that AAV-mediated overexpression of the inhibitory DREADD (Designer receptors exclusively
activated by designer drugs) hM4Di receptor into the nucleus raphe magnus abrogates functional
recovery in ngrl “mice after bPyX. Therefore, we hypothesize that a novel rubro-raphe circuit is
capable of restoring function after complete axotomy of the CST and is thus a new anatomical
substrate to target therapies to treat severe SCI.
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Abstract: Axons do not grow after spinal cord injury (SCI) because the central nervous system
(CNY) is an inhibitory growth environment and adult CNS neurons have a diminished intrinsic
growth capacity. Numerous studies have reported that relief of environmental inhibition by
nullifying the effects of myelin associated inhibitors (NogoA, MAG and OMgp) and chondroitin
sulfate proteoglycans (CSPGs), results in enhanced, yet clinically unsatisfactory, axon growth
and functional recovery after SCI. Elevating the growth capacity of CNS neurons has been more
challenging owing to a paucity of molecular targets. We sought to identify novel intrinsic
modulators of axon growth by completing differential transcriptomic analysis between
corticospinal tract neurons in an active or quiescent growth state after unilateral pyramidotomy
(uPyX). Transgenic crym-gfp ngrl™" (n=6) and crym-gfp ngrl” (n=6) mice received uPyX
followed two weeks later by unilateral intraspinal injection of the retrograde tracer fast blue (FB)
into the denervated cervical cord. Four weeks after lesion, mice were prepared for laser capture
microdissection and RNA extraction. Crym-gfp mice express soluble GFP in CST neurons
allowing us to identify this population at high density and fidelity. Neurons that had sprouted
arbors into the denervated side of the spinal cord take up FB. Therefore, CST neurons were
identified in cortex as sprouting (GFP+FB+) or non-sprouting (GFP+FB-) and isolated using
laser capture microdissection. CST neurons were also collected from uninjured perinatal mice
(P5) and adult mice (P28) to compare CST sprouting to active and quiescent growth states,
respectively. Laser captured cells were prepared for RNA sequencing and sequenced to an
average depth of 52 million reads per sample with an average of 66% mapping uniquely to
genes. Transcriptional profiles were compared using TopHat and Cufflinks. 1174 genes were
significantly differentially expressed between intact sprouting and non-sprouting neurons.
Functional relevance of significantly differentially expressed genes was explored using Ingenuity
Pathway Analysis. Functional analysis revealed 30 phosphatases that are differentially regulated
in sprouting neurons. Of these phosphatases, 10 were knocked down in an in vitro cortical
neuron scrape assay using shRNA to assess their effects on growth. The assay revealed that
knockdown of 5 of the 10 candidate phosphatases significantly impaired growth of cortical
neurons in vitro. Ongoing studies will reveal if these phosphatases can be targeted in vivo to
enhance plasticity and regeneration after spinal cord injury.
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Title: Targeting non-muscle myosin II to promote axon regeneration after optic nerve injury

Authors: *X. SAIJILAFU', Y. JIAN?, Y. GUO?, C. LIU?, J. JIANG?, M. ZHANG?, F. ZHOU”
'Johns Hopkins Med. Sch., Baltimore, MD; “Departments of Orthopaedic Surgery, Johns
Hopkins Univ. Sch. of Med., Baltimore, MD

Abstract: Axon regeneration is essential for the restoration of neuronal connectivity and
functional recovery after nerve injury. However, axons in the adult mammalian central nervous
system (CNS) have very limited growth ability following injury, due to the inhibitory
environment and diminishing intrinsic axon growth capacity. Our previous cell culture study has
found that inhibition of nonmuscle myosin II (NMII) with either pharmacological inhibitor or
siRNAs drastically increases axon growth of multiple neuronal types over either extracted CNS
myelin or chondroitin sulfate proteoglycans (CSPGs), two major categories of inhibitory
molecules in the CNS. However, it is unknown whether inhibition of nonmuscle myosin II have
similar effects on axon regeneration in vivo. Herein, we showed that deletion of endogenous
NMIIA/B in mouse retinal ganglion neurons significantly enhanced axon regeneration after the
optic nerve crush injury without affecting the neuronal survial. Lens injury is well known to
promote the axon regeneration of retinal ganglion neurons after optic nerve injury. We also
found that lens injury and deletion of endogenous NMIIA/B act synergistically to promote
enhanced axon regeneration. Thus, we believe that regulation of the local cytoskeletal machinery
in the growth cone would provide an alternative and novel therapeutic treatments for peripheral
and central nerve injuries.
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Title: Inhibition of BMP and sFRP2 proteins in the adult mouse eye induces proliferation and
expands the retinal stem cell population
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Abstract: Adult retinal stem cells (RSCs) are a rare subset of cells that reside in the pigmented
ciliary epithelium (CE) of the mammalian eye. Once dissociated from the CE, RSCs readily
proliferate to form clonal, free floating spheres after 7 days, with the capacity to self-renew and
differentiate into all of the cell types of the neural retina and retinal pigmented epithelium (RPE).
Despite having the capacity to proliferate in vitro, RSCs do not proliferate or generate new
retinal cells in adult mammals in vivo. Thus, we aimed to identify factors responsible for
maintaining RSC quiescence and determine if those factors can be targeted in vivo to disinhibit
RSC proliferation and induce retinal neurogenesis. To investigate if discrete tissue types in the
eye contribute to the inhibitory RSC niche, we generated tissue-specific conditioned media (CM)
from postnatal day 2 and adult mouse eyes and added it during the primary RSC clonal sphere
formation. Only CM from the adult lens and cornea reduced the number of spheres formed. We
considered two proteins known to be expressed in the adult eye as potentially mediating the lens
and cornea CM inhibition: bone morphogenic proteins (BMPs) and secreted frizzled related
protein 2 (sFRP2). We found that BMP and sFRP2 proteins could dose-dependently impede
sphere formation. When noggin (BMP inhibitor) and a-sFRP2 antibody were added in
combination to lens and cornea CM, sphere number returned to control levels. Thus, inhibiting
BMP and sFRP2 signaling eliminated lens and cornea CM-induced quiescence of adult RSCs in
vitro. Next, we investigated whether BMP and sFRP2 inhibition could disinhibit RSC quiescence
in vivo. We injected noggin or a-sFRP2 intravitreally into the right eye 3 times; once every 24
hours. The left eye was injected with an equivalent volume of PBS as a control. All injections
also included 0.5ug/ul of EAU. Seven days after the last injection, EQU-positive cells were
detected in both noggin and a-sFRP2 treated eyes at a much higher frequency than control at all
doses. Also, the number of EdU-positive cells in both conditions appeared to be dose-dependent.
Further, by performing a clonal sphere assay 6 days after injection, we found that a-sFRP2
doubled the number of primary RSC spheres. These results establish that inhibition of BMP and
sFRP2 signaling can cause proliferation within the adult mouse eye. Also, inhibiting sSFRP2
appears to expand the retinal stem cell pool. Experiments are now underway to better
characterize the cell types being induced to proliferate, the combinatorial effects of noggin and
a-sFRP2 (together and with mitogens), as well as whether any new retinal neurogenesis ensues.
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Title: DCLKs: New regulators of growth cone regeneration
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Abstract: Axon regeneration in the adult central nervous system is extremely limited and the
underlying mechanisms are still poorly understood. Transforming the stump of an injured axon
into a motile growth cone structure has been implicated as a key rate-limiting step in axon
regeneration. Using a comparative proteomic approach on FACS-purified RGCs, we found that
the abundance of DCLK1/2 (doublecortin like kinase 1/2) is dramatically reduced in injured
retinal ganglion cells (RGCs). DCLK1/2 share structure similarities with DCX (doublecortin),
which is involved in neuronal migration, but their functional roles in mature neurons are not
defined. Our further studies suggest a critical role of DCLKSs in the growth cone reformation
during optic nerve axon regeneration. First, we verified that the expression of DCLK1/2
decreases dramatically after injury. Second, when overexpressed in WT animals, DCLK2
induced a limited yet significant regeneration. Yet, in a PTEN deleted background, DCLK2
expression resulted in dramatically increased axon regeneration, in particular at the initiation
stage of optic nerve regeneration. Third, our time lapse imaging studies on retinal explants
implicate DCLK2 as being crucial to growth cone regeneration. Our current studies involve
analyzing the phenotypes of growth cone regeneration in mice with the DCLK1/2 double
knockout. We are also dissecting the molecular mechanisms by which DCLK?2 executes its
effects on growth cone formation and other stages of axon regeneration. Together, our results
may reveal the key molecular players in the growth cone regeneration, which should be
important for designing therapeutic strategies of promoting axon regeneration after injury.
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Title: Translational profiling of retinal ganglion cells in response to optic nerve injury in post-
metamorphic Xenopus laevis
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Abstract: Mammals lose the ability to regrow the injured optic nerve shortly before birth,
whereas the South African-clawed frog Xenopus laevis retains this regenerative capacity
throughout development. To study how Xenopus laevis accomplish this, we seek to generate a
translational profile for the regrowth of retinal ganglion cell (RGC) axons following injury. As a
means of isolating RGC mRNAs from a heterogeneous population of retinal cells, we generated
transgenic Xenopus laevis frog lines that express enhanced green fluorescent protein (EGFP) in
the ribosomes of only RGCs. We crushed the optic nerves of juvenile Xenopus using forceps,
collected tissue samples 0, 1, 3, 7, and 11 days post-surgery, and used translating ribosome
affinity purification (TRAP) to isolate mRNAs being actively translated by ribosomes expressing
EGFP. Here we present initial results showing differential gene expression patterns for ~16,000
genes sequenced using RNA-Seq, as well as subsets of RGC-enriched genes. These data indicate
unexpected broad temporal patterns of expression: primarily up-regulation by Day 3, followed
by widespread down-regulation in Days 7 and 11. Using quantitative PCR (qPCR), we validated
RNA-Seq results for a subset of 14 genes with distinct expression patterns. Finally, we present
results of clustering analysis to determine novel gene subsets that likely play a role in the



regeneration process. Molecules or signaling pathways discovered to facilitate the regeneration
process may have potential for translation into clinical practice.
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Abstract: Retinal ganglion cells (RGCs) and other central nervous system (CNS) neurons in
adult mammals are unable to regenerate their axons after injury. Kriippel-like transcription factor
(KLF) family members regulate intrinsic axon growth ability of CNS neurons during
development, but downstream mechanisms have been elusive. By screening genes regulated by
KLFs in RGCs, we identify Dual specificity phosphatase 14 (Dusp14) as a key player limiting
axon growth and regenerative ability downstream of KLFs’ ability to regulate axon growth in
RCGs. We demonstrate Dusp14 expression increases in parallel to KLF9 during RGC
development, and is induced by KLF9 in RGCs in vitro. The Dusp14 mediates neurite growth
suppression in vitro in a phosphatase-dependent fashion, and the KLF9-Dusp14 pathway inhibits



activation of mitogen-activated protein kinases (MAPK), critical to neurotrophic signaling of
RGC axon elongation. Decreasing Dusp14 expression or function in RGCs rescues KLF9-
induced neurite outgrowth suppression in vitro and optic nerve regeneration after trauma in vivo.
Thus, developing strategies to modulate this KLF-Dusp14 pathway to enhance MAPK signaling
may further promote axon regeneration after CNS injury.
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Abstract: Experiments using fixed tissue have suggested that the serotonin (SHT) neurons of the
dorsal raphe have an unusual and atypical capacity for axonal regeneration. However, these fixed
tissue experiments cannot capture the dynamics of axonal regeneration and cannot easily
distinguish true regeneration from the compensatory sprouting of undamaged axons or transient
serotonin depletion. To address these issues, we employed chronic in vivo two photon imaging of
the somatosensory cortex in an SIc6A4 (serotonin transporter)-soluble EGFP BAC transgenic
mouse in which the complete extent of the serotonin-containing neurons was labeled. Consistent
with previous work using fixed rat tissue, we found that repeated systemic injection of p-chloro-
amphetamine (PCA) produced immediate and profound degeneration of SHT axons but no loss
of the SHT-poisitve cell bodies of origin in the dorsal raphe. In the weeks to follow, a slow
recovery was observed that was dominated by axon regeneration. Most of regenerated axons
became morphologically stable and survived till the final monitoring point (27 weeks). The
regenerated serotonin axons entered the neocortex individually rather than bundles and did not
follow blood vessels or spared axons. They appear to avoid the spared axons and each other to



fill the imaged cortical volume efficiently. The spared axons observed soon after PCA treatment
almost entirely survived to the final monitoring point and exhibited only a small degree of
sprouting. In contrast to PCA treatment, saline treatment didn’t cause any degeneration,
sprouting or rearrangement of SHT axons over the ensuing 27 weeks. Based on these descriptive
results, we believe that time-lapse imaging of regenerating SHT axons in somatosensory cortex
may provide an ideal test bed to develop therapeutic strategies to promote axon regeneration and
hence the recovery of function following brain injury.
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Abstract: Central nervous system (CNS) disease or injury is often accompanied by progressive
axon degeneration, leading to lost sensory, motor, or cognitive abilities, with little to no
regenerative response. In search of signaling factors to restore degenerated CNS axons, we
identified a group of developmentally regulated transcription factors, the Kriippel-like
transcription factors (KLFs), which differentially suppress or enhance hippocampal,
corticospinal neuron, and retinal ganglion cell (RGC) axon growth. However, the downstream
mechanisms by which KLFs regulate axon growth are unknown. Evidence suggests one
downstream effector may be mitochondrial (Mt) fission/fusion dynamics. We recently showed
that suppressing fission (increasing fusion) leads to a loss in axon growth inhibition by



chondroitin sulfate proteoglycans, supporting a hypothesis in which CNS axon growth and
guidance is regulated by Mt fission-fusion dynamics. These data also suggest suppressing Mt
fission is a potential therapeutic strategy for improving axon regeneration after CNS trauma or
disease. To identify whether Mt fission/fusion mechanisms also underlie the axon
suppressing/enhancing activity of KLFs, we are investigating the potential ability for KLFs to
critically regulate Mt genes for axon growth. Pertinent to our previous findings, we found that
axon growth-suppressing KLF9 increased and growth-promoting KLF7 decreased the genetic
expression of mitochondrial fission process 1,18 kDa (MTP18), a positive regulator of Mt
fission, supporting the hypothesis that increased fission is inhibitory for axon growth in CNS
neurons. Furthermore, our recent data analyzing exome sequencing of familial axonopathies also
pointed to a disease association with a number of mitochondrial proteins thought to act on
fission/fusion dynamics, including MTP18. Therefore, we hypothesize that KLF7/9-mediated
regulation of the mitochondrial fission enhancer MTP18 regulates intrinsic axon growth ability
in CNS neurons. To address this hypothesis, we will express/knockdown MTP18 in combination
with or independent of KLF7/9 expression/knockdown in RGCs both in vitro and in vivo,
identifying the neuronal role of MTP18 in regulating Mt fission/fusion dynamics, CNS axon
growth and guidance, and KLF7/9-mediated axon regeneration. The overall goal is to improve
our understanding of how Mt fission/fusion regulates axon regeneration and identify strategies
for restoring axon growth after CNS injury or disease.
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Abstract: After complete spinal cord injury (SCI) in mammals injured axons are unable to
regenerate. Both intrinsic and extrinsic factors associated with myelin and glial scar play
important roles in limiting axonal regeneration. Many documents evidenced that a number of
axon guidance molecules (eg. Netrin and RGM) are expressed in the adult CNS and their
expression altered following injury. Growing axons receives signals from a plethora of both
attractive and repulsive guidance cues that recognized by multiple receptors. Recently published
studies suggest that axonal guidance molecule and their receptors play very important role not
only during development but also at adult stage. We hypotheses that the inability of severed
axons to undergo regeneration in the adult CNS is, at least in part, attributable to the presence of
the very same molecules that were so important during development in establishing the axonal
connections. In order to test the hypothesis that combination of multiple repulsive guidance
molecules contribute to regeneration failure after SCI, we developed new sequential
chromogenic triple-labeling in situ hybridization method, and investigated the Co-expression of
Netrin receptors DCC, UNC5 and RGM receptor Neogenin mRNA in reticulospinal neurons of
the larval lamprey brainstem. We found that in control animals, DCC, UNCS5 and Neogenin are
Co-expressed in both “good regenerating” and “bad regenerating” RS neurons. After SCI, neither
Neogenin nor DCC or UNC5 mRNAs is expressed in “good regenerating” neurons. On the
contrary, in the “bad regenerating” neurons, the expression of chemoattractive receptor DCC
decreased, while the expression of chemorepulsive receptors Neogenin and/or UNCS5
prominently increased from 1 month till two month after spinal cord transection. Further, in
combination with FLICA staining and Dextran-retrograde labeling methods, we found these RS
neurons with elevated expression of Neogenin and/or UNC-5 are going to undergo apoptosis and
hardly to regenerate afterwards. While after injection of Neogenin antisense Morpholino oligos,
some type of “bad regenerating” RS neurons can survive through 4months after SCI. Our data
indicated chemorepulsive effects of Netrins and RGM may inhibit regeneration in those neurons
and we are proposing the hypothesis that selective inhibition of chemorepulsive receptors (e.g.
Neogenin and UNCS5) will change balance between repulsive and attractive signaling, enhancing
regenerative potential “bad regenerating” neurons and converting them into “good regenerating”
neurons.
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Abstract: Regeneration mechanisms within the central nervous system (CNS) have yet to be
fully unraveled. To understand these mechanisms, our lab studies the regenerating process in the
CNS of the sea cucumber Holothuria glaberrima. We have previously shown that three
commercial antibodies (anti-Pax6, anti-Nurrl, and anti-Phosphohistone H3) identify distinct
fiber subpopulations within H. glaberrima CNS. In this study, our objective was to characterize
the temporal and spatial regeneration patterns of these distinct subpopulations following
transection of the holothurian CNS. To do this, one of the five radial nerve cords (RNC) of the
sea cucumber wastransected with a scalpel and left to recover. Animals were sacrificed at
different days post-injury (dpi): 2, 6, 12, 21, and 28 dpi. Using immunohistochemistry, the fiber
subpopulations were labeled with anti-Pax6, anti-Nurrl, and anti-PH3 and analyzed. At 2 dpi,
anti-Pax6 showed high expression in the cut ends of the RNC at the injury site. Anti-PH3
expression showed little changes during the first two weeks of regeneration, but appeared to be
more prominent at the injury site in 21 dpi animals. Anti-Nurr] labeled a distinct fiber population
in the RNC whose expression appears to decrease at 21 dpi. The results suggest that the fiber
population differs in their regeneration profile. These results provide insight into the spatial and
temporal patterns of CNS regeneration that might help understand the regenerative capacities of
these organisms.
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Abstract: MicroRNAs are key negatively epigenetic regulators of gene expression. But we
know very little about the roles of MicroRNAs in axon growth and regeneration in the
mammalian peripheral nervous system (PNS). Here we observed that MiR-26a regulates
mammalian axon regeneration in the PNS. GSK3p is the functional target of miR-26a. The MiR-
26a inhibitor decreases axon regeneration ability by directly increasing the endogenous
expression level of GSK3p. Importantly, we provide the first evidence that MiR-26a and GSK3f3
modulate axon regeneration ability in vivo. Furthermore, we show that MiR-26a-GSK3p signal is
conveyed by the induction of a transcription factor Smadl and that overexpression of Smadl
rescues axon regeneration ability mediated by miR-26a inhibitor in vitro. Together, these results
suggest MiR-26a-GSK3B-Smad1 signaling as a central module for controlling axon regeneration
ability in the mammalian peripheral nervous system.
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Title: Protein-protein interactions involved in the transcriptional control of intrinsic axon growth
ability in retinal ganglion cells
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Abstract: Neurons in the adult mammalian central nervous system (CNS) decrease in intrinsic
axon growth capacity during development in concert with changes in Kriippel-like transcription
factors (KLFs), which regulate axon growth capacity in CNS neurons including retinal ganglion
cells (RGCs). Here we find that knockdown of KLF9, an axon growth suppressor normally
upregulated 250-fold in RGC development, promotes long-distance optic nerve regeneration in
vivo. We identify a novel binding partner, MAPK10/JNK3 kinase, and find JNK3 is critical for
KLF9’s axon growth suppressive activity. Interfering with a JNK3-binding domain (JBD), or
mutating two newly discovered serine phosphorylation acceptor sites, Ser106/Ser110, effectively
abolished KLF9’s neurite growth suppression in vitro and promoted axon regeneration in vivo.
These findings demonstrate a novel, physiologic role for the interaction of KLF9 and JNK3 in
regenerative failure in the optic nerve and suggest new therapeutic strategies to promote axon
regeneration in the adult CNS.
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Abstract: Following injury, axonal remodeling in the form of collateral sprouting of spared
axons that compensate for lost circuits represents a key mechanism by which behavioral
functions are recovered. For instance, in the case of spinal cord injury (SCI), clinical lesions are
often functionally incomplete, and thus compensatory sprouting of uninjured axons represents an
important mechanism for functional recovery. Such axonal re-growth is robust after injury in
young postnatal animals but diminishes with ageing. Using conditional knockout mouse and
RNA interference, here we perform loss of functions studies to define the role of mTOR,
STATS3, Dicer and MEK1/2 in neonatal or young adult neurons in regulating spontaneous
collateral sprouting of corticospinal tract (CST) axons after pyramidotomy. Our findings
demonstrate that mTOR is dispensable for the robust spontaneous sprouting of CST axons in
immature mice. In contrast, moderate spontaneous axonal sprouting or induced-sprouting seen
under different conditions in adult mice (i.e. PTEN deletion or inactivation of chondroitin
proteoglycans) are reduced upon mTOR inhibition. In addition, we find that co-inactivation of
PTEN and CSPGs leads to striking increase in axonal sprouting, and enhances functional
recovery compared to single treatments. We also present our primary findings on the effects of
depleting STAT3, Dicer or MEK1/2 in triggering spontaneous axonal sprouting in immature or
young adult mice.
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Abstract: Spinal cord injury (SCI) results in loss of function due to the failure of axon
regeneration through an inhibitory environment in the CNS. Promoting axonal growth can be
accomplished by relieving inhibition from the extracellular environment or through enhancing
the neuron’s intrinsic growth potential. Research from our lab and others has shown that local
protein synthesis in axons plays a vital role in neuronal development and axon regeneration in
the PNS. A major gap in our current understanding is that very little is known about the
molecular mechanism and regulation of mRNA translation and local protein synthesis in adult
CNS neurons following SCI. An increased understanding of how SCI effects local translation in
regenerating axons is expected to lead to the identification of novel therapeutic strategies. Our
recent work has shown that haploinsufficiency of the mRNA binding protein,
IMP1/ZBP1/IGF2BP1, results in axon outgrowth impairments of adult naive dorsal root ganglion
(DRG) neurons in culture on a growth-promoting laminin substrate and in a peripheral nerve
injury model in vivo (Donnelly et al., 2011). However, the role of IMP1 in axon growth in the
more inhibitory environment of a CNS lesion is unclear. Here we have investigated the role of
the IMP1 in axon regeneration in vitro on permissive and inhibitory substrates, as well as in
response to a preconditioning lesion. When grown on more challenging substrates containing
either low levels of laminin or an inhibitory aggrecan/laminin mix, the difference in axon
outgrowth between WT and Imp1 *“ DRGs was not significant. Conditioning did stimulate
neurite outgrowth in both genotypes. However, when tested in an in vitro model of the inhibitory
CNS lesion environment, the spot assay, unconditioned /mp1 ““ DRGs surprisingly exhibited a
marked increase in axon crossing comparable to conditioned WT DRGs. Conditioning did not
further augment Jmp 1™ axon crossing, as was observed with WT DRGs. We further observed
that growth cones from ImpI™” DRGs exhibited an increase in markers of translational activity,
including phosphorylated ribosomal S6 protein, which is down stream in the PTEN/mTOR
pathway. IMP1 associated with f-actin and Pten mRNA by co-immunoprecipitation. Imp1 -
DRGs have significantly less Pten and f-actin mRNAs than WT in axonal fractions as compared
to y-actin. We hypothesize that deficiency of IMP1 may impair axon growth in a permissive
environment, yet allow for axon growth on an inhibitory substrate due to elevated mTOR



pathway activation. These results from in vitro paradigms will motivate in vivo experiments in
spinal cord injured mice to possibly enhance axon outgrowth after injury.
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Abstract: Neurons of the central nervous system fail to mount a strong regenerative response to
axotomy. Although advances have been made in understanding how to overcome barriers to
regeneration through modulation of cell intrinsic and extrinsic factors, the spatial and temporal
domains of the induced regeneration remain limited. By utilizing a cell type specific RNA
immunoprecipitation method coupled with RNA sequencing technology we wish to investigate
the pool of RNA undergoing active translation in retinal ganglion cells (RGCs) induced to
regenerate. Conventional methods for purifying a cell type from a complex tissue have multiple
shortcomings. Fluorescence-activated cell sorting and immunopanning require tissue dissociation
and hours of prep during which viable cells must be maintained, potentially resulting in major
changes to the translational pool of RNA. Laser capture microdissection can be time intensive
and presents difficulties in maintaining high quality RNA. Here we wish to utilize the Ribotag
method to obtain cell type specific RNA in order to better understand the mechanisms by which
RGCs regenerate. Viral delivery of Cre-recombinase to RGCs is used to induce expression of
hemagglutinin tagged ribosomes for use as an IP target. The resulting mRNA pulled down by



this method will undergo RNA sequencing and computational analysis. Following optic nerve
crush the RNA undergoing translation in untreated RGCs and those induced to regenerate will be
compared. By utilizing this method we plan to establish a specific view of the in vivo
translational network of RGCs in order to find new therapeutic targets that promote regeneration.
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Abstract: Like other pathways in the mature central nervous system (CNS), the optic nerve
cannot regenerate if injured, resulting in lifelong losses in vision. Recent studies have achieved a
moderate level of axon regeneration in the injured optic nerve by combining three treatments that
synergistically activate the intrinsic growth state of retinal ganglion cells (RGCs), the projection
neurons of the eye. Nonetheless, even under optimal conditions, more than 50% of RGCs die
after optic nerve injury and most of the surviving RGCs fail to regenerate axons. These
observations point to the existence of additional major suppressors of RGC survival and axon



regeneration. Using autometallography (AMG) or the fluorescent Zn2+ sensor ZinPyr1 (courtesy
Robert Radford, MIT), we found that levels of free Zn2+ increased in the inner plexiform layer
(IPL) of the retina within an hour of optic nerve injury, whereas levels within RGCs themselves
increased more slowly. The IPL contains synaptic inputs onto the dendrites of RGCs from retinal
interneurons (amacrine cells and bipolar cells). The Zn2+ transporter ZnT3 is highly expressed in
the IPL, suggesting that Zn2+ becomes sequestered in presynaptic vesicles after injury. Chelating
Zn2+ using either TPEN or the highly selective chelator ZX1 eliminated the Zn2+ signal in the
IPL and led to enduring survival of RGCs as well as considerable axon regeneration. These
effects were lost when the chelators were saturated with Zn2+, suggesting that the effects of the
chelators are mediated through binding of free Zn2+. Combining Zn2+ chelation with other pro-
regenerative treatments enabled some RGCs to regenerate axons the full length of the optic nerve
in just 2 weeks. These studies indicate that Zn2+ is an endogenous suppressor of axon
regeneration, and they suggest that Zn2+ chelators may be valuable in promoting recovery after
various forms of traumatic or neurodegenerative CNS damage.
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Abstract: The regenerative capacity in the CNS differs greatly between different vertebrate
species. Importantly, wide-spread, life-long neurogenesis is often associated with the remarkable
regenerative potential. Indeed, the neural progenitors from the neurogenic zones of zebrafish
telencephalon engage in the repair process without impairment of the constitutive neurogenesis.
Therefore, we followed the response of a different type of progenitors to the brain injury at the
single cell level in vivo. We first could show that only fast dividing progenitors, labelled with the



retroviral vectors, immediately react to the injury, leave the neurogenic zone and migrate
towards the injury site. In contrast to fast dividing progenitors, the injury induced proliferation of
neural stem cells, the radial glia-like cells, is delayed and coincident with the full tissue
restoration. To assess the role of radial glia-like cells in the regeneration process, we
continuously followed them for more than 1 month using the two-photon live imaging. Our data
suggest the activation of previously quiescent radial glia-like cells in response to the injury, but
with the different mode of division. The radial glia in the intact telencephalon show either
asymmetric or self-renewing symmetric divisions, while the symmetric non-gliogenic division
becomes the predominant type of symmetric division in response to injury. This change in the
division mode leads to the depletion of some activated radial glia-like cells and production of the
transit amplifying progenitor population that is used up in the neuronal regeneration process, but
necessary for the constitutive neurogenesis. We could, further, identify the injury-induced
activation of several pathways in progenitor cells. The activation of these pathways, using the
small molecules, elicited both proliferation of progenitor cells and gene expression comparable
to the injury. Moreover, the activation of these pathways in the injured mouse cortex increased
the de-differentiation of the reactive astrocytes and increased their neurosphere-forming
capacity. Taken together, our data describe for the first time the reaction of the endogenous
progenitors to the injury at the single cell level and identify evolutionary conserved molecular
pathways, involved in the initiation of the repair process by the endogenous progenitors in the
vertebrate brain.
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Abstract: Abstract Body: Type Ila Receptor protein tyrosine phosphatases (RPTPs) have been
shown to modulate neural regeneration and development. All members of this family (RPTP,
RPTP, and LAR) have a cell adhesion molecule-like extracellular domain that includes three N-
terminal Ig domains and four to nine fibronectin type III (FNIII) domains, as well as tandem
intracellular tyrosine phosphatase domains. Along with protein tyrosine kinases, protein tyrosine
phosphatases are crucial to the regulation of cellular protein tyrosine phosphorylation. This
family of leukocyte common antigen-related receptors has been shown to influence axonal
outgrowth and guidance during neural development. Compelling evidence suggests that both
heparan sulfate (HS) and chondroitin sulfate (CS) are the ligands for RPTP and LAR, and the
Lys-loop located in the first Ig domain is responsible for the ligand binding. However, the
functional outputs of HS and CS are promotion and inhibition of axonal growth, respectively.
The opposite effects of HS and CS glycosaminoglycans (GAGs) on axonal growth were
attributed to the differential oligomeric state of RPTP because binding to HS, but not to CS,
induces clustering of the extracellular region of RPTP. Here we show that all RPTP type Ila
members display high affinity binding for heparin. Both CS-E and dermatan sulfate (DS) have
similar dissociation constants within the typical nanomolar range, however, there is considerable
variation of binding sites on GAGs among RPTPs. We also demonstrate differential contribution
of FNIII domains required for high affinity binding to GAGs. In particular, PTP binding to
heparin was not completely abolished by the disruption of the Lys-loop. This along with a
decrease in binding with deletion of the fourth FN domain leads us to hypothesize that there is a
greater contribution of the FN domain in binding to glycosaminoglycans that previously
believed. Preliminary data shows that the fourth fibronectin repeat is able to bind to heparin
without contribution of the three Ig domains. Furthermore, only RPTP is clustered upon binding
to both heparin and CS-E, but not DS. Despite 66% overall shared amino acid identity amongst
RPTPs, we conclude there exist discrete binding sites on RPTPs that determine binding to
GAGs. Our data indicate that clustering of the receptor may not explain the distinct biological
functions of HS and CS.
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Abstract: 1d2 is a negative regulator of basic helix-loop-helix (bHLH) transcription factors. 1d2
dimerizes and prevents bHLH from binding to E box DNA response elements that modulate
neurogenetic transcription during development. Recent report showed that Id2 may be a novel
target for enhancing sensory axonal regeneration following injuries to the adult spinal cord.
However, how 1d2 exerts axonal regeneration is unclear. In this study we demonstrate that Id2
interacts with AKT and is phosphorylated by Akt. Id2 phosphorylation is required for controlling
Id2 protein levels and the interaction between Id2 and E3 ligase Cdh1. Moreover, AKT regulates
the interaction of Id2 with transcription factors of E47. E47 belongs to the bHLH (basic helix-
loop-helix) family of transcription factors and complex with NeuroD. NeuroD/E47 promotes the
activation of myelin gene expression and inhibition of axon growth. Therefore, we suggest that
regulation of Id2 by AKT has important role of axonal regeneration.
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Abstract: The devastating and permanent disabilities after spinal cord and other types of
mammalian central nervous system (CNS) injury is caused by the failure of injured axons to
regenerate and to re-build the functional circuits. Neurons in the mammalian CNS lose their
intrinsic ability to support neural regeneration. Regulated gene expression is one of the intrinsic
ability determinations of neurons to extend axons. Methylation (mono-, di-, and tri-methylation)
on histone H3 lysine (K) 27 induces transcriptional repression, and thereby participates in
controlling gene expression patterns. Methyltransferase EZH2/EZH]1 and de-methyltransferase
JMID3/UTX play essential roles in the epigenetic maintenance of the H3K27me3 repressive
chromatin mark, however, their roles in mammalian axon regeneration are not well explored.
Here we report that H3K27me3 methylation balance mediated by EZH2/EZH1 and JIMJD3/UTX
is a novel modulator of axon regeneration. H3K27me3 expression level is increased after
axotomy in DRG neurons, and the expression levels of EZH2, JIMJD3/UTX are also changed.
We provide the first evidence that EZH2 knockdown impaired and JMJD3 knockdown promoted
mammalian axon regeneration in vivo. Moreover, we found that KLF4 acts as a transcriptional
downstream target of H3K27me3 to mediate axon regeneration in adult sensory neurons in
response to peripheral nerve injury. Therefore, H3K27 methylation balance mediated by
EZH2/JMJD3/UTX provides a novel mechanism for controlling intrinsic axon regeneration
ability in adult dorsal sensory neurons

Disclosures: C. Liu: None. R. Wang: None. J. jiang: None. Z. Jiao: None. S. xxx: None. B.
zhang: None. S. zhang: None. M. zhang: None. Y. Hu: None. F. Zhou: None.

Poster

399. Intrinsic Mechanisms of CNS Regeneration

Location: Halls A-C

Time: Monday, November 17, 2014, 1:00 PM - 5:00 PM
Program#/Poster#: 399.24/C27

Topic: A.05. Axon and Dendrite Development

Support: National Natural Science Foundation of China 31200826

National Basic Research Program of China 973 Program 2011CB504402



Title: Celsr3 is required in hippocampal projection neurons for network wiring and spatial
learning
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Abstract: The atypical cadherin Celsr3, which belongs to the core planar cell polarity group,
orchestrates axonal guidance and network wiring. Previous work using regional inactivation of
Celsr3 in forebrain showed that Celsr3 is widely involved in hippocampal maturation and
connectivity. However, inactivation in the whole forebrain does not provide sufficient specificity
to address the function of Celsr3 in detail. Here, we studied the Celsr3|[Emx1 mouse mutant
model, in which Celsr3 is selectively inactivated in hippocampal projection neurons, but not in
entorhinal cortex, basal ganglia and interneurons. In that mutant, the hippocampal
cytoarchitecture was almost normal. Inactivation of Celsr3 in projection neurons perturbed
intrinsic hippocampal wiring and efferent fiber projections, whereas afferent fibers from
entorhinal cortex were unaffected. In addition, it resulted in incomplete maturation of pyramidal
cell dendrites and synaptogenesis, and increased adult neurogenesis in the dentate gyrus.
Consistent with these wiring defects, Celsr3|Emx1 mutant mice showed impaired learning and
memory, and were less anxiety-prone than control mice. Thus, Celsr3|Emx1 mutant mice provide
a simple way to study the consequences of defective hippocampal wiring in absence of drastic
structural anomalies.
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Title: Localization of BgNPY-like immunoreativity in the nervous system of Biomphalaria
glabrata, an intermediate host for schistosomiasis
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Abstract: Over 200 million people worldwide live at risk of the parasitic disease
schistosomiasis, or “snail fever”. The digenetic trematode worm species Schistosoma mansoni
that causes the most widespread form of intestinal schistosomiasis, employs the freshwater snail
Biomphalaria glabrata as its primary intermediate host. Previous investigations in other
schistosome-snail systems (Trichobilharzia ocellata — Lymnaea stagnalis) showed that
neuropeptide Y (NPY) gene expression was increased during the “shedding” stage of snail
infection, when a high production and release of parasites (cercariae) requires considerable
redirection of host energy resources (Hoek et al. 1997; de Jong Brink et al. 1999). A recently
submitted mRNA sequence was reported to encode a B. glabrata NPY prepropeptide (GenBank
Accession No.: JX013957). For this investigation, affinity purified polyclonal antibodies (rabbit)
were generated against part (20 amino acids) of the predicted NPY neuropeptide (BgNPY)
deduced from the mRNA sequence. BgNPY-like immunoreactive neurons (20 — 30 um diameter)
were present on the dorsal and ventral surfaces of most central ganglia; buccal ganglion (B. g.;
dorsal: 9 + 2, ventral: 3 + 1), cerebral ganglion (Cer. g.; dorsal: 17 £ 2, ventral: 19 + 7), pedal
ganglia (Pd. g.; dorsal: 20 + 6, ventral: 16 + 8), and pleural ganglia (Pl. g.; dorsal: 4 + 1, ventral:
2 +1). Larger (40 - 50 um diameter) BgNPY-li neurons in the left parietal ganglion (Pa. g.;
dorsal: 14 £ 5, ventral: 7 £+ 4), and visceral ganglion (V. g.; dorsal: 23 + 3, ventral: 12 + 6) had
prominent axons oriented toward the parietal-visceral connective. Areas of the sheath
surrounding the ganglia and specific nerves, such as the tentacular nerve and medial lip nerve,
were rich in BgNPY-like fibers, suggesting that this peptide could be released in a neurohaemal
fashion. BgNPY-like staining was also found in the statocysts. These results suggest that BeNPY
could be involved in behaviors such as food intake and reproduction, and are consistent with a
role of this neuropeptide in the redirection of energy resources during the stage of cercarial
shedding in the Schistosoma mansoni - Biomphalaria host-parasite system.
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Abstract: Advances of single-neuron genomics allowed us to obtain an unbiased view of the
genomic organization of both neurons and synapses within identified neural circuits. Here, we
took advantage of the sequenced Aplysia genome and well-developed transcriptome profiling
from various neurons to characterize the complement of genes associated to synaptic functions
and excitability. Specifically we targeted several identified components of defensive feeding
circuits. Our genomic analysis of the Aplysia glutamatergic synapse revealed a significantly
greater complexity compared to recently reported hippocampal synapses in rodents and the
vertebrate synapse in general. In part, we detected higher diversity of the Aplysia ionotropic
glutamate receptors (iGluRs, 23 compared to the number of human iGluRs at 18). We also
determined there are greater number of predicted secretory molecules in pre- and postsynaptic
neurons including novel types of prohormones. The overall complement of ion channels in
Aplysia (197) 1s comparable to the human complement at 237 ion channels. However, in Aplysia
we identified, a number of subfamilies significantly expanded in the molluscan lineage compared
to all other animals. Second, we also revealed an enormous diversity and differential
recruitments of various components controlling excitability and synaptic efficiency (both across
and within the same classes of neurons and synapses). We hypothesize that the observed
redundancy and variability can be considered as adaptive mechanisms controlling synaptic
homeostasis and robustness of synaptic functions. The obtained data together with comparative
genomic analysis across basal metazoans allowed us to reconstruct the early origins and parallel
evolution of synaptic functions in animals.
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Title: Use of an internal FLAG epitope for biochemical characterization and localization of
histidine decarboxylase (HDC) in tissues of Drosophila melanogaster
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Abstract: Histamine (HA) is synthesized by the enzyme histidine decarboxylase (HDC) that is
encoded by the Hdc gene in Drosophila. The analysis of Hdc mutants defective in HA synthesis
and regulation of Hdc expression has, in the past, relied solely upon HA immunohistochemistry
to assess HDC activity. Determining the location of the Drosophila HDC protein in various
tissues and isolating HDC for biochemical studies has been hampered due to the inability to
detect HDC immunohistochemically. Efforts in the past to label the HDC protein, including N-
or C-terminal labeling using an epitope tag such as 6XHIS or FLAG, have been unsuccessful.
This failure to label HDC is likely due to the fact that, as in other species, the protein is post-
translationally modified by the removal of both the N- and C-terminus (ref.1), preventing the use
of conventional N- and C-terminal epitope-labeling techniques to label the HDC protein. Several
internal sites for an epitope label within the Drosophila Hdc gene were identified, one of which
could accept an insertion of a small epitope label (6XHIS) without disrupting the HDC protein’s
function (ref. 2). Using this same approach, a FLAG epitope was placed into the same internal
site of the Hdc gene structure, resulting in a FLAG-Hdc transgene. The FLAG-Hdc transgene
was placed into a plasmid vector and transformed into Drosophila using standard techniques.
Linkage of the FLAG-Hdc transgene was determined for each transformant line generated and
selected transformant-bearing flies were then crossed into a mutant Hde’*”"? background lacking
endogenous HDC activity. These transgenic flies were analyzed for a functional HDC protein by
immunostaining with HA antibodies in a number of developmental stages. A similar procedure
was used to detect the epitope-labeled FLAG-HDC protein using the M2 FLAG antibody.
Results for the FLAG-HDC epitope immunodetection yielded a staining pattern very similar to



the HA immunostaining in the wildtype fly. Co-localization experiments for HA and FLAG-
HDC have been completed in both the larval and adult CNS, indicating that FLAG expression
co-localizes with HA. Immunoprecipitation experiments using the M2 FLAG antibody have
identified a 52 kD protein specific to the FLAG-Hdc transformant, which we propose to be the
size of the HDC monomer in Drosophila. These epitope tagged FLAG-Hdc transgenic flies can
now be used to further our understanding of HDC biochemistry and cell biology in vivo. (1)
Fleming and Wang (2000) Molec. Cell Biol. 20: 4932-4947. (2) Fair et al. (2012) 53rd
Drosophila Research Conference.
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Abstract: The peripheral nerve networks of the chemotactile oral veil-tentacle complex and
rhinophores of the predatory sea-slug Pleurobranchaea californica show extensive tyrosine
hydroxylase immunoreactivity (TH-IR), consistent with dopaminergic innervation. TH-IR is also
marked in ciliated, epithelial putative primary chemoreceptor cells, as well as in downstream
somata of the associated peripheral ganglia. Some of these TH-IR somata project into the
sensory Large Oral Veil and Tentacle Nerves (LOVN, TN), which supply the CNS with
information critical to cost-benefit decisions serving foraging, defense, and reproduction (Brown
et al., in preparation). We tested a potential role for dopamine in both food-seeking behavior and
the underlying peripheral sensory physiology with sulpiride, a dopamine D2/D3 receptor
antagonist. Appetitive responses were observed to application of raw shrimp on both sides of the
oral veil-tentacle complex before and after unilateral topical application of sulpiride. Sulpiride



significantly increased latency to orient to and bite at food stimuli applied to the treated side (p <
0.001, Wilcoxon matched pairs test), while latencies did not significantly vary on the control side
before and after treatment. Recordings of sensory activity from LOVN and TN were consistent
with the above observations. Unilateral sulpiride application significantly attenuated neural
responses to tactile and appetitive chemotactile stimuli in decerebrated preparations. Thus,
behavioral and physiological results are consistent with a pivotal role for peripheral
dopaminergic pathways in sensory transduction and/or downstream peripheral integration.
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Abstract: Cockroaches like the madeira cockroach Rhyparobia maderae possess the ability to
self-select a balanced diet based on nutritional need. Given a choice between a carbohydrate diet
and a protein diet, an R. maderae nymph will feed 80% on the carbohydrate cube and only 20%
on the protein cube. Previous work in our lab has shown that various neurotransmitters function
to regulate this self-selection feeding behavior. For example, it appears that octopamine regulates
hunger, while dopamine controls satiety. In contrast, serotonin is known to regulate specific
nutrient self-selection in many animals, including R. maderae nymphs. Precisely, serotonin
release in the cockroach brain is correlated with carbohydrate consumption: high levels cause
reduced feeding while lower levels increase carbohydrate feeding. In the present study,
immunohistochemistry was utilized to determine which regions of the R. maderae brain are
involved in the regulation of carbohydrate self-selection behavior by serotonin. In determining



the pattern of serotonin release in the brain of actively feeding R. maderae, large nymphs (n=10
per treatment group) were randomly selected and divided into five treatment groups. Prior to
treatment, nymphs were starved for seven days and allowed only water as sustenance. After
seven days, nymphs were placed into individual glass petri dishes that were used as feeding
arenas. Each arena contained a diet block and water ad libitum. The experimental treatment
groups included one group feeding on carbohydrate (sucrose) diet cubes for 1 hour, a second
group feeding on sucrose for 2 hours, a third group feeding on casein (protein) for 1 hour, and a
fourth group feeding on casein for 2 hours. Unfed, control groups were used to compare to the
other feeding treatment groups. After 1-2 hours of feeding, the R. maderae nymphs were
anesthetized with CO,, and their brains were dissected out. All brains were fixed by incubating
in 30% sucrose in 4% paraformaldehyde solution for three days. Brains were then sectioned with
a cryostat at 25um thickness and prepped for immunohistochemistry. Briefly, brain sections were
incubated in 1% primary antibody (serotonin), normal goat serum and PBS for 2 hours. The
sections were then incubated in secondary antibody (anti-rabbit), normal goat serum and PBS for
one hour. Our results show a very high localization of serotonin in and around the mushroom
bodies of cockroach brain. This finding corroborates our hypothesis that the insect mushroom
body is involved in carbohydrate self-selection behavior.
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Title: Histamine-like immunoreactivity in the central and peripheral nervous systems of
Biomphalaria spp., intermediate host snails for schistosomiasis
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Abstract: Snails of the genus Biomphalaria are intermediate hosts for the digenetic trematode
parasite Schistosoma mansoni, which infects people living in tropical regions of Africa and the
Americas. It has been proposed that the development of S. mansoni from the free-living
miracidium to the parasitic mother sporocyst stage depends upon uptake of biogenic amines from
the snail host (see Boyle et al. 2003; El-Shehabi and Ribeiro 2010). Previous studies have
demonstrated the presence of histamine in Schistosoma (Ribiero et al. 2005) but no data are
available concerning possible sources of histamine in the tissues of Biomphalaria. This
investigation examined the localization of histamine-like immunoreactive (HA-Lir) material in
the central nervous system (CNS) and peripheral tissues of both B. alexandrina (the snail host in
Egypt) and B. glabrata (the snail host in the American tropics). Evidence indicates that HA is
plentiful throughout the nervous system of the snail. Within the CNS, clusters of HA-Lir neurons
were observed in the buccal, cerebral, pedal, left parietal, and visceral ganglia, suggesting
involvement in a variety of neural functions. Histamine was also found in the hair cells of the
statocyst indicating involvement in graviception. Finally, numerous peripheral cell bodies in the
cephalic sensory organs and anterior margin of the foot, together with the heavy labeling of
nerves connecting these regions with the CNS indicates that populations of chemo- and/or
mechanoreceptor afferent cells also use HA as their transmitter. The patterns of staining for both
species of Biomphalaria were similar to each other and to the staining observed in other
pulmonates examined to date. The results thus indicate that the snail hosts have abundant sources
of HA that could be exploited by larval schistosomes and suggest numerous host-parasite
interactions involving this aminergic transmitter.
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Title: Establishing and maintenance of neuronal identity in Aplysia: Tracing the origins of
serotonergic and dopaminergic neurons in bilaterians
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Abstract: Aplysia californica neurons are some of the largest somatic cells in the animal
kingdom and contain enough genetic material per cell to allow for in depth transcriptome
analysis. In order to understand the logic of gene regulation and gene expression changes
underlying complex neuronal phenotypes, we performed RNA-seq on freshly isolated individual
Aplysia neurons. By using this specific single-cell transcriptome approach, we were able to
identify a subset of gene candidates involved in the maintenance of unique phenotypes of
serotonergic and dopaminergic neurons such as transcription factors in the E7S, Hox and Pitx
subfamilies. /n situ hybridization was then performed to map the expression pattern of these
candidate regulators in the Aplysia nervous system to identify and define cells with specific
neurotransmitter phenotypes Computational approaches then identified potential transcription
factor binding sites in the promoter regions of the genes encoded dopamine and serotonin
synthetic pathways respectively. Together, our data on the regulation of neurotransmitter
expression suggest both serotonergic and dopaminergic neuronal cell lineages arose from a
common bilaterian ancestor. Supported by NIH, NSF and NASA
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Title: Brain transcriptomes from six sea slug species provide insights into neural circuit
evolution
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Abstract: Neuronal circuits in the clade Nudipleura (Mollusca, Gastropoda, Heterobranchia)
differ between species that swim using dorsal ventral (DV) or left-right (LR) whole body
flexions, even when comparing analogous forms of swimming. To understand molecular
elements underlying these differences, we performed deep mRNA sequencing of the central
ganglia of six species with each form of swimming behavior, five nudibranchs: Tritonia
diomedea (DV); Melibe leonina (LR); Hermissenda crassicornis (LR); Flabellina iodinea (LR);
and Dendronotus iris (LR), and one outgroup Pleurobranchaea californica (DV). This effort
generated full-length sequences of approximately 24,000 genes, which is similar to the size of
the fully sequenced genome of another gastropod, Lottia gigantea. Analysis of these sequences is
providing broad insights into the molecular elements underlying neuronal excitability, synaptic
connectivity, and neuromodulation in these species. For example, we found a disproportionately
large number of the most abundantly expressed genes to be secretory neuropeptides (e.g.
Cerebral peptide 1, Pedal peptide 1 and Molluscan insulin-related peptide 3), suggesting that
peptidergic signaling is a prominent form of neurotransmission in nudibranchs and perhaps all
gastropods. Additional insights arise from phylogenetic comparisons: 1) The nudibranch
FMRFamide gene possesses considerably fewer repeats of the FMRF peptide motif compared to
other molluscs, whereas the Aplysia ortholog seems to have duplicated it many more times. 2)
The Melibe Small Cardioactive Peptide (SCP) gene duplicated to produce a third putative SCP
peptide (SCP¢) in addition to SCP4 and SCPg. We are using the full transcriptome data to
resolve ancestral phylogeny of the Nudipleura, to test the hypothesis that DV and LR swimming
arose independently in distinct phylogenetic lineages of the Nudipleura. The availability of
neuronal gene sequences is expanding research on traditionally electrophysiological preparations
to allow a molecular understanding of the basis for species-typical behavior.
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Abstract: Serotonin (5-HT) is important for many behaviors in both invertebrates and
vertebrates. In sea slugs, 5-HT has been studied extensively with respect to neural control of
learning, memory, and movement. To date, four molluscan 5-HT receptor families have been
identified and shown to be expressed in neural tissue: 5-HT1, 5-HT2, 5-HT4, and 5-HT7
(Nagakura et al, 2010, J. Neurochem 115, 994-1006). In addition, a putative 5-HT6 receptor
family orthologue was identified from Aplysia californica genomic DNA. No 5-HT receptors,
however, had been identified in any species of Nudipleura sea slugs (Mollusca, Gastropoda,
Heterobranchia), which are important models for studying serotonergic neuromodulation. We
therefore sequenced the transcriptomes of six sea slug species: Tritonia diomedea,
Pleurobranchaea californica, Hermissenda crassicornis, Dendronotus iris, Melibe leonina and
Flabellina iodinea. 5-HT receptor homologues from each of the four previously identified
molluscan 5-HT receptor families were identified in the transcriptomes of all species. In
addition, we confirmed the existence of the 5-HT6 receptor subtype transcript. We also identified
a previously uncharacterized 5-HT2 family receptor, 5-HT2b. ClustalX and BLAST alignments
showed that 5-HT2b aligned closely with non-molluscan 5-HT2 family receptors, but was
distinct from the previously published molluscan 5-HT2 receptor. All transcriptome sequences
were consensus sequenced to verify sequence identity. Phylogenetic analyses of the receptor
protein sequences showed that they aligned within the distinct molluscan 5-HT receptor families.



Within the receptor sequences, several insertions or deletions resulting in alternative gene
sequences were identified in each species. 5-HT-mediated behaviors are likely controlled by
multiple 5-HT receptor families; these receptor sequences can therefore be used to study the
identity and expression levels of 5-HT receptors involved in many behaviors across multiple
species of sea slugs.

Disclosures: A.N. Tamvacakis: None. A. Senatore: None. P.S. Katz: None.

Poster

400. Invertebrate Transmission

Location: Halls A-C

Time: Monday, November 17, 2014, 1:00 PM - 5:00 PM

Program#/Poster#: 400.10/C37

Topic: B.01. Neurotransmitters and Signaling Molecules

Support: NIH grant RO3DA026518

Title: Evidence of nicotine-induced, d-tubocurarine-insensitive behavior in planarians
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Abstract: Planarians are rapidly developing into very useful research subjects in pharmacology
and neuroscience research. These organisms possess many of the neurotransmitter systems used
by vertebrates and are one of the most primitive example of cephalization in the animal kingdom,
displaying a bona fide brain. Here we report that d-tubocurarine, a cholinergic antagonist,
alleviates the nicotine-induced planarian seizure-like movements (pSLM) by 50 % up to
equimolar concentrations of nicotine and d-tubocurarine (1 mM) while D-tubocurarine alone
does not induce pSLM. The simplest interpretation of our data is that there are nicotine induced
behaviors insensitive to d-tubocurarine in our experimental organism. To the best of our
knowledge, this is the first report on d-tubocurarine-insensitive, nicotine-induced effects.
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Title: Identified aminergic neurons in Biomphalaria glabrata, an intermediate host for human
intestinal schistosomiasis
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Abstract: Schistosomiasis is a neglected tropical disease (NTD) that impacts over 200 million
people throughout Asia, Africa and South America. The planorbid snail Biomphalaria glabrata
serves as the major intermediate host for Schistosoma mansoni, the trematode parasite
responsible for the most widespread form of human intestinal schistosomiasis. Our previous
studies mapped the localization of serotonergic and catecholaminergic neurons in the nervous
system of B. glabrata (Delgado et al. 2012; Vallejo et al., 2014). We reported the presence of a
group of five serotonergic neurons (the CeSF cluster) on the dorsal surface of each cerebral
hemiganglion and proposed that this cluster could correspond to a serotonergic system that has
been highly conserved in other gastropod groups (see Katz et al. 2001). As these neurons have
been intensively studied and found to participate in responses to noxious stimuli in a range of
opisthobranch species (Hermissenda: CPT cells, Tritonia: DSI cells, Melibe: Si, Aplysia: CC3,
Pleurobranchaea: Asl-3), we explored the possibility that they could be similarly involved in
responses to aversive stimuli, such as miracidia penetration, in the pulmonate snail
Biomphalaria. An isolated "head-brain" preparation was developed to assess the receptive fields
of the CeSF neurons to tactile (probe) and noxious (sharp electrode) stimuli designed to simulate
penetration of the cephalic epithelium by S. mansoni miracidia. We found that neurons
comprising the CeSF clusters are anatomically and physiologically heterogeneous. Neurobiotin
fills demonstrated dissimilar projections, such as the designated Left Superior (LS CeSF) cell,



projecting contralaterally to the right parietal nerve, while its contralateral counterpart projected
bilaterally to multiple peripheral nerves. Experiments demonstrated cells with variable receptive
fields, such as the LS cell that was responsive to all areas tested and its contralateral counterpart
that was excited only by lip stimulation. Dye fills of some CeSF neurons demonstrated
projections to the region of the contralateral CeSF cluster and were indicative of dye coupling.
Further experiments were performed to characterize the structure and synaptic relations between
the two CeSF clusters and neurons in other ganglia that could support a role for these cells in the
responses of B. glabrata to noxious or aversive stimuli.
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Title: Identification of Neuropeptide-like Proteins (NLPs) in the motor neurons of Ascaris suum
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Abstract: The parasitic nematode Ascaris affects both humans (4. lumbricoides) and livestock
(A. suum), causing devastating effects on human health and global economy. Treatment involves
administration of anthelmintic drugs, which often target classical neurotransmission in the motor
nervous system. Detailed studies of cellular connectivity and classical transmitter expression
have been completed on the motor nervous system of Ascaris suum; however, an adequate
functional circuit has not yet been described for this relatively “simple” system. One missing
piece of information is the neuropeptide content of the motor neurons themselves. Neuropeptides



are the largest class of neurotransmitter molecules, playing a variety of roles in the nervous
systems of vertebrate and invertebrate animals. Neuropeptides are grouped into three categories
based on their structure, with the largest and most diverse group being the neuropeptide-like
proteins (NLPs). The objective of this study was to identify the neuropeptides produced by the
inhibitory and excitatory motor neurons of female 4. suum, and to examine their effects on
classical neurotransmission and locomotory behavior of the worm. To accomplish this, we used
single-cell mass spectrometry to determine the peptide content of 5 types of motor neurons. The
results were confirmed with in situ hybridization. The effects of these peptides on acetylcholine
(ACh)-induced muscle contraction were measured on strips of dorsal muscle, and effects on
locomotory behavior were observed by injecting intact worms and monitoring their behavior in a
tube with the same diameter as the porcine small intestine. We found that the GABAergic
inhibitory motor neurons (DI, VI) express only one major peptide product
(SLASGRWGLRPamide), which is a homolog to Caenorhabditis elegans peptide NLP-22.
Pharmacological experiments show a dramatic decrease in ACh-induced muscle contraction of
Ascaris dorsal muscle in the presence of As-NLP-22, with an ICs of 10 M. Behavioral
experiments in which intact worms were injected with this peptide exhibited flaccid paralysis in
the anterior 1/3 of the worm, where locomotory behavior is most frequent. The cholinergic
forward-projecting excitatory motor neurons (DE1, DE3, VE1), responsible for forward
movement, express 6 peptides homologous to those on the C. elegans nlp-21 transcript. Muscle
exposed to these peptides showed no significant change in ACh-induced contraction compared to
controls. Given the dramatic behavioral effects of As-NLP-22, it is crucial that we consider
neuropeptides in developing a functional circuit for Ascaris, and also as novel targets for
anthelmintic drug development.
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Title: Cephalopod transcriptomes unravel details about centralized brain evolution across
metazoans

Authors: *G. C. WINTERS', A. B. KOHN', B. HOCHNER?, N. STERN? E. T. WALTERS’,
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Abstract: Cephalopod molluscs (e.g. Nautilus, Loligo, Octopus, Sepia) are powerful models for
comparative biology and neuroscience. Their nervous systems range in complexity from simple
cords (Nautilus) to one of the most intricate brains of the animal kingdom (Octopus). These
highly specialized nervous systems allow for an advanced capacity for learning and a rich
behavioral repertoire. Of all cephalopod brain innovations, the most extraordinary structure
appears to be the vertical lobe, where we find cell circuits modulating the most advanced
learning and memory in all invertebrates. Although collaborative efforts have made progress in
describing physiological properties of memory circuits, little is known about the implementation
of signaling molecules in the vertical lobe. To examine this, we have sequenced neuronal
transcriptomes from key model cephalopods and made comparisons to one another and to our
sequenced genome and transcriptomes of the gastropod mollusc, Aplysia californica. This
approach has allowed us to identify evolutionarily conserved neural signaling molecules and
numerous innovations within molluscs. For example, we have identified in cephalopods
approximately half of all known Aplysia neuropeptides, including putative markers for both
sensory and motor neuron populations, as well as traditional neuromodulatory peptides. Of all
identified cephalopod neuropeptides, we have cloned and localized expression of seventeen in
Octopus vulgaris, and thirteen in the squid Loligo pealei. Of these neuropeptides, about twenty
percent appear to localize to specific and distinct cell populations in the vertical lobe, indicating
a greater level of complexity than has been previously described. Additionally, some
neuropeptides involved in memory modulation in gastropods, such as FMRF-amide, do not
localize to the vertical lobe in Octopus or Loligo, indicating either an alternate role for
FMRFamide, or the presence of additional cephalopod memory circuits. Neuropeptide
expression in cephalopod and gastropod neural tissues support a hypothesis that there has been
expansion of potentially homologous neural cell populations across lineages. This comparative
anatomical and genomic approach provides unique opportunities to reconstruct ancestral
neuronal lineages, identify conserved cell types across species, and reveal trends in evolution
within neural circuits.
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Abstract: It is estimated that approximately 10% of people worldwide live at risk of the parasitic
disease schistosomiasis, or “snail fever”. The digenetic trematode worm Schistosoma mansoni
that causes the form of schistosomiasis found in the Western Hemisphere employs the freshwater
snail Biomphalaria glabrata as its primary intermediate host. As infection of snail hosts by larval
trematodes has been reported to alter the expression of genes that encode precursors of
molluscan neuropeptides belonging the FMRFamide family (Hoek et al. 1997), this investigation
examined the localization of FMRFamide-like immunoreactivity (FMRFa-li) in the central
nervous system (CNS) and peripheral nervous system (PNS) of B. glabrata. Within the CNS,
FMRFa-li neurons were mainly located in the cerebral ganglion (Cer. g.; 34 + 7), pedal ganglia
(Pd. g.; 36 £ 10), left parietal ganglion (L Pa. g.; 18 £ 11) and visceral ganglion (V g.; 13 £ 3).
While no FMRFa-li neurons were observed in the buccal ganglion, the buccal neuropil contained
branching fibers that originated from axons in the cerebral-buccal connective. In the periphery,
structures associated with the male reproductive system (penis muscle and sheath) were richly
innervated by FMRFa-li fibers. Double-labeling experiments (biocytin backfill x FMRFa-li) of
the penis nerve demonstrated that the neurons projecting to male reproductive structures were



located in the ventral lobe (VL) of the Cer. g. It is suggested that parasite-induced changes in this
peptidergic system could contribute to modifications of feeding and reproductive behaviors that
have been reported in infected snails.

Disclosures: R.A. Pagan-Aleman: None. S. Rolon-Martinez: None. N. Delgado-Rivera:
None. M.W. Miller: None.

Poster

401. Nicotinic Receptors: Physiology and Pharmacology
Location: Halls A-C

Time: Monday, November 17, 2014, 1:00 PM - 5:00 PM
Program#/Poster#: 401.01/C42

Topic: C.17. Drugs of Abuse and Addiction

Support: NIH Grant DA027990
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Abstract: Induced desensitization of neuronal nicotinic acetylcholine receptors holds promise as
an effective treatment of tobacco addiction. Previously, we found that Sazetidine-A (Saz-A),
which selectively desensitizes alphadbeta2 nicotinic receptors, significantly decreased IV
nicotine self-administration (SA) in a rat with an effective dose of 3 mg/kg in acute and chronic
studies. We then found that VMY-2-95, a Saz-A analog that we developed, also significantly
decreased nicotine SA with the same effective dose. In continuing efforts, we have studied other
Saz-A analogs to determine their efficacies in reducing nicotine SA in the rat model.. Young
adult female Sprague-Dawley rats were fitted with IV catheters and were trained for nicotine SA
(0.03 mg/kg/infusion) on a fixed ratio-1 schedule for ten sessions. Each drug treatment was
administered SC in a separate set of rats ten minutes before the start of 45-minute sessions in a
counterbalanced design including each dose and saline control twice. YL-2-203, like sazetidine-
A and VMY-2-95, significantly reduced nicotine SA at 3 mg/kg. Follow-up investigation with
YL-2-203 showed that with chronic administration of 3 mg/kg it was effective in reducing
nicotine during two weeks of treatment and during a resumption period after a week-long period
of enforced abstinence. VMY -2-109 at 3 mg/kg significantly reduced nicotine SA, but this effect



was restricted to rats with high pre-treatment baseline levels of nicotine SA with no effect
discerned in rats with low baseline levels of nicotine SA. YL-1-127 did not have a monotonic
dose-effect of reducing nicotine SA; it had some efficacy at a lower (0.3 mg/kg) but not higher
(1-9 mg/kg) doses. YL-1-231 did not affect nicotine SA at doses up to 3 mg/kg. Triazetidine-O
was not effective in reducing nicotine SA up to 18 mg/kg. These studies, together with our
studies of Saz-A and VMY-2-95, revealed a spectrum of efficacies for these alpha4beta2
nicotinic receptor desensitizing agents and provide a path forward for the most effective
compounds to be further developed as possible aids to smoking cessation.
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Abstract: Neuronal nicotinic acetylcholine receptors (nAChRs) have been implicated in alcohol
drinking behavior and manipulation of these receptors has been shown to influence alcohol
consumption. The goal of the present study was to examine the effects of a series of novel
compounds that desensitize a4p2* nAChRs on alcohol intake in alcohol preferring (P) rats.
Sazetidine-A (Saz-A), VMY-2-95, YL-1-127 and YL-2-203 were tested. These compounds are
strong desensitizers of a4p2 receptors and demonstrate only weak varying partial agonist effects.
Alcohol preferring rats were given the choice of water or alcohol. Once stable baselines were
established, the acute effects of Saz-A (0.1, 0.3, 1 and 3 mg/kg, s.c.) and its chronic effect (3
mg/kg for 10 days) as well as the effects of different doses of VMY-2-95 (0.33, 1 and 3 mg/kg),
YL-1-127 (0.33, 1, 3, 6 and 9 mg/kg) and YL-2-203 (0.33, 1, 3 and 6 mg/kg) on alcohol intake
and preference were assessed. In addition, the acute effects of Saz-A (3 mg/kg) and YL-1-203 (6
mg/kg) and VMY-2-95 (3 mg/kg) on alcohol intake after alcohol deprivation were evaluated.
The saline vehicle was used as control. Alcohol intake and preference were recorded at 2, 4, 6
and 24 h after the treatments. Our results show that the lead compound Saz-A caused a dose-
dependent reduction in alcohol intake and preference with an effective dose threshold at 1
mg/kg). Chronic Saz-A also effectively reduced alcohol intake. In the post-deprivation
experiment, when the urge for drinking is enhanced, Saz-A significantly reduced alcohol intake
and preference. YL-1-127 at 1 mg/kg reduced alcohol intake significantly over 24-h, and at 3
mg/kg the compound reduced alcohol intake at both the 6-h and 24-h. VMY-2-95 at all doses
tested reduced alcohol intake at all-time points. VMY-2-95 at 3 mg/kg also significantly reduced
alcohol intake after alcohol deprivation. YL-2-203 was not effective in reducing alcohol intake.
In conclusion, these findings suggest an important role for a4p2 nAChRs in excessive drinking
and indicate that compounds that desensitize these receptors may hold promise for the treatment
of alcohol use disorders. (Supported by NIDA U19 grant DA027990 and NIAAA R24-
AA015512-02).
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Abstract: Nicotine and ethanol (EtOH) are two of the most widely abused and co-abused drugs.
A major risk factor for alcoholism is tolerance to intoxication as this may result in greater EtOH
consumption and greater likelihood of addiction. In a number of animal studies, increased EtOH
self-administration is correlated with tolerance to EtOH intoxication. Although nicotine EtOH
cross-tolerance has been demonstrated in a number of studies, this has not been correlated with
changes in levels of EtOH self-administration. In this study we demonstrate that intermittent
nicotine pretreatment in Sprague-Dawley rats results in tolerance to nicotine induced motor
impairment and cross tolerance to EtOH induced motor impairment, as assessed using the
accelerating rotarod. This cross tolerance to EtOH is accompanied by persistently increased
levels of EtOH self-administration using a 20% EtOH solution in a 2-bottle choice test. The
dorsolateral striatum (DLS) has been implicated in both reward and motor control. Using
electrophysiology, we assessed the effects of repeated nicotine on excitatory synaptic
transmission in DLS medium spiny neurons (MSN's). Using the paired-pulse ratio as a measure
of the release probability of glutamate, we found that repeated nicotine increased the paired-
pulse ratio in DLS MSN's, indicating a decrease in the release probability of glutamate. Further
studies will assess the role of nicotine induced changes in DLS excitatory synaptic transmission
in both EtOH tolerance and reward.
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Abstract: The exact mechanism and progression of Alzheimer’s disease (AD) at present is not
fully understood. Damage to the hippocampal region in AD is evidenced by the impairment of
learning and memory. It is also known that a buildup of B-amyloid plaques occur in AD patients
and that f-amyloid interacts with some subtypes of neuronal nicotinic acetylcholine receptors
(neuronal nAChRs). The neuronal nAchRs are pentameric and can consist of several different
subunit types. The most prevalent nAChR in the brain as a whole are homomeric o7 receptors
and heteromeric receptors composed of a4 and B2 subunits. A broad variety of neuronal nAChR
subunits are known to be expressed by interneurons within the hippocampus, a brain region
strongly associated with learning and memory. It is hypothesized that memory formation can be
impaired through the interaction of f-amyloid with these nAChRs. In this experiment we
characterize the interactions of f-amyloids, with human nAChR subunit combinations expressed
in Xenopus laevis oocytes. We observed a decrease in potentiation when the homomeric o7
receptors was exposed to B-amyloid42. We also observed genistein, a kinase inhibitor, modulates
the effects of f-amyloid42 on the a7 receptors, indicating a possible therapeutic option to combat
the neurodegeneration in AD.
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Title: Novel myosmine derivatives as potential therapeutics for Alzheimer’s disease evaluated in
vitro by multi-electrode electrophysiology of a neuronal network and X-ray crystallography
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Abstract: Nicotinic acetylcholine receptors (nAChRs) are recognized for playing a pivotal role
in cognitive function. Signaling between cholinergic neurons has been shown to be compromised
in many models of Alzheimer’s disease. Stimulation of nAChRs with synthetic analogues of the
natural neurotransmitter has been shown to reinvigorate cognitive function in such models. In
order to identify new chemical entities to potentially aid in the treatment of Alzheimer’s disease,
a panel of myosmine analogues was prepared and screened with a high throughput method
utilizing a series of acetylcholine binding proteins (AChBPs). Some of the compounds prepared
had affinities for the AChBPs in the low nanomolar range. Select compounds were co-
crystallized with the AChBPs and X-ray structures obtained help demonstrate essential
molecular interactions within the binding pocket. The highest affinity compound from the set
was studied for its toxicity and efficacy using multi-electrode electrophysiology of dissociated
neuronal networks made with hippocampal neurons from c¢57bl6/J mice. The results of these
assays show that the compound was not toxic to the neuronal network and it modified synaptic
activity in a dose dependent manner. This data provides the necessary information to extend the
testing of the potent compounds in networks mimicking Alzheimer's brain conditions.
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Abstract: The normal development and function of the hippocampus depends on afferent
cholinergic neurotransmission mediated by nicotinic acetylcholine receptors (nAChRs).
Nicotinic signaling during development has been implicated in shaping the long-term dendritic
morphology of neurons in the central nervous system, and specifically within the hippocampus
has been demonstrated to persistently influence the number of postsynaptic spine synapses on
CA1 pyramidal output neurons. A major class of nAChR in the hippocampus is the 04p2*
receptor. Although it is established that 04p2* nAChRs mediate nicotinic signaling in
hippocampal GABAergic interneurons, their ability to mediate nicotinic signaling in
glutamatergic CA1 pyramidal neurons is not well understood. Interestingly, expression of
individual a4B2* receptor subunits within the rodent CA1 pyramidal cell layer is
developmentally regulated and greatest during early postnatal life, suggesting that receptor
function is greatest in these neurons at this time. We sought to determine whether functional
04p2* nAChRs are present on CA1 pyramidal neurons during the postnatal development of male
CD1 strain mice. Whole-cell electrophysiological responses to acetylcholine (ACh) were
recorded for visually-identified CA1 pyramidal neurons within acute brain slices, in the presence
of both atropine (to block muscarinic acetylcholine receptors) and methyllycaconitine (MLA; to
block a7 subunit-containing nAChRs). We found that ACh elicited postsynaptic inward currents
and facilitated neuronal excitation, and that the magnitude for both of these nicotinic responses
was greatest in CA1 pyramidal neurons during the first and second postnatal weeks of life
compared with later developmental ages examined. Nicotinic responses were resistant to
antagonists of synaptic transmission and were inhibited by dihydro-B-ethroidine, suggesting that
they were mediated by a4p2* nAChRs located directly on recorded CA1 pyramidal neurons.
These findings demonstrate that a4p2* nAChRs mediate nicotinic signaling in CA1 pyramidal



neurons during hippocampal development, and suggest a role for these receptors in the formation
and maturation of hippocampal learning and memory networks.
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Abstract: Alpha 7 (a7) nicotinic acetylcholine receptors (nAChRs) are widely distributed in
brain particularly in those areas involved in motivation, learning and memory. Various
interactions of a7 Rs with amyloid beta peptides (e.g., AP 42) have been proposed by several
groups, with possible relevance for Alzheimer’s disease (AD). The results have been variable
and mixed, however, and no clear consensus has yet been reached concerning their interaction or
functional significance. Early studies (Wang et al, 2000, J. Neurochem) showed that a7 nAChRs
and AP 42 are co-localized in AD cortical regions including the hippocampus, and further that
high-affinity receptor-peptide complexes could be co-immunoprecipitated (Wang et al., 2010,
Biol Psychiatry). The high affinity interaction of AP 42 with a7 Rs may be unique to low-n
oligomeric forms of A, but the exact nature of the interaction is still largely unknown (Parri et
al, 2011, Biochem. Pharmacol.). The apparent high affinity for the a7 R-Af 42 interaction
suggests that the very low (pM) concentrations of AP 42 found in healthy brain under normal
physiologic conditions (Kuo et al, 1996, J Biol Chem) might facilitate receptor activation by
ACh. In support of this view, behavioral and synaptic plasticity studies in hippocampus found
that pM AP 42 was essential for normal function of alpha 7 Rs (Puzzo et al, 2010, Ann Neurol).
In contrast, high (nM - uM) concentration of AP 42 found in advanced AD patient brain (Kuo et
al, 1996, J Biol Chem) might have an inhibitory effect on a7 nAChRs as suggested by some
studies. To elucidate the functional consequences of AP 42 - a7 nAChR interactions, we tested
the effects of AB 42 (1 pM, 10 pM, 1 uM applied acutely as well as for several hrs) on murine a7
nAChRs heterologously expressed in Xenopus oocytes. No concentration of AP 42 tested was



found to directly activate a7 Rs. Similarly, short term preexposure (10 sec) to AP 42 (10 sec)
produced no effect on 500 uM ACh-evoked a7 currents (i.e., neither PAM- nor NAM-like effects
observed). However, incubation with 10 pM A for 2-4 hours produced a clear and significant ~
3-fold facilitation of a7 currents (mean = SEM) : Controls, 242+24 nA (n=36) vs. 10 pM,
742+190 nA (n=35). Lower or higher AP 42 concentrations had no significant effects: 1 pM,
219439 nA (n=18); 1 uM, 245+£29 nA (n=19). Thus, low AP 42 concentrations (similar to
physiologic conc. in brain) facilitated a7 function. Additional studies examined the relative
contribution of Type I PAM-like actions vs. intracellular signaling pathways to the facilitatory
effects of 10 pM AP 42 on a7 currents.
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Abstract: Nicotine and alcohol are often used together. The effects of nicotine are mediated via
neuronal nicotinic receptors in the brain. In addition, emerging evidence suggests that nicotinic
receptors are involved in the mediation of the rewarding and reinforcing effects of alcohol. Here
we studied the expression of a5, a6 and a7 nicotinic receptor subunits in alcohol preferring AA
and alcohol non-preferring AA rats. In situ hybridization and receptor binding studies were
conducted in drug-naive animals. The brain areas to be studied were selected based on their high
expression level of these nicotinic receptor subunits and if earlier association of behaviors linked
to alcohol or nicotine dependence with these areas was suggested. We found that the mRNA
level of a5 subunits in the medial habenula and hippocampus were similar in AA and ANA rats.



In addition, there was no difference in the expression of 06 subunit mRNA in the ventral
tegmental area and substantia nigra. However, the level of a7 nicotinic receptor subunit mRNA
was significantly lower in the hypothalamus of alcohol preferring AA rats than in alcohol
avoiding ANA rats. Also the hypothalamic [125]1-a-bungarotoxin binding was lower in AA rats
indicating lower levels of a7 nicotinic receptors. Hippocampal a7 subunit mRNA level and
receptor binding for a7 nicotinic receptors were similar in AA and ANA rats. The a7 nicotinic
receptors in the hypothalamus are located in histaminergic neurons suggesting that regulation of
genetic preference or avoidance to alcohol or other addictive substances involves brain
histaminergic system.
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Abstract: Nicotine and alcohol are frequently co-abused, suggesting they may have common
molecular targets mediating their rewarding effects. While nicotine can directly activate nicotinic



acetylcholine receptors (nAChRs) in the mesolimbic dopamine (DA) system, emerging evidence
suggests that alcohol can modulate nAChR function. nAChRs containing the a6 subunit are
highly and selectively expressed in midbrain DA neurons of the substantia nigra and ventral
tegmental area (VTA). We previously reported that nicotine can act selectively through a6p2*
nAChRs to enhance 2-amino-3-(3-hydroxy-5-methyl-isoxazol-4-yl) propanoic acid (AMPA)
receptor (AMPAR) function on VTA DA neurons. This effect sensitizes the VTA to excitatory
input and promotes drug seeking in animal models. Exposure to alcohol also enhances AMPAR
function in VTA neurons. We therefore hypothesized that a6p2* nAChRs are also involved in
the mechanism by which ethanol enhances AMPAR function on VTA DA neurons. Mice
expressing hypersensitive 06 nAChRs (a6L9’S mice) were used in this study to determine if
enhanced a6* nAChR activity can modulate the ability of ethanol to enhance AMPAR function
in VTA DA neurons. We found that incubating naive brain slices containing the VTA in a low
concentration of ethanol (5 mM) for 60 min was sufficient to enhance AMPAR function in VTA
DA neurons of a6L9’S mice. This concentration of ethanol was insufficient to enhance AMPAR
function in non-transgenic littermate neurons, but 20 mM ethanol was sufficient to enhance
AMPAR function in these control mice. To determine whether in vivo ethanol exposure
produced effects similar to those seen in experiments utilizing slice incubation, a6L9’'S and
nonTg littermate mice were injected (i.p.) with ethanol and 60 min later brain slices were
prepared. a6L.9’S mice injected with 0.5 g/kg ethanol exhibited enhanced VTA DA neuron
AMPAR function, but nonTg control mice required 2.0 g/kg ethanol to achieve the same effect.
Because ethanol and nicotine both modulate AMPAR function in a manner involving a6*
nAChRs, we tested the hypothesis that low concentrations of alcohol and nicotine combine to
modulate AMPAR function in an additive manner. Co-incubation of a6L9’S or nonTg slices in
concentrations of ethanol and nicotine that are sub-threshold when incubated alone resulted in
robust enhancement of AMPAR function. Pre-incubation of slices in either a-conotoxin MII
(a6B2* nAChR antagonist) or varenicline (a partial agonist of a4B2* and a6p2* nAChRs)
attenuated the additive/synergistic enhancement of low concentrations of nicotine and alcohol.
These data suggest that a6p2* nAChRs play an important role in alcohol+tobacco co-
dependence.
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Abstract: Variability in the rate in which animals will acquire self-administration of
psychostimulants is a preclinical model for vulnerability to abuse drugs in humans. The
variability in animals’ acquisition rate can be predicted by individual differences in animals’
locomotor response to a novel environment. Therefore, we investigated whether the propensity to
explore a novel environment might also predict individual differences in the activity of receptors
that have been shown to be critical for acquisition behavior. We focused on nicotinic
acetylcholine receptors (nAChR) located on dopamine terminals in the core of the nucleus
accumbens given their well-documented ability to modulate rapid dopamine signals that are
critical for acquisition behavior. Moreover, activation of nAChRs is critical for amphetamine,
cocaine, and nicotine sensitization, and nAChR blockade reduces psychostimulant self-
administration. We assessed locomotor activity in an inescapable novel environment followed by
measurements of dopamine release using voltammetry in brain slices from the same animals. We
found no relationship between the animals’ locomotor response to a novel environment and the
magnitude of electrically-stimulated dopamine release in the nucleus accumbens. In fact, no
relationship between these parameters was found when dopamine was elicited under single-pulse
conditions and under multiple-pulse conditions across a range of frequencies (5 Hz - 100 Hz).
Following assessment of dopamine release under drug-free conditions, the general nAChR
antagonist mecamylamine, the B2-specific antagonist DHBE, and a desensitizing dose of nicotine
was bath applied to different slices from the same animal. Animals with lower response to a
novel environment (LR) showed greater inhibition in dopamine release to nAChR blockade or
desensitization under single pulse and low frequency, multiple-pulse stimulations that reflect
tonic firing of dopamine neurons. However, animals with a higher response to a novel
environment (HR) showed greater facilitation of dopamine release to nAChR blockade or
desensitization under multiple-pulse, high-frequency conditions that reflect phasic firing of
dopamine neurons. Thus, LR animals are more sensitive to the dopamine inhibitory effects of
nAChR blockade under tonic firing-like conditions while HR animals are more sensitive to the
dopamine facilitative effect of nAChR blockade under phasic firing-like conditions. The
increased sensitivity to nAChR induced facilitation of dopamine signals elicited by phasic-like
stimulation parameters may be mechanistically linked to faster and more robust acquisition of
drugs of abuse.
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Abstract: In the brain, the a7 nicotinic acetylcholine receptor (nAChR) is composed as a penta-
homomeric ligand gated ion channel. In addition, a732 nAChR heteromers have been
demonstrated in heterologous expression systems. Since partial agonists currently used in clinical
trials are selected from screening on the homomeric and not the heteromeric receptor, it is
important to determine whether 732 nAChRs are present in the human brain, and whether such
receptors are pharmacologically different from a7 nAChR homomers. In this study, we used a-
bungarotoxin to affinity purify a7-containing nAChRs from surgically excised human temporal
cortex, and determined the pharmacology and kinetics of human o732 nAChR heteromers in two
cellular systems. Using a-bungarotoxin pull down from extracts of temporal neocortex resected
under neurosurgical operations, it was revealed that B2 subunits co-purified in the eluent. The
same data were replicated in three distinct human samples. In animal studies, the co-purification
of B2 occurs in the cortical tissue from wild-type, but not a7 or B2 knock-out mice. These data
strongly indicate that the o732 nAChR heteromer is indeed present in the human brain.
Furthermore, the pharmacology and kinetics of human o732 nAChR heteromers differ
significantly from that of a7 homomers in response to the nAChR ligands carbachol, choline,
epibatidine and compound A when expressed in Xenopus oocytes and HEK293 cells. Notably,
a7B2 heteromers expressed in HEK293 cells display markedly slower rise and decay phases in
response to epibatidine and compound A. The present results demonstrate that part of the a7-
containing nAChRs in the human brain are heteromers containing one or more 2 subunits, and



that human o732 nAChR heteromers respond to selective a7 nAChR agonists with unique
pharmacology and kinetic profiles. The a 72 nAChR heteromer thus represents an alternative
mechanism through which the reported clinical efficacy of a7 nAChR ligands may occur, and
may represent an alternative drug target for treatment of cognitive dysfunction.
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Abstract: Neuronal nicotinic acetylcholine receptors (nAChRs) play a pivotal role in nicotine
addiction. Heteromeric neuronal nAChRs are ligand-gated, pentameric, cation channels formed
from combinations of 9 a and 3 B subunits, which allows for the possibility of a large number of
receptor subtypes with different biophysical properties and pharmacological characteristics. The
habenula is an important brain region that expresses several different nAChR subtypes (Grady et
al., J Neurosci, 2009; Fonck et al., Neuropharmacology, 2009), some of which appear to be
closely linked to withdrawal symptoms in nicotine-treated animals (Salas et al., J Neurosci,
2009) Many of the nAChRs in the habenula contain the a5 subunit, which appears to play an
important role in nicotine addiction. The a5-containing receptors have significantly higher Ca++



conductance and faster rates of desensitization than their non a5-containing counterparts
(Gerzanich et al., JPET, 1998). Additionally, the a5 subunit in the habenula may play a role in
animals’ sensitivity to high doses nicotine and their threshold for aversion (Fowler et al., Nature
2011). Although many nAChR subtypes are expressed in the rat habenula, the distribution of the
a5 subunit in the different subtypes, e.g., a3p4 and 042 nAChRs, is still not certain. In this
study, we investigated the associations of the a5 subunit in the rat habenula using the sequential
immunoprecipitation method. This method allowed us to quantify the total a5 subunit expression
in the habenula, as well as the extent to which a5 was associated with other subunits. Our study
shows that the a5 subunit exists in about 20% of the nAChRs that are expressed in the rat
habenula. Additionally, we show that in the rat habenula the a5 subunit is associated with both
B2- and P4-containing receptors, providing the habenula with a diverse group of a5-containing
nAChRs. This data provides important insight into how a5 can potentially mediate functions of
the habenula by incorporating into multiple nAChR subtypes. By understanding the library
nAChR subtypes in the habenula, it may be possible to understand how the actions of these
nAChRs impact nicotine addiction. Therefore, this study will provide important insight into the
role habenular nAChRs play in addiction.
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Abstract: Nicotine binds to and activates a family of ligand-gated ion channels, neuronal
nicotinic acetylcholine receptors (nAChRs). Chronic nicotine exposure alters the expression of
various nAChR subtypes, which likely contributes to nicotine dependence; however, the
underlying mechanisms regulating these changes remain unclear. A growing body of evidence
indicates that microRNAs (miRNAs) may be involved in nAChR regulation. Using
bioinformatics, miRNA library screening, site-directed mutagenesis and gene expression
analysis, we have identified a limited number of miRNAs that functionally interact with the 3'-
untranslated regions (3'-UTRs) of mammalian nAChR subunit genes. In silico analysis revealed
specific, evolutionarily conserved sites within the 3"-UTRs through which the miRNAs regulate
gene expression. Mutating these sites disrupted miRNA regulation confirming the in silico
predictions. In addition, the miRNAs that target nAChR 3’-UTRs are expressed in mouse brain
and are regulated by chronic nicotine exposure. Furthermore, we show that expression of one of
these miRNAs, miR-542-3p, is modulated by nicotine within the mesocorticolimbic reward
pathway. Importantly, over-expression of miR-542-3p led to a decrease in the protein levels of
its target, the nAChR B2 subunit. Bioinformatic analysis suggests that a number of the miRNAs
play a general role in regulating cholinergic signaling. Our results provide evidence for a novel
mode of regulation of the mammalian nAChR gene family by nicotine.
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Title: Lynx1 interacts with multiple nicotinic acetylcholine receptor subtypes in the human
brain: Relation to Alzheimer’s disease-like pathology
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Abstract: Ly6/neurotoxin 1 (Lynx1) is an important regulator of synaptic plasticity in the brain,
and this is believed to be due to its regulation of nicotinic acetylcholine receptors (nAChRs).
Heterologous expression studies have shown that Lynx1 binds directly with a7 and 2 nAChR
subunits, but it is not known to which extent Lynx1 can bind to endogenous nAChRs in the brain
or how this is affected by Alzheimer’s disease pathology. Here, we apply affinity purification
with recombinant soluble Lynx1 (Ws-Lynx1) to show that Ws-Lynx1 can co-purify o4, a5, a6,
a7, B2, and 4 nAChR subunits from human cortical extracts as well as rat cortical, midbrain and
olfactory bulb extracts. We further show that Ws-Lynx1 can decrease nicotine-mediated
Extracellular-signal Regulated Kinase (ERK) phosphorylation in rat PC12 cells. This finding
indicates that binding of Lynx]1 is sufficient to inhibit signalling downstream of nAChRs. The
effect of nicotine itself in this assay is sensitive to inhibition by mecamylamine, but not by
methyllycaconitine or dihydro-B-erythroidine. This suggests that Lynx1 can affect the function of
native non-a7, non-04p2 nAChR subtypes. Finally, we show that oligomeric f-amyloid1-42 can
inhibit the interaction between Ws-Lynx1 and several nAChR subunits, and that cortical Lynx1
levels are decreased in a transgenic mouse model with age-dependent B-amyloidosis and tau
pathology. Our data suggest that Lynx1 is a promiscuous protein that can bind to and regulate
multiple nAChR subtypes in the human brain, and implicates Lynx1 in the pathophysiology of
Alzheimer’s disease.
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Abstract: L-Dopa-induced dyskinesias (LIDs) are a serious side effect of dopamine replacement
therapy for Parkinson’s disease for which there are a few treatment options. Accumulating
preclinical studies using nicotinic agonists and nicotinic receptor (nAChR) null mutant mice
suggest a role for various nAChRs in LIDs, including the a6p2* nAChR population. Deletion of
the a6 nAChR subunit reduced L-dopa-induced abnormal involuntary movements (AIMs)
compared to wild type (WT) mice, while nicotine treatment reduced AIMs in WT but not in a6
nAChR knockout mice. To understand the mechanism through which a6p2* nAChRs regulate L-
dopa-induced AIMs, we used gain-of-function 06* nAChR (a6L9’S) mice. This mutation results
in enhanced sensitivity to nicotine/acetylcholine and prolonged receptor-mediated activity. Male
WT and a6L9’S mice were lesioned by unilateral injection of 6-hydroxydopamine (3 pg/ml) into
the medial forebrain bundle. Three to 4 wk later, they were rendered dyskinetic by administration
of L-dopa (3 mg/kg) plus benserazide (15 mg/kg) for 3 wk. L-dopa-induced AIMs were
expressed to a similar extent in the a6L.9°S mice and WT mice. Three week later, when AIMs
had stably developed, a6L.9’S mice and WT mice were administered nicotine. WT mice were
given nicotine in the drinking water in gradually increasing doses to a maximum of 300 pg/ml.
This dose led to a 40% decline in L-dopa-induced AIMs. The reduction in AIMs in WT mice
was maintained with doses of nicotine as low as 20 pg/ml. Because of their exquisite sensitivity
to nicotine, a6L.9’S mice received 10 pg/ml in the drinking water; higher nicotine doses resulted
in mortality. In contrast to WT mice, nicotine treatment did not reduce L-dopa-induced AIMs in
a6L9’S mice. To determine whether this may be due to enhanced activity of hypersensitive
a6L.9’S nAChRs, we tested the effect of the general nAChR blocker mecamylamine that has
previously been shown to reduce L-dopa-induced AIMs. Two-day administration of
mecamylamine (1 mg/kg ip 30 min before L-dopa) similarly reduced L-dopa-induced AIMs in



a6L9’S mice and WT mice. The observation that a nAChR antagonist still reduced L-dopa-
induced AIMs in a6L9’S mice suggests that nicotine decreases LIDs by a nAChR desensitization
block. These results indicate that a6p32* nAChR antagonists may be useful for reducing L-dopa-
induced dyskinesia.
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Abstract: The Prefrontal Cortex (PFC) is important for many cognitive processes including
attention, decision making, social behavior and emotion. The PFC receives significant
cholinergic innervation in concert with numerous neurons in this brain region expressing
nicotinic Acetylcholine Receptors (nAChRs). nAChRs are pentameric transmembrane proteins
that exhibit divergent cationic permeabilities, agonist affinities and desensitization properties. In
our study, we investigated in vivo the cholinergic modulation of PFC layer II/III neurons in order
to better understand the impact of specific nAChR subunits on neuronal network activity. We
performed two-photon Ca2+ imaging in lightly anesthetized, adult, wild type and subunit-
specific knock-out (KO) mice (a7, B2, a7p2 and a5). In WT mice (6-8 months old) we
categorized neuronal firing behavior according to the number of Ca2+ events per minute (EPM)
as segregated with principal component analysis. Silent cells produced 1 or less EPM, whereas



moderately firing neurons produced between 1 to 34 EPM, and finally hyperactive neurons
produced more than 34 EPM. The distribution of spontaneous activity was remarkably stable in
WT mice, with 71 + 3% having normal EPM and only 7 + 3% showing hyperactive EPM. In all
the various nAChR subunit KO mice, the distribution of firing types was altered as compared to
WT. A common finding was a significant increase in the fraction of hyperactive neurons, with a
notable three-fold increase in the a7 KO mice. Interestingly, we did not observe significant
differences in the fraction of silent neurons between WT mice and 2 and a5 KO mice. In order
to assess the effect of acute alterations in nAChR signaling on PFC activity, we subcutaneously
administered nicotine and other subunit-specific cholinergic agonists while imaging. Our
findings suggest that nicotine regulates PFC baseline neuronal activity and is dependent on the
nAChR subunit composition.
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parkinsonian rats
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Abstract: The finding that smoking is inversely correlated with Parkinson's disease and that
nicotine attenuates nigrostriatal damage in parkinsonian animals supports the idea that nicotine
may be neuroprotective. Nicotine is thought to exert this effect by acting at nicotinic receptors
(nAChRs), including the a7 nAChR subtype. The objective of this study was twofold; first, to
test the neuroprotective potential of ABT-107, an agonist with high affinity and selectivity for a7
nAChRs and has low incidence of side effects in patients, and second, to investigate its
mechanism of action. Rats were implanted with minipumps containing ABT-107 (0.25 mg/kg/d).
In addition, we tested the effect of the a7 nAChR agonist DMXB (2 mg/kg/d) and nicotine (1
mg/kg/d), as positive controls. Two wk after minipump placement, the rats were lesioned by
unilateral administration of 6-hydroxydopamine into the medial forebrain bundle. Lesioning
alone decreased contralateral forelimb use and adjusted stepping, two measures of parkinsonism.
ABT-107 and nicotine treatment significantly improved these behaviors at all wk tested, with
variable improvements with DMXB. We next investigated the mechanism that may be involved.
The striatal dopamine transporter (DAT), a marker of dopaminergic integrity, was reduced ~70%
with lesioning. ABT-107, DMXB or nicotine treatment led to significantly higher DAT levels in
lesioned striatum. The drugs did not alter DAT levels in intact striatum. ABT-107 and nicotine
also significantly improved basal dopamine release from lesioned striatum, as well as nicotine-
stimulated dopamine release mediated via a4p2* and a6B2* nAChRs. These data suggest that
drugs targeting a7 nAChRs could be useful for neuroprotection in Parkinson's disease.
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Title: Differential localization and function of nicotinic acetylcholine receptors in subdivisions
of medial habenula
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Abstract: Neuronal nicotinic acetylcholine receptors (nAChRs) in the medial habenula (MHb)
to interpeduncular nucleus (IPN) pathway are key mediators of nicotine’s aversive properties.
However, no previous work has systematically examined the anatomical localization and
function of distinct nAChR subtypes in these two small brain regions. To address this issue, a
new group of knock-in mice were created that each express a single nAChR subunit fused to
green fluorescent protein (GFP), allowing high-resolution mapping. We find that a3 and 34
nAChR subunits levels are strong throughout the ventral MHb (MHDbV). In contrast, a6, $2, B3,
and a4 subunits are selectively found in some, but not all, areas of MHbV. All subunits were
found in both choline acetyltransferase (ChAT)-positive and ChAT-negative cells in MHbV.
Next, we examined functional properties of neurons in the lateral and central part of MHbV
(MHbVL and MHbVC) using brain slice patch clamp recordings. MHbVL neurons were more
excitable than MHbVC neurons, and they also responded more strongly to puffs of nicotine. In
addition, our studies of firing responses in MHbV neurons showed that MHbVL neurons, but not
MHDbVC neurons, increased their firing substantially in response to a nicotine concentration (1
uM) achievable in smokers. This effect was eliminated in a4 subunit knockout mice. Bath
application of SR16584, a selective antagonist for a3p4* nAChRs (the asterisk indicates the
possible presence of additional subunits), also significantly blunted the ability of MHbVL
neurons in response to 1 uM nicotine. These data highlight the role of a3B4* and 04* nAChRs in
MHbVL neuron firing. Additionally, the increase in firing frequency by nicotine was
significantly reduced in MHbVL neurons from mice that underwent withdrawal from chronic
nicotine compared to mice withdrawn from chronic saline. Last, we characterized two
electrophysiologically distinct neuronal populations in the dorsal part of the IPN, which receives
input from MHbVL axons. Type II dorsal IPN neurons, compared to type I neurons, couple more
strongly to cholinergic/glutamatergic afferents from MHbVL. Together, our data provide novel
details regarding neurophysiology and nAChR localization and function in cells within the MHb-
IPN tract. These results also highlight the importance of studying subregions of the MHbV to
advancing our understanding of nicotine withdrawal.
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Abstract: NMDA receptors have been extensively characterized for their involvement in
hippocampal dependent learning and memory as well as excitotoxic cell death at higher
concentrations. More recently there has been considerable interest in the role of the alpha7
nicotinic receptor (a7nAChR) in hippocampal and cortical processes underlying cognition and
cognitive enhancement. Several recent publications have described formation of an NMDA-
a7nAChR complex (Li et al. 2012, 2013), the functional significance of which is largely
unknown. To investigate the interaction between NMDA and nicotinergic-based function in vitro
we chose to use organotypic hippocampal slice cultures prepared from P5/6 day old SD rats and
grown for 14 days on 0.4 um porous membrane inserts at 37°C. Viable slices were exposed for
24 hours to varying concentrations of NMDA and re-evaluated by propridium iodide exclusion
to construct toxicity-response curves. Subsequent experiments are evaluating the effect of the
cholinergic agonists choline and galantamine on NMDA receptor-mediated excitotoxicity, as
well as the effect(s) of corresponding antagonists. Preliminary results to date support an
interaction between NMDA and nicotinergic signaling systems in vitro.
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Abstract: The activation of a7 nicotinic acetylcholine receptors (nAChRs) has been shown to
improve hippocampal-dependent learning and memory. However, the molecular mechanism of
a7 nAChRs’ action remains elusive. We previously reported that activation of a7 nAChRs
induced a prolonged enhancement of glutamatergic synaptic transmission in a protein kinase A
(PKA)-dependent manner. Here, we investigated if there is a direct link between the activation of
the a7 nAChR and cyclic adenosine monophosphate (cAMP) signaling in hippocampal neurons.
To address this question, we employed a Forster- Resonance Energy Transfer (FRET)-based
biosensor (mTurquoise-Epac(CD, ADEP)-'*Venus-Venus) to measure the intracellular cAMP
levels directly via live cell imaging. We found that application of the a7 nAChR-selective
agonist choline (2 mM; in the presence of the a7 nAChR positive allosteric modulator PNU-
120596 (5 uM)) induced a significant change in the YFP/CFP ratio, which indicated an increase
in intracellular cAMP levels. This choline-induced increase was abolished by the a7 nAChR
antagonist MLA (40 nM) and the calcium chelator BAPTA (10 mM), suggesting that the cAMP
increase depends on the a7 nAChR activation and subsequent intracellular calcium rise. The
soluble adenylyl cyclase (AC) inhibitor KH7 (25 uM) also blocked the choline-induced cAMP
increase, suggesting that calcium dependent ACs are required for choline’s action. To determine
the involvement of AC1, we tested the effect of siRNA against AC1. We found that this
treatment reduced significantly the choline-induced FRET ratio change. This suggested that AC1
is the main mediator for the choline-induced cAMP rise. Our findings provide the first direct
evidence to link activation of a7 nAChRs to a cAMP rise, which defines a new signaling
pathway employed by a7 nAChRs. Our study sheds light into the molecular mechanisms of the
positive cognitive actions of a7 nAChR agonists and development of therapeutic treatments for
cognitive impairments.

Disclosures: Q. Cheng: None. J.L. Yakel: None.



Poster

401. Nicotinic Receptors: Physiology and Pharmacology
Location: Halls A-C

Time: Monday, November 17, 2014, 1:00 PM - 5:00 PM
Program#/Poster#: 401.21/C62

Topic: B.02. Ligand-Gated Ion Channels

Support: NIH Grant GM57481

Title: Nicotinic receptors regulate inflammatory and apoptotic signaling through nonconductive
states

Authors: *T. M. GOULD', C. W. KINTER? N. A. HORENSTEIN', R. L. PAPKE?
1Chem., Pharmacol. & Therapeut., Univ. of Florida, Gainesville, FL

Abstract: Nicotinic acetylcholine receptors (nAChRs) are present in the blood and epithelium.
Paradoxically, leukocyte nAChRs remain to be proven as having conductive ion channels, yet
these nAChRs regulate inflammatory and immune-mediated signaling responses to various
pathogens and stimuli. Therefore, we hypothesize that nAChRs impact intracellular
inflammatory signaling in leukocytes through nonconductive conformational states. We found
that in the absence of detectable 1on currents, nAChRs regulate inflammatory signal transduction
events in three types of leukocytes: lymphocytes, monocytes and macrophages. Moreover, we
confirmed that the most effective attenuators of inflammatory signaling are not prototypical ion
channel agonists such as nicotine or acetylcholine, but rather ligands that stabilize non-
conducting or desensitized states. As previously reported for microglia, the partial a7 nAChR
agonist GTS-21 and silent agonist NS6740 significantly attenuate stimulus-induced NF-xB
inflammatory signaling in both Jurkat T lymphocytes and THP-1 monocytes; these ligands are
also effective suppressors of TNFa levels in LPS-stimulated RAW 264.7 macrophages. The
inhibition of inflammatory signals in leukocytes by GTS-21 and NS6740 are coincident with
decreased cell viability (mitochondrial respiration) as evidenced by reduced NADH dependent
dehydrogenase activity. The reduction of TNFa levels in LPS-stimulated macrophages by GTS-
21 also correlates with increased caspase activity. Interestingly, NS6740 potentiates LPS-
stimulated NF-«xB activation in monocytes while suppressing TNFa levels in LPS-stimulated
macrophages. This suggests NS6740 has the ability to induce multiple nonconductive signaling
modes, and that nAChRS may regulate intracellular signaling mechanisms at both the
transcriptional and post-transcriptional level. NF-kB plays a crucial role in cell viability,
regulating inflammatory, proliferative and apoptotic signals. Consistent with these findings, it is
possible that nAChRs may induce apoptosis by inhibiting NF-«kB in the attenuation of
inflammation. Alternatively, diminished NF-«xB signaling may be a consequence of induced



apoptosis. Our data support the hypothesis that ionotropically silent nAChRs may be
metabotropically active and can regulate signaling and transcription. Our studies signify why the
putatively nonconductive leukocyte nAChRs represent a major therapeutic target for the
pharmacological control of inflammation and the regulation of aberrant NF-kB signaling in
immune-mediated diseases and cancer, and recommend the further development of silent
agonists for these indications.
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Abstract: The dorsal raphe nucleus (DRN) contains the largest populations of serotonergic (5-
HT) neurons. Excitatory and inhibitory afferents from many brain areas regulates 5-HT activity.
5-HT DRN neurons express functional nicotinic acetylcholine receptors (nAChRs) and
stimulation of these receptors by nicotine causes and increase in 5-HT release and 5-HT DRN
neuron discharge rate. Serotonergic neurons are also excited by nicotine through increases in
glutamate and noradrenaline release. However, the role of nicotine on the GABAergic input to 5-
HT DRN neurons was not investigated in detail. Therefore, the aim of this work was to
determine the effect of nicotine on GABAergic spontaneous inhibitory postsynaptic currents
(sIPSCs) of 5-HT DRN neurons and the subtype of nAChR(s) involved in this response.
Experiments were performed in coronal slices obtained from young Wistar rats. GABAergic
sIPSCs were recorded in 5-HT DRN neurons using the whole-cell voltage patch clamp
technique. Immunohistochemistry identification of 5-HT neurons was made after recording. The
administration of nicotine (1 uM) increased sIPSCs frequency in 72% 5-HT DRN neurons. This
effect was not reproduced by the 042 nAChR agonist RJIR-2403 and was not influenced by
TTX (1 uM). It was, however, mimicked by the selective agonist for a7 nAChR, PNU-282987,
and exacerbated by the positive allosteric modulator of the same receptor, PNU-120596. The
nicotine-induced increase in sIPSCs frequency was independent on voltage-gated calcium
channels but dependent on Ca2+-induced Ca2+ release (CICR). These results demonstrate that
nicotine increases the GABAergic input to most 5-HT DRN neurons, by activating presynaptic
a7 nAChRs and producing CICR in DRN GABAergic terminals.
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Title: The effect of AT-1001, a selective a34 nAChR functional antagonist, on nicotine
withdrawal and stress+cue induced reinstatement in rats
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Abstract: Tobacco is the leading cause of preventable death worldwide. Relapse is common
during initial onset of withdrawal. Stress and smoking-related cues are also key factors
potentiating relapse. Therefore, management of withdrawal and craving is critical for smoking
cessation. Currently, the most effective smoking cessation aid, varenicline, only has a 23%
abstinence rate after one year. Varenicline is a partial agonist at a4p2 nicotinic acetylcholine
receptors (nAChR), the subtype considered predominantly responsible for smoking addiction.
However, the 034 nAChR has recently been implicated in tobacco dependence. In addition,
AT-1001, a potent and selective o334 nAChR functional antagonist, reduces nicotine self-
administration in rats (Toll et al., 2012; Costello et al., 2014). The 4 subunit is necessary for
withdrawal since mecamylamine-precipitated nicotine withdrawal is diminished in 34, but not
B2, null mice. The present study tests the effect of AT-1001 on (1) precipitated nicotine
withdrawal and (2) stress+cue induced reinstatement of nicotine self-administration in rats. To
evaluate withdrawal, adult male Sprague-Dawley rats were exposed to chronic nicotine via
subcutaneous minipumps (3.15 mg/kg/day nicotine free-base). After 7 days, rats were
administered either AT-1001 (3 mg/kg, s.c.), mecamylamine (Img/kg, s.c.), or vehicle, and
nicotine abstinence signs were scored for 30 minutes. A second group was pretreated with AT-
1001 or vehicle prior to mecamylamine-precipitated withdrawal, and nicotine abstinence signs
were scored for 30 minutes. To examine stress+cue induced reinstatement, rats were trained to
lever press for food and then allowed to self-administer nicotine (30 pg/kg/inj) at FRS. After
reaching stable baseline, responding was extinguished until extinction criteria were met. Rats
were then primed to reinstate nicotine-seeking behavior with yohimbine (2.5 mg/kg, i.p), a
pharmacological stressor, and cues. Prior to reinstatement, one group of rats was pretreated with
0, 0.75, 1.5 or 3 mg/kg (s.c.) AT-1001 in a randomized within-subjects design. A second group
was pretreated with 0, 0.5, 1, or 2 mg/kg (s.c.) mecamylamine. AT-1001 dose-dependently
attenuated reinstatement of nicotine self-administration, similar to mecamylamine. However,
mecamylamine produced significantly more severe withdrawal symptoms compared to AT-1001.
AT-1001 pretreatment had no significant effect on mecamylamine-precipitated withdrawal. Our
results suggest that AT-1001 specifically attenuates nicotine-seeking behavior, does not
exacerbate nicotine withdrawal, and may be a promising pharmacotherapy for tobacco
dependence.
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GABAergic neurons underlies reward sensitization
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Abstract: Nicotine is the psychoactive component in tobacco and an agonist for nicotinic
acetylcholine receptors (nAChR), ligand-gated cation channels normally activated by the
endogenous neurotransmitter, acetylcholine. Unlike other drugs of abuse, chronic nicotine use
leads to increased expression (“upregulation”) of nAChRs in the mesocorticolimbic reward
pathway in addition to other brain regions. While upregulation of nAChRs is a hallmark of
chronic nicotine exposure, and was first identified over 20 years ago, the behavioral consequence
of this phenomenon and how it relates to nicotine dependence is unknown. Furthermore,
functional upregulation of nAChRs containing the [[Unsupported Character - Symbol Font
&#61537;]]4 subunit ([[Unsupported Character - Symbol Font &#61537;]]4* nAChRs) in the
mesolimbic pathway has been shown to be restricted to GABAergic neurons within the VTA.
However, how functional upregulation of [[Unsupported Character - Symbol Font &#61537;]14*
nAChRs affects the micro-circuitry of the VTA and nicotine dependence-related behaviors is
unknown. To address this question, we engineered a Cre recombinase-dependent gene
expression system to selectively express [[Unsupported Character - Symbol Font &#61537;]]4
nAChR subunits harboring a “gain of function” mutation (a leucine mutated to a serine residue at
the 9' position: L9'S), that renders nAChR containing the subunit hypersensitive to nicotine, in
VTA GABAergic neurons of adult male mice, essentially mimicking functional upregulation. In
mice expressing L9'S [[Unsupported Character - Symbol Font &#61537;]]4 nAChR subunits in
VTA GABAergic neurons (Gad2"™:L9'S mice), an acute subcutaneous injection of 0.09 mg/kg
nicotine was sufficient to activate VTA GABAergic neurons; whereas control mice required a
much higher nicotine dose, 0.5 mg/kg, to activate GABAergic neurons. To test the hypothesis
that functional upregulation of [[Unsupported Character - Symbol Font &#61537;]]4* nAChRs



in VTA GABAergic neurons modulated nicotine reward sensitivity, we measured nicotine
reward in Gad2""™:L9'S and control animals using the conditioned place preference assay.
Interestingly, the sub-reward threshold dose of 0.09 mg/kg nicotine conditioned a significant
place preference in Gad2"™: L9'S mice but not in control animals. Together, these data indicate
that upregulation of [[Unsupported Character - Symbol Font &#61537;]]4* nAChRs in VTA
GABAergic neurons mediate reward sensitization, a neuroadaptation that could facilitate relapse
in abstinent smokers.
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Abstract: Recently the alpha7 nicotinic receptor (a7nAChR) has been shown to be involved in
various forms of cognition and is a promising target for cognition enhancing drugs. At high
concentrations, the marine toxin, domoic acid (DOM), is known to produce hippocampal cellular
toxicity primarily by an AMPA-kainate receptor-dependent mechanism (Verdoorn et al. 2004;
Tasker et al. 2006). However, at sub-toxic concentrations DOM induces both acute (Tasker et al.
2005) and persistent (Gill et al. 2012) deficits in cognition when administered to neonatal rats.
To determine if DOM-induced deficits in cognition might be attributable, at least in part, to an
effect on a7nAChRs we investigated the dose-dependent effects of DOM on cell-specific
viability (propridium iodide exclusion) and a7nAChR expression (Western blot) in vitro using
organotypic hippocampal slice cultures (OHSCs). Cultures were prepared from P5/6 day old SD
rats and grown for 14 days on 0.4 um porous membrane inserts at 37°C. Viable slices were



exposed for 24 hours to varying concentrations of DOM and re-evaluated by propridium iodide
exclusion to construct toxicity-response curves. The effects of sub-toxic concentrations of DOM
on the expression of a7nAChRs was measured using Western blot analysis of pooled slice
cultures normalized against total protein concentration. Preliminary results indicate that DOM
reduces a7nAChR expression in a dose-dependent manner in OHSCs.
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Title: Apigenin potentiates human a7-nicotinic acetylcholine receptors
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Abstract: Flavonoids are a group of small molecules derived from plant-based compounds.
They have received considerable attention for their therapeutic use against cancer, heart disease
and other pathological conditions. Apigenin (4,5,7-trihydroxyflavone) is one of the most widely
studied dietery flavonoid found in different plants. Extracts of apigenin have been shown to have
sedative, anxiolytic, and antidepressant actions. However, molecular and cellular mechanisms of
apigenin actions in the central nervous system currently remain unknown. In the present study,
effects of apigenin on the function of the cloned a7 subunit of human nAChR expressed in
Xenopus oocytes were investigated using the two-electrode voltage-clamp technique. Apigenin,
in the concentrations of 10 and 30 uM potentiated of nAChR-mediated currents (induced by 100
uM ACh) to 40 % and 60 % of controls, respectively. Potentiation by apigenin was reversible
and concentration dependent. In conclusion, the results indicate that apigenin potentiates the
function of human a7-nAChRs.
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Abstract: Abstract Philanthotoxin-433 (PhTX-433) is active component of the Egyptian solitary
digger wasp, Philanthus triangulum, venom which non-selectively inhibits several excitatory ion
channels. To improve selectivity two synthetic analogues, Philanthotoxin-343 (PhTX-343) and
Philanthotoxin-12 (PhTX-12), were developed. Previous work by Brier et al. (2003) showed a
22-fold better selectivity for PATX-12 on embryonic muscle-type nicotinic acetylcholine
receptors (M-nAChR) naturally expressed in the TE671 cell line in comparison to PhTX-343. In
this study, we investigated the pharmacological action of both analogues on mammalian hetero-
and homooligomeric neuronal nicotinic acetylcholine receptor (N-nAChR) subunit combinations
expressed in Xenopus oocytes. Whole-cell currents in response to application of acetylcholine
alone or co-applied with PhTX-analogue were studied electrophysiologically using two-electrode
voltage-clamp at three different membrane holding potentials (Vg =-60 mV, -80 mV and -100
mV). Concentration-inhibition curves were constructed and ICs values estimated for each
holding potential. The ICs, values for PhTX-343 inhibition of a3B4, a3p2, a4p2, a4p4 and a7
peak currents at -100 mV were 0.077 uM (n=9), 3.20 uM (n=8), 0.170 uM (n=7), 0.28 uM (n=6)
and 8.7 uM (n =9) respectively; for PhTX-12 they were 2.03 uM (n=8), 36.0 uM (n=10), 0.430
uM (n=7), 2.7 uM (n=8) and 12.1 uM (n =10) respectively; i.e. in contrast to M-nAChR, PhTX-
343 was more potent than PhTX-12 in all cases. The variation in potency is most likely due to a
single amino acid change in the 2/4 subunit pore lining region. For inhibition of heteromeric N-



nAChRs, the potency of PhTX-343 was strongly augmented by holding the cell at more negative
Vy while this was not the case for PhTX-12 where only weak voltage-dependence was observed.
The inhibition of homomeric a7 receptors by both toxins was voltage-independent. Therefore,
we conclude that PhTX-343 works as a potent open channel blocker of the mammalian
heteromeric N-nAChR and has binding site deep in the channel while the PhTX-12 site is near to
the outside of channel. In contrast, inhibition of homomeric a7 receptors may be through
interaction at an alternative site outside the channel pore. Brier, T.J., Mellor, I.R., Tikhonov,
D.B., Neagoe, 1., Shao, Z., Brierley, M.J., Stromgaard, K., Jaroszewski, J.W., Krogsgaard-
Larsen, P., Usherwood, P.N., 2003. Contrasting actions of philanthotoxin-343 and
philanthotoxin-(12) on human muscle nicotinic acetylcholine receptors. Molecular pharmacology
64, 954-964.
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Abstract: Phantasmidine is a condensed tetracyclic alkaloid obtained from the Ecuadorian
poison frog Epipedobates anthonyi. We tested the functional effects of synthetic phantasmidine
on various subtypes of neuronal nicotinic ACh receptors (nAChRs; a7, 04p2 and a3p2) and the
serotonin 5-HT3 receptors (5-HT3ARs) that had been expressed in Xenopus oocytes using two-
electrode voltage-clamp techniques. We found that phantasmidine is a full agonist for the a7
receptors (with EC50 values of 9.89 + 0.90 uM), and a partial agonist for the o332 and 042
nAChRs (with an EC50 value of 19.0 + 13 uM and 3.06 + 0.19 nM, respectively). The relative
peak amplitudes of responses induced by phantasmidine (compared to 1 mM ACh) is 1.08 +
0.04, 0.32 + 0.04, and 0.25 + 0.08 for a7, a4p2 and a3B2 nAChRs, respectively. For the 5-
HT3ARs, phantasmidine has a lower potency than that seen with any of the nAChRs (an EC50



value of 29.1 + 1.7 uM with a relative peak amplitude of 0.79 + 0.05 compared to 10 pM
mCPBG). The phantasmidine-induced currents for the a7 and a4p2 subtype of nAChRs, as well
as the 5-HT3ARs, were completely blocked by methyllycaconitine (30 nM), dihydro-f-
erythroidine (10 nM), and tropisetron (30 nM), respectively. This shows that the functional
effects of phantasmidine are due to its binding to the agonist site on these receptors since
competitive antagonists are able to inhibit it's actions. In summary, phantasmidine is an agonist
for a7, a4P2 and a3B2 nAChRs and the 5-HT3ARs with the potential for clinical applications.
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Title: Cytoskeletal motility and structural growth in developing neural cells is driven by a7-
nicotinic acetylcholine receptor association with G proteins
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Abstract: Several heterotrimeric G proteins are enriched at sites of cellular growth and can
regulate the cytoskeleton during development and structural plasticity. We have recently shown a
role for the a7 nicotinic acetylcholine receptor (a7 nAChR) in the regulation of axon growth in
hippocampal neurons via the binding of a G protein signaling complex. Here we have generated
a series of a7 nAChR mutants and characterized their ability to bind and signal via G proteins in
developing neural cells. Immunoprecipitation studies suggest that a series of basic amino acid
residues within the M3-M4 loop of the nAChR enable G protein coupling. Interactions between
a7 nAChRs and G proteins were examined in the adult and developing rodent brain, and within
synaptic and non-synaptic compartments. Cellular imaging studies reveal that activation of the
a7 nAChR/G protein pathway directs cytoskeletal motility in neurites and growth cones.



Interaction with G proteins thus appears to contribute to changes in cholinergic modulation of
axon growth and branching during brain development. Based on these findings we propose the
existence of a G protein binding site within nAChRs. This domain appears to have evolved to
augment the signaling and regulatory properties of this ligand gated ion channel in cells.
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Abstract: Nearly 4% of deaths worldwide are attributed to alcohol, making it a major public
health burden. Recent clinical trials have shown that varenicline, a a4f2 nicotinic partial agonist
used for smoking cessation, can reduce heavy drinking among alcoholics. It remains unclear,
however, what neural and cognitive mechanisms are affected by varenicline to reduce drinking.
Previous studies have shown that the striatum and ventromedial prefrontal cortex (vmPFC)
contribute to evaluation of outcomes. Striatal activation may indicate the value of a reward, and
the vmPFC may integrate value and cost. Evaluation may involve a circuit beginning in the
ventral striatum, then moving to the dorsal striatum before signaling the vmPFC. No study has
examined how varenicline may affect this reward circuit in heavy drinkers. Here, we studied
heavy drinkers given either varenicline (2mg/day) or placebo for 2 weeks prior to a functional
MRI scan. During the scan, participants completed an incentive task where they had the
opportunity to earn food, alcohol or neutral (no gain or loss) rewards. They saw cues for the
rewards and then had to press a button during a brief response window. A button press within the
response window resulted in earning points for the reward, while a response outside the window
resulted in a missed reward. 30 heavy drinkers (5 female) were scanned. The placebo group



(N=13) showed increased vmPFC activation when missing a drink reward relative to a neutral or
food reward, while the varenicline group (N=17) showed roughly equivalent activation when
missing drink, food and neutral points. Direct contrast of treatment groups indicated that the
varenicline group showed significantly decreased vimPFC activation relative to the placebo group
when missing a drink reward. Functional connectivity analysis across the entire time series
focusing on a vmPFC seed indicated significant connectivity with the dorsal striatum in the
placebo group, with no significant effects in the varenicline group. Strength of connectivity
between vimPFC and striatum showed a trend toward a positive relationship with vimPFC
activation when missing drink points, where individuals with higher connectivity had higher
activation. These results indicate that varenicline may decrease the value of alcohol rewards in
the vimPFC, and this decrease may be related to disrupted functional circuitry with the striatum in
heavy drinkers.
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Abstract: Neurotransmitters are packaged into two distinct classes of vesicles, synaptic vesicles
(SVs) and dense-core vesicles (DCVs). Although the release from both vesicle classes shares a
common mechanism of Ca2+-dependent exocytosis, a particular phosphoprotein, synapsin (Syn),
localizes to SVs exclusively. The Syn protein family consists of ten homologous proteins, of
which Syn Ia is the best studied. Upon phosphorylation by various protein kinases, Syn la can
recruit SVs to plasma membrane, thereby increasing the dynamics of SV exocytosis. However, it
remains unknown whether SV recruitment to plasma membrane may also facilitate the dynamics



of DCV exocytosis. Our preliminary results showed that in the rat hypothalamic-
neurohypophysial system (HNS), Syn Ia increased oxytocin release by phosphorylation at the
serine 62 site (Ser-62), suggesting that that Syn Ia phosphorylation may facilitate the release
from DCVs. To further determine the Syn Ia’s regulation of DCV exocytosis at the single-vesicle
level, we directly measured norepinephrine release from DCVs by performing single-vesicle
amperometry in PC12 cells. The foot signal preceding amperometric spikes (prespike foot, PSF)
has been shown to represent the fusion pore dynamics. Secretory events were triggered by direct
application of high extracellular KCI onto the cells. We found that Syn Ia significantly increased
the secretion rate by phosphorylation at multiple serine sites (Ser-9, Ser-566, and Ser-603).
These results suggested that Syn Ia may facilitate the secretion rate of DCVs by CaMK
phosphorylation. In contrast, Syn Ia significantly increased the PSF lifetime by phosphorylation
at Ser-62, suggesting that Syn la may stabilize fusion pores by MAPK phosphorylation.
Immunostainings confirmed that Syn Ia did not localize to the DCVs in PC12 cells. Thus, our
results suggest that the SV-specific protein Syn Ia may play an important role in regulating the
dynamics of DCV exocytosis.
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Abstract: The molecular and cellular mechanisms of anesthetic-induced amnesia,
unconsciousness and immobilization are poorly understood. Identification of presynaptic
mechanisms is critical to understanding the effects of anesthetics on synaptic transmission. Here
we used quantitative imaging methods to show that the prototypical volatile anesthetic isoflurane
inhibits synaptic vesicle exocytosis in cultured rat hippocampal neurons proportional to
reductions in presynaptic [Ca”]. This finding indicates that isoflurane reduces [Ca*"]; without
altering the Ca’" sensitivity of synaptic vesicle exocytosis. Greater inhibition by isoflurane of
exocytosis in glutamatergic compared to GABAergic neurons can be explained by larger
reduction in intracellular [Ca®"], which correlated with inhibition of exocytosis. These data
suggest that volatile anesthetic inhibition of neurotransmitter release from small synaptic vesicles
involves primarily targets that reduce Ca®" entry without significant direct effects on the synaptic
vesicle fusion machinery.
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Abstract: A highly puzzling property of synaptic transmission is that the time course of
transmitter release is independent of extracellular Ca®” concentration ([Ca®'],), whereas the rate
of release is highly [Ca2+]0-dependent. However, it is unclear whether this apparent discrepancy,
originally observed at the neuromuscular junction, also applies to central synapses. Furthermore,
the underlying mechanistic explanation remains elusive. To address these questions, we
measured the time course of release at GABAergic synapses between basket cells (BCs) and
Purkinje cells (PCs), using paired whole-cell recordings from synaptically connected neurons in



mouse cerebellar slices at ~22°C. The release time course was obtained by deconvolution. When
[Ca*"], was changed from 2 mM to either 1 mM or 4 mM, peak transmitter release rate was
markedly altered. In contrast, the release time course was only minimally affected (half-duration
at 2 mM: 0.45+0.02 ms; 1 mM: 0.39 =+ 0.03 ms; 4 mM: 0.46 =+ 0.02 ms; mean = SEM; 4-9
pairs). Thus, the time course of release at BC-PC synapses is largely [Ca®'],-independent. We
next examined the possible reasons for this apparent [Ca®], independence. Recent results
suggested that cerebellar BC-PC synapses show tight coupling between Ca®* channels and
release sensors (Christie et al., Nat. Neurosci. 14:62—68, 2011), raising the possibility that tight
coupling may underlie [Ca®"], independence. To test this hypothesis, we probed the coupling
distance by loading Ca** chelators with different Ca®*-binding rates into the presynaptic neurons.
BAPTA, a fast Ca”" chelator, suppressed evoked IPSCs at submillimolar concentrations (ICso:
0.6 mM, 14 pairs). In contrast, EGTA, a slow Ca* chelator, was much less effective (ICsp: 16.0
mM, 11 pairs). Describing the experimental data with a simple model of buffered diffusion
revealed a coupling distance of ~20 nm. To further test whether tight coupling was sufficient to
explain the [Ca®"], independence of release time course, we simulated release at different [Ca®'],
using a realistic coupling model and a previously established release sensor model (Lou et al.,
Nature 435:497-501, 2005). Interestingly, models with tight coupling produced smaller Ca**
dependence of release time course than those with loose coupling. Thus, tight coupling between
Ca”" channels and release sensors may explain the apparent Ca®" independence of release time
course. Constancy of time course of release might be particularly relevant at cerebellar
GABAergic BC-PC synapses, helping to provide fast and precise feedforward inhibition during
temporally fluctuating extracellular Ca”" concentrations.
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Abstract: Syntaxinl (STX1), including Syntaxinl A (STX1A) and Syntaxin1B (STX1B), is the
t-SNARE protein at presynaptic membrane and considered to be a key component in vesicle
release. To determine whether /how STX1B functions in synaptic transmission as well as short
term plasticity, a STX1B hypomorph mouse line with~5% expression of STX1B was analyzed at
the calyx of Held synatpse. We found that mostly removal of STX1B significantly reduced basal
synaptic transmission and enhanced synaptic depression; the deficiency of STX1B also
significantly decreased readily releasable pool(RRP) size and largely slowed the vesicle priming
process while Ca”" channel activity was kept unchanged. Moreover, this STX1B hypomorph
mutation was found to tighten, instead of weaken, the Ca”" channel-vesicle spatial coupling. By
flash photolysis uncaging Ca®" and postsynaptic EPSC recording, we further studied the
dependence of vesicle release and found that STX1B deficiency caused significant reduction of
apparent Ca”" sensitivity of vesicle release. Our biophysical modelling justified that reduction in
the apparent Ca*-affinity of fusogenicity be due to the decrease in the number of assembled
SNARE complexes per vesicle during fusion. In summary, our study shows that STX1B protein
is a critical determinant in synaptic transmission and plasticity; in spite of Ca”" sensor proteins,
the number of assembled SNARE-complexes per vesicle plays a pivotal role in determining the
intrinsic Ca”" sensitivity and thus to regulate vesicle release probability as well as short term
plasticity.
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Abstract: As neurons communicate via neurotransmitters, the release of these chemicals is a key
process. During the process, fusion of chemical-storing vesicles with the plasma membrane is



believed to be executed by a complex of three SNARE (the soluble N-ethylmaleimide sensitive
factor attachment protein receptor) proteins: SNAP-25, VAMP2, and syntaxin-1. Of the
SNARE:S, syntaxin-1 is regulated through two conformations: open and closed. When the protein
adopts the open conformation, it can assemble into a complex with the other SNAREs. In the
closed conformation, the protein folds in half and binds with another protein: Munc18-1. As a
result of this property, the latter conformation inhibits the SNARE assembly. For the past few
years, several studies have demonstrated that the association of syntaxin-1 and Munc18-1 is not
limited to forming the closed conformation; the N-terminal peptide of syntaxin-1 is essential for
Munc18-1 to interact with the SNARE complex and accelerate SNARE-mediated fusion.
However, we hypothesized that the N-terminal peptide is critical for securing the binary
interaction of syntaxin-1 and Munc18-1. To test this hypothesis, we utilized both in vitro and in
vivo systems. Introduction of mutations into the N-peptide of syntaxin-1 did not affect secretion
from PC12 cells, although the localization of the mutants was perturbed to some degree when
visualized using confocal microscopy. By contrast, introduction of the same mutations into a
syntaxin-1A mutant form favoring open conformation severely impaired secretion and
localization. Since different results were yielded depending on the conformational state of
syntaxin-1, we investigated by employing a GST-pulldown technique to determine whether N-
terminal mutations affect the strength of the binary interaction between syntaxin-1 and Munc18-
1. We found that an N-terminal mutation alone slightly weakened the binary interaction, but the
same mutation additionally introduced in the open mutant strongly disrupted it. Furthermore, we
tested the hypothesis using C.elegans. Unc-64 (syntaxin-1 homolog) null mutant worms that
exhibit a lethal phenotype were largely rescued with mammalian syntaxin-1A wild-type, the
open mutant, or some of the N-terminal mutant forms tested in the in vitro system. However, the
double mutant that exhibited strongly disrupted binding to Munc18-1 in the GST-pulldown
experiment poorly rescued the lethal phenotype. Based on the results obtained from both model
systems, we conclude that the N-peptide is not essential in exocytosis despite its role in securing
the binary interaction between syntaxin-1 and Munc18-1.
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Abstract: Synaptophysin (syp) is one of the most abundant proteins in synaptic vesicles (SVs),
with ~32 copies per vesicle and accounting for ~10% of total SV protein mass. Syp has four
transmembrane segments and is homologous in structure to two other proteins, synaptogyrin and
synaptoporin. Syp may have a role in SV endocytosis and the retrieval of the v-SNARE protein,
synaptobrevin 2. Although syp is considered SV specific and is widely used as a synaptic
terminal marker, some evidence indicates its presence on large dense core vesicles (LDCVs), but
at a lower density than SVs. To examine the role of syp in LDCV exocytosis, we used
amperometry to record the release of catecholamine in chromaffin cells. In a comparison
between cells from wild-type (WT) and syp knockout (KO) mice, the secretion rate was reduced
by 30% in syp KO cells but most of the characteristics of single-LDCV full fusion events
remained unchanged. The quantal size, rise time, decay time, and spike half-width of full fusion
events of syp KO cells were the same as in WT. However, pre-spike feet (PSF) had shorter
durations and the fraction of kiss-and-run events was higher in syp KO cells. Thus, syp may
control fusion pore stability and influence the choice of LDCVs between full fusion and kiss-
and-run. Transfection of syp KO cells with syp-mCherry fusion protein rescued the reduction of
PSF duration and reversed the increase in kiss-and-run, but did not rescue the low secretion rate.
Furthermore, syp-mCherry overexpression increased the quantal size and half-width of full
fusion events. In both WT cells transfected with syp-mCherry and syp KO cells transfected with
syp-mCherry we saw similar secretion, with no significant differences between PSF duration,
fraction of kiss-and-run, quantal size, and half-width of full fusion events. Thus, while fusion
pore stability and fate are sensitive to the absence of syp, overexpression has a greater impact on
exocytosis after fusion pores start to dilate, influencing later steps of exocytosis that control
quantal size and spike half-width. This implies roles for syp both on nascent fusion pores early in
exocytosis and later in exocytosis during fusion pore dilation. The relatively low copy numbers
of syp on LDCVs may account for the different results between KO and overexpression, and
some of these results may reflect some replacement of function by synaptogyrin and
synaptoporin. In summary, these results suggest that syp functions in LDCV exocytosis in
chromaffin cells, controlling fusion pore stability, fate, and dilation.
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Abstract: Synaptotagmin (Syt) protein family consists of at least seventeen isoforms, and most
of them serve as the Ca2+ sensor during regulated exocytosis. During the critical period of visual
circuit development (postnatal day P6 in rats), we found that Syt III, but not Syt I, is transiently
expressed in the retinal output neurons (retinal ganglion cells) and optic nerves. Previous studies
showed that Syt I can modulate the kinetics of Ca2+-regulated exocytosis. However, it remains
unclear whether Syt III may modulate the kinetics of Ca2+-regulated exocytosis. In this study,
we investigated whether Syt III modulates regulated exocytosis and if this modulation involves
Ca2+ binding to its C2ZAB domains. By combining molecular perturbation and single-event
amperometry, the real-time exocytosis of single vesicles was detected in PC12 cells
overexpressing control vector, wild-type Syt III (Syt III), or the Syt III mutant with the abolished
Ca2+-binding sites at the C2AB domains (D386,520N, designated Syt III-C2AB*). We found
that the secretion rate was reduced to a half in the cells overexpressing Syt III-C2AB* compared
to control or Syt III. Therefore, through Ca2+ binding to the C2AB domains, Syt IIIl may have a
great capacity to modulate the kinetics of regulated exocytosis.
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Abstract: Optogenetics allows detecting and controlling intact neural pathways with high spatio-
temporal resolution, both during and after the performance of complex behaviors (Deisseroth,
2014). Recording of electrical activity is commonly used to monitor the influence of optogenetic
manipulations at the cellular level. A complementary approach, measuring neurochemical
release, may be especially useful when the identity of the neurotransmitter is unknown or when a
rapid or post-experiment assay is desired. To explore the compatibility of optogenetic and
neurochemical approaches, we infected the basolateral nucleus of the amygdala (BLA) of rats
with AAV-CaMKIla-eNpHR3.0-eYFP (eNpHR3.0) and AAV5-CaMKIIa-hChR2(H134R)-eYFP
(hChR2) vectors (University of North Carolina Vector Core, Chapel Hill, NC), where expression
is under the control of a calcium-calmodulin dependent kinase Ila (CaMKIlIa) promoter, allowing
selective targeting of a subpopulation of glutamatergic neurons. Afterwards, the transduced cells
express opsins that mediate either chloride (eNpHR3.0) or cation (hChR2) influx upon activation
by light, allowing hyperpolarization (inhibition) or depolarization (activation), respectively. The
vectors are fused to yellow fluorescence protein to enable localization in target neurons. Channel
activation was produced using blue (473 nm) or green (532 nm) light from fiber coupled lasers
(Laser Century) with ~10 mW output at the fiber tip to activate cation (hChR2) or chloride
(eNpHR3.0) channels, respectively. We assessed light-evoked glutamate release in vitro using a
slice preparation labeled with 14C-glutamate. As shown in Fig. 1, stimulation with blue light
produced a release of glutamate in BLA that was blunted by concurrent stimulation with green
light. These findings demonstrate the compatibility of optogenetic and neurochemical methods,
which may be a valuable approach for identifying neurotransmitters of neuronal
circuits.Reference: Deisseroth K (2014) Circuit dynamics of adaptive and maladaptive
behaviour. Nature 505: 309-17.
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Fig. 1. Effects of laser stimulation
(indicated by colored bars; blue: 3 trains
of 20Hz, 30 sec, 5 ms pulse, 2 sec
P4etween trains; green: continuous) on
C-Glu release from rat amygdala
slices after transduction of BLA with
hChR2 and eNpHR3.0. Plots represent
means across 3 stimulations in 3 rats.
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Abstract: We recently demonstrated, in Drosophila melanogaster, that the substitution of R in
position 206 of SNAP25, or D in position 253 of Syx, with residues carrying an opposite charge,



prevents the assembly of SNARE complexes in a rosette-like supercomplex arounf the point of
contact between neurotrasmitter vesicle membrane and presynaptic membrane. The formation of
SNARE supercomplex plays a fundamental role in regulating neurotransmitter vesicle fusion and
we have demonstrated that in our mutants evoked and spontaneous neurotrasmitter realease is
impaired even if not blocked. Schizophrenia (SZ) was described since the beginning as a
"sejuncto psichose", i.e. a mental disease due to a "disconnection" between different brain
regions. Until now, few and contradictory signs of neuronal damage were found in patients
soffering from this disease, leading to the hypothesis that the core of SZ physiopathological
changes coulsd reside in a dysfunction of synapse. Among the various synaptic proteins which
can be involved in the above mentioned changes, they were also considered the SNAREs. Some
genetic data seem to indicate that SNAP25 levels are altered in SZ patients. Considering these
hypotheses, we carried on various behavioral analyses using our mutant lines, which showed a
variable and differential phenotype in each type of analysed behaviors . These data seem to
indicate that the reduced synaptic strenght, observed with electrophysiological techniques, is able
to induce a variety of functional impairments at the level of the complex neuronal circuits
regulating different behavioral responses. These results could give support to the idea that also
minor changes in synaptic function, if translated to complex neuronal circuits, could alter the
flux of informations and their integration, leading to the changes in behavior and cognitive
processes typical of some mental diseases lacking any clear pathological mark.
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Title: Functional imaging of presynaptic calcium modulation mediated by metabotropic GABAB
receptors

Authors: J. A. MARTINEZ-LOPEZ, F. MAVILLARD, L. GOMEZ-SANCHEZ, *R.
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Abstract: Genetically-encoded fluorescent calcium sensors are very useful tools to image neural
activity. Here we have used the calcium sensor GCaMP3 fused to the synaptic vesicle
synaptophysin (syGCaMP3, Li et al., Front. Mol. Neurosci. 4:34, 2011) to study cytosolic
calcium dynamics at the presynaptic terminals in mouse hippocampal cultures. Neurons were
infected with a lentiviral vector to drive the expression of syGCaMP3 under the human synapsin
promoter (Gascon et al., J Neurosci Methods 168: 104, 2008). Using epifluorescence
microscopy, we have detected prominent calcium signals upon depolarization by electrical field
stimulation (10 s, 20 Hz). Interestingly, attending to the duration of calcium transients we
observed two clearly different types of responses: (1) long duration responses (LDR)
characterized by a persistent elevation of calcium levels concomitant with the stimulus
application and (2) short duration responses (SDR) characterized by a transient elevation of
calcium levels of similar amplitude to LDR but with, however, shorter duration (4.94+1.35 s,
meantsem, 134 ROIs, 4 coverslips, 2 cultures; size of manually selected ROIs 1.66 squared
microns). We have used correlation analysis based on the time course of responses to get spatial
separation of two synaptic populations displaying either LDR or SDR (Junek et al., Biophys. J.
96:3801, 2009). The majority of synapses presented LDRs. In order to investigate the synaptic
modulation underlying LDR and SDR we blocked GABAergic synaptic transmission. Incubation
with the non-competitive GABAA-receptor antagonist picrotoxin did not change either the
frequency of occurrence or the characteristics of LDR and SDR. In contrast, in the presence of
the GABAB-receptor antagonist CGP-55845, the LDR dwell times were unchanged, while in the
case of SDR, CGP-55845 extended the dwell time to coincide with the stimulus duration. Next,
we combined calcium imaging with synaptic vesicle imaging. We used fluorescently-labeled
antibodies against the luminal domain of the vesicular GABA transporter for the selective
labeling of active GABAergic synapses (Martens et. al., J. Neurosci. 28:13125, 2008). We found
that none of the synapses expressing syGCaMP3 were active GABAergic synapses, likely
because the lentiviral vector preferentially labeled excitatory synapses (Nathason et al.,
Neuroscience 161:441, 2009). Our observations suggest that the SDR likely reflect presynaptic
inhibition of glutamatergic synapses mediated by GABAB receptors. In addition, calcium
imaging with syGCaMP3 opens new possibilities to study molecular mechanisms of presynaptic
modulation mediated by metabotropic GABAB receptors.
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Abstract: Protein ubiquitination regulates a variety of cellular events by targeting proteins to
proteasomal degradation and/or by modifying the activity, localization and interactions of the
modified protein. Neuronal and synaptic physiology depend on the Ubiquitin Proteasome System
(UPS). Similarly, alterations of the UPS can be detected in aging, neurological and
neurodegenerative diseases. However the role played by protein ubiquitination in synaptic and
neuronal function has not been fully elucidated. We have previously reported that in primary
neurons both acute pharmacological inhibition of the proteasome and of protein ubiquitination
rapidly increase the frequency but not the amplitude of miniature events (minis). These findings
lead us to propose that in addition to proteasomal degradation dynamic ubiquitination is critically
involved in tuning synaptic activity (Rinetti and Schweizer, 2010). Here, we further investigate
this hypothesis. Whole cell patch voltage clamp recording and imaging of vGlutl-pHluorin in
primary cortical neurons reveal that acute pharmacological inhibition of protein ubiquitination or
protein deubiquitination strongly increases mini frequency but concomitantly reduces action
potential triggered responses. These data further suggest that dynamically ubiquitinated proteins
orchestrate synaptic activity and indicate that protein ubiquitination can differentially impact on
spontaneous and evoked neurotransmission. To uncover the molecular mechanisms underlying
such complex regulation we have used a quantitative proteomic approach and identified synaptic
proteins whose ubiquitination levels change upon acute UPS inhibition. The results of this study
shed light on how protein ubiquitination modulates synaptic function and possibly point to new
pathways and targets for the treatment of brain disorders.
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Abstract:  Voltage-gated Ca®" influx (VGCI) through Ca®* channels plays a key role in the
secretion of pituitary hormones. It is well established that L-type Ca>" channels are involved in
this VGCI. Whether non-L-type Ca®" channels contribute to this VGCI is unknown. In this study
we examined: 1. whether non-L-type Ca®channels exist in the membrane of pituitary cells. 2.
Whether Ca®" channels are segregated among different membrane compartments in the
membrane of pituitary cells. Whole-cell recordings and the use of specific Ca** channel toxin
blockers revealed a fraction of non-L-type VGCI that might reach ~46%. Western blotting
identified immunblots for; ac, aip, 014, 01 and o, subunits, corresponding to Ca,1.2, Ca,1.3,
Ca,2.1, Ca,2.2, and Ca,2.3 channels. Additionally, RT-PCR identified transcripts for a;c, op,
a4 and o subunits. Transcripts for o, were non-specific and transcripts for a;s were not
detected at all. Taken together these results clearly demonstrate the co-existence of L-type
(Cay1.2 and Cay1.3) and non L-type (Ca,2.1, Ca,2.2 and Ca,2.3) Ca”" channels in the membrane
of anterior pituitary cells. Whether these channels are segregated among different membrane
compartments was further investigated in flotation assays using Nycodenz gradients. Western
blotting of gradient fractions revealed that Ca,1.2 and Ca,1.3 channels were distributed among
light and heavy gradients fractions, i.e., among raft and non raft membrane domains. Ca,2.1
channels were mostly localized in light gradient fractions, i.e., in raft membrane domains
whereas Ca,2.2 and Ca,2.3 channels were mostly localized in heavy gradient fractions, i.e., in
nonraft membrane domains. In summary, our results demonstrate multiple pathways for VGCI
through L-type and non-L-type Ca*" channels in the membrane of native anterior pituitary cells.
Compartmentalization of these channels among raft and nonraft membrane domains may
underlie their differential regulation by different signalling pathways, under different
physiological conditions.
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Abstract: The timing of neural communication depends on the number of contacts which
synchronize the quantal release with the presynaptic action potential. In several chemical
synapses the action potential evokes two major forms of release distinguishable by their decay
kinetics, the fast synchronous and the slow asynchronous. A different slower form of release
known as delayed is induced during high-frequency trains of action potentials decaying after the
stimulation cease. Delayed release is thought to be a form of spontaneous release promoted by
the resting calcium at the terminals and has been reported as asynchronous release as well.
Nevertheless, how all those forms of release are regulated is still under investigation. Complexin
binds the SNARE complex fusion machinery, clamps the spontaneous release and promotes the
synchronous/asynchronous release. However, the regulatory function of Complexin in the
evoked release during the high-frequency nerve-stimulation is not clear. Here we investigate the
effects of Complexin in the quantal release kinetics during and after high-frequency nerve
stimulation episodes at the Drosophila glutamatergic synapses. Complexin null and over-
expressions were compared with controls. Quantal release rates were obtained by deconvolution
of the evoked-currents recorded by two-electrode voltage-clamp. Our work reveals that the low
frequency nerve-stimulation evoked two kinetics of release in Complexin null, control and
overexpression, consistent with synchronous and asynchronous release. The synchronous and the
asynchronous release at Complexin genotypes display the similar apparent kinetics but different
magnitudes, suggesting that the synchronous and the asynchronous release act independently.
High-frequency trains of nerve-stimulation evoked three kinetics of release: synchronous,
asynchronous and the delayed release. Release rate analysis during the stimulation train indicates



that the synchronous and the asynchronous evoked release display different profile of short-term
plasticity. In addition, synchronous and asynchronous short-term plasticity depend on the level of
Complexin. The delayed release in Complexin null is earlier activated during the stimulation and
decay slower after the stimulation ceases, in turn; Complexin overexpression suppresses this
form of release. Our data during high-frequency bursts of nerve activity is consistent with the
idea of three form of evoked release with different rates of replenishment and modulated by
Complexin.
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Abstract: Complexins (Cplx) are soluble synaptic proteins that exist in four isoforms in
mammals. While Cplx1 and 2 are widely expressed in conventional synapses of the brain, the
only isoform found at the rod bipolar cell (RBP) to amacrine AlI cell ribbon synapse in the retina
is Cplx3. All isoforms bind to and stabilize SNARE complexes, and their deletion leads to
disturbances in vesicle release. While studies regarding the exact function of Cplx1/2 in
conventional synapses have caused some controversy, the function of Cplx3 in mammalian
ribbon synapses has not been described. To assess the role of Cplx3 in ribbon synapses, we
performed paired recordings from RBP and All cells in acute retinal slices from Cplx3 genetic
deletion mutants. We found that loss of Cpx3 reduced synchronous release while spontaneous
release appeared unchanged in Cplx3 KO cells. We simulated a more natural stimulus and
determined a reduced release probability, however, multivesicular release is still present despite



the overall desynchronization of vesicle release. Furthermore, short-term depression was reduced
at interpulse intervals shorter than 50ms. Taken together, our results suggest that Cplx3 plays an
important role in coordinating vesicle release at the retinal bipolar cell - amacrine Al cell
synapse.
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Abstract: Within the last 15 years, it has become clear that a significant fraction of spontaneous
transmitter release can arise from the release of Ca®" from presynaptic stores. However, direct
evidence for the role of intracellular Ca®" stores in spontaneous synaptic transmission is still
lacking. Objective: We hypothesise that, if Ca®" release from stores can trigger transmitter
release, then we might be able to detect it as spontaneous increases in cytoplasmic Ca*". Thus,
we image cytoplasmic Ca”" in presynaptic terminals of neocortical pyramidal neurons to
investigate whether spontaneous Ca”" transients can be observed. Methods: Ca®" imaging is
done at 35 £ 1 °C, using a Zeiss LSM 510 laser-scanning confocal microscope. Superficial layer
IT or layer V pyramidal neurons in the somatosensory cortex of male Wistar rats (P15-19) are
filled through the patch pipette with Alexa 568 (50 uM) and Oregon Green 488 BAPTA-1
(OGB-1, 80 uM) for at least 30 min. Synaptic boutons, identified along 1¥-3" order axon
collaterals using Alexa 568 fluorescence, are imaged and verified to be release sites based on the
presence of a transient increase in OGB-1 fluorescence in response to an evoked AP. OGB-1
fluorescence across the diameter of the bouton is then monitored by line scanning at 10-20 Hz
for ~15 min. Results: Spontaneous Ca”" transients are observed at a low frequency in both layer
IT and layer V pyramidal neurons (2 + 1 and 3 £ 1 mHz, » = 11 and 10 boutons, respectively; p =
0.8). Addition of tetrodotoxin (TTX, 1 uM) to block spontaneous firing does not affect their
occurrence (5 + 2 mHz for layer V pyramids, n = 13; p = 0.3). The average inter-event interval is



12 £ 2 s, with no difference between transients detected in control superfusate and those in TTX
(p = 0.3), or between layer II and layer V neurons (p = 0.4). About % of all transients occur
within 5 s of each other, with some summating to produce a large and extended rise in
cytoplasmic Ca®". The amplitude and decay kinetics of the Ca®" transients are similar between
layer II and layer V pyramids (AF/F = 0.45 £ 0.05 vs. 0.40 £ 0.05, Tgecay = 560 + 90 vs. 610 + 100
ms; p = 0.5-0.7), and unaffected by TTX (AF/F = 0.47 £ 0.05, Tgecay = 680 + 70 ms for layer V
neurons; p = 0.4-0.6). However, the amplitude of these spontaneous transients is smaller and
their decay time constant longer than those of AP-evoked Ca”" transients (AF/F = 1.68 + 0.05,
Tdecay = 195 £ 8 ms for layer II neurons; AF/F = 1.19 £ 0.05, Tgecay = 173 = 7 ms for layer V
neurons; p < 10~*). Conclusion: We have detected spontaneously occurring Ca®" transients in
nerve terminals of neocortical excitatory neurons. Although to be verified, these transients are
likely a result of Ca*" release from presynaptic Ca*" stores.
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Title: Differential transmitter and peptide release modulated by RNA editing of Ca2+-dependent
activator protein for secretion (CAPS1)
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Abstract: Ca’"-dependent activator protein for secretion (CAPS1) is required for regulated
release from dense core vesicles (DCV) in pheochromocytoma PC-12 cells and promotes DCV
exocytosis in chromaffin cells, pancreatic [[Unsupported Character - Symbol Font ]]-cells and
neurons. Moreover, the loss of CAPS1 negatively affects synaptic transmission in the
mammalian brain. Transcript encoding CAPS1 are subject to adenosine-to-inosine (A-to-I) RNA



editing in which a genomically-encoded adenosine is selectively deaminated to inosine at the
level of the pre-messenger RNA. Since inosine base pairs with cytosine, it is recognized as
guanosine by cellular machinery to alter a single amino acid within the functionally essential C-
terminal domain of CAPS1 from a genomically-encoded glutamine (GAG) to glycine (GIG)
codon. Our studies have focused upon defining the role of RNA editing in regulating CAPS1-
mediated release. Analyses of RNA from several species showed that RNA editing-mediated
changes to CAPS1 coding potential are conserved in vertebrate nervous systems. Quantitative
analysis of CAPS1 editing from dissected mouse tissues revealed differential levels of editing
ranging from 2% - 25% in peripheral endocrine tissues and selected brain regions. To determine
the cis- and trans-active factors required for A-to-I conversion in CAPSI transcripts, we used a
variety of CAPS1 minigene constructs expressed in heterologous cell culture systems co-
expressing one of two mammalian enzymes known to catalyze A-to-I editing (ADARSs). Results
from our analysis revealed that CAPSI editing requires intramolecular base pairing of the region
surrounding the editing site with a downstream intronic element. This double-stranded RNA
duplex is sufficient for editing catalyzed by adenosine deaminase acting on RNA I (ADARI1).
Importantly, our work to define the functional implications of CAPS1 editing in primary
hippocampal neurons through FM dye loading and unloading as well as mini EPSC recordings
suggests that neurotransmission is differentially affected by the expression of edited or non-
edited CAPS1 both pre- and post-synaptically. This work provides the first detailed analysis of
CAPSI editing patterns across species and tissues, defines the molecular mechanism underlying
this RNA processing event, and indicates its evolutionary significance. Most importantly, these
studies provide critical insights into the role that RNA editing plays in the modulation of
CAPSI1-dependent exocytosis and how dysfunction of this process may contribute to disorders
where alterations in hormone/neurotransmitter release have been implicated.
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Title: Characterization of voltage-gated Ca2+ channels at individual presynaptic terminals of
lamprey reticulospinal axons

Authors: *S. RAMACHANDRAN', S. ALFORD?
'Univ. Hllinois, Chicago, CHICAGO, IL; *Biol. Sci., Univ. of Illinois at Chicago, Chicago, IL

Abstract: Stimulus-evoked Ca®" influx through voltage-gated Ca®" channels, localized to the
presynaptic release face membrane, evokes neurotransmitter release. Differing spatio-temporal
Ca®’ requirements for release have been proposed in different presynaptic terminals, either gated
by Ca®" influx through a large number of open channels or through very few channels, with
varying structural relationships to the release machinery. Enumeration of Ca®" channels at a
terminal and more importantly the number that open in response to a stimulus is critical to
determining the Ca>" requirement for release. Recording Ca®" currents at the release face
membrane is thus crucial and recording access to the release face membrane at individual
presynaptic terminals an absolute necessity. This has has not been impossible in most
presynaptic terminals, including the lamprey reticulospinal synapses. Such recordings have only
successfully been achieved in two calyceal presynaptic terminals, which while ideal for
recording, represents a rather specialized structure. An acute dissociation of the lamprey spinal
cord was developed to obtain viable isolated reticulospinal axons, with functional presynaptic
terminals devoid of apposing postsynaptic projections. This presents a significant breakthrough
at central synapses, permitting direct recording from the release face membrane of individual
terminals. Utilizing the the resultant unrestricted access to the release face membrane afforded by
this preparation, Ca>" channels were characterized at individual terminals by
immunohistochemistry and low- noise single channel electrophysiological recordings. Multiple
subtypes of Ca®’ channels, N-, P/Q-, R- and L-type, were found to be present in these terminals.
Single channel conductance (10 mM [Ca2+]extema1) was 2.97 £ 0.62 (N), 1.82 £0.36 (P/Q), 1.94 +
0.41 (R), 2.4+ 0.75 (L) pS. Single channel open probability at 0 mV was 0.26 + 0.03 (N), 0.29 +
0.03 (P/Q), 0.22 £ 0.02 (R), 0.24 + 0.02 (L). Number of channels at a terminal was determined
for each of the subtypes; N-type (4-10; mean 6), P/Q-type (3-9; mean 6), R-type (4-32; mean 12)
and L-type (3-17; mean 10). A small number of Ca*" channels (up to 68, mean 33) were found to
be present at a terminal. Furthermore, a very small number (3-6, mean 4) of Ca®" channels
opened in response towith a stimulus, suggesting that Ca*" influx through few open channels
may gate release in these terminals. This result, which is the first determination of Ca*" channel
activity at single active zone central synapses, has profound implications for the reliability and
function of evoked neurotransmitter release in the central nervous system.
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Abstract: We performed simultaneous presynaptic and postsynaptic recordings to determine
how calcium entry produced by various action potential waveforms affects the timing and
amplitude of the postsynaptic response in the calyx of Held synapse. Our results indicate that an
action potential waveform with physiological kinetics of 0.3 msec depolarization and 0.7 msec
repolarization is a close to optimal stimulus to minimize the delay and maximize the amplitude
of the postsynaptic response. In separate experiments, we determined the relationship between
the action potential repolarization phase and calcium channel response by using voltage jumps to
+60 mV at various times during and after the repolarization. This indicated that calcium influx
continues for a short duration after the action potential has returned to baseline. We therefore
tested if afterpotentials that immediately follow a stimulus can affect calcium channel activity.
We tested a box stimulus having an instant repolarization and compared that to an action
potential-like waveform having a physiologically relevant 0.7 msec ramped repolarization. For
both stimuli, the repolarization ended at baseline or ended in a -20 mV or +20 mV afterpotential.
As expected, based on electrical driving force, instant current jumps show a difference in
calcium channel response to both hyperpolarizing and depolarizing afterpotentials. Compared to
traces without an afterpotential, a 20 mV afterhyperpolarization acts to slightly increase the peak
calcium current and slightly shorten the decay phase of the calcium channel response, while a 20
mV depolarizing afterpotential does the opposite. Paired pre- and postsynaptic recordings with
instant jumps demonstrated that depolarizing afterpotentials produced a larger postsynaptic
response than hyperpolarizing afterpotentials. Consistent with this, the integral of the calcium
channel response to an instant repolarization is larger in the presence of an afterdepolarization
compared to the response in the presence of an afterhyperpolarization. In contrast, the ramped
0.7 msec repolarization did not appear to show a difference in calcium channel activity in the
presence or absence of an afterpotential. In addition, paired recordings using a 0.7 msec ramp
repolarization do not appear to show a statistically significant difference in the postsynaptic
response when the presynaptic waveform ends in a hyperpolarized or depolarized afterpotential.
This indicates that the physiological repolarization rate acts to prolong the response, and this acts



to reduce or prevent afterpotentials from affecting the calcium channel response and subsequent
synaptic transmission.
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Title: Reverse operation of NCX mediates presynaptic Ca2+ transient and spontaneous
glutamate release during in vitro ischemia

Authors: *S. LEE, J. KIM
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Abstract: An early cellular consequence of brain ischemia is an increase in vesicular glutamate
release from presynaptic terminals in the central nervous system (CNS). However, the
underlying mechanisms of increased vesicular glutamate release at presynaptic terminals during
the early stage of ischemia are still controversial. Here we studied presynaptic responses and
mechanisms of increased glutamate release during ischemia, using pre- and postsynaptic whole-
cell recordings and presynaptic Ca2+ imaging at the calyx of Held synapse in rat brainstem
slices. In vitro ischemia, induced by oxygen glucose deprivation and addition of 2 mM
iodoacetic acid (IAA, an inhibitor of glycolysis), significantly increased the frequency of
spontaneous excitatory postsynaptic currents (SEPSCs) without changing in the amplitude of
sEPSCs, indicating that ischemia enhances vesicular glutamate release from the calyx of Held
terminal. We found that the ischemia-induced vesicular glutamate release was dependent on an
increase in presynaptic intracellular Ca2+ ([Ca2+]i), resulting from extracellular Ca2+ influx.
During ischemia, increased Ca2+ influx to the presynaptic terminal is associated with the reverse
operation of Na+/ Ca2+ exchanger (NCX) rather than presynaptic depolarization or voltage-
activated Ca2+ currents. KB-R7943, an inhibitor of NCX, prevented the increase of presynaptic
[Ca2+]i and vesicular glutamate release during in vitro ischemia. In addition, presynaptic Na+



accumulation using monensine (50 uM) facilitated reverse operation of NCX and consequently
increased the frequency of SEPSCs that were inhibited by KB-R7943. These results suggest that
the disruption of Na+ and Ca2+ dynamics causes a rise in presynaptic [Ca2+]i and an increase in
vesicular glutamate release during the early phase of brain ischemia.

Disclosures: S. Lee: None. J. Kim: None.

Poster
403. Neurotransmitter Release: Vesicle Recycling and Biogenesis
Location: Halls A-C
Time: Monday, November 17, 2014, 1:00 PM - 5:00 PM
Program#/Poster#: 403.01/D19
Topic: B.06. Neurotransmitter Release
Support: NIH Grant NS00085
Start up fund from GRU

Title: Requirement of membrane cholesterol in vesicle endocytosis at a mammalian central
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Abstract: Membrane cholesterol has been indicated important in constitutive endocytosis and
receptor-mediated clathrin-dependent endocytosis of non-neuronal cells, but its role in synaptic
vesicle endocytosis remains unclear. We investigated this issue at the rat calyx of Held synapse
by monitoring endocytosis with the whole-cell membrane capacitance measurement. Depleting
cholesterol with methyl-B-cyclodextrin (MBCD) dialysis via the patch-clamp pipette led to
significant inhibition of both rapid and slow endocytosis. Bath application of MBCD similarly
inhibited endocytosis. Such inhibition of endocytosis could take place without any changes in the
voltage-gated calcium channel current or exocytosis. Together, these results provide direct
evidence that membrane cholesterol regulates vesicle endocytosis at the mammalian central
synapse, probably downstream of Ca2+ entry and vesicle exocytosis.
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Abstract: Upon depolarisation of a presynaptic terminal synaptic vesicles (SVs) fuse with the
neuronal plasma membrane, thereby releasing their contents into the synaptic cleft in a process
called exocytosis. Endocytosis is tightly coupled to exocytosis to ensure retrieval of SV
membrane and to recycle deposited SV proteins. Endocytosis has two main modes: clathrin-
mediated endocytosis (CME), which forms single SVs via the action of AP-2 and a clathrin coat
and activity-dependent bulk endocytosis (ADBE), which invaginates a larger area of plasma
membrane to form an endosome which later generates SVs. The kinetics of CME can be
monitored by expressing exogenous SV proteins fused to pH-sensitive variants of green
fluorescent protein (pHluorins). This enables the visualisation of the traffic of specific SV cargo
as a proxy of the rate and extent of exo- and endocytosis. These pHluorin reporters are routinely
employed to monitor CME, however little is known regarding how (and if) they report ADBE.
We appraised the ability of widely used pHluorin reporters to monitor ADBE in primary
neuronal cultures. To discriminate between CME and ADBE we employed a series of
pharmacological inhibitors and genetic manipulations which arrested each endocytosis mode.
We revealed that inhibition of ADBE has little effect on the response of a range of widely used
pHluorin reporters, whereas manipulation of CME produced dramatic effects. Intriguingly we
have identified one SV cargo that does report ADBE when fused to pHluorin, but does not report
CME. Thus we have revealed preferential trafficking of specific SV proteins through different
endocytic modes, and in turn we have identified a novel genetic reporter of ADBE.
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Title: Disruption of adaptor protein 2 in hair cells impairs vesicle replenishment and hearing
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Abstract: The presynaptic active zone (AZ) of cochlear inner hair cells (IHCs) sustains vesicle
release at hundreds per second. This requires the function of otoferlin, a C2 domain protein
defective in human deafness. Here we show that the endocytic adapter protein 2 (AP-2) directly
associates with otoferlin and is required for vesicle replenishment and hearing. We demonstrate
that conditional deletion of the Ap-2u gene in mouse IHCs causes a use-dependent synaptic
hearing impairment. Membrane capacitance measurements in IHCs and extracellular recordings
from single spiral ganglion neurons (SGNs)show that AP-2u-deficient IHCs are unable to sustain
exocytosis already at 20 ms of stimulation. This phenotype reflects defective replenishment of
the readily releasable pool of vesicles (RRP) despite unaltered membrane retrieval and a normal
number of membrane-proximal vesicles at the AZ. It qualitatively resembles that of pachanga
otoferlin mutants. This similarity and the fast onset lead us to suggest that AP-2 binding to
otoferlin helps to clear newly exocytosed material from the release sites for the new coming
vesicles to become fusion-competent (AZ clearance). Moreover, electron and super-resolution
microscopy revealed an accumulation of endosome-like vacuoles (ELVs), impaired vesicle
regeneration from ELVs and a concomitant depletion of ribbon-associated synaptic vesicles
during long lasting stimulation of AP-2p—deficient IHCs. We conclude that indefatigable sound
coding at IHC ribbon synapses depends on clearance of newly exocytosed material from release
sites to the perisynaptic endocytic zone via AP-2/ otoferlin and AP-2 dependent vesicle
regeneration from ELVs.
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Authors: *O. D. UCHITEL, A. I. GROISMAN
FBMC, IFIBYNE UBA CONICET, Buenos Aires 1428, Argentina

Abstract: Acetazolamide (AZ) is known to inhibit the action of carbonic anhydrase (CA), an
enzyme responsible for regulating the extra- and intracellular pH. AZ is used to treat certain
types of epilepsy and ataxia but its mechanism of action is still unknown. Our objective is to
better understand the AZ mechanism of action on synaptic transmission vesicle recycling.
Electrophysiological recordings performed on ex vivo levator auris longus neuromuscular
junctions (NMJs) treated with AZ (100 uM in bicarbonate solution) showed reduced amplitude
and increased frequency of spontaneous end plate potentials. Evoked end plate potential
amplitude was also reduced but quantal content (m) measured at low, high frequency and during
burst stimulation showed no differences between treated and control NMJs. To get further insight
into the role of CA in transmitter release the above experiments were repeated in a Hepes buffer
solution (10mM, pH 7.4). In those conditions m was not affected by AZ. The dynamics of
vesicle exocytosis/endocytosis were studied in bicarbonate buffer solution loading the synaptic
vesicle with fluorescence FM 2-10 dye incubated before and after 10 min nerve stimulation
(20Hz) and unloading with a 50 Hz continuous stimulation after dye washed. The amount of dye
loaded in the presence of AZ was reduced to 48+9% of control. After loading the nerve terminal
in control conditions, muscles were treated with AZ and unloaded in the presence of the drug.
Different kinetics of dye release were observed with a fluorescence retention of 68+6% vs.
24+4% 1in treated vs. control NMJs. Unloading experiments were repeated in a Hepes buffer
(10mM, pH 7.4) and no effect of AZ was observed (26+4% at treated NMJs vs 234+2% of
control). These results suggest that alterations in the buffer capacity of the nerve terminal by
inhibition of CA affect vesicle recycling. Furthermore, the fact that in similar conditions AZ
reduces dye release without affecting m suggests that intracellular pH changes may affect the
mode of synaptic vesicle exocytosis.
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Title: Regulation of vesicle cycling by myosin light chain kinase at hippocampal boutons

Authors: L. LI, H.-Y. YUE, *Y.-C. ZHU, J. XU
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Abstract: Synaptic transmission during repetitive activity is maintained by vesicle cycling via
endocytosis at nerve terminals. Vesicle cycling depends on Ca2+/calmodulin, and, their
downstream myosin light chain kinase (MLCK) according to our recent study at the calyx of
Held synapse. Whether MLCK regulates endocytosis and vesicle cycling in small conventional
synapses remains unclear. To address this question, we study effects of MLCK inhibition on
vesicle exocytosis and endocytosis at cultured hippocampal boutons by imaging the dynamics of
pHluorin-tagged synaptobrevin or synaptophysin. MLCK inhibitors, ML-7 and wortmannin,
slowed the kinetics of endocytosis following electrical stimulation. Because MLCK inhibitors
may have non-specific inhibition on calcium channel current, we are now studying effects of
reducing MLCK expression by RNA interference-mediated gene silencing. Our results will help
to further elucidate the presynaptic functions of MLCK in neurotransmission.
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Title: Synaptic vesicle recycling is enhanced in complexin deficient Drosophila neuromuscular
junctions
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Abstract: Complexin (Cpx) is a small cytosolic protein that interacts with the SNARE complex
and regulates the final stages of exocytosis. Cpx null mutation in Drosophila produces drastic
enhancement in spontaneous synaptic activity, suggesting that Cpx prevents spontaneous
exocytosis. To understand how synaptic vesicle recycling can compensate for this increased
activity in Cpx null mutants, we combined activity dependent loading of the fluorescent marker
FM1-43 with electron microscopy analysis. First, we tested whether evoked and spontaneous
release components in cpx(-) neuromuscular junctions (NMJs) are associated with different
recycling pools of vesicles. The NMJs were loaded with the dye either in the absence of
stimulation (passive staining) or during electrical stimulation at a 5 Hz frequency (active
staining) and unloaded in the absence of stimulation (passive destaining). We found that the
recycling pool of vesicles was significantly increased in cpx(-) NMJs and that the fluorescence
loss during passive destaining was similar at the terminals loaded actively or passively. This
result suggests the recycling pool is increased in cpx(-) terminals to compensate for the enhanced
spontaneous release and that the recycling pools of vesicles participating in the evoked and
spontaneous release components are intermixed. To test this hypothesis further, we employed
photoconversion of FM1-43 loaded passively at different times ranging from 10 s to 10 min. We
found that the number of FM1-43 loaded synaptic vesicles in cpx(-) NMJs was significantly
increased at every time point and that the recycling and resting vesicles were spatially
intermixed. These results suggest that the vesicle pools involved in evoked and spontaneous
recycling pathways are mixed in the Drosophila NMJs and that cpx(-) synaptic boutons have an
increased recycling pool to enable elevated spontaneous fusion.
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Title: Enhanced synaptic vesicle recycling in cultured striatal neurons of DYT1 dystonia mouse
model

Authors: *N. C. HARATA, S. IWABUCH]I, J.-Y. KOH
Dept Mol Physiol & Biophys, Univ. Iowa Col. Med., IOWA CITY, 1A

Abstract: Dystonia is a hyperkinetic movement disorder and is characterized by sustained or
intermittent muscle contractions that cause abnormal and often repetitive movements, postures,
or both. Patients with dystonia are subject to abnormal neuronal function in the brain, in the
absence of neurodegeneration. Thus, one of the main pathophysiological causes is thought to be
abnormal synaptic transmission, e.g. in the striatum, a region of the mammalian brain that plays
an important role in motor control. However, whether this abnormality arises pre- or
postsynaptically remains unclear. Here we have tested the striatal neurons of a mouse model of
dystonia for abnormalities in presynaptic signaling. Specifically, we prepared primary cultures of
striatal neurons from a knock-in model of DYT1 dystonia, the most common form of inherited
dystonia. We evaluated the recycling of synaptic vesicles in the nerve terminals by live-cell
imaging of the recycling marker FM1-43. Compared to wild-type controls, the mutant neurons
showed an enhancement of both the amount of dye that was loaded in response to a stimulus, and
the rate at which the dye was released from the loaded nerve terminals. Moreover, the amount of
dye released from the mutant nerve terminals was higher even during miniature synaptic activity
when action potentials were blocked with the Na+ channel blocker tetrodotoxin. Our results
demonstrate that synaptic vesicle recycling is enhanced during both evoked and miniature
synaptic activity in the mutant striatal neurons. In addition, they indicate that, at a minimum, a
presynaptic factor is affected in DYT1 dystonia.
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Title: A novel membrane-binding probe for the morphological and molecular characterization of
synaptic vesicle recycling pathways

Authors: *N. H. REVELO, S. TRUCKENBRODT, S. O. RIZZOLI
STED Microscopy of Synaptic Function, European Neurosci. Inst., Goettingen, Germany

Abstract: The molecular composition of organelles involved in membrane recycling has been
difficult to study due to the lack of suitable labeling tools. Electron microscopy approaches, such
as those combining immunogold labeling and endocytosis tracers, have several drawbacks,
including laborious sample preparation, low immunolabeling density, and low throughput.
Fluorescence microscopy studies have tracked endocytosis by using amphiphatic dyes, rendered
fixable by the addition of one amine group. We have found that these probes largely detach from
membranes after permeabilization procedures, thus not allowing the use of immunofluorescence
labeling to characterize endocytotic organelles. To circumvent these difficulties we have
developed a novel probe, named mCLING (membrane-binding fluorophore-Cysteine-Lysine-
Palmitoyl Group), which contains seven amine groups for better aldehyde fixation, a lipidic tail
that binds to the plasma membrane, and a fluorophore suitable for high-resolution microscopy.
mCLING is not toxic and is efficiently taken up during endocytosis. Moreover, mCLING
remains attached to membranes after fixation and permeabilization, and can therefore be used in
combination with immunolabeling. mCLING was tested in mammalian cultured cells, yeast and
the Drosophila larval neuromuscular junction, finding efficient membrane labeling and uptake.
We then applied mCLING to cultured hippocampal neurons in order to answer open questions
about synaptic vesicle recycling and protein organization: 1) are the same synaptic vesicles
responsible for active and spontaneous release? We found that actively and spontaneously-
released synaptic vesicles are different in protein composition, the latter being more related to
constitutive endosomal traffic. 2) What is the fraction of synaptic vesicle proteins that remains
stranded on the plasma membrane, possibly as a readily retrievable pool of vesicles? Surface
labeling with mCLING combined with immunolabeling of endogenous synaptic proteins allowed
us to establish that ~12 to 22% of them remain on the plasma membrane. 3) What is the
organization of SNAP-25 and syntaxin 1 on intracellular organelles? So far clusters of these
proteins have only been studied on the plasma membrane. Using mCLING as a surface marker, it
was possible to establish that SNAP-25 forms clusters of similar size on the plasma membrane
and in intracellular organelles. In contrast, Syntaxin 1 forms larger clusters on the plasma
membrane. We conclude that mCLING enables the investigation of trafficking membranes in a
broad range of preparations.
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Title: Hsp70 generates force to dissociate clathrin coats by an osmotic-pressure mechanism that
is amplified by Hsp70 self-association

Authors: *E. M. LAFER, S. JIN, R. SOUSA
Dept Biochem, Univ. Texas Hlth. Sci. Ctr., SAN ANTONIO, TX

Abstract: Hsp70 molecular chaperones carry out a wide array of protein processing reactions in
cells including protein translocation into the ER and mitochondrion, disaggregation of
heterogeneous aggregates and disassociation of protein complexes. The mechanism by which
Hsp70s generate force to execute these mechanical processes remains unclear, but is especially
amenable to study in a reaction that is central to synaptic function: the Hsc70-mediated
uncoating of the clathrin coated vesicles formed upon endocytosis at nerve terminals. Unlike
heterogeneous aggregates, clathrin coats are homogeneous particles with defined Hsc70-binding
sites presented with unique geometry inside the coat structure. We have taken advantage of these
features to alter the geometry of these binding sites and to swap them with binding sites for other
proteins so as to allow explicit testing of different models for Hsp70 force generation in protein
complex dissociation. Our results allow us to reject models in which the Hsp70 needs to undergo
a conformational 'power stroke' to generate force, and they also argue against simple 'thermal
fluctuation capture' (Brownian ratchet) models. Instead, our results indicate that forces of up to
tens to hundreds of piconewtons are generated by a mechanism analogous to that which
generates osmotic pressure, and which provides for momentum exchange between the clathrin
structural wall and Hsp70s tethered to flexible polypeptide segments adjacent to this wall. We
also find that this force is amplified by Hsp70 self-association to allow dissociation of
exceptionally stable clathrin coats, suggesting a biological function for the self-associating
properties of these ubiquitous chaperones. In the broadest perspective, our data address how
information processing in the brain is vastly more energy efficient than in human engineered



information processing machines by highlighting how biological machines, rather than
expending energy in suppressing noise and fluctuations, exploit them.
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Abstract: The two principal vesicular glutamate transporter isoforms, VGLUT1 and 2, are
essential for filling synaptic vesicles with the major excitatory neurotransmitter glutamate and
have been suggested to confer distinct physiological properties of glutamate release in synapses
where these isoforms are complementarily expressed. We investigated isoform-specific recycling
to understand how differences in recycling of the two VGLUT isoforms might account for
differences in exocytosis. We initially observed that VGLUT2 responds differently to high
frequency stimulation than VGLUT1. To further explore trafficking differences of VGLUT2
from its closely related VGLUT]1 isoform, we utilize a pHluorin-based reporter, VGLUT2-pH.
VGLUT2-pH exhibits different recycling dynamics than VGLUT1-pH, even in response to
moderate stimulation, reflected by slower rates of exocytosis and endocytosis. We explore how
these differences are related to synaptic vesicle pools with differing probabilities of release. In
addition, we characterize the crucial role of a C-terminal dileucine-like motif for VGLUT?2
trafficking. Disruption of this motif abolishes the synaptic targeting of VGLUT2 and essentially
eliminates the endocytosis of the transporter protein. Mutational and biochemical analysis
demonstrates that clathrin adaptor proteins interact at the C-terminal dileucine-like motif of
VGLUT?2. This motif is crucial for the interaction of VGLUT2 with AP-2, a well-studied adaptor



protein required for clathrin mediated endocytosis. However, VGLUT2 also specifically interacts
with AP-1 and -3 at the dileucine-like sorting signal. VGLUT2-pH relies on distinct recycling
mechanisms from VGLUT]1 under conditions of high frequency or sustained stimulation.
Abrogation of these differences by pharmacological and molecular inhibition reveals that these
mechanisms are dependent on the adaptor proteins AP-1 and AP-3. Further, shRNA-mediated
knockdown demonstrates individual roles for AP-1 and AP-3 in VGLUT?2 recycling.
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Title: Parallel operation of slow and fast releasing readily releasable pools at calyx of Held
synapses

Authors: K. MAHFOOZ', R. RENDEN?, *J. F. WESSELING'
'Univ. Navarra/CIMA, Pamplona, Spain; ’Sch. of Med., Univ. of Nevada at Reno, Reno, NV

Abstract: The readily releasable pool (RRP) of vesicles is a key concept in many studies of
presynaptic function. The motivating idea is that readily releasable vesicles can participate in
neurotransmission on demand. However, fast and slowly releasing subdivisions within the RRP
have been identified, and it has been suggested that slow vesicles may be biochemically
upstream of the immediately releasable state owing to incomplete priming. Nevertheless, here we
use abrupt jumps in presynaptic action potential firing frequency from 100 to 300 Hz to show
that slow vesicles are immediately available for synchronous release at intact calyces of Held
from 2-3 week old mice and rats, albeit at lower probability of release compared to fast vesicles.
In addition, other operating principles were more similar to standard excitatory synapses than
expected: when slow vesicles were included, the RRP had a fixed capacity that did not depend
on extracellular Ca2+ levels; and activity-dependent acceleration of recruitment of new vesicles
reached a maximum quickly. Key differences were confirmed, including order-of-magnitude



more acceleration at calyces and the absence of a powerful short-term enhancement mechanism
termed augmentation. Overall, the results support the simplifying concept that the RRP consists
of a collection of independent release sites operating in parallel, with a range of release
probabilities.
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Title: SNAP-25 phosphorylation modulates the exocytotic kinetics in secretory cells and the
large-scale network activity in the developing rat retina
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Abstract: SNARE complex mediates vesicle fusion. Among three SNARE proteins, SN25 can
be phosphorylated by protein kinase A (PKA) at the residue of T138. Previous studies showed
that SN25 phosphorylation by PKA can regulate secretion via recruiting vesicles. However, it
remains unclear (1) how SN25 phosphorylation regulates the kinetics of exocytosis and (2)
whether this regulation can cause a significant effect on the large-scale network activity. To
address the first question, we performed single-event amperometry in PC12 cells to study the
effects of SN25 phosphorylation on the exocytotic kinetics, with a special focus on the dynamics
of fusion pore, reflected by foot signals preceding amperometry spikes (prespike foot, PSF). Two
different secretogogues were applied to trigger calcium-dependent exocytosis, including KCl
alone and KCl with forskolin. KCI alone did not change the secretion rate in cells overexpressing
SN25 compared to control, but KCl with forskolin reduced the secretion rate in cells
overexpressing SN25 compared to control, suggesting that SN25 may down-regulate calcium-
dependent exocytosis via PKA phosphorylation. Furthermore, the secretion rate was increased in
cells overexpressing the SN25 phosphodeficient mutant (SN25-T138A, designated SN25-PKA*)
compared to SN25, confirming that SN25 down-regulates the secretion rate via the PKA
phosphorylation site. Moreover, KCI with forskolin reduced PSF lifetime in cells overexpressing



SN25-PKA* compared to SN25, suggesting that SN25 phosphorylation stabilizes fusion pore.
Thus, SN25 phosphorylation may regulate the kinetics of exocytosis in secretory cells. To
address whether SN25 phosphorylation can cause a significant effect on the large-scale network
activity, the spontaneous, correlated patterned activity (termed retinal waves) was detected in the
developing rat retina where the PKA activity remains high. Live calcium imaging was
subsequently performed to monitor the wave-associated calcium transients after overexpressing
SN25 or SN25-PKA* in presynaptic neurons. The frequency of retinal waves was reduced by
overexpressing SN25 in presynaptic neurons, whereas SN25-PKA* did not change the wave
frequency, suggesting that SN25 phosphorylation by PKA may down-regulate the wave activity.
Together, our results suggest that post-translation modification at a single residue of SN25 may
serve as a molecular regulator to modulate neurotransmitter release and the large-scale network
activity.
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Title: Increased glutamate release in the CA3 correlates with memory deficits in mice expressing
P301L tau
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Abstract: Individuals at risk for developing Alzheimer’s disease (AD) often exhibit neuronal
network hyperexcitability, particularly in the CA3 region of the hippocampus, in the years
preceding AD diagnosis. Recently, the microtubule-binding protein tau has been implicated in
this hyperexcitability. The exact mechanism by which tau produces hyperexcitability remains to
be determined, but recent work suggests tau may mediate glutamatergic signaling. We show that
rTg(TauP301L)4510 mice, a commonly used tau mouse model of AD, exhibit a 65% increase in



hippocampal vesicular glutamate transporter (VGLUT) expression. Because VGLUTs impact the
amount of glutamate released into the synapse and increased VGLUT expression causes
excitotoxic neuro-degeneration, we hypothesized that the neurodegeneration observed in our AD
model is due in part to an increase in extracellular glutamate levels. To examine glutamate
regulation in vivo in TauP301L mice, we used an amperometry coupled to ceramic-based
microelectrode arrays (MEAs), which allows for measurement of glutamate levels. Glutamate
regulation was measured separately in the dentate gyrus (DG), CA3 and CA1 regions of the
hippocampus and correlated with memory performance in the hippocampus-dependent Barnes
maze. To control for the overexpression of human tau, we also examined glutamate regulation in
mice expressing wild-type human tau (TauWT) at levels equivalent to that of mice expressing
P301L tau (TauP301L). TauP301L mice exhibited memory deficits in the Barnes maze. P301L
tau expression did not affect tonic extracellular glutamate levels or clearance from the synapse in
any region examined. Similarly, amplitudes of potassium-evoked glutamate release in the DG
and CA1 were similar among TauP301L, TauWT, and transgene negative littermates. However,
memory-impaired TauP301L mice exhibited a 7-fold increase in glutamate release in the CA3
region of the hippocampus, and spatial reference memory errors correlated with potassium-
evoked glutamate release in the CA3. In addition, the glutamate clearance peak area, area under
the curve, was significantly greater for TauP301L mice in the DG and CA3 regions of the
hippocampus. These data suggest a possible novel mechanism, increased presynaptic glutamate
release, by which tau may mediate hyperexcitability. Findings of increased CA3 glutamate
release in our mouse model corroborate findings of CA3 hyperexcitability in memory-impaired
aged humans and patients with mild cognitive impairment (MCI). We are currently examining
whether decreasing glutamate release can attenuate memory deficits and AD-related pathology in
the TauP301L mouse model of AD.
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Title: Readily releasable vesicles recycle at the active zone of hippocampal synapses

Authors: *T. A. SCHIKORSKI
Neurosci., Univ. Central Del Caribe, Bayamon, PR

Abstract: During the synaptic vesicle cycle, synaptic vesicles fuse with the plasma membrane
and recycle for repeated exo/endocytic events. By using activity-dependent FM1-43 dye uptake
combined with fast (<1s) microwave-assisted fixation followed by photoconversion and
ultrastructural 3D-analysis, we tracked endocytic vesicles over time, “frame-by-frame”. The first
retrieved synaptic vesicles appear 4s after stimulation and these endocytic vesicles are located
just above the active zone. Second, the retrieved vesicles did not show any sign of a protein coat
and coated pits were not detected. Between 10s and 30s, large labeled vesicles appeared that had
up to 5 times the size of an individual synaptic vesicle. Starting at around 20s these large labeled
vesicles decreased in number in favor of labeled synaptic vesicles and after 30s labeled vesicles
re-dock at the active zone. The data suggest that readily releasable vesicles are retrieved as non-
coated vesicles at the active zone.
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Title: Monte Carlo simulation of transmitter release and receptor activation at CA1
glutamatergic synapses supports modified fusion dynamics as a mechanism of 5-HT1BR
inhibition
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Abstract: Both 5-HT,p receptors and GABAGp receptors cause presynaptic inhibition and are
colocalized at CA1-subicular pyramidal cell synapses. This Gj,-mediated presynaptic inhibition
is widely believed to require a reduction of release probability (P;) following inhibition of
evoked Ca”" entry. However, GPCRs may inhibit neurotransmission independently of Ca**
channel effects. Indeed, whereas presynaptic GABAg receptors inhibit presynaptic Ca>" entry, 5-
HTp receptors similarly inhibit neurotransmission from CA1 neurons but this action is mediated
by a direct targeting of G[[Unsupported Character - Symbol Font &#61538;]][[Unsupported
Character - Symbol Font &#61543;]] to the presynaptic release machinery (Hamid et al. 2014).
We demonstrate that GABAg receptors alter P, whereas 5-HT) receptor activation leaves P;
unaltered, but reduces peak evoked cleft glutamate concentration. This modulation of cleft
glutamate concentration allows a dynamic modulation of postsynaptic glutamate receptors, such
that 5-HTp receptors are much less effective at inhibiting NMDA receptor-mediated synaptic
responses than those mediated by AMPA receptors. Changes in peak glutamate cleft
concentrations cannot be caused by a reduction of P, spread over a number of synapses that
exhibit univesicular release, but may be caused either by a reduction of P, of multivesicular
release sites or by a restriction of glutamate release from a fusion pore. A three dimensional
simplified model of a synaptic cleft was thus created to run simulations in mcell (Stiles et al.
1998) of the effect of release of glutamate from a single vesicle in which fusion was arrested at
pore sizes ranging from 0.4 nm to full fusion, or in which release was modelled from between 1
to 3 vesicles into a single synaptic cleft (modeled as a 300 nm disc). At 300 nm synaptic clefts, a
restricted fusion pore model was substantially more accurate and reliable in predicting inhibition
of AMPA currents modeled on activation of a 4 ligand kinetic model (Robert and Howe 2003)
and a failure to inhibit a 2 ligand binding site of the NMDA receptor (Banke and Traynelis
2003), suggesting a likely mechanism of action for 5-HT;gR-mediated synapic inhibition.
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Title: Early developmental exposure to lead chronically inhibits vesicular release and alters
presynaptic ultrastructure at excitatory synapses in the adult rat hippocampus
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Abstract: Lead exposure during brain development inhibits neurotransmitter release and this
effect is likely to contribute to impaired synapse formation, plasticity and learning deficits.
However, the mechanism(s) by which lead impairs neurotransmitter release have not been fully
elucidated. In primary hippocampal neurons in vitro, lead exposure inhibits vesicular release and
reduces the number of fast-releasing sites, an effect mediated by NMDAR inhibition. We wanted
to determine if similar effects were also present in animals exposed to lead in vivo. In the present
study, we examined the effects of chronic lead exposure on presynaptic transmitter release using
two-photon laser scanning microscopy of FM1-43 vesicular release in Schaffer collateral-CAl
synapses in in vitro hippocampal slices. We found that chronic lead exposure significantly
enhanced paired-pulse facilitation (Control PPF = 1.7 versus Lead PPF = 3.0 at 30msec inter-
pulse interval), an indirect measure of reduced release probability. Mean-variance analysis of
evoked synaptic potentials at Schaffer collateral-CA1 synapses directly confirmed that chronic
lead treatment persistently reduced transmitter release probability (Control Pr = 0.46; Pb Pr =
0.25 at 2mM [Ca2+]o). Using FM1-43 2-photon imaging of release from CA1 Schaffer collateral
terminals, we found that this reduced probability was associated with reduced release of
glutamate from vesicles in the rapidly-recycling vesicle pool loaded by hypertonic shock.
Furthermore, using transmission electron microscopy, we found that Schaffer collateral-CA1
terminals had fewer vesicles in the rapidly-recycling vesicle pool, decreased docked vesicle
density at the presynaptic active zone and a reduced number of presynaptic terminals with
multiple mitochondria. Similarly, in mossy fiber-CA3 synapses, we observed fewer vesicles in
the rapidly-recycling pool, a decreased docked vesicle density and a shortened postsynaptic
density length. These studies extend our previous finding in primary hippocampal neurons that
lead produces profound impairments in vesicular release that are likely to contribute to deficits in
synaptic plasticity necessary for cognitive function.
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transient focal cerebral ischemia
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Abstract: Ischemic stroke is the fourth leading cause of death in the United States and is
increasingly being recognized as a disease that strikes people of all ages, not just the elderly.
Studies suggest that the immature developing brain may have a greater degree of plasticity
compared to the adult, thereby enhancing functional recovery to a greater extent during
development. However, this logical hypothesis has not been systematically investigated.
Therefore, we took advantage of our novel model of pediatric ischemic stroke to directly
compare plasticity and repair following stroke in the juvenile and adult mouse. Extracellular field
recordings of CA1 neurons were performed in acute hippocampal slices prepared at 24 hrs, 7
or30 days after recovery from middle cerebral artery occlusion (MCAQ) and compared to sham
control mice. Our data shows that in adult mice, hippocampal long-term potentiation (LTP) is
impaired as early as 24 hrs after stroke induced by the MCAO and remains impaired for at least
30 days in both the ipsilateral and contralateral, non-injured hemisphere. However, in pediatric
mice, LTP is impaired as early as 24 hrs after MCAO and remained impaired in the ipsilateral
side 7 days after MCAO, but recovered in the contralateral side at 7 days after MCAO. At 30
day, pediatric mice display a full recovery of synaptic function in both hemispheres.
Furthermore, significant experimental data is emerging demonstrating an imbalance between
inhibitory and excitatory cortical pathways after ischemic stroke, suggesting that reducing
GABAergic inhibitory transmission enhances recovery. To test this, hippocampal slices were
incubated in aCSF+L655,708 (100nM), an inverse agonist selective for a5 subunit-containing
GABAA receptors, throughout the duration of the experiment. Our data shows that synaptic
plasticity was rescued in pediatric mice 7 days following MCAO and 30 days in adult mice.
Overall, the present study demonstrates that transient focal ischemia causes functional
impairment in the hippocampus at various time points after MCAO and that excessive GABA
activity may contribute to impaired synaptic function following ischemic injury, thus inhibition
of specific GABA activity may provide a new therapeutic approach to improve functional
recovery after stroke.
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Abstract: Long-term potentiation (LTP) and depression (LTD) are the mechanisms by which
neurons modulate their inherent plasticity and provide for the storage and recovery of memories
in mammalian brain. Although extensive research has been done regarding the changes in
AMPA receptor trafficking that occur in neurons undergoing LTP, less is known about any
underlying metabolic changes that may be required. Previous work has indicated that synaptic
plasticity is correlated with changes in metabolic efficiency, and that the mitochondrial ion
channel protein Bcl-xL may instigate that change due to its association with F1FoATP synthase.
Here, we demonstrate that Bcel-xL is responsible for the elevation in ATP levels at synapse-
specific sites in hippocampal neurons over the long term after high frequency stimulation in
isolated hippocampal neurons. Utilizing FRET imaging techniques, we found that ATP levels
remain elevated for up to 45 minutes at synapses after brief glycine stimulation. We found that
ATP elevation was dependent on Bcl-xL because it was inhibited by a small molecule Bel-xL
inhibitor, the anti-cancer drug ABT-737. Studies with ABT-737 revealed neurons with ATP
levels globally lower than control neurons and not limited to synapse specific sites. In future
directions, we will test if Bel-xL is responsible for driving the change in metabolic efficiency
underlying LTP by its long term binding to the FIFoATP synthase after the stimulus has taken
place. Our study also suggests that while only certain synaptic sites may undergo LTP in normal
physiological conditions, inhibition of Bcl-xL leads to significantly lower ATP in the whole
neuron, implicating Bel-xL as not only essential to synapses experiencing LTP but also the



maintenance of synapses against LTD. Our study places Bcl-xL at the center of metabolism and
synaptic plasticity.
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Abstract: The transformation of beta-amyloid (Ap) into soluble, synaptotoxic, prefibrillar
oligomers is a major pathogenic event underlying the neuropathology of Alzheimer's disease.
Preventing the toxic effects of AP assemblies is therapeutically attractive because these events
are believed to be exclusively pathogenic. We have investigated the effects of CBB68, a
proprietary compound of Crossbeta Biosciences, on deficits in long-term potentiation (LTP)
induced by intracerebroventricular (ICV) administration of stabilized oligomers of AP. The
stabilization is a unique and proprietary technology of Crossbeta Biosciences. Male Sprague-
Dawley rats were anaesthetized with urethane and cannulae inserted into the femoral artery and
vein for monitoring blood pressure and administering substances (IV), respectively. A
craniotomoy was performed and a cannula descended to the left lateral ventricle for ICV
administration of AP oligomers. Stimulating and recording electrodes were descended to the
stratum radiatum and stratum pyramidale of the CA1 region of the ipsilateral hippocampus for
the identification, optimization and monitoring of population spike (PS) activity superimposed
on field excitatory postsynaptic potentials. Animals were treated IV with either vehicle or
CBB68 before ICV administration of AP or AP vehicle, followed 60 min later by the induction
of LTP using theta-burst stimulation (TBS). PS activity was monitored for a further 90 min. LTP
magnitude was derived from the change in PS amplitude pre- and post-TBS and compared



between treatment cohorts. In vehicle treated animals, ICV administration of stabilized
oligomeric AP induced a significant deficit in LTP compared to those animals injected ICV with
AP vehicle, with control LTP amounting to 211.5 + 5.0% of baseline versus 144.6 + 2.5% after
AP, 90 min post-TBS. In CBB68 treated animals receiving vehicle ICV, there was a trend for
slightly enhanced LTP of 217.9 + 4.9% of baseline at 90 min, but this did not reach significance
compared to control animals. However, CBB68 treatment did partially and significantly prevent
the deficits induced by ICV administration of stabilized oligomeric AP with 90 min LTP of
182.4 + 7.8% of baseline, compared to IV vehicle treated animals injected with AP (144.6 +
2.5%). The present data demonstrate the in vivo functionality of these stabilized AP oligomers in
inducing deficits in LTP in the anaesthetized rat hippocampus. They also demonstrate that the
novel Crossbeta Biosciences compound CBB68 is centrally penetrant and protects against this
AB-induced neurotoxicity in an electrophysiological model of learning and memory that is
relevant to Alzheimer’s disease.
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Abstract: Extracellular matrix (ECM) molecules occupy the space between neurons and glia in
the brain and form conspicuous perineuronal nets. Chondroitin sulfate proteoglycans are major
components of the ECM involved in synaptic plasticity: however, precise mechanisms of such
involvement remain unclear. Using whole-cell recordings in hippocampal slices from male mice
(P28-35), we found that acute enzymatic removal of chondroitin sulfates by chondroitinase ABC
(ChABC) produced no significant effects on the basal efficiency of either inhibitory or excitatory
synaptic transmission, but decreased the number of action potentials (APs) during theta-burst
stimulation and impaired theta-burst induced LTP in CA3-CA1 synapses. Consistent with
decreased cell excitability ChABC treatment decreased the number of APs in response to
somatic current injections. Similar changes were detected in brevican deficient mice, suggesting
that brevican is one of the carriers of chondroitin sulfates modulating neuronal excitability. In
addition, ChABC treatment increased afterburst hyperpolarization in CA1 pyramidal neurons.
Both the decrease in cell excitability and the increase in aftreburst hyperpolarization were
prevented by 100 nM apamin, a blocker of the SK family of Ca®" activated K channels,
suggesting up-regulation of SK channel activity in ChABC treated slices. Notably, LTP recorded
in the presence of apamin after ChABC treatment was enhanced as compared to slices, which
were not treated with ChABC. However, the number of APs during theta-burst stimulation in the
presence of apamin was not different between control and ChABC treated slices. This
enhancement of LTP was suppressed by 10 uM Y-27632, a ROCK kinase inhibitor, suggesting
modulation of RhoA signaling pathway by ChABC treatment. Our findings demonstrate that
removal of chondroitin sulfates has a complex effect on synaptic plasticity in the CA1 region: the
enhancement of LTP through the RhoA signaling pathway is masked by upregulation of SK
channel activity. The later can serve as a protective mechanism that prevents overexcitation of
neuronal network due to enhanced LTP.
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Abstract: Neural circuits consist of highly dynamic networks of excitatory and inhibitory
neurons. While synaptic plasticity at excitatory synapses throughout the brain is well-established,
synaptic plasticity of inhibitory synapses is a far less characterized phenomenon. The bed
nucleus of the stria terminalis (BNST) is a structure known to be an interface between
homeostatic neuro-regulation and circuits mediating higher cognitive processes. We have
recently shown that changes in synaptic plasticity in the oval nucleus (ovBNST) is significantly
correlated with drug taking behaviors. Thus, the ovBNST serves as a region of interest for
studying the role of plasticity, specifically, that of plasticity at inhibitory synapses. Using whole-
cell patch clamping in the slice, low frequency stimulation (LFS; 1 Hz 900 pulses) at inhibitory
synapses in the ovBNST produced long-term potentiation (LTP) of GABAa inhibitory post-
synaptic currents (IPSC). Twenty-minutes following LFS, IPSCs increased on average 173% =+
77% (SE) above baseline values and was sustained and sometimes continued to increase for up
to 60 minutes post-induction (n=9/8). This effect appears to be post-synaptically mediated as
there was no change in paired-pulse ratios (0.9+ 0.04:1.1 + 0.09, pre = SE:post = SE) and no
significant change in the coefficient of variation (1/CV2 pre &+ SE:post = SE, 26.8 £ 8.2: 24.3 +
6.4). The ubiquity of this phenomenon in the brain has yet to be determined.
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Abstract: Age-related neurological disorders correlate with poor memory performance, but few
studies have examined synaptic plasticity in mice at the end of their life span. We present new
data about our ongoing LTP study in brain slices of old mice (21-25 months). We earlier
reported that fEPSPs in the hippocampal CA1 area (evoked by Schaffer collateral stimulation)
were significantly more potentiated >20 min after theta burst stimulation (TBS) in slices of old
C57BL6/J mice (old-slices), at 30-35 min after TBS the slope of the line as quantified by a novel
regression analysis of LTP potentiated by 173+37% (+SD, n=30) in contrast to slices of adult
mice (adult-slices, 11-17 weeks old, +62+7%, n=15). Furthermore, pharmacological experiments
with GABAAR modulators indicated that an excitatory switch in GABAergic transmission took
place in old-slices, which was responsible for the added potentiation during the maintenance
phase of LTP. Upon further analysis we now show that the time course of LTP in 9/30 (30%)
old- slices is similar to that seen in 15/15 (100%) adult-slices showing a large post-tetanic
potentiation (PTP, t=0-5 min, 115+6%) reduced within 20 minutes to a smaller steady
potentiation (t=30-35 min, +62+7%). In 21/30 (70%) old-slices we found a markedly different
time course where the potentiation after PTP remains steady or increases (+210+65%). In 3/4
adult-slices the KCC2 blocker VU-0240551 (10uM) converted the time course of LTP to that
seen in the majority of old-slices. Thus a switch to an excitatory GABAergic transmission due to
a shift in Ecymay be responsible for the GABAergic component of LTP in old-slices. It has been
well established that excitatory LTP is highly specific so that LTP is only induced in the
pathways that receive the LTP inducing stimulation, while neighboring synapses remain
unchanged. However, GABAergic transmission via synapses on spine necks and dendritic shafts
is less precise and a depolarization or Ca®" entry generated by such synapses might spill over to
neighboring synapses. To address this synapse specificity of LTP we stimulated two distinct
afferent fiber tracts and gave only one a TBS. In 3/3 of adult-slices, potentiation did not occur in
the pathway that did not receive the TBS. In contrast, 8/10 old-slices showed a steady increasing



potentiation (t=35 min, +45+16%) of the pathway that did not directly receive TBS , indicating
that some component of potentiation in old-slices spills over to neighboring inputs. We conclude
that in old animals GABAergic transmission can significantly contribute to LTP and that this
contribution makes the overall potentiation less synapse specific which likely interferes with
memory formation.
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Abstract: Neurons communicate via excitatory glutamatergic and inhibitory GABAergic
synapses. The interplay between excitation and inhibition not only shapes spike output but also
regulates activity-dependent changes in synaptic efficacy. Indeed, several forms of GABAergic
plasticity depend on the activation of glutamatergic receptors. However, in most cases, the
underlying molecular mechanisms and cellular specificity are poorly understood. This
information is vital for the understanding of how plasticity of GABAergic synapses impacts
neural circuit function. Using cell type-specific optogenetic stimulation in mouse prefrontal
cortical slices, we studied the capacity of GABAergic synapses formed by different interneuron
subtypes to exhibit activity-dependent plasticity. Brief activation of NMDA-type glutamate
receptors (NMDARS) produced an increase in GABAergic inhibition mediated by somatostatin-
positive (SOM) but not parvalbumin-positive (PV) nor vasoactive intestinal peptide-positive
(VIP) interneurons. Potentiation of SOM-mediated inhibition (SOM-iLTP) requires postsynaptic
activation of NMDARSs, a rise in intracellular calcium and activation of CaMKIIa. Similar
potentiation of dendritic inhibition evoked by optical uncaging of GABA indicates that SOM-



iLTP is expressed postsynaptically. Our results indicate a crucial role for SOM-iLTP in
regulating dendritic signaling and circuit activity within the prefrontal cortex.

Disclosures: C.Q. Chiu: None. M.J. Higley: None.

Poster
404. LTP: Pre- and Postsynaptic Mechanisms 11
Location: Halls A-C
Time: Monday, November 17, 2014, 1:00 PM - 5:00 PM
Program#/Poster#: 404.09/D42
Topic: B.08. Synaptic Plasticity
Support: SFB779/B06
CBBS FKZ1211080005

Title: Presynaptic or BDNF-dependent postsynaptic STDP Expression relies on postsynaptic
action potential pattern during STDP induction

Authors: E. EDELMANN', P. LICHTENECKER', *T. BRIGADSKI'?, V. LESSMANN'*
'Otto-von-Guericke Univ., Magdeburg, Germany; “Ctr. of Behavioral Brain Sci. (CBBS),
Magdeburg, Germany

Abstract: Long-term potentiation (LTP) relying on repeated precisely timed firing of action
potentials in pre- and postsynaptic neurons, is a physiologically relevant type of synaptic
plasticity. The resulting plasticity is called timing-dependent (t-)LTP. These activity patterns are
considered to represent a cellular correlate of memory formation. While brain-derived
neurotrophic factor (BDNF) is known to regulate LTP in the CA1 area of the hippocampus upon
high frequency stimulation, the signaling mechanisms mediating the physiologically more
relevant t-LTP, have remained elusive. Using patch clamp electrophysiology we now
investigated different forms of hippocampal spike timing-dependent plasticity (STDP), and
identified postsynaptic and presynaptic types of t-LTP, which recruit either BDNF-dependent or
-independent signaling mechanisms. Furthermore, we determined patterns of electrical activity
inducing release of BDNF from CA1 hippocampal neurons which underlie the BDNF-dependent
t-LTP. To analyze an involvement of endogenous BDNF in STDP in hippocampal CA1 region,
we used distinct low frequency pairing protocols with different numbers of postsynaptic stimuli
and repetitions. Short positive spike timings led to t-LTP for both paradigms (IEPSP/1AP and
1EPSP/4AP). However, the LTP expression mechanism differed between the paradigms. While



the 1EPSP/1AP paradigm recruited a BDNF/TrkB-independent pathway, chronic and acute
depletion of BDNF impaired t-LTP induced by the IEPSP/4AP paradigm. Accordingly,
scavenging of extracellular BDNF with TrkB-Fc, selectively impaired t-LTP induced by the
1EPSP/4AP protocol. Pre- vs. postsynaptic changes after t-LTP induction were explored and
indicate presynaptic LTP expression for the BDNF-insensitive protocol, but postsynaptic
expression for the BDNF-dependent 1IEPSP/4AP paradigm. As revealed by inhibition of t-LTP
by application of k252a via the patch pipette, postsynaptic TrkB signaling was required for
BDNF-dependent t-LTP. Furthermore, postsynaptic release of endogenous BDNF (induced by
backpropagating APs in CA1 pyramidal neurons) paired with synaptic stimulation, induced
plasticity that occluded BDNF-dependent t-LTP. Fluorescence microscopy of BDNF-GFP
release confirmed postsynaptic BDNF secretion under these stimulation conditions. Together,
our data suggest that expression of t-LTP in CA1 of the hippocampus is regulated in a stimulus
dependent manner, with 1EPSP/4AP pairing eliciting activity-dependent secretion of BDNF
from postsynaptic CA1 neurons and postsynaptic t-LTP expression, while 1IEPSP/1AP induced t-
LTP proceeds by a BDNF-independent mechanism.
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Abstract: Reconsolidation, the process by which previously learned memories become
susceptible to perturbation and require renewed stabilization, reflects the dynamic nature of
memory. Reconsolidation has largely been studied at the behavioral level, providing insight into



its molecular components, but the cellular and computational features of the phenomenon remain
unclear. Since the molecular machinery of reconsolidation is distinct from that of the preliminary
storage process of consolidation, we developed a model of reconsolidation by extending a
previous model of synaptic consolidation. The consolidation model captures the changes in
synaptic strength by modeling synapses onto a cell with three interacting bistable equations. The
three equations reflect the weight of the synapse, its tagged state, and whether or not it is
consolidated. To capture reconsolidation we added a shared pool of molecules that bind to the
synapses and stabilize the consolidated state. The unbinding of the molecules is activity
dependent, causing a destabilization of the consolidated state exclusively when the neuron is
stimulated, mimicking the exclusive loss of a memory at the behavioral level when memory
reactivation is coupled with protein synthesis blockade, but not when protein synthesis blockade
occurs by itself. Over time these molecules build up a reservoir that can withstand protein
synthesis blockage, linking the size and dynamics of the reservoir to the boundary conditions of
reconsolidation--situations when reconsolidation does or does not occur. The model replicates
hippocampus slice based experiments thought to potentially underlie reconsolidation, firmly
establishing those experiments as cellular substrates for reconsolidation. Furthermore we
developed a theoretically compact description of the model that allows for an exploration of the
parameter space of reconsolidation, and an exact description of the boundary conditions of the
model. With such a model we can explore the computational nature of reconsolidation, providing
for a better understanding of the dynamic nature of memory.
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Abstract: It has been hypothesized that memories are encoded by modification of synaptic
strengths through cellular mechanisms such as long-term potentiation (LTP) and long-term
depression (LTD). However the causal link between these synaptic processes and memory has
been difficult to demonstrate. Here we show that fear conditioning, a type of associative
memory, can be inactivated and reactivated by LTD and LTP, respectively. We begin by
conditioning an animal to associate a foot-shock with optogenetic stimulation of auditory inputs
targeting the amygdala, a brain region known to be essential for fear conditioning. Subsequent
optogenetic delivery of LTD conditioning to the auditory input inactivates memory of the shock.
And finally, subsequent optogenetic delivery of LTP conditioning to the auditory input
reactivates memory of the shock. Thus, we have engineered inactivation and reactivation of a
memory using LTD and LTP, supporting a causal link between these synaptic processes and
memory.
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Abstract: Long-term potentiation (LTP) is a process by which the strength of the synaptic
connection between neurons increases when the synapse is repeatedly activated. It can be
“artificially” triggered by electrical stimulation protocols such as high frequency or theta burst
stimulations (TBS). There is now a strong body of evidence demonstrating common molecular
mechanisms underlying LTP and long term memory, and LTP is currently the best candidate for
a neural correlate of memory. However, only few studies succeeded in showing that LTP
actually occurs in the hippocampus during learning. We recorded evoked field potentials
(fEPSP) in area CA1 of the hippocampus in freely moving mice before and after a session of



contextual fear conditioning. Here we report that this kind of electrophysiological measurement
allows monitoring the “natural” LTP triggered by the training session. Moreover we show that
conditioning-induced LTP partially occludes TBS-induced LTP, suggesting that natural and
artificial LTP share some mechanisms. This study provides the first electrophysiological
evidence of a robust LTP induced by a single session of learning in mice.
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Abstract: Hippocampal plasticity is considered one of the major cellular mechanisms of learning
and memory. Molecular mechanisms responsible for long lasting forms of LTP (L-LTP) which
last from several hours up to days, are of interest because this form of plasticity resembles long
term memory storage. Plasticity inducing protocols vary in their activation of signal transduction
pathways and resulting dependence on signaling molecules: train (1 s) of 100 Hz stimulation
(HFS) elicits only a short-lasting form of LTP (E-LTP) whereas multiple trains of HFS elicit L-
LTP, Bath application of isoprotenerol (ISO) followed by electric stimulation produce L-LTP
that differs in their molecular dependence: 3 min of 5 Hz stimulation (ISO + LFS) is protein
kinase A (PKA) dependent whereas ISO + HFS is not.To investigate how temporal pattern of
synaptic activation determines activation of signaling pathways, we employed a multi-
compartmental, stochastic reaction-diffusion model of calcium (Ca) and cyclic adenosine
monophosphate (cCAMP) activated signaling pathways in CA1 pyramidal neurons. We started
with the model presented by Kim et al. (2011) and added stimulative regulatory G protein (Gs) to



inhibitory regulatory G protein (Gi) switching (Havekes et al., 2012). We simulated Ca influx
and B-adrenergic receptor stimulation produced by eight commonly used plasticity induction
paradigms. We discovered that the following plasticity signature can explain the direction of
plasticity: a combination of PKA, phosphatatases, and Ca2+/calmodulin-dependent protein
kinase II (CaMKII) phosphorylation in the spine may act to “tag” the spine. Specifically, the
spine signature is proportional to the sum of CaMKII and PKA activity divided by the
phosphatase activity. Three regimes leading to LTP, no change, and long term depression are
visible. A combination of PKA, pCaMKII, exchange protein activated by cAMP (Epac) and By
subunit of Gi (Gify), in the dendrite may act to initiate production of plasticity related proteins.
Though 1 train of HFS produces a spine signature of LTP, it does not produce a dendritic
signature for protein synthesis initiation, explaining why 1 train of HFS only elicits E-LTP.
Furthermore, Epac activation is the highest with ISO + HFS, explaining why this paradigm
produces PKA independent, but cAMP dependent L-LTP. The molecules required for the
dendritic signature are related by their downstream target extracellular signal-regulated kinase
(ERK) which is implicated in learning, memory and plasticity. The combination of spine
signature and dendritic signature are required to predict the outcome and molecular dependence
of synaptic plasticity protocols.
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Abstract: Despite decades of study, the mechanisms by which synapses express the increase in
strength during long-term potentiation (LTP) remain an area of intense interest. Here, we have
studied how AMPA receptor subunit composition changes during the early phases of
hippocampal LTP in CA1 pyramidal neurons. We studied LTP at silent synapses that initially
lack AMPA receptors, but contain NMDA receptors. We show that strongly inwardly rectifying
AMPA receptors are initially incorporated at silent synapses during LTP and are then
subsequently replaced by non-rectifying AMPA receptors. These findings suggest that silent
synapses initially incorporate GluA2-lacking, calcium-permeable AMPA receptors during LTP
that are then replaced by GluA2-containing calcium-impermeable receptors. We also show that
LTP consolidation at CA1 synapses requires a rise in intracellular calcium concentration during
the early phase of expression, indicating that calcium influx through the GluA2-lacking AMPA
receptors drives their replacement by GluA2-containing receptors during LTP consolidation.
Taken together with previous studies in hippocampus and in other brain regions, these findings
suggest that a common mechanism for the expression of activity-dependent glutamatergic
synaptic plasticity involves the regulation of GluA2-subunit composition and highlights a critical
role for silent synapses in this process.
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Abstract: Inflammation and metals play critical roles in AD. The finding that alleles in the
hemochromatosis gene advance the onset of AD sparked research in the metallobiology of AD.
The presence of an Iron-Responsive Element (IRE) in the 5'UTR of the APP transcript (APP
5'UTR) supports APP a metaloprotein. Iron, copper and zinc were shown to accelerate the
aggregation of the amyloid-p (AB) peptide and enhance metal catalyzed oxidative stress
associated with amyloid plaques, the central hallmark of AD. The participation of metals in
plaque formation and of metal-dependent translation of APP mRNA support chelators as a major
therapeutic strategy for AD (Bandyopadhyay et al-2013). APP is regulated post-transcriptionally
with changes in iron homeostasis. In the absence of iron, IRP1 binds to an IRE in the APP 5°-
UTR and inhibits translation. MicroRNAs (miRNAs) also post-transcriptionally regulate APP
expression. Indeed, miR-101 and miR-153 negatively regulate APP expression via the APP 3’-
UTR (Long, Ray & Lahiri- 2012; 2014). Here we report that miR-346 stimulates APP expression
via the APP 5°-UTR at a site that overlaps with the IRE. The miRanda algorithm predicted a
miR-346 target site in APP 5°-UTR that overlapped a known IRE. Reporter assays in HeLa cells
transfected with miR-346 mimic and APP 5°-UTR reporter construct revealed that miR-346
significantly stimulated reporter expression via the APP 5’-UTR. With miR-346 transfection,
endogenous APP levels were also significantly increased vs. controls, an effect reversed by
target protectors confirming the site of interaction. APP mRNA levels were unchanged
suggesting a post-transcriptional mechanism. The stimulatory effect of miR-346 on APP was
significantly attenuated when AGO2 or IRP1 was knocked down by siRNA. Thus, miR-346
apparently requires the presence of AGO2 to stimulate APP expression and mediates its effect by
interfering with IRP1’s binding to the IRE sequence in the APP 5’-UTR. miR-346 was
successfully transfected into primary human fetal brain mixed cultures as described (Long et al-
2014), but miR-346 transfection did not stimulate expression under standard culture conditions.
However, APP levels were stimulated by miR-346 transfection following iron chelation by
deferroxamine, a condition that would enhance IRP binding to the IRE. This is consistent with
miR-346 interfering with IRP1 binding. Therefore, miR-346 may represent a novel drug target in
AD, and miR-346 inhibition should then synergize with iron chelation strategies as an AD
treatment.
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Title: Calpain mediates degradation of novel APP C-terminal fragments

Authors: *“H. WANG'?, A. SAUNDERS'
'Biol., Drexel Univ., Philadelphia, PA; "Drexel Univerisity Col. of Med., Philadelphia, PA

Abstract: Alzheimer’s disease (AD) is a progressive neuro-degenerative disease. One of its
hallmarks is the deposition of extracellular plaques, composed of amyloid  (AB). AP is a small
peptide generated from proteolytic processing of its precursor, amyloid precursor protein (APP).
The process of APP proteolysis and the generation of AP have been studied extensively.
Canonical APP proteolysis occurs via a-/ B- and y-secretases. By inhibiting protein degradation
systems, including cathepsin, calpain and the proteasome, we have identified hitherto
undocumented APP fragments. These novel fragments are not a result of apoptosis induced
proteolysis. Utilizing pharmacological approaches suggests that calpain inhibition is likely
responsible for the accumulation of the observed novel APP fragments. This indicates that
besides canonical processing by a-/ B- and y-secretases, APP can be processed by yet
unidentified mechanism, and the resulting products are degraded via protein degradation, likely
calpain.
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Abstract: f-amyloid precursor protein (APP) is transported to the plasma membrane, where it is
sequentially cleaved by a-secretase and y-secretase. This pathway is called non-amyloidogenic
pathway, since it precludes the production of hydrophobic -amyloid peptide (AB), the main
culprit of Alzheimer’s disease (AD). Alternatively, once APP undergoes clathrin-dependent
endocytosis, it can be sequentially cleaved by B-secretase and y-secretase at endosomes,
producing AP (amyloidogenic pathway). O-GlcNAcylation is a novel type of O-linked
glycosylation attaching the monosaccharide B-N-acetylglucosamine (GlcNAc) to serine and
threonine residues. Recently, we found that O-GlcNAcylation of APP increases the non-
amyloidogenic processing of APP and decreases the production of Af. In this study, we
identified specific increase of O-GlcNAcylation of APP by Justicidin A, which is one of lignin
derivatives. Justicidin A increased the level of APP in the plasma membrane. We also found that
Justicidin A selectively attenuated the endocytosis of APP, but not that of transferrin receptor.
The level of sAPPa increased, while the level of sAPPf and AP was concomitantly decreased by
Justicidin A. Blocking the clathrin-dependent endocytosis by inhibitor prevented the effect of
Justicidin A, suggesting that the effect of Justicidin A on AP production was mainly mediated
through the decrease of APP endocytosis. These results strongly indicate that O-GIcNAcylation
by Justicidin A increases the plasma membrane targeting of APP and selectively decreases
endocytosis rate of APP, thereby enhancing non-amyloidogenic processing of APP. Thus, O-
GlcNAcylation of APP could be a new novel therapeutic target for AD.
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Abstract: O-linked B-N-acetylglucosamine (O-GIlcNAc) modification of protein, a post-
translational modification that links GIcNAc to the hydroxyl group of Ser or Thr residues, is one
of the major forms of protein glycosylation affecting various intracellular events. However, the
role of O-GlcNAc modification of proteins in the pathogenesis of neurodegenerative disease
such as Alzheimer’s disease (AD) is poorly understood. ATP synthase is multi-protein complex
that synthesizes ATP from ADP and Pi using the proton gradient generated by electron transport
chain as a driving force. Since ATP generation is significantly reduced in AD mouse model and
AP (major causative factor for AD)-treated neuronal cells, ATP synthase might be affected by
AP or other pathological condition in AD. Since we found ATP synthase is O-GlcNAcyalted and
it binds to AP directly, we tried to figure out the relationship between O-GlcNAcylation on ATP
synthase and their function under AD pathological condition, especially in the presence of Af.
We will discuss more details about how AP reduces ATP synthase activity and what is the role of
O-GlcNAcylation on ATP synthase to regulate ATP synthase function.
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Abstract: Secreted amyloid precursor protein-alpha (sAPPa), a peptide derived from the same
parent molecule as amyloid- (AB), has been shown to enhance synaptic plasticity in rats and in
an Alzheimer’s mouse model, although the mechanisms of its wide ranging effects are not well
understood. Its effects on metaplasticity have not yet been explored and its action on glutamate
receptor trafficking, a mechanism that supports long-term potentiation (LTP), is unknown. Here
we (1) investigated the effect of SAPPa delivered prior to versus at the time of LTP induction,
and (i1) determined whether sAPPa alone can regulate NMDA and AMPA receptor localization.
Slices were prepared from adult male Sprague-Dawley rats and allowed to recover for 2 h.
Baseline field excitatory postsynaptic potentials (EPSPs) were evoked in area CA1 by electrical
stimulation of the Schaffer collateral/commissural pathway, and recorded in stratum radiatum.
Bath-applied recombinant sAPPa (1-10 nM) did not affect the initial slope of the EPSPs.
Application of mild theta-burst stimulation (TBS, 5 trains (5 Hz) of 5 pulses (100 Hz)) induced
post-tetanic potentiation (PTP) but not LTP in untreated slices. In contrast, when applied 20 min
before, during and following TBS, sAPPa (10 nM) facilitated both PTP and LTP compared to
non-treated controls (responses 1h post-TBS = 139.6 £+ 3.3% vs 103 £1.3% of baseline; p<0.01).
Lower sAPPa (1 nM) and shorter application (30 min just prior and during TBS) also produced
LTP (145.6 + 3.6% of baseline). To determine whether sAPPa has metaplastic properties, we
washed the sAPPa (1 nM, 30 min) out of the bath for 30 min prior to TBS. Under these
conditions, LTP was still 149 + 5% of baseline. To probe underlying mechanisms of this
plasticity, we tested whether sAPPa (30 min) affected NMDA or AMPA receptor localization
using biotin labelling of cell surface proteins followed by Western blot analysis of the NMDAR
subunit GluNland the AMPAR subunit GluA1. Relative changes in cell surface concentrations
in response to SAPPa were determined by comparison with levels in control slices. sAPPa
induced significant concentration-dependent biphasic effects on plasma membrane-bound GIluN1
and GluA1 expression, with decreases relative to control occurring at low doses and increases
occuring at intermediate doses ([GluN1: 0.1 nM, 0.79 + 0.07, p<0.01; 1 nM, 1.32 £ 0.12, p<0.01;
100 nM, 0.84 £ 0.19, n.s. GluA1: 0.1 nM, 0.65 £ 0.04, p<0.001; 1 nM, 1.55 + 0.05, p<0.001 ;
100 nM, 1.12 £ 0.26, n.s.). These findings support a fundamental role for sAPPa in regulating
synaptic plasticity and raise the possibility that this occurs by regulating NMDA and AMPA
receptor localization.
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Abstract: Alzheimer’s disease (AD) is a progressive neurodegenerative disorder that mostly
affects the elderly. AD is characterised by excessive accumulation of the neurotoxic protein
amyloid- (Ap). If the mechanism is from enhanced processing at the B,y site of amyloid
precursor protein (APP), there will be a concomitant reduction at the o processing site and
thereby production of the neurotrophic and neuroprotective secreted amyloid precursor protein-o
(sAPPa). To date there has been limited success in treating established AD cases, research has
begun to focus on preventive strategies, inadvertently leaving a gap in combating this disease.
We hypothesized that established behavioural and electrophysiological deficits caused by
amyloid accumulation could be mitigated or reversed by promoting sAPPa production. To test
this, we overexpressed sAPPa bilaterally in the hippocampus of 10-month-old transgenic
APPswe/PS1AE9 mice using lentiviral gene transfer. These mice develop increased extracellular
AP deposition and behavioural deficits as early as six months of age. Postulating that sSAPPa
could ameliorate neurotoxic effects of AP, these mice were electrophysiologically tested 3-
months post-transduction. Hippocampal slices were prepared and synaptic transmission, paired-
pulse facilitation (PPF), paired-pulse recurrent inhibition (PPI) and long-term potentiation (LTP)
in area CA1 was examined. Extracellular field recordings revealed no significant differences in
basal synaptic efficacy, PPF or PPI between groups. However, the magnitude of LTP measured
one hour post-theta burst stimulation in the transgenic mice that received control vector (no
sAPPa overexpression) was significantly reduced (136 = 10%, n=9, p < 0.05) compared to litter-
matched wild-type controls treated with control vector (171 = 7%, n=11). LTP in the transgenic
mice was rescued by the sSAPPa vector (172 + 7% of baseline, n=11, p<0.05). These results



indicate that SAPPa overexpression using lentiviral gene transfer can rescue the deficit in LTP
seen in this progressive AD mouse model, which suggests a role for sAPPa in reducing at least
some of the neurotoxic effects of AP, even after plaque development.
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Abstract: Synaptic plasticity is the ability of synapses to increase or decrease in strength and
important in learning and memory. As a form of synaptic plasticity, homeostatic plasticity is a
tuning process of synapse strength up or down in order to counter excessive excitation or
inhibition in chronic perturbation of neuronal activity. One of the proteins mediated in the
homeostatic plasticity is P1k2, an activity inducible member of the polo family of
serine/threonine kinases. It is expressed at low level under basal condition but induced by strong
synaptic stimulation such as seizure and picrotoxin (PTX). In this plasticity, AMPA receptor
trafficking is regulated by many interacting proteins such as NSF. The function of NSF is to
maintain AMPAR at postsynaptic membrane by selectively binding to GluA2 subunit. Our lab
showed that P1k2 bound to NSF via a novel binding site of P1k2 and disrupted NSF and GIluA2
interaction. Alzheimer disease is the most common neurodegenerative disease, characterized by
the formation of neurofibrillary tangles and amyloid plaques. These plaques are composed of
amyloid B-protein (AB) derived from amyloid precursor protein (APP). Proteolytic cleavage of
APP is regulated by proteases. B-secretase cleaves APP to generate a secreted extracellular
domain and a membrane tethered-C-terminal fragment (B-CTF). The B-CTF is further cleaved by
y-secretase, which releases APB. This amyloidogenic processing of APP appears to be involved in



synaptic plasticity since enhanced synaptic activity generates more A which leads to AMPAR
removal from the synapse, which implies a mechanism liking Plk2 effect on activity induced
APP processing. In this study, we found that P1k2 was induced by PTX and directly bound to and
phosphorylated APP at T668/S675. The phosphorylated APP was internalized and promoted A3
generation. Therefore, P1k2 expression in APP-SwDI mice temporally increased in the vicinity of
plaques whereas transgenic inhibition of Plk2 kinase function reduced amyloid plaque formation
and A production in vivo. Both AMPA receptors and APP were involved in synaptic plasticity
by altering spine formation and density. We also showed that GluA2, not GluA1, was changed
by APP expression. Therefore, APP and GluA2 seems to have a potential relationship. Indeed,
Plk2 induced two phosphorylation sites in APP is necessary for overactivity-induced loss of
surface GluA2. Moreover, surface residence of APP appeared to govern GluA2 maintenance on
cell surface. As mechanism of APP and GluA2 co-trafficking, we confirmed that NSF also
interact with APP in vitro and in vivo. Therefore, NSF seems to function as a bridge to connect
between APP and GluA2 at the membrane.
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Abstract: The amyloid-Bpeptides, the major protein component of brain senile plaques in
Alzheimer’s disease (AD), derived from the proteolytic cleavage of an amyloid precursor protein
(APP) by B- and a-secretase. However, the mechanisms mediating APP processing is poorly
understood. We previously reported that the increase of a homeotic transcription factor ATBF1
(AT-motif binding factor 1) is shown in the brains of 17-month-old Tg2576 mice compared with
wild-type controls, and that AB42 increases ATBF1 expression, resulting in cell death in primary
rat cortical neurons. To clarify whether ATBF1 expression is involved in the mechanism of cell
death in human AD, we first investigated the expression of ATBF1 in human AD brains, and
found that ATBF1 levels are increased in the cytoplasm of hippocampal neurons in AD brains
compared with non-AD brains. We then investigated how ATBF1 induces the cell death focusing
APP processing. Cotransfection of human embryonic kidney (HEK293T) and human
neuroblastoma (SH-SYS5Y) cells with ATBF1 and APP695 increased steady-state levels of APP
via the binding of ATBF1 to the APP cytoplasmic domain (amino acids 666-690), resulting in
increased AP production and cellular and soluble APP (sAPP) levels without affecting the
activity or levels of APP processing enzymes (a-, B- or a-secretase). Conversely, knockdown of
endogenous ATBFI1 reduced levels of cellular APP, sAPP and AP in HEK293 cells
overexpressing human APP695. In addition, cotransfected APP with ATBF1 into SH-SYSY cells
seems be accumulated and colocolized on Rab5 and 7, early and late endosomes markers,
respectively. Our findings provide insight into the dynamics of APP processing and A3
production, and suggest that ATBF1 is a novel APP binding protein that might be a suitable
therapeutic target for AD.
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Title: Amyloid precursor protein (APP) is ubiquitinated at multiple sites in the COOH-terminal
domain as a signal for endosomal sorting
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Abstract: Alzheimer’s disease (AD) is the most common neurodegenerative disorder,
characterized clinically by a progressive cognitive decline and neuropathologically by amyloid
plaques and neurofibrillary tangles. Amyloid plaques are largely composed of amyloid beta
peptide derived from cleavage of its parent protein, amyloid precursor protein (APP). According
to the amyloid cascade hypothesis, limiting amyloid beta generation in neurons may help prevent
or treat AD. The trafficking of APP and its processing enzymes is closely linked to production of
toxic metabolites, such as amyloid beta and the C-terminal fragment beta. Though the subcellular
locations where APP processing occurs remain poorly understood, growing evidence suggests
that amyloidogenic cleavage occurs in endosomes. Our lab implicated an endosomal sorting
pathway for APP that has major implications for its amyloidogenic processing. The molecular
basis involves recognition of ubiquitinated APP by components of ESCRT (endosomal sorting
complex required for transport) to sort APP from the limiting membrane of endosomes into
intraluminal vesicles (ILVs) for eventual lysosomal degradation. Remarkably, our published
work showed that ubiquitination and ESCRT-dependent sorting of APP into ILVs alters amyloid
beta generation, suggesting that this pathway may be exploited for therapeutic purpose in AD.
Because APP ubiquitination is critical for ILV sorting, a fundamental question is the identity of
the sites that undergo ubiquitination in APP's C-terminus and the type of ubiquitin modification
involved. Our lab originally identified an APP mutant with a triple lysine-to-arginine mutation
(K724-726R, termed APP-3R) that is deficient in ubiquitination, leading to mislocalization of
APP from the endosome interior to the limiting membrane, and an increase in amyloid beta
generation. Here, we dissect the individual contribution of each lysine mutated in the APP-3R
mutant, and identify other lysine residues in the APP C-terminus that are deficient in
ubiquitination and represent sites that may be critical in APP trafficking and processing. In
addition, we characterize an APP missense mutation of the leucine residue adjacent to the APP-
3R triple lysine site (L723P), which phenocopies the APP-3R mutant by exhibiting a reduction in
APP ubiquitination, mislocalization of endosomal APP, and an increase in amyloid beta. Of
particular note, the APP-L723P mutation was first discovered as the cause of early-onset AD in
one family. By understanding APP ubiquitination and the endosomal sorting pathway, we expect
to uncover new targets and avenues for development of urgently needed AD therapeutics.
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Abstract: Residues located at the ectodomain of B-C-terminal fragment (ECD-BCTF) might be
pivotal for wild-type B-amyloid precursor protein (APPwt) processing. In this study, using
specific monoclonal antibody recognizing ECD-B-CTF (mAbECD-BCTF), we found that the in
vitro bindings of mAbECD-BCTF and its F(ab’)2 fragment shifts APPwt processing from a- to
B-cleavage, as evidenced by elevated accumulation of cell-surface full-length APP and B-CTF
together with a marked reduction of sAPPa. This effect was mediated by inhibition of APPwt
endocytosis and blocking of ADAM10 mediated a-cleavage. Consistent with these in vitro data,
intracerebroventricular injection of mAbECD-BCTF markedly increases membrane-associated 3-
CTF levels in TgAPPwt mice brain. All together these findings suggest that the ECD-B-CTF is
critical for APPwt processing and may provide the foundation for a novel family AD
therapeutics. Keywords: Alzheimer’s disease / amyloid-f precursor protein / amyloid-f / B-C-
terminal fragment / ectodomain of B-C-terminal fragment / endocytosis
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Abstract: Abstract Circadian rhythm disruption is commonly found in patients with
neurodegenerative disease including Alzheimer’s disease (AD). AD is an age-related
neurological disorder and A is one of major causative molecules in the pathogenesis of AD.
Since it is largely unknown whether and how circadian clock molecules affect the circadian
rhythm disruption in AD patients, we tried to investigate the link between A and circadian clock
molecules such as PER2, BMAL1 and CBP in AD animal model mouse, SXFAD mice. We
found that AD mice showed the increases of both home cage activity and body temperature with
clock molecule alteration. To elucidate the molecular mechanism of these changes in AD, AP
was treated to HT22 cells, hippocampal neuronal cell line. AP reduced BMALTL stability by
increase of sumoylation on BMALI. At the same time, A} reduced CBP level and increased N-
cadherin cleavage, which is occurred by y-secretase. Treatment of y-secretase inhibitors to the
cells caused blockade of N-cadherin cleavage, resulting in increase of CBP level, suggesting that
AB-induced CBP degradation is through the y-secretase dependent N-Cadherin cleavage. Both
BMALI1 and CBP stabilities affected PER2 expression. It suggests a critical role of AP in
circadian rhythm disruption and implicates the underlying molecular mechanism in the progress
of AD pathogenesis. Key words: Alzheimer’s disease, Circadian thythm, Amyloid-beta (Ap),
BMALI1, CBP
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Abstract: Dysregulation of the ubiquitin proteasome pathway has been implicated in the
pathogenesis of neurodegenerative diseases and Down Syndrome. The ubiquitin-specific
proteases 25 (USP25) gene spans over 150kb and located in Chr21q11.2. To define the
molecular mechanism of USP25 gene transcriptional regulation, we isolated a 2.2-kb 5’UTR of
USP25 gene. A series of nested deletions of the 5’UTR fragments were subcloned into a
luciferase reporter plasmid pGL3-Basic. HEK293 cells were transfected with the USP25
promoter constructs and luciferase activity was measured to assay its promoter activity. We
identified a 104-bp fragment containing the transcription initiation site as the minimal region
necessary for USP25 gene promoter activity. Several putative cis-acting elements, such as SP1,
HIF and CdxA are found in the 5’ flanking region of USP25 gene. Further analysis will reveal
which transcription factor regulates the promoter activity of the human USP25 gene. Supported
by Canadian Institute of Health Research
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Abstract: In addition to B-amyloid-containing extracellular plaques and tau-containing
intracellular tangles, Alzheimer’s Disease (AD) is characterized by neuronal and synaptic loss in
specific areas of the brain. One process that likely contributes to this destruction is the
intracellular caspase cleavage of the amyloid precursor protein (APP) resulting in the release of
the toxic and short-lived C-terminal 31 aa fragment (C31). We previously found that if we block
this C-terminal cleavage of APP, cell death as well as many mouse AD phenotypes were
prevented. Here, we show methods we have developed and findings we have made using a new
D664 (of APP695) cleavage site-specific antibody (APP delta C31) to measure the level of the
resulting N-terminal fragment and our progress toward discovering inhibitors of this process.
The techniques we have utilized and developed thus far with this APP delta C31 antibody
include immunoassays (ELISA and AlphalLISA), immunoblot, and immunoprecipitation. The
cell model we use here is Chinese Hamster Ovary cells stably transfected with APP770 (CHO-
7W). We are able to generate cleavage at the D739 site (of APP770) by treating the cells with
some statins or staurosporine and we are also able to knock down this signal with the pan
caspase inhibitor Q-VD-OPh in a dose-dependent manner. AlphalLISA is used as a high-
throughput screening tool to identify hits and an APP delta C31 ELISA kit is used to validate
these hits. Thus far, we have tested caspase inhibitors and small molecule compound libraries
where we have identified several hits that are effective at lowering the APP delta C31 signal in a
dose-dependent manner. As further validation of hits, we are using ex vivo organotypic
hippocampal slice cultures from young I5 mice (overexpressing hAPPwt). Using this model
system, we are able to show significant APP delta C31 signal stimulation with cerevastatin and
almost complete knockdown with Q-VD-OPh. In addition, we have performed immunoblots to
detect APP delta C31 where we demonstrate results similar to those obtained by ELISA as well



as the antibody’s specificity for cleaved APP. This antibody is also able to immunoprecipitate
APP delta C31. In summary, this new APP delta C31 antibody and ELISA kit have proven to be
extremely useful tools for detecting the N-terminal fragment resulting from the intracellular
caspase cleavage of APP in cell lysates, organotypic hippocampal slice cultures and CSF. This
APP fragment could be a potential biomarker for AD and thus, in addition to the in vitro and ex
vivo testing shown here, these techniques would also be useful for in vivo testing of caspase
inhibitors and other compounds found effective at inhibiting this cleavage.
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Abstract: The neurodegenerative disorder Alzheimer’s disease is characterized by the
accumulation in the brain of the beta-amyloid (AB) peptide, which is derived from the proteolytic
processing of the amyloid precursor protein (APP). The peptide is released by proteolytic
cleavage of APP, first by the B-secretase enzyme and subsequently by the enzyme complex y-
secretase which releases the peptide into the extracellular space. In an alternative processing
pathway, APP can first be cleaved by a-secretase activity within the AP segment precluding its
formation. In this case, subsequent cleavage by y-secretase releases the non-pathogenic P3
peptide. Thus, cellular proteins that may modulate these processing fates are of great interest. A
previous proteomic screen of in vivo APP-interacting proteins identified growth associated
protein 43 (GAP-43) as a potential APP-interacting protein. Like APP, GAP-43 is present at the
presynaptic terminal and in growth cones, and brain levels are decreased in severe Alzheimer's
disease. Here, we show that APP and GAP-43 can be co-immunoprecipitated from cultured cells
expressing both proteins. Expression of GAP-43 alters APP processing by reducing the
generation of C-terminal fragments that result from the activity of a- and B-secretase. These
effects are dependent on the palmitoylation of GAP-43 at cysteines 3/4. Mutations of cysteines 3
and 4 to alanine eliminated the effect of GAP-43 on APP processing. Moreover, mutant GAP-43
did not co-immunoprecipitate with APP. These effects were consistent with co-localization
experiments by fluorescence microscopy. The effect of GAP-43 phosphorylation at serine was
also tested for its effect on APP processing using co-expression in cell culture. These data
support a model in which palmitoylation of GAP-43 induces membrane localization in the
molecule where efficient interaction with APP can occur to modulate its processing.
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Abstract: Cyclic AMP response element-binding protein (CREB) is a nuclear transcription
factor that regulates the expression of genes involved in neuronal survival and cognitive



function. The phosphorylated form of CREB (pCREB) binds to the coactivators, CREB binding
protein (CBP) and p300, and facilitates expression of its target genes. Previous studies have
reported that CREB-mediated gene expression is impaired in Alzheimer's disease (AD). An
impairment in nuclear translocation of phosphorylated proteins has previously been shown in
other experimental models of the neurodegenerative diseases such as Parkinson’s disease (PD).
Here we evaluated cellular distribution of CREB /pCREB in experimental model of the AD. We
have shown that CREB and pCREB levels are lower in nuclear fraction of brain lysates from
Thyl-APP*"** mouse model of AD compared with their wild type littermates. Furthermore in
primary hippocampal neurons of Thyl-APP""¥*"* mice, pCREB/CREB is localized to the
cytoplasmic fraction while in wild type neurons pCREB/CRERB is localized to the nucleus. In
conclusion, we have shown an aberrant localization of the CREB/pCREB to cytoplasm in both in
vivo and in vitro models of AD.
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Abstract: Alzheimer’s disease is an age-related, progressive, neurodegenerative disease, which
is the most common form of dementia in the developed world. It is the 6th leading cause of death
in the United States and the prevalence of this disease is increasing. Neuropathologically,
Alzheimer’s disease is defined by the accumulation of the $-amyloid (A) peptides and
hyperphosphorylated forms of tau. The accumulation of these species leads to synaptic
dysfunction, neuronal loss that eventually results in cognitive decline. Most cases occur after the
age of 65 years (late-onset), however there are a small number of cases that occur before the age
of 60 years (early-onset). Alzheimer’s disease can be caused by genetic changes that result in
increased AP production. AP is produced by the proteolytic cleavage of the Amyloid Precursor



Protein by the B- and y-secretases. Individuals with Down’s syndrome (Trisomy 21) have an
additional copy of the APP gene, which is located on chromosome 21, and invariably develop
Alzheimer’s disease because of increased APP proteolysis and AP production. This strongly
suggest that dysregulation of APP expression could play a role in Alzheimer’s disease
pathogenesis. Therefore it is imperative to identify mechanisms underlying the regulation of APP
expression. Our lab has recently identified the presence of a Guanine Quadruplex located in the
3’untranslated region of APP. A Guanine Quadruplex is a sequence of guanine repeats that fold
into secondary structures which can regulate gene expression. Guanine Quadruplexes are
conserved sequences that have been located in DNA as well as in the 5° or 3 untranslated
regions and coding sequences of mRNAs. Guanine Quadruplexes are emerging as important
regulatory sequences of expression. Using Circular Dichroism, we structurally confirmed the
presence of the Guanine Quadruplex in the 3’ untranslated region of the Amyloid Precursor
Protein; as well as a Luciferase Assay and reporter constructs to demonstrate that the Guanine
Quadruplex sequence negatively regulates Amyloid Precursor Protein expression in a post-
transcriptional manner.
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Abstract: Introduction The enteric nervous system (ENS) is one component of the neural control
system of the digestive tract. It works in concert with the CNS, integrative pathways that pass
through sympathetic ganglia and the gastro-enteropancreatic endocrine system. The ENS mirrors
the central nervous system in its inner architecture, the dense neuropil and the variety of
individual neuronal subtypes. Therefore, molecules like amyloid beta (Abeta), which influences
CNS neurons via its neurotransmitter receptors, have theoretical the ability for direct interactions
with ENS neurons. Here we investigated influences of Abeta on the ENS, in particular the



participation of the alpha7 nicotinic acetylcholine receptor (a7nAChR) with electrophysiological
methods, calcium-imaging, and GUT motility measurements. Methods and Results Abeta was
generated with a transgenic neuroblastoma cell line (SH-SY-5Y). The neuronal activity of
dissociated ENS cell cultures was measured with a multi electrode array system (MCS). Counts
of action potentials and spikes amplitudes were analysed in control medium, in pre-incubated
control medium, in medium containing Abeta peptides, and in Abeta medium with 0.1 uM
methyllycaconitine (MLA), respectively. The Abeta42 peptides containing medium strongly
reduces firing frequencies in about two thirds of all responding electrodes. Additionally applied
MLA moderates the Abeta effect significantly. In calcium imaging experiment with Fluo-4 AM
we could confirm a cytotoxic effect of Abeta on short time cultured ENS cells. We observed a
strong dose dependent increase of the intracellular calcium concentration when 1 pM and 10 uM
Abeta was applied to cells. Furthermore MLA significantly blocked the calcium elevation
induced by Abeta. Gastrointestinal motility changes were monitored and evaluated as described
by Schreiber (Schreiber et al., 2013). Small intestine with mesenteric arteries were dissected
from healthy adult rats. In an organ bath approach the gut segment was perfused with amyloid
containing medium and with Abeta medium containing MLA, respectively. The perfusion of the
gut with Abeta conditioned media led to a dramatic increase of the smooth muscle tonus,
combined with a decrease of the gut diameter. This effect was significantly weaker when the
small intestine was perfused with Abeta medium containing 0.1 pM MLA. Conclusion Amyloid
beta features strong and direct effects on the electrical activity of ENS cells and on the network
activity of the ENS in the GUT. Due to the prohibiting effects of the specific blocker MLA an
important part of Abeta effects on the ENS were induced via the a7nACh receptors.
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Abstract: It is widely accepted that the extensive accumulation of amyloid beta peptide (A)
aggregates in the brain, in the form of insoluble amyloid deposits and soluble oligomers,
contributes to synaptic dysfunction and neuronal loss in Alzheimer’s disease (AD). However, the
pathophysiological mechanisms leading to imbalances in A} homeostasis and eventual A3
accumulation and aggregation are not well understood. Of the several physiologically relevant
AP degrading enzymes, the endothelin-converting enzyme family (ECE) has the unique
characteristic of degrading AP in compartments where A production takes place. Our work has
brought to light that ECEs, rather than participating in the clearance of excess extracellular Af,
degrade the peptide before secretion, in early and recycling endosomes, and degrade in situ a
pool of intracellular AB produced along the endosomal/lysosomal pathway. In SH-SYS5Y cells
overexpressing human wild type APP, we found that pharmacological inhibition of endogenous
ECEs caused AP to accumulate to micromolar levels within late endosomes, and led to the
formation of soluble AP oligomers. Combining ECE inhibition with other factors known to
influence AD pathology such as ApoE, high levels of cholesterol, or disruption of lysosomal
function, led to the formation of insoluble A species associated with intracellular lipid rafts.
While in undifferentiated cells Ap was found accumulated in the soma, in
polarized/differentiated cells the accumulation of intracellular Ap was predominantly observed
along neurites, suggesting that ECEs may degrade A along the retrograde transport pathway.
Using synaptosomal preparations from rat brain, we also obtained evidence of ECE activity in
synapses. Secretion of AP from these preparations was enhanced when ECEs were inhibited.
Based on these results, we propose that ECEs degrade AP within at least two types of AB-
producing vesicles; presynaptic vesicles that discharge A at the synaptic cleft and vesicles of
synaptic origin that preserve the ability to generate AP during retrograde transport. Failure in
ECE activity may enhance synaptic AP secretion and accumulation of AP along axons and
presynaptic ends, in concentration high enough to induce AP aggregation. Understanding
whether ECE dysfunction represents an early step in AD progression may help to formulate
novel therapeutic and prevention strategies.
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Title: SHRSP - a valid model for mixed neurodegenerative and vascular pathologies?
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Abstract: Background: In human autopsy studies of the non-demented elderly and Alzheimer’s
disease small vessel pathology, parenchymal amyloid-B (AB) aggregates and accumulations of
intraneuronal hyperphosphorylated tau (ptau) and neurofibrillary tangles (NFT) are observed
simultaneously. Whether neurodegeneration and cerebral small vessel disease (CSVD) occur
independently or whether there is a link between both phenomena is poorly understood; indeed,
corresponding non-transgenic animal models are rarely established. Within our study we
assessed whether spontaneously hypertensive stroke-prone rats (SHRSP) - a valid model of
human CSVD - are suitable to investigate the interplay of mixed neurodegenerative and vascular
pathologies. Methods: Brains of 88 SHRSP and 44 Wistar controls (12-44 weeks) with age-
related microangiopathic changes were investigated for the existence and expression of the
amyloid precursor protein (APP, western blotting, immunohistochemistry), AB accumulations
(HE-staining, Congo red (CR) staining, immunohistochemistry), ptau, (immunohistochemistry)
and NFT (silver staining). Pilot studies using Methoxy-X04 (CR derivate, 2-photon-microscopy)
were conducted for intravital detection of A3 in SHRSP. Results: SHRSP develop different age-
related CSVD stages: blood-brain-barrier (BBB) disturbances (starting at an age of 18 weeks),
microbleeds (24 weeks), microthromboses and infarcts (31 weeks). Already at an age of 20
weeks, when CSVD is dominated by BBB breakdown, SHRSP show a significant higher APP
expression compared to the control group. Starting at an age of 20 weeks there was a
significantly age-dependent incidence of parenchymal A depositions in SHRSP compared to
controls; contrary cerebral amyloid angiopathy (CAA) was seen in only few animals. In A3
positive SHRSP ptau and NFT were detectable four to six weeks after AB depositions occurred.
Pilot data suggest a possible intravital detectability of perivascular A. Conclusions: SHSRP, a
non-transgenic experimental model of CSVD, develop temporal neurodegenerative changes in
line with the “amyloid cascade hypothesis”. SHRSP might therefore serve as suitable model to
investigate the interplay between vascular and neurodegenerative pathologies. Further
investigations have to shed light on the issue whether APP up-regulation or A3 drainage
disturbances drive the amyloid pathology in this model.
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Abstract: Mutations in presenilin genes (PS1 and PS2) are responsible for the majority of
Familial Alzheimer’s disease (FAD). PS mutations lead to several key cellular phenotypes,
including alterations in proteolysis of f-amyloid precursor protein (APP) and Ca®" entry. We
previously showed that the level of phosphatidylinositol-4,5-bisphosphate (PIP2) is down-
regulated in FAD mutant cells, which is responsible for the increased secretion of f-amyloid
peptide (AB) (Landman et al., 2006). It is also reported that PS mutant elevates levels of
cholesterol due to the increased expression of CYP51, which plays a critical role for the
cholesterol synthesis (Tomboli et al., 2008). Thus, in addition to a diverse array of molecular and
cellular functions, PS is involved in the metabolism of both cholesterol and PIP2. In this study,
we tested whether there exists functional link between the impaired cholesterol homeostasis and
the down-regulation of PIP2 in PS mutant cell. Consistent with previous report, cholesterol level
was increased in PS mutant cell compared to PS wild type cell. When PS mutant cell was
incubated with CYP51 specific inhibitor, cholesterol level was decreased to that of control cell.
In contrast, cholesterol level in PS wild type cell was not changed by CYP51 inhibitor. PIP2
level was increased significantly to that of control cell by CYP51 inhibitor, which suggest that
the impaired cholesterol homeostasis caused the down-regulation of PIP2. Consistent with the
close relationship between PIP2 level and secretion of AB, CYP51 inhibitor decreased AP levels
from PS mutant cell. These results suggest that cholesterol and PIP2 metabolism is closely linked
under the regulation of PS, and that the impaired cholesterol homeostasis is underling
mechanism for the increased secretion of Ap.
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Abstract: The insulin-like growth factor-1I (IGF-II) receptor is an important regulator of the
endosomal-lysosomal (EL) system involved in the transport of newly synthesized lysosomal
enzymes cathepsins B and D from the trans-Golgi network to endosomes. Evidence suggests that
up-regulation of certain lysosomal enzymes within lysosomes can prevent sub-lethal damage,
whereas sustained release of the enzymes into cytosol can induce cell death via cytochrome ¢
release from mitochondria. However, very little is known about functional interrelationship
between the IGF-II receptor and lysosomal enzymes and their significance in Alzheimer’s
disease (AD). Since EL system is critical in the generation of B-amyloid (AP) peptides, which
play important roles in the degeneration of neurons and development of AD pathology, we
hypothesize that release/activation of lysosomal enzymes may participate in AB-mediated
toxicity and development of AD pathology. We used oligomeric human B-amyloid (AB)1-42-
induced primary mouse cortical neuronal death model to evaluate the levels/activities and
subcellular distributions of IGF-II receptor and lysosomal enzymes i.e. cathepsins B and D
during neurodegeneration. In addition, we explored the neuronal death mechanisms using
different cell death pathways. Ongoing experiments are also being carried out in the cortex of
mutant APP transgenic mice such as TgCRNDS8 mouse models of AD. We found levels of
cathepsins B and D and to some extent the IGF-II receptor were increased with time during the
oligomeric AB1-42-induced neuronal death. The increased cytosolic release of cathepsins B and
D was associated with increased expression of pro-apoptotic molecular markers such as Bcl-2-
associated X protein, cytosolic cytochrome c, cleaved caspase 3 and nuclear translocation of
apoptosis inducing factor. In parallel, our experiments with transgenic mice overexpressing Af3
also showed increased levels of IGF-II receptor and cathepsins B and D in the vulnerable cortical
regions of the brain compared to control mice. These results, taken together, suggest a direct role



for cathepsins B and D in AD pathogenesis. Supported by grant from Canadian Institutes of
Health Research.
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Title: Alzheimer’s disease transgenic mice exhibit impairments in spatial discrimination that
coincide with alterations in hippocampal neurogenesis

Authors: U. TOSI', M. S. PYFER?, A. HAZRA?, X. ZHANG?, *J. CHIN
'Biol. Basis of Behavior, Univ. of Pennsylvania, Philadelphia, PA; 2Dep‘[. of Neurosci., Thomas
Jefferson Univ., Philadelphia, PA

Abstract: Alzheimer’s disease (AD) is characterized by progressive cognitive deficits and
memory loss. Studies in transgenic mouse models of AD can provide insights that are difficult to
obtain in human patients. Transgenic mice that overexpress human amyloid precursor protein
(APP) carrying mutations linked to familial autosomal dominant forms of AD are often used to
assess the role of APP and the Abeta peptides produced from it. Our studies in APP mice aimed
to understand how APP and/or Abeta affect cognitive function. We focused on the hippocampus,
a brain region that is critical for memory formation and is particularly vulnerable in AD. We
developed a novel task to assess spatial discrimination, the ability to distinguish and remember
similar patterns or contexts, which is heavily dependent on the hippocampus. Using this task, we
found that APP mice exhibit age-dependent deficits in spatial discrimination. Because adult-born
neurons in the dentate gyrus of the hippocampus are particularly important for spatial
discrimination, we examined the timecourse of alterations in neurogenesis with respect to the
development of deficits in spatial discrimination. Our studies demonstrate that alterations in
hippocampal neurogenesis develop in concert with deficits in spatial discrimination in APP mice,



suggesting a link between the two. Finally, we found that alterations in Wnt signaling pathways
in the hippocampus of APP mice may play an important role in initiating dysregulation of
neurogenesis and downstream hippocampal function. Together these results suggest that
restoring Wnt signaling may normalize hippocampal neurogenesis and improve cognitive
function.
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Abstract: Previous research has shown that diabetes type 2 is a risk factor for developing
Alzheimer’s disease (AD), and emerging research has implicated AD brain dysfunction in the
pathogenesis of diabetes. Both diseases processes are associated with increased oxidative stress,
inflammation, increased expression of Advanced Glycation End products, and cognitive deficits.
While some studies have looked at the effect of the AD state on the development of obesity, very
little research has examined the effect of an obese, insulin-resistant state on the development of
AD, or the possible therapeutic value of diet reversal interventions on cognition and behavior.
The present project was designed to test the hypothesis that obesity and insulin resistance would
accelerate AD neuropathology (amyloid levels, inflammatory response, oxidative stress), and
cognitive dysfunction in a mouse model of AD. Seventy-two male and female
APPSWE/PSENI1deltaE9 transgenic mice and wildtype littermates were used in the present
study. Mice were group-housed, and diet interventions (high-fat: 60% kcal fat from lard; low-fat:



10% kcal fat. Research Diets) began at 2-months of age and continued for 4 months. At 6-
months of age, mice were tested in a variety of behavioral tasks: open-field, elevated zero maze,
y-maze, contextual fear conditioning, and nest building. Fasted blood sugar levels were taken to
confirm diabetic state in high fat fed mice. Inflammatory and astrocytic markers (TNF-alpha, IL-
1b, IL-6, S100b, GFAP) and RAGE were measured in cortex using western blotting. Amyloid-
beta levels in hippocampus were measured using ELISA. After behavioral testing, a subset of
mice were switched from a high-fat to a low-fat diet to examine whether diet intervention could
ameliorate inflammation, as well as behavioral and cognitive dysfunction. High-fat diet fed mice
showed higher fasting blood sugar levels compared to low-fat diet fed mice. Both genotype and
high fat diet impacted locomotor activity, with APP/PSEN1 mice traveling greater distances than
wildtype mice and hypoactivity seen in high fat fed mice. Given the greater numbers of people
reaching older ages and becoming at-risk for AD, and the increasing prevalence of obesity, it is
critical to demonstrate both the pathological changes that drive cognitive deficits, and more
critically, low-cost interventions that can ameliorate them.
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Abstract: Alzheimer’s Disease (AD) is the most common cause of neurodegeneration in patients
over the age of 65. Pathological hallmarks of AD include the formation of plaques and
neurofibrillary tangles in the brain that lead to gross loss of brain function. Recent evidence has
shown that mutations in the human progranulin gene (GRN) are associated with frontotemporal
lobar dementia with ubiquitinated TDP-43 inclusions. Current studies suggest that reductions in



progranulin expression have a broad importance for neurodegenerative disease and may
represent a possible a risk factor for AD. Despite a growing interest in the role of PGRN in
dementia, there are no studies characterizing the behavioral and neuropatholgical effects of
PGRN haploinsufficiency in an AD transgenic mouse model. In this study, we conducted a series
of behavioral tests assessing motor performance, emotion and memory in an AD mouse model.
In addition we examined the effect of PGRN reduction on amyloid-associated pathology using
immunohistochemistry and western blot techniques. We report that PGRN haploinsufficiency in
an AD transgenic mouse model results in significant behavioral alterations.
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Abstract: While significant advances have been made in understanding the neural mechanisms
of Alzheimer’s disease (AD), many aspects remain unknown. A more recent theory revolves
around the effects of metals in the diseased brain. Building on research previously conducted in
our lab, this study examined the roles of two particular metals, zinc (Zn) and copper (Cu), in a
mouse model of early onset AD. The aforementioned studies found that excess Zn caused
behavioral impairments in rats and mice. Further, it was found that the addition of Cu to the Zn
enhanced water remediated the negative effects seen in the purely Zn group; this information
supports the theory that excess Zn causes a Cu deficiency. To test this theory it is necessary to
look at a Cu deficiency directly. For this purpose, we developed a specialized Cu control and Cu
deficient diet (differing only in levels of Cu) with Harlan laboratory nutritionists. Wildtype (Wt)



(C57B1/6J) and transgenic (Tg) mice with one copy of a mutated human amyloid precursor
protein (hAPP) gene (J20, breeders obtained from the Jackson Laboratory) were raised according
to one of three groups: a strictly control group (lab water + control diet), or one of two
experimental conditions involving excess Zn (Zn water + control diet) and a diet deficient in Cu
(+ lab water). Mice were ran in two behavioral tasks, novel object recognition (NOR) and Morris
water maze (MWM), aimed at identifying the effects of the metals on memory deficits seen early
in AD patients. Mice were tested beginning at 6 months of age. Preliminary data indicates an
early protective role of Cu deficiency for the Tg mice. Tg mice on the Cu deficient diet
performed better than Tg controls, but not significantly so, and significantly different in some
measures of object recognition (NOR) and latency (MWM) than the zinc enhanced animals. Tg
Cu deficient mice show similar trends in both tasks to the Wt mice on the Cu control diet.
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Abstract: Vascular dementia (VaD) is the second most common cause of dementia behind
Alzheimer’s disease (AD) and it is estimated that 40% of AD patients have VaD. Due to a lack
of mouse models, VaD is a relatively understudied area and the effects of VaD on AD is also
undetermined. The goal of this study was to determine the effects VaD has on amyloid
pathology. Induction of hyperhomocysteinemia (HHCy) through a diet deficient in folate, B6,
B12 and enriched in methionine in wildtype mice leads to cortical microhemorrhages and
cognitive deficits and provides a mouse model to study one form of VaD. In this study, both
wildtype (WT) and APP/PS1 transgenic mice aged 6 months were placed on the HHCy or



control diet for 6 months. Cognition was assessed through the radial arm water maze. A levels
were quantified using immunohistochemistry, Congo red staining and ELISA measurement.
Neuroinflammation was assessed by qPCR for gene markers specific for peripheral macrophage
phenotypes. Matrix metalloproteinase (MMP) activation was measured by gelatin zymography
and microhemorrhages were assessed by Prussian blue staining. In the radial arm water maze,
wildtype mice on the HHCy diet and APP/PS1 mice on control diet were similarly impaired
when compared to WT mice on control diet. APP/PS1 mice on the HHCy diet had an even
greater impairment than WT mice on the HHCy diet or APP/PS1 mice on control diet. AP
measurement through both immunohistochemistry and ELISA quantification showed no
significant changes, but Congo red staining for dense plaques showed an increase in
cerebrovascular amyloid and a decrease in parenchymal amyloid in APP/PS1 mice on the HHCy
diet. The HHCy diet induced an M1 phenotype in WT mice and caused a switch from an M2a to
an M1 phenotype in APP/PS1 mice. Finally, MMP2 and MMP9 activity and microhemorrhages
were increased in WT mice on the HHCy diet and were even higher in APP/PS1 mice on the
HHCly diet. Overall, we have successfully modeled mixed dementia through induction of VaD
with the HHCy diet and amyloid deposition in APP/PS1 transgenic mice. This mixed dementia
results in a neuroinflammatory phenotype switch, increased cerebrovascular amyloid, activation
of MMPs and increased microhemorrhages. There is also an additive effect on cognitive
outcomes that is similarly seen in human patients with VaD and AD.
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Title: Accelerated impairment of learning and memory by presenilin 2 mutation in APP
transgenic mouse model of Alzheimer’s disease
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Abstract: Alzheimer’s disease (AD) is a chronic neurodegenerative disorder characterized
clinically by neuropathological features including abnormal deposition of amyloid  (Ap)
peptides, neurofibrillary tangles, and neuronal loss in selective brain regions. AP is produced
after sequential cleavage of the amyloid precursor protein (APP) by two proteases, - and y-
secretases, and highly homologous proteins presenilin 1 and 2 (PS1 and PS2) are important
components of the y-secretase complex. In mouse model studies, it was shown that the PS1 or
PS2 mutation accelerated AD-like pathologies with increased Ap42 production through
enhanced y-secretase activity. Furthermore, cognitive deficits in various types of learning tasks
have been reported in PS1/APP double transgenic mice. In contrast, however, there was no
report of non-spatial hippocampal learning task including contextual fear conditioning or trace
eyeblink conditioning in the PS2/APP double transgenic mice. Hence, in the present study, we
aimed to investigate whether PS2 mutation accelerates the onset of learning deficits in AD
mouse model overexpressing human amyloid precursor protein (APP) with the Swedish mutation
(K670N, M671L) (Tg2576 mice). For this purpose, we generated a double transgenic mouse
(PS2Tg2576 mice) by cross-breeding transgenic mice carrying human mutant PS2 (N1411) with
the Tg2576 mice. We then tested two types of nonspatial memory task, contextual fear
conditioning and long-trace interval (trace interval = 500 ms) eyeblink conditioning as well as a
spatial memory task, Morris water maze in the PS2Tg2576 double transgenic mice and in
Tg2576 mice, at the age of 3, 4, 6, and 12 months. In Tg2576 mice, the onset of learning deficits
in fear conditioning and EBCC was observed at 6 months of age while that in MWM was at 10
months. In contrast, in PS2Tg2576 mice the onset of learning deficits in fear conditioning and
EBCC was detected at 3 and 4 months of age, respectively, while that was at 6 months in MWM.
Our cross-sectional study has clearly indicated that PS2 mutation significantly accelerates the
onset of cognitive impairment of nonspatial and spatial task memory and that it is detected in
earlier stage in fear and trace eyeblink conditioning than in MWM.
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Abstract: Despite the inevitability of developing Alzheimer’s disease (AD) neuropathologies for
most Down Syndrome (DS) individuals, there is a delay in the onset of dementia suggesting the
activation of a neuroprotective pathway. AD is characterized by an age-dependent deterioration
in the ability to remember newly learned information. Post-mortem brains from DS and AD
patients show an upregulation of a gene called DSCR1 (Down syndrome critical region 1 gene)
that encodes an inhibitor of calcineurin, but the relationship between DSCR1 upregulation and
memory deficits in AD is not well understood. By using the classical Pavlovian olfactory
conditioning test, we demonstrate that Drosophila with APP overexpression fails to avoid a
shock-paired odor in both a learning and memory task. Interestingly, we show that co-
upregulation of Nebula, Drosophila homolog of DSCR1, protects against APP-induced learning
and memory impairments early in life. Here we systematically evaluate how altering different
kinase and phosphatase pathways downstream of nebula/DSCRI1 influences APP-induced
learning and memory deficits during aging. A greater understanding of the cell signaling
pathways abnormally regulated in aging Alzheimer’s and Down syndrome patients has the
potential to identify targets for therapeutic intervention in delaying declines in learning and
memory performance.
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Abstract: The same circuits that subserve complex odorant processing are exquisitely
susceptible to dysregulation/attrition in neurodegenerative conditions such as Alzheimer’s
Disease (AD). Studies reveal that early olfactory phenotypes coincide with the onset of memory
impairment. In both humans and mouse models of AD, AP plaque deposition occurs early in the
anterior olfactory nucleus (AON). The 5SxFAD mouse represents a robust AD model in its early
and severe amyloid pathology, memory deficits, and pyramidal cell loss. However, olfactory
deficits in this model have not been well characterized either anatomically or functionally, an
endeavor which may prove diagnostically useful in AD patients, who demonstrate early
compromise of olfaction. To determine the earliest olfactory area affected by AD, we performed
immunohistochemical stains of AP in mice ages 4 months, 6 months, and 12 months and found
that marked plaque deposition is present in the AON prior to the main olfactory bulb (MOB).
Unlike the MOB, which processes mostly monomolecular odorants, the AON is thought to
process odorant mixtures. We therefore devised a behavioral screen in which 8 2-4 month old
5xFAD animals and 6 age-matched controls performed a cross-habituation task using
monomolecular pairs and mixtures of varying degrees of constituent monomolecular odorant
overlap. We found that while the control animals could perform all discriminations (p < 10-4 for
monomolecular and mixtures of intermediate overlap, p < 0.02 for mixtures with more overlap),
5xFAD animals could only perform discriminations of monomolecular pairs (p < 0.04).
Determining the anatomical and functional abnormalities in an experimentally tractable system
affected early in AD will provide opportunities to identify early disease diagnostic markers.
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Abstract: Alzheimer’s disease associated with development of both amyloid and tau
pathologies, and alterations in the neurovascular compartment, that have been hypothesized to
play a role in the progression of pathology and cognitive decline. Three decades ago,
prostacyclin, an extremely short-lived endogenous lipid metabolite, was first used for the
treatment of pulmonary hypertension; this prostanoid has potent vasodilatory, anti-
atherothrombotic and pro-angiogenic effects, and is suggested to be protective to neurovascular
function, but little is known about its role within the CNS. We hypothesized that elevated
prostacyclin expression might be protective in Alzheimer’s disease. In this study, we have
characterized the effect of constitutively elevated prostacyclin biosynthesis in an APP-
overexpressing mouse model of Alzheimer’s disease. We found that elevated prostacyclin levels
exerted significant effects on learning and behavior, and induced significant changes in
pathology. Our data suggest that prostacyclin may be a potential therapeutic target for amyloid-
associated pathologies within the CNS.
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Title: Cued and contextual fear learning in APP/PS1 mice
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Abstract: To identify novel treatment approaches for Alzheimer’s disease (AD) is probably one
of the most challenging topics in neuroscience. A couple of studies demonstrated that emotional
processing like the recognition of fearful faces or the learning of fear is impaired in AD patients.
Interestingly, these impairments occur already at early stages of the etiopathology of AD. Thus,
altered emotional processing might be regarded as an early symptom in the development of AD.
In the present study, we analyzed different aspects of fear learning in differently aged APP/PSI
mice. This mouse model for AD combines the Swedish APP (KM670/671NL) mutation with the
PS1-L166P mutation under control of the Thyl promoter (Radde et al., 2006, EMBO), resulting
in a constant post-developmental expression of AR and subsequent plaque formation. By testing
amygdala-dependent cued fear learning, we observed only slight impairments in 12 months old
APP/PS1 mice. In the adjacent fear extinction training, we observed no impairments in the
extinction of these cued fear memories, neither in short nor in long-term extinction memory. In
contrast to the cued fear learning, we observed deficits in contextual fear learning in six months
old APP/PS1 animals. However, the subsequent extinction of these contextual fear memories
remained intact. As a non-emotional control experiment we also tested the object recognition
memory of these animals and observed no impairments in the short-term memory of these
animals. Currently, we are analyzing the amounts of A340/42 proteins in the hippocampus,
amygdala and medio-prefrontal cortex of the tested animals in order to correlate the local
occurrence of these toxic AB3-species with the behavioral performance of the animals. In
addition, we started to analyze long-term potentiation (LTP) in hippocampal slices of these mice.
Here, first results indicate an impaired LTP in the CA1 region of six months old APP/PS1 mice.
In conclusion, these results demonstrate a selective impairment in contextual fear learning in
middle-aged APP/PS1 mice. Ongoing experiments aim at detecting a possible inter-individual
correlation between expression levels of soluble forms of A} protein and altered hippocampal
synaptic plasticity. This work was supported by the Center for behavioral brain sciences (CBBS)
and the Deutsche Forschungsgemeinschaft (DFG, SFB 779/B6).
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Abstract: Memory impairment is the major and early cognitive symptom of Alzheimer disease
(AD) and has been linked to synaptic deficits. Understanding the mechanisms of these synaptic
deficits is essential for preventing dementia. The vast majority of familial AD (FAD) cases are
related to presenilin-1 (PS1) mutation. PS1 is part of the gamma-secretase complex and involved
in the release of the neurotoxin amyloid AP, and PS1 variants activate GSK3[ and cause Tau
hyperphosphorylation. There are evidences that, independently of its effect on amyloid secretion,
PS1 influences the synaptic function and transmitters release. In PS1(M146V)KI transgenic mice
there is an overproduction of AB42, but murine AP fails to aggregate and it is much less toxic
than human A. In this study we crossed PS1(M146V)KI and overexpressing wild type human
APP AD mice models (hAPPwt) to generate double transgenic hAPPwt/PS1(M146V)KI mice
that can secrete human Ap. In these mice we tested the effect of PS1 mutation on the neuronal
function and synaptic plasticity in the presence of human AP. We recorded in the CA1 region
from hippocampal slices the early LTP in 9-month-old mice. We found no significant differences
between control mice: +/+ mice (1,29 £ 0,0027, n=11); +/APP mice (1,242 + 0,0027, n=10); PS1
KI/KI mice (1,2563 + 0,0032, n=10). On the other hand there was a clear deficit in the early LTP
in the hAPPwt/PS1(M146V)KI mice (0,0997 + 0,0018, n=11). Therefore this study revealed
early AB-dependent synaptic deficits caused by the PS1(M146V)KI mutation. For
imunohistopathological analysis, brain sections from young and aged WT and transgenic mice
were immunostained with anti- B-amyloid protein and anti-paired helical filament-tau (PHF-tau)
antibodies. Intracellular immunoreactivities for PHF-tau staining were observed in the transgenic
but not in the wild-type mice brains. We found a deposition of fibrillar B-amyloid within cerebral
vessels, indicating presence of a cerebral amyloid angiopathy (CAA), in the PS1(M146V)KI,
hAPPwt and double transgenic mice at the age of 15 and 21 months but not in the WT mice. An
amyloid plaque deposition was observed as well in the 21-month-old double transgenic mice
brain indicating progression of PS1 induced pathology in presence of human Af and aging.
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Abstract: Despite recent advances in our understanding of the mechanisms that underlie
Alzheimer’s disease (AD) and related disorders, current pharmacological treatments are only
partially effective in improving symptoms. In light of this, modification of life-style factors has
become increasingly attractive as a means of delaying the onset or slowing the progression of
AD. Epidemiological studies have shown cardiovascular exercise to protect against cognitive
impairment in AD. Studies in murine models of AD also suggest that cardiovascular exercise
improves cognitive function and some report corresponding alterations of AD pathology.
Presently, we i