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Abstract: Mammalian species exhibit an enormous variability in the size of their neocortex and
the number of neurons therein, which are generated during a relatively short developmental
window. The number of neurons produced in a given species is determined by the pool sizes of
the various neural stem and progenitor cells, their proliferative capacity and the various
progenitor lineages, as well as by the length of the neurogenic period. Mathematical modelling
has suggested that distinct classes of mammals can be distinguished that differ in their progenitor
lineages and modes of progenitor cell division (Lewitus et al., 2014 PLoS Biology 12,
€1002000). Remarkably, within each of these classes, the final neuronal output was found to be
directly correlated to the length of the neurogenic period.

In the present study we have explored, in a mouse model system, the previously proposed link
between the neurogenic period and gestation length on the one hand and neuron production on
the other hand, and have aimed at the identification of cell-extrinsic and/or maternal factors that
link these two parameters. We have used mouse inbred strains with genetically determined,
different gestation lengths to determine the number of neocortical pyramidal neurons produced in
relation to the length of the neurogenic period. Given the difference between gestation lengths of
up to 10% between the strains with shortest and longest gestation, we observe that the long-
gestation strain produces more upper-layer, but not deep-layer, neurons than the short-gestation
strain. Moreover, the onset of gliogenesis, which in mouse follows neurogenesis, appears later in
the long-gestation strain, consistent with a lengthening of the neurogenic period. The increased
neuron production upon lengthening of the neurogenic period depends on the maternal
environment as embryo transfer between the short- and long-gestation strains results in a neuron
production that is consistent with maternal phenotype.

Taken together our results point to a common developmental mechanism synchronizing gestation
with neurogenic period and suggest an important role of maternally-derived factors in
determining neocortex size. Our data open the door for further investigation of the maternal-fetal
communication and its effect on organ growth.
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Abstract: Apolipoprotein E (APOE) polymorphism is the most common genetic risk factor for
Alzheimer’s disease (AD), the &4 allele of which is known to both increase the overall onset of
the disease and also decrease the age of onset. Growing body of evidence suggests that APOE
polymorphism may differentially affect adult hippocampal neurogenesis in the dentate gyrus,
which has been implicated in AD progression in its own right. However, the impact of APOE
isoforms on hippocampal neurogenesis at a cellular/molecular level is yet to be fully understood.
We have performed a time-course characterization for neurogenic properties in isogenic human
induced pluripotent stem cell lines that differ only in APOE genotype by differentiating them
into hippocampal neural progenitor cells (NPC) and then dentate gyrus granule cell (DGC)-like
neurons. We found that APOEA4/4 cells showed significantly different patterns of expression for
hippocampal NPC markers and PROX1, the marker for mature DGCs, compared to APOE3/3
cells. The gene expression pattern of APOE and immunolabeling of MAP2 and DCX did not
significantly differ between APOE3/3 and APOE4/4 cells. The isogenic lines exhibited
differential phenotypes in the expression of Ki-67, a marker for cell proliferation, during DGC
differentiation. Taken together, our findings suggest that APOE genotype can impact the course
of hippocampal neurogenesis, and that sustaining normal levels/pattern of hippocampal
neurogenesis can be a potential target for early intervention against AD for APOE4-carriers. We
are now aiming to investigate whether APOE genotype interacts with environmental factors to
either exacerbate or ameliorate the phenotypes we have characterized thus far in our model
system.
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Abstract: Cerebellar granule cell precursors (GCPs) and granule cells (GCs) represent good
models to study neuronal development. Here, we report that the transcription factor myeloid
ectopic viral integration site 1 homolog (Meisl) plays pivotal roles in the regulation of mouse
GC development. We found that Meis1 is expressed in GC lineage cells and astrocytes in the
cerebellum during development. Targeted disruption of the Meis1 gene specifically in the GC
lineage resulted in smaller cerebella with disorganized lobules. Knock-down/knock-out (KO)
experiments for Meis1 and in vitro assays showed that Meis1 binds to an upstream sequence of
Pax6 to enhance its transcription in GCPs/GCs and also suggested that the Meis1-Pax6 cascade
regulates morphology of GCPs/GCs during development. In the conditional KO (cKO) cerebella,
many Atohl-positive GCPs were observed ectopically in the inner external granule layer (EGL)
and a similar phenomenon was observed in cultured cerebellar slices treated with a bone
morphogenic protein (BMP) inhibitor. Furthermore, expression of Smad proteins and Smad
phosphorylation were severely reduced in the cKO cerebella and Meis1-knock-down GCPs
cerebella. Reduction of phosphorylated Smad was also observed in cerebellar slices
electroporated with a Pax6 knock-down vector. Because it is known that BMP signaling induces
Atohl degradation in GCPs, these findings suggest that the Meis1-Pax6 pathway increases the
expression of Smad proteins to upregulate BMP signaling, leading to degradation of Atohl in the
inner EGL, which contributes to differentiation from GCPs to GCs. Therefore, this work reveals
crucial functions of Meis1 in GC development and gives insights into the general understanding
of the molecular machinery underlying neural differentiation from neural progenitors.
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Abstract: Neurodevelopmental disorders are due to an abnormal brain development commonly
associated to cognitive impairment, motor disorders and communication problems. Recent work
suggests that neural precursor cells (NPCs) are important cellular substrates for
neurodevelopmental disorders, since disruption of genes associated to neurodevelopmental
disorders in NPCs perturb the numbers and types of neurons that are generated. We have focused
on PTPRD, a protein tyrosine phosphatase receptor that is genetically associated with
neurodevelopmental disorders such as autism spectrum disorder, restless leg syndrome, and
ADHD. Here, we asked whether PTPRD mutations cause aberrant neural development by
perturbing neurogenesis, focusing on the embryonic murine cortex. Using embryonic cortical
precursors from E12.5 Ptprd” mice, we evaluated whether PTPRD regulates NPCs in vitro.
Furthermore, we used embryonic brains at different embryonic ages from Ptprd” mice to
evaluate the role of PTPRD in self-renewal, proliferation, and differentiation of NPCs during
embryonic neurogenesis. Here, we show that loss of one or both alleles of PTPRD caused
decreased proliferation and self-renewal of cortical neural precursor cells and aberrantly
increased neurogenesis. These effects were intrinsic to neural precursor cells since acute PTPRD
in vitro and in vivo knockdown caused similar perturbations. PTPRD mediated these effects by
dephosphorylating receptor tyrosine kinases since it interacted with TrkB and PDGFR, and loss
of PTPRD caused hyperactivation of TrkB, PDGFRf and the downstream MEK-ERK signaling
pathway in neural precursor cells. Moreover, inhibition of aberrant MEK activation by
Trametinib and PD98059 MEK inhibitors rescued the increased neurogenesis caused by
knockdown or homozygous loss of PTPRD in cortical precursor cells in culture. These results



suggest that PTPRD regulates receptor tyrosine kinases to ensure appropriate developmental
neurogenesis, providing a mechanism for its genetic association with neurodevelopmental
disorders.
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Abstract: Exercise has long been considered the gold standard for increasing neurogenesis in
animal models of aging. It is widely promoted clinically as a method to stave off the deleterious
effects of increased inflammation, decreased neurogenesis and cognitive deficits observed in
age-related disorders. We have identified a human plasma fraction that has beneficial effects on
neurogenesis and cognition and explored whether it acts through similar pathways to exercise.
The plasma fraction or vehicle was delivered intravenously to aged immunodeficient, NOD.Cg-
Prkdcs©112rg™%l/SzJ (NSG), mice. Following administration, a subset of mice were provided
home-cage running wheels for 6 weeks to assess the effects of voluntary exercise. Significant
increases in terminal histological measures of cell survival (BrdU) and neurogenesis
(doublecortin, DCX) within the dentate gyrus of the hippocampus were confirmed for both the
animals treated with the bioactive plasma fraction and those exposed only to exercise.
Unexpectedly, animals provided with both a home-cage running wheel and treated with the
plasma fraction showed dramatic synergy in stimulating neurogenesis through both markers of
new neurons (DCX) and cell proliferation (Ki67). This synergy was observed in both young (3
month old) and middle-aged (6 month old) mice. We also demonstrate that cellular proliferation
is directed towards neuronal cell fate. This finding suggests that orthogonal biological processes
are involved in the neuroregenerative mechanisms of the plasma fraction and those induced by
voluntary exercise. The therapeutic application of plasma fractions together with exercise may
provide synergistic benefit to aging populations with cognitive disorders.
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Abstract: Leukemia inhibitory factor (LIF) from fetal erythroblasts promotes the proliferation of
cortical neural progenitors in the fetal brain (Hatta, T., et al., 2002); however, the exact
mechanism of its contribution to cerebral cortex development remains unclear. To identify the
molecular mechanism underlying this phenomenon, we examined the effects of maternal LIF
administration on fetal gene expression using DNA microarray analysis and qPCR. Our findings
demonstrate that maternal LIF induces the expression of placental ACTH, which subsequently
induces LIF expression in fetal erythroblasts (Shimamura et al., 2010). This LIF-ACTH-LIF
signal relay plays a vital role in proper cerebral cortex development in mice. Pregnant mice
(C57BL/6J) received an intraperitoneal injection of LIF (5ug/kg) at 13.5 days post coitum. After
30 min or 3 h of LIF administration, the placenta, and fetal cerebrum, choroid plexus, liver, and
blood cells were collected, and RNA was purified from each tissue. DNA microarray analysis
revealed that maternal LIF administration increased the expression of genes associated with
proliferation and differentiation of interneurons, including DIx-1, DIx-2, Nkx2.1, Lhx6, and
Gad2—in the fetal cerebral cortex 3 h after LIF administration. In addition, an increase in the
expression of these genes were quantitatively determined by qPCR. Maternal LIF administration
increased the expression of Nkx2.1 in the fetal ventral cerebrum, including the medial ganglionic
eminences (MGE), 3 h after LIF administration. In MGE, Nkx2.1 induces Lhx6, which is
involved in the differentiation and migration of cortical GABAergic interneurons. Considering



the sequential expression of GABAergic neuron-associated genes, our results suggest that the
differentiation and migration of interneurons in the cerebral cortex may be promoted by maternal
LIF administration via induction of Nkx2.1 expression.
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Abstract: Intraventricular hemorrhage (IVH) is a common complication of extreme prematurity
in infants born at 23-28 weeks of gestational age. Survivors exhibit impaired growth of the
cerebral cortex and suffer from cognitive deficits, intellectual disabilities, and neurobehavioral
disorders. However, the underlying mechanism(s) are obscure. Previously, we have shown that
neocortical neurogenesis continues until at least 28 gestational weeks. This renders the extremely
prematurely born infants vulnerable to impaired neurogenesis. Here, we hypothesized that IVH
would disrupt neurogenesis in the dorsal telencephalon and thus, might reduce the neuronal
populations in the upper cortical layers. We also postulated that signaling through GSK3p, a
critical intracellular kinase regulated by Wnt and other pathways, would mediate this effect.
These hypotheses were tested observationally in autopsy specimens from premature infants, and
experimentally in a premature rabbit IVH model. Significantly, in premature infants with 1IVH,
the number of neurogenic Thr2* cortical progenitor cells was reduced compared to infants
without IVH, indicating acutely decreased neurogenesis. Accordingly, in rabbits with IVH, total
and cycling Thr2* progenitor cells and Sox2* radial glia were reduced in the dorsal ventricular
and subventricular zone. The occurrence of IVH in rabbit kits also diminished the density of
Cux1*and Sath2" neurons in the upper cortical layers after longer survival. Additionally, Pax6
expression and phosphorylation of retinoblastoma protein were elevated in rabbits with IVH,
suggesting inhibition of the G1-to-S phase transition. Both the acute reduction of Thr2* and



Sox2* neurogenic progenitors, and the subsequent decrease of Cux1* upper layer neurons, were
reversed by treatment with AR-A014418, a specific inhibitor of GSK3f. These results indicate
that IVH impairs late stages of cortical neurogenesis, and suggest that treatment with GSK3f3
inhibitors may enhance neurodevelopment in premature infants with IVH.
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Abstract: Dysfunction of serotonergic neurons in the dorsal raphe nucleus can cause several
psychiatric disorders, including anxiety disorders. Therefore, the correct development of dorsal
raphe neurons is essential. Previously, it has been shown that GATA-family transcription factors,
Gata2 and Gata3 are required for the development of the dorsal raphe neurons. These
transcription factors also have multiple co-regulators with whom they form a regulatory complex
to modulate the gene expression by which they influence differentiation and cell fate in several
tissues. We hypothesized that these regulators also have a role in the development of
serotonergic neurons in the dorsal raphe. Here we have studied one of these regulators, the
GATA cofactor Fogl (Friend of GATA-1) that is also expressed in the developing serotonergic
neurons. We show, how inactivation of Fogl does not prevent early serotonergic neuron
differentiation, but leads to a loss of one of its subgroups, the lateral wing serotonergic neurons
of the dorsal raphe. Interestingly, these neurons have been implicated in panic disorder. Analyses
of the behaviour of the Fogl mutant mice showed neophobia and increased anxiety. Our results
demonstrate that the GATA cofactor Fogl is required for the development of serotonergic
neuron diversity and differentiation of a functionally important serotonergic neuron subgroup in
the dorsal raphe.
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Abstract: The cerebral cortex is a cellularly heterogeneous structure, whose circuits underlie our
high-order cognitive and sensorimotor abilities. During development, distinct subtypes of
glutamatergic neurons are sequentially born and differentiate from dynamic populations of
progenitors located below the cortex, in the ventricular zone. The aggregate competence state of
these progenitors progresses as corticogenesis proceeds; likewise, newborn neurons transit
through sequential transcriptional states as they differentiate. Little is known on the orthogonal
molecular mechanisms driving on the one hand the developmental progression of progenitors
through competence states, and on the other hand the differentiation of newborn neurons through
cell-type specific differentiation states. To address these questions, we used FlashTag (Telley et
al., Science 2016) to trace the developmental trajectories of successive waves of isochronic
neurons and progenitors throughout corticogenesis and performed a large-scale, parallel single
cell transcriptional profiling of these time-locked populations. Our results identify chronotopic
transcriptional maps defining the type-specific organization of transitions through cellular states,
and highlight principles allowing emergence and consolidation of type-specific neuronal
identities in the developing cerebral cortex.
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Abstract: GABAergic interneuron subtype identities are established early in the developing
embryo (day 13.5 in mice) in ganglionic eminences (GEs). Gene networks that contribute to
interneuron identity are fundamentally based on enhancer-mediated selective regulation of genes
during this time. Here, we show that the Evf2 IncRNA is a master regulator of interneuron
subtype genes in E13.5GEs, acting through both antisense DIx6 repression and selective
targeting of enhancer-gene superloops (at distances greater than 2Mb). Evf2 is required for
DIx5/6 ultraconserved enhancer (UCE) interaction with the repressed target gene aldo-
ketoreductase 1b8 (Akrlb8), at a 27Mb distance. Genetic and gain-of-function experiments
support that Evf2 loss increases Akr1b8, a repressor of 5Htr3a in caudal GE, and activator of
5Htr3a in medial GE. Akr1b8 spatial dependence is explained by Akrlb8 regulated enhancers
(AkrRE1 and AkrRE2) located ~63kb downstream of 5Htr3a, in the 5'-end of the Zbtbt16 gene.
Metabolites of the mevalonate pathway differentially regulate AkrRE1/2, linking epigenetic and
lipid mechanisms with serotonin receptor regulation. These studies support a role for an
IncRNA-dependent enhancer-gene superloop that contributes to interneuron development,
identifying a novel mechanism of serotonin receptor regulation in developing mouse brain.
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Abstract: In rat cortical neuroepithelium, histamine Hi-receptor (H1R) is expressed at embryo
day (E) 12, when deep cortical layer neuron differentiation begins. Interestingly, in vitro through
H1-receptor activation histamine (HA) promotes neuron differentiation of cortical neural stem
cells to deep layer forkhead box protein 2-positive neurons (FOXP2™). And, the in utero
administration of chlorpheniramine (H1R antagonist/inverse agonist) at E12 decreases the
number of microtubule associated protein 2-positive (MAP2%) and FOXP2" neurons at E14. The
above suggests that early treatment with chlorpheniramine decreases cortical neuron
differentiation, event that could lead to postnatal changes on cortical lamination and function.The
aim of this study was to evaluate the pharmacological effect of two antihistamines drugs during
deep cortical layer development and its implications in the motor cortex. To achieve this goal,
pregnant rats were daily injected (ip) from E12 to E14 with chlorpheniramine, mepyramine or
vehicle (control), and their offspring was sacrificed at postnatal days (P) 0, 5 and 21. We
determined HA level (ELISA, PO and P21), H:R density (binding assay), expression and layer
position of H{R and FOXP2 (qQRT-PCR and immunofluorescence, respectively), cortical
cytoarchitecture (Golgi-Cox stain) and the intrinsic electrophysiological properties of pyramidal
neurons in primary motor cortex from P21 control and treated litters. Our results showed a
significant increase in H1R density and a decrease in both dendritic tree arborization, as well as
orientation changes, and in the amplitude of the action potential evoked by current injection at
P21 in the chlorpheniramine group as compared with the other groups. These data suggest that
only chlorpheniramine treatment during the establishment of the deep cortical layers affects
postnatal motor cortex cytoarchitecture and suggests alterations in the intrinsic
electrophysiological properties of pyramidal neurons in pregnant rats offspring; insult that could



have consequences in both early and late postnatal cortical processes. As chlorpheniramine is a
drug classified into B category for pregnancy by the FDA, is important to perform more studies
and begin to reconsider the use of this specific drug during pregnancy.
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Abstract: Pannexinl (Panx1) is a protein found in vertebrates that is related to invertebrate gap
junction proteins. Rather than forming gap junction channels between cells, Panx1 forms large
conductance pores that allow exchange of moderately large signaling molecules such as ATP
from inside to outside the cell. Functions of Panx1 channels include signaling through purinergic
receptors that are activated by released ATP and likely play major roles in such processes as
neuronal myelination and maturation. We have performed studies on a neuroblastoma cell line
(Neuro2a) to determine mechanisms underlying this phenomenon. For this, we knocked out
Panx1 in NeuroZ2a cells using CRISPR/Cas9, obtaining modified Neuro2a cell lines that were
Panx1 deficient and did not exhibit compensatory upregulation of Panx2, Panx3 or other proteins
forming large conductance channels (Cx36, Cx43, CAHLM).To determine the extent to which
neurite extension was affected by Panx1 deletion, we compared fraction of neurite bearing WT
and Panx1 null Neuro2a cells up to day 5 after plating in medium alone or with supplementation
by two agents known to stimulate neuronal outgrowth [40uM retinoic acid (RA), 50ng/ml nerve
growth factor (NGF), 5% FBS as control]. The results show that the percentage of neurite
bearing WT NeuroZ2a cells increased at day 3, day 4 and day 5 after RA induction, compared



with the control group (P<0.001); similar extent of differentiation was seen with NGF at day 3
(P<0.05) and day 4 (P<0.001). In contrast, neurite outgrowth in Neuro2a cells lacking Panx1
was markedly suppressed at day 3-5 after treatment both with RA and NGF (P<0.05). Our
findings that Panx1 deletion decreases the differentiation of Neuro2a cells and diminishes the
maturational effects of NGF and RA provides evidence that Panx1 plays a major role in
controlling axonal growth in the peripheral nervous system.
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Title: Impaired interneuron density in the human preterm prefrontal cortex
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Abstract: Preterm birth is a significant risk factor for neuropsychiatric disease development,
particularly schizophrenia and autism spectrum disorder. A common feature of these disorders is
an imbalance between neuronal excitation and inhibition in the prefrontal cortex (PFC), mediated
by developmental alterations of Gamma-Aminobutyric Acid (GABA) interneurons. Specifically,
alterations in Brodmann area 9 (BA9), a region involved in working memory and social
cognition, may account for some of the characteristic cognitive deficits of these disorders.
Histological evidence of decreased GABA levels has been seen in rodent models and humans
with major psychiatric disorders. Similarly, in preterm birth survivors, a decrease is also seen in
right frontal GABA concentration and connectivity, suggesting similar deficits. To elucidate the
cellular changes underlying these alterations, we have investigated GABA interneurons in human
PFC from both preterm and term infants. Interneurons continue to be generated through late



pregnancy (35 weeks) and keep migrating and integrating into the frontal lobe during infancy,
leaving them highly susceptible to perinatal insults. We examined interneuron numbers and
subtypes in BA9, from 7 term (> 37 weeks of gestation) and 6 preterm (< 29 weeks of gestation)
infants who survived until ~4 months of age (NIH Neurobiobank University of Maryland,
Baltimore, MD; ID #709). Sex, gestational age and cause of death varied, but were not attributed
to CNS abnormalities. Tissues were sectioned and stained for four interneuron markers. Positive
cells were counted in two bins of equal width corresponding to the upper and lower layers of the
frontal cortex. A significant decrease was observed in the number of somatostatin and calretinin
positive interneurons in the upper but not the lower section of the cortex of preterm infants.
However, no change was observed in the number of calbindin or neuropeptide Y expressing
cells. To further investigate the effect of preterm birth on human interneuron maturation, the
density, and the position of interneurons in the cortical layers is being assessed by total GABA
expression and co-staining with interneuron subtype markers to determine whether there is a
maturational delay and whether the cell loss is specific to a ganglionic eminence. Taken together,
these data will lead to a better understanding of the impact of preterm birth on interneuron
development; and will potentially lead to new avenues for treatment to reduce offspring’s
neuropsychiatric risk after compromised pregnancies.
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developing hippocampus
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Abstract: In mammals, neurogenesis presents in the subgranular zone (SGZ) of dentate in
hippocampus throughout life. Currently, various protein markers expressed during the
progressions of adult hippocampal neurogenesis have been reported. The expression of these



biomarkers during brain development are also promising and has been widely studied but not yet
fully appreciated because of the difference in rodent species. In this study, the expression of the
neural cell adhesion molecule (NCAM), the polysialylated (PSA)-NCAM, the glial fibrillary
acidic protein (GFAP), and the neurotrophic protein S100 were determined in fetus (E17),
postnatal (P3, P5, P7 and P14) and adult ICR mice by using immunoperoxidase staining in dorsal
hippocampus and Western blot analysis of brain tissue homogenate. NCAM mediates adhesion,
guidance, synaptic plasticity and differentiation during neuronal growth, NCAM expression was
localized on the cell surface of neurons, glia. In SGZ, NCAM found highly in adult and postnatal
mice than embryonic mice. PSA-NCAM plays role in the modulation of cell-cell adhesive
interactions for the migration and proliferation including the differentiation of neural stem cells.
PSA-NCAM was found in cytoplasm, cell surface and some nucleus of neural cells, more
densely staining in SGZ in early postnatal mice P3 than late stage P14 and adult mice but no
staining found in embryonic mice E17. The amount of GFAP increased with increasing mice age
reflecting general supporting of the cytoskeleton in astrocytes, GFAP expression was increased
gradually from P3 to P14 and adult mice. More early expression of S100 is associated with its
proliferative potential and migration of undifferentiated neuroblasts and astrocytes. The amount
of the neuro- and gliotrophic protein S100 increased from young E17 due to secretion for
proliferative phase then decreased and S100 expression increased again in P14 and adult mic,
therefore S100 expression is also related to mature astrocytes. In conclusion, this finding
provides valuable information on the developmental processes, the different up and down
regulation of NCAM/PSA-NCAM, GFAP and S100 in various stages of developing mice are
useful to understand not only brain functions but also brain developmental defects in offspring
mice.

KEY WORDS: NCAM, PSA-NCAM, GFAP, S100, SGZ
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Title: Longitudinal characterization of plasma fraction efficacy on neurogenesis in aging mice
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Abstract: We have identified a fractionated plasma product that enhances neurogenesis within
the dentate gyrus of the hippocampus in 12month old NOD.Cg-Prkdc*I12rg™"i'/SzJ (NSG)
immunodeficient mice. Here we examined NSG mice at various ages treated intravenously with
the plasma fraction and compared the extent of their age-dependent decline in new-born neurons
(doublecortin, DCX) and cell survival of BrdU labeled dividing cells six weeks post treatment
compared to naive animals. We identified a precipitous decline in total DCX positive cells in 6-
month-old compared to 3-month-old animals concomitant with significant deterioration in spatial
cognitive behavior. In all ages, the plasma fraction inhibited the decline in neurogenesis and cell
survival occurring over 6 weeks post-dosing. We demonstrate that the increase in neurogenesis is
likely due to increased precursor cell proliferation that occurs during the dosing of the plasma
fraction and demonstrate that the proliferation increase is maintained for at least 1 week
following cessation of dosing. Six-month-old animals were selected to be used for examination
of an extended dosing paradigm to guide treatment methodology for clinical trials with plasma
fractions.
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Title: Single-cell whole-genome sequencing reveals widespread somatic copy number variations
arising during neurodevelopment in the cerebral cortex

Authors: S. E. ROHRBACK!, C. S. LIU?, B. SIDDOWAY?, C. APRILY, F. KAPER?, *J.
CHUN*

llumina, San Diego, CA; 2Univ. of California San Diego, San Diego, CA; *Neurosci., Sanford
Burnham Prebys Med. Discovery Inst., San Diego, CA; “Sanford Burnham Prebys Med.
Discovery Inst., La Jolla, CA

Abstract: Somatic megabase scale copy number variations (CNVs) are present in adult neurons
of the brain, however, little is known about the genesis, prevalence, and consequences of this
phenomenon. We characterized mosaic CNVs in the developing cerebral cortex of Mus musculus
using a novel wetlab approach. We also developed informatic tools to confidently identify
somatic CNVs in the data generated by low depth single-cell whole-genome sequencing
(scCWGS). Using immune system recombination as a known locus for naturally occurring CNVs,
we applied machine learning to create filters to remove unreliable CNVs. This resulted in
removal of >90% of false positive CNV calls while maintaining identification of sub-megabase
alterations smaller than previously reported brain CNVs identified through scWGS. Thousands
of CNVs were identified in cells isolated during cortical neurogenesis and adulthood, allowing us
to identify periods of CNV formation in brain development. These data support prenatal origins
for the majority of mosaic CNVs present in adult neurons.
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Title: Differential expression of GRIM-19 (gene associated with retinoid-interferon induced
mortality-19) in the adult mouse dentate gyrus: A regulator in adult neurogenesis
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Abstract: Gene associated with retinoid-interferon-induced mortality-19 (GRIM-19), a subunit
of mitochondrial respiratory chain complex I, is a multifunctional gene involved in cell death,
proliferation, migration and metabolic balance between aerobic glycolysis and mitochondrial
oxidative phosphorylation (OXPHQOS). Although such functions of GRIM-19 are also closely
related with adult neurogenesis, the role of GRIM-19 in adult neurogenesis is unknown. Thus,
the present study investigated the expression pattern of GRIM-19 and analyzed cell types
expressing GRIM-19 in the adult mouse hippocampal dentate gyrus, one of the regions where
adult neurogenesis takes place. We performed double immunofluorescence staining on
hippocampal sections of adult C57BL/6 mice (11 weeks old) using various specific markers
related to adult neurogenesis stages (type-1, type-2a, type2-b, type-3, immature granule cell and
mature granule cell; stage 1-6). Interestingly, GRIM-19-positive cells were prominently
expressed in the dentate gyrus cell layer, but barely observed in the subgranular zone (SGZ)
where neural stem and progenitor cells (NSPCs) are active. Further analysis revealed that GRIM-
19 was nearly not expressed in GFAP-positive cells (type-1), Nestin-positive cells (type-1, 2a
and 2b) and Ki-67-positive cells (type 2a, 2b and 3). Further, a few GRIM-19-positive cells were
merged with DCX-positive cells (type 2b, 3 and immature), Prox1-positive cells (type 2b, 3,
immature and mature), PSA-NCAM-positive cells (type 3, immature and mature). Furthermore,
Most GRIM-19-expressing were co-labeled with Calretinin-positive cells (immature), NeuN-
positive cells (immature and mature), Calbindin-positive cells (mature). These results indicate
that GRIM-19 was not expressed at early neurogenesis stages including NSPCs, but at later
stages including immature and mature granule cells.
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Abstract: In the mammalian brain adult-born granule cells (abGCs) are continously integrated
into established hippocampal circuits throughout life. Whereas the evolution of in- and output
connectivity on abGCs and GCs has already been studied in detail on the population level little is
known about the per-cell connectivity, its development and the cellular output specifity of DG
input axons in general. We used serial block-face scanning EM to acquire a large-scale 3D EM
dataset from mouse (P28) dentate gyrus and densely reconstructed GCs and their synaptic input
axons. The cellular organization of younger GCs towards deeper layers allowes the analysis of
temporally different stages of GC maturation in the same dataset, aimed at uncovering the
connectomic patterns of neurons newly integrated into an existing neuronal circuit.

Disclosures: M. Beining: None. P. Bastians: None. M. Helmstaedter: None.
Poster

277. Neurogenesis and Gliogenesis: Neuronal Development |

Location: SDCC Halls B-H

Time: Monday, November 5, 2018, 8:00 AM - 12:00 PM

Program #/Poster #: 277.19/A19

Topic: A.01. Neurogenesis and Gliogenesis

Support: CONACYT Grant CB-2014-22006
CONACYT Grant CB-2014-220342
DIECI UDEM Grant UIN18597

Title: Pattern of expression of the transcription factor Ebf2 in the lateral hypothalamus of the
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Abstract: Neuron populations in the lateral hypothalamic area (LHA) regulate motivated
behaviors such as food intake and metabolic energy balance through integrating internal and
external sensory cues and modulating the output of arousal and reward systems. The cellular and
molecular mechanisms responsible of these regulatory processes are not completely understood,
due to the complex architecture and heterogeneity of the cell populations in the LHA. Three
major populations of neurons have been described within the LHA, that participate in the
formation of circuits regulating motivated behavior. These populations appear to express distinct
neuropeptides in an exclusive manner, and each population is characterized by the expression of
either orexin A and B, melanin concentrating hormone (MCH), or neurotensin. This latter
population also expresses the large version of the leptin receptor (LepRb) as a distinct marker.
EBF2 is a transcription factor involved in the development and maintenance of different neuron
populations across the nervous system. Several studies have suggested a relationship between
EBF2 and orexin neurons: Ebf2 expression is decreased in hypothalamus samples from
transgenic mice where orexinergic neurons are depleted by the targeted expression of a
neurotoxin, and there is a corresponding decrease (roughly by 80%) in orexin- expressing
neurons in Ebf2 knockout mice, which leads to a narcoleptic phenotype. However, it is presently
unknown if EBF2 is expressed by the orexinergic neurons of the LHA.

Here, we analyzed EBF2 expression in the LHA by immunofluorescence in the brains of female
and male wild-type C57BL/6 at embryonic stages E14.5, E15.5, and young (7- to 9-week old)
and senescent adult mice. We performed double stainings to evaluate coexpression of EBF2 and
any of the characteristic markers of the neuron populations of the LHA: orexin-B, MCH, NPY,
CART, neurotensin and LepRb.

A subpopulation of the LHA expressed EBF2, which is also expressed in other areas
participating in the integration of motivated behavior such as the VTA, preoptical hypothalamic
area and the insular cortex. The EBF2+ neurons of the LHA were located in close proximity to
ORXB+ axons, but no colocalization of EBF2 and ORXB, MCH, CART or NPY could be
detected in the somas expressing either one of these neuropeptides in the LH and ventral
hypothalamic (arcuate nucleus) areas. Labeling with anti-neurotensin antibodies suggests that
neurons belonging to this subpopulation of the LHA coexpress EBF2. The interaction between
the neurotensin+ and ORX+ populations could lead to reciprocal regulation of gene expression.
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Abstract: Lead is a well-characterized toxicant with known deleterious effects on nervous
system function. How Pb2* influences the critical period of early neurodevelopment is less
understood. Here, we utilize Dugesia Dorotocephala, a planarian, to model the effects of lead on
early nervous system development. To accomplish this task, we amputated the heads of adult
planarians and allowed the tails to regenerate heads and brain in 0.01 ppm, 0.1 ppm, and 0.5 ppm
Pb?*. The duration of Pb?" exposure was seven days, as entire head and brain regeneration occurs
within seven days of amputation. We examined (1) the effect of varying concentrations of Pb2+
on regenerating blastema and the (2) impact of Pb?* on CNS neuronal cell number at a 24h, 48h,
72h, 120h, 168h (during exposure) and two weeks post-amputation (after exposure) using a
combination of immunohistochemistry, Western Blot, and gRT-PCR. We have found that Pb?*
exposure attenuated blastema formation and that Pb?* exposure reduced the neuronal cell number
in Pb?" exposed planaria. Furthermore, we found that exposure to Pb?* during brain development
had persistent effects on behavior. Planaria exposed to all concentrations of Pb?* showed
hyperactive locomotor activity and increased body rotations. In an active avoidance fear
conditioning assay, planaria exposed to all concentrations of Pb?* demonstrated significant and
persistent cognitive impairments. The sum of this data suggests that Pb?* has deleterious effects
on early neuronal patterning and lasting behavioral effects. Furthermore, we describe assays that
are high throughput and may be useful for others in evaluating potential toxicological
consequences of exposure during early neurodevelopment.
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Title: Corpus callosum formation requires FOXG1 action in cortical projection neurons
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Abstract: Cerebral hemispheres exchange and coordinate information derived from motor and
somatosensory inputs via the major axonal transit that defines the corpus callosum. Awry
neocortex maturation and agenesis of the corpus callosum are hallmarks of neurodevelopmental
disorders, like FOXG1 syndrome, that emerge from mutations in genes pivotal to the
organization of brain architecture. However, there are no prior evidences that mutations in a
single neuronal gene may directly hijack both cortical lamination and corpus callosum formation.
We discovered that FOXGL1 gene, aside from its known function in neural progenitors, is strictly
necessary for axon trajectory of callosal projection neurons (CPN). The neuron-specific actions
of Foxgl are achieved by forming a transcription complex with Rp58. The Foxgl-Rp58 complex
directly binds and represses proneural and axon guidance genes, coordinating the laminar
position of cortical neurons and the acquisition of CPN-defining traits. As FOXG1 syndrome
results from mutations in a single FOXG1 allele, we also found that deletion of one Foxgl allele
specifically in cortical neurons was sufficient to cause cortical atrophy and corpus callosum
agenesis. This study reveals a novel gene regulatory pathway that specifies neuronal
characteristics during cerebral cortex development and sheds light on the etiology of FOXG1
syndrome.
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Abstract: In the mammalian cerebral cortex, distinct classes of neurons are generated
embryonically and maintain their subtype-specific identities throughout the lifetime of the
organism. While the developmental programs that control the generation of this heterogeneous
neuronal output have begun to be elucidated, much less is known about the molecular
mechanisms that preserve their identity through time. A potential mechanism to actively
maintain subtype-specific neuronal identity is through the continuous expression of powerful,
fate-determining transcription factors. We have previously shown that the transcription factor
Fezf2 as the first selector gene known for any class of projection neurons in the cortex (Lodato et
al., 2014). Fezf2 is necessary for the birth and specification of corticospinal motor neurons
(CSMNSs), and it is sufficient to instruct corticofugal (CFUPN) neuronal identity (Molyneaux et
al., 2005, Chen et al., 2005, Rouaux et al., 2010, 2013; De la Rossa et al., 2013; Ye et al., 2017),
of which CSMNs are a subset. Here, we hypothesize that Fezf2 is a terminal selector gene and is
therefore needed to maintain CSMN identity throughout the life of the animal. To test this
hypothesis, we employed a genetic strategy, which allowed for conditional inactivation of Fezf2
specifically from CSMNs at distinct postnatal timepoints (P3 and P30), when CSMN fate
specification and connectivity have already been established. This approach enabled us to test
whether aspects of CSMN identity, such as their distinctive molecular signature and
somatodendritic morphology, are affected upon Fezf2 deletion. By combining transcriptomic and
morphological analysis, we assessed whether Fezf2 deletion in in post-mitotic CSMNSs, at
different stages of their maturation, causes the neurons to lose their CSMN molecular identity.
Transcriptional data suggests that, at least during early postnatal development, Fezf2 is needed to
maintain distinctive CSMN traits, as well as repress those of closely related neuronal lineages.
Whether Fezf2 is also needed in the adult to maintain CSMN identity is still unknown, and we
are currently pursuing this question by integrating our genetic approach with single cell
transcriptomics. By exploiting Fezf2 function in mature CSMNs as a model system to understand



class-specific identity maintenance, our work aims at illuminating a potential active molecular
mechanism for CNS neurons to maintain their identity and function in the mature cerebral
cortex.
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Abstract: The genes encoding the highly homologous homeobox transcription factors MEIS1
and MEIS2 are strongly associated with risk of restless legs syndrome (RLS). However, the
functional role of MEIS proteins in RLS pathogenesis remains elusive. Since RLS-associated
variants selectively affect expression of MEIS1 in the developing forebrain, we aimed to model
human forebrain development in vitro in the context of engineered MEIS deficiency. We first
generated MEIS1 and MEIS2 homozygous loss-of-function induced pluripotent stem cell (iPSC)
lines through CRISPR/Cas9-mediated genome editing. We subsequently differentiated these cell
lines to forebrain-like neurons of mixed excitatory and inhibitory types via a neural progenitor
intermediate. Surprisingly, given the high homology of MEIS proteins and their functional
redundancy in other contexts, homozygous deletion of single MEIS genes severely disrupted cell
type composition. We also employed three-dimensional in vitro models of forebrain
development, which develop greater complexity including neurogenic zones adjacent to
ventricle-like structures. We examined the effects of MEIS1 and MEIS2 inactivation on the
thickness of neurogenic zones and the formation of mature neurons.

In order to identify genomic binding targets of MEIS1 and MEIS2, we performed ChIP-seq on
human neural stem cells. As in other tissues and cell types, MEIS bound both promoters and
distal regulatory elements. Binding patterns in neural cells were highly distinct from other cell
types, showing enrichment for genes involved in neural development. Among the direct MEIS
targets we found other RLS-associated genes, suggesting a functional gene network in RLS
pathogenesis. Together, these findings show the critical role of MEIS1 and MEIS2 in human



forebrain development and support aberrant neural development as a key factor in RLS
pathophysiology.
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Abstract: It is known that the neural progenitors in the ventricular zone of neocortex are
maintained through canonical Notch signaling. Recently, we have shown that the non-canonical
mode of activation of Hes-1 (NIHes-1) maintains a subset of neural stem cells which later attain
Notch dependency (NDHes-1) and transit into neural progenitor/Radial Glial Cells (RGCs) that
eventually differentiate into neurons and glia populating the upper layers of neocortex. Even
though we have demonstrated a differential activation of Hes-1 and its presence in different
populations of stem cells/progenitors, we currently do not have any understanding regarding the
functional significance of existence of such a differential activation of Hes-1 in neural stem
cells/progenitors. Also, it is intriguing to know how the neural stem cells expressing NIHes-1
transit to a NDHes-1 expressing neural progenitor state. To address this, we transfected ES cells
with reporter vector that is able to differentiate between the NIHes-1 and NDHes-1 expressing
cells. These clones were further transfected with NI1Hes-1" plasmid to generate NI1Hes-17"sub
clones. The NIHes-1"" ES cells were transfected with Cre-recombinase expressing plasmid to
generate NIHes-17- ES cell line. Cortical organoids were generated from the NDHes-1""and
NIHes-17"ES cells. Organoids generated from NIHes-17-ES cells showed a drastic reduction in
NDHes-1 expressing progenitors accompanied with cortical layer patterning. These results
clearly showed that NIHes-1 expression is required for maintaining the subset of neural stem
cells throughout early development of the neocortex. We also carried out transcriptomic analysis



between differentiating ES cell derived NIHes-1 and NDHes-1 expressing cells. Our results
showed the involvement of stem cell maintenance pathways activated in NIHes-1 cells.To
understand the mechanism of transition from NIHes-1 expressing neural stem cells to NDHes-1
expressing neural progenitors in vivo, we have developed NIHes-1""mice and also generated a
reporter mice that can report all the NIHes-1 expressing cells as green and NDHes-1 expressing
cells as red. Immuno fluorescence analysis with reporter transgenic mice showed that one of the
reasons for the transition from NIHes-1 to NDHes-1 expression state is due to differential
expression of Notch ligand DLL1 and Notch receptor in NIHes-1 and NDHes-1 expressing cells
respectively. Overall, our results demonstrated a novel mechanism by which the neural stem
cells are maintained in their niche in ventricular zone of developing neocortex and can have
implication in treating neuro degenerative disorders.
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Title: Molecular controls over corticospinal neuron axonal segmental targeting
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Abstract: For execution of precise motor control, distinct corticospinal neurons (CSN) extend
axons to, and innervate, distinct target spinal cord segments — from rostral targets in the
brainstem and cervical cord to caudal targets in the thoracic and lumbar cord. The molecular
basis for this segmentally specific connectivity is unknown.

Using anterograde and retrograde labeling and intersectional viral mapping, we identified that
distinct CSN subpopulations, residing in distinct locations in sensorimotor cortex, exhibit
striking axon targeting specificity during development. These developmental axon-extension
decisions are maintained in adult mice, and correlate with their distinct spinal segmental
collateralization, suggesting that early developmental axon extension decisions critically control



segmentally specific corticospinal connectivity.

Based on their distinct neocortical locations, correlated with anterograde and retrograde
connectivity analyses, we isolated segmentally distinct CSN subpopulations during development,
and identified differentially expressed genes between them at critical developmental times. Our
data indicate that segmentally distinct CSN subpopulations are molecularly distinct from the
earliest stages of corticospinal axon extension into the spinal cord, with these molecular
identities beginning by the time of neuronal birth.

We next utilized stringent statistical criteria in our differential gene expression analysis, as well
as the temporality of these differences, to further define molecular distinctions between CSN
subpopulations that exhibit differential axon extension between bulbo-cervical and thoraco-
lumbar spinal segments, beyond their spatial separation in the cortex. Collectively, these data
enable the molecular delineation and prospective identification of developing CSN
subpopulations well before their eventual axon-targeting decisions are evident in the spinal cord.
Finally, we functionally investigate a subset of these molecular controls, and identify their
critical roles in directing CSN axons to appropriate spinal levels. These molecularly-controlled
axon extension decisions occur prior to axonal collateralization, and, therefore, further indicate
that mechanisms controlling CSN axon targeting to specific spinal segments are independent of
mechanisms controlling spinal segment-specific axonal collateralization.

This work provides foundation for further investigation of mechanisms directing the
development, evolution, and potential regeneration of specific corticospinal circuitry, and the
roles of distinct CSN populations in execution of motor control.
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Abstract: Schizophrenia, bipolar disorder, and major depression together affect over 16% of the
worldwide population, but their etiologies are poorly understood. Gene expression variation is a
common attribute of these disorders, so research to identify and target aberrant mRNA regulation
may provide novel therapeutic benefit. MRNA can anneal to template DNA during transcription,
forming a DNA/RNA hybrid known as an R-loop. New genome-wide mapping strategies have
identified a connection between R-loops and transcriptional regulation, suggesting a role for R-
loops in gene expression variation. However, R-loops have never been characterized on a
genome-wide scale in human brain cells, precluding research exploring their role in
neuropsychiatric illnesses. Here, using DNA/RNA immunoprecipitation followed by deep
sequencing (DRIP-seq), we show that R-loops are abundant in human neural cells and display a
distinctive distribution relative to non-neural cells. We find evidence that R-loops may be
poising genes for transcription, particularly those genes involved in neural differentiation and
cell type-specific function. We predict that aberrant R-loop regulation may be involved in the
pathophysiology of neuropsychiatric illness, and our future studies will test this hypothesis by
directly manipulating R-loop formation and examining the phenotypic consequences in neural
cells both in vitro and in vivo.
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Title: Knee joint inflammation: A new trigger for adult neurogenesis in the hippocampus and
spinal cord of rats
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Abstract: Knee joint inflammation causes pain and hypersensitivity to mechanical and thermal
stimulation, and triggers a prolonged increase in the excitability and synaptic efficacy of central
nociceptive neurons. In this study, we explored whether knee joint inflammation enhances
neurogenesis in the dentate gyrus of the hippocampus, and induces proliferation of neural
progenitor cells in the dorsal horn of the spinal cord. Male Sprague-Dawley rats were injected
with kaolin and carrageenan in the synovial cavity of the knee joint. Rats received intra-articular



injection of saline served as control. Nociceptive tests including mechanical allodynia and heat
hyperalgesia were performed prior to, and at 4, 8, 24 and 48hrs post induction. In addition, motor
changes were assessed using the rotarod test. The knee joint circumference was also measured to
evaluate the severity of inflammation. All rats received intraperitoneal injections of 5’-Bromo-
2’-deoxyuridine (BrdU) (200 mg/kg) before induction of inflammation and were then perfused
transcardially at 8, 24, or 48 hours’ post-injection. Brain and spinal cord tissues were collected
for immunofluorescence staining. Newly born neurons that are immunopositive for BrdU and
neuronal nuclear antigen (NeuN), a mature neuronal marker, were identified using confocal
microscopy.

Injection of K/C into the knee joint of adult rats produced swelling of the knee, increased paw
sensitivity to innocuous mechanical and noxious heat stimulation, and decreased motor activity.
The brain and spinal cord sections stained with anti-BrdU revealed an increase in BrdU-positive
neurons both in the dorsal horn of the spinal cord and the dentate gyrus. This increase was
correlated with the severity of the inflammation. Our results suggest that knee joint inflammation
can induce the proliferation of neural progenitor cells at different levels of the central nervous
system. These new cells may account for the changes in central nociceptive neurons and the
enhanced pain sensitivity associated with inflammation.
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Abstract: Key questions about the fundamental building blocks of the human brain, including
the number, proportion, and lineage relationships of its distinct cell types remain unanswered.



We used multiple single-cell RNA-seq technologies to obtain and compare profiles for 40,000
cells from PCW15-17 human neocortex to define cell types and generate an unbiased molecular
taxonomy. We identified expression profiles corresponding to all known major cell types at this
developmental period including radial glia, intermediate progenitors, migrating and cortical plate
excitatory neurons, interneurons, microglia, and oligodendrocyte precursors. We identified
multiple transcription factors and co-factors expressed in specific cell types which provide a rich
resource for understanding human neocortical developmental programs. We characterize the
major developmental trajectories during early neurogenesis, showing that human neocortical cell
type differentiation is on a gradual continuum and involves transcriptomic transitions tied to cell
cycle progression with early cell fate decisions. Finally, we use this catalog to map
neuropsychiatric disease genes to specific cell types, implicating dysregulation of specific cell
types as the mechanistic underpinnings of several neurodevelopmental disorders. Together these
results provide an extensive catalog of cell types in human neocortex, and extend our
understanding of early cortical development and the cellular basis neuropsychiatric disease.
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Abstract: During neuronal differentiation, cellular energetics is leveraged and undergoes
profound remodeling. Although neuronal differentiation has been extensively studied, the exact
role of metabolic reprogramming/shift in regulating neuronal differentiation has not been clearly
elucidated. Here, by differentiating neuroblastoma SH-SY5Y cells with retinoic acid, we found
that the glycolysis rate and L-lactate levels increased during the early stages of neuronal
differentiation. The mRNA expression levels of key glycolytic enzymes such as 6-
phosphofructo-2-kinase/fructose-2,6-biphosphatase 3 (PFKFB3), pyruvate dehydrogenase kinase
4 (PDK4), and lactate dehydrogenase A (LDHA) were upregulated upon retinoic acid treatment
by 5, 3.3, and 2.3 fold, respectively. Moreover, the release of L-lactate was doubled over 48



hours. To investigate the significance of lactate elevation during neuronal differentiation, we
treated SH-SY5Y cells with lactate (in addition to retinoic acid). We found at both the
transcriptomic and proteomic levels that tyrosine hydroxylase, an SH-SY5Y differentiation
marker, was significantly upregulated when the neuroblastoma cells were treated with either L-
lactate or D-lactate. Observed increases at the mRNA levels were 2.1 and 5.8 fold (p <0.05),
respectively. Interestingly, when cells were treated with either of the enantiomers alone or in
combination with retinoic acid, the effects of D-lactate were stronger than those of L-lactate,
suggesting a possible signaling role of the lactate enantiomers rather than a metabolic effect in
the differentiation of SH-SY5Y. This work gives an insight on the role of lactate in regulating
neuronal differentiation.
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Abstract: Angelman syndrome (AS) is a neurodevelopmental disorder whose main features
include intellectual disability, mental retardation, and epileptic seizures. AS is caused by
deficient expression of the ubiquitin protein ligase E3A (UBE3A) gene, which displays paternal
imprinting in neurons. Previous studies showed the gene expression of paternal UBE3A is
suppressed by IncCRNA whose transcription initiation site is within the imprinting center far
upstream of UBE3A gene locus. Approximately 70% of all cases involve a large maternal
deletion of the chromosome 15911-q13 region, which includes UBE3A gene. The remaining
known causes of AS include mutations within UBE3A, uniparental disomy (UPD), and
imprinting defects. About 10% of cases are caused by currently unknown genetic or epigenetic
mechanisms. There is a number of reports of UBE3A knock-out (KO) mice, and also UBE3A



homozygous KO induced-pluripotent stem cells (iPSCs). However, the expression level of
UBE3A in neurons of AS patients is probably different from homo KO iPSCs-derived neurons,
since imprinting effect are canceled in homozygous KO cell lines. Using genome editing,
maternally specific KO in human iPSCs can be generated, although there are not any convenient
method to discriminate whether gene mutation has occur in either maternal or paternal allele.
Here, we produced maternal allele-specific UBE3A KO iPSCs lines. Establishing the highly
efficient excitatory or inhibitory neuronal induction methods by tet-inducible ovexpression of
Ngn2 or Ascl1+DIx1/2, respectively, we measured expression level of UBE3A gene and 15911-
13 region-specific INcRNAs in the purified neurons, and tried to examine in which allele the
mutation occur. The maternal KO iPS cell lines made AS studies more practical. Now we are
investigating the reproducibility of AS-related phenotypes in purified excitatory or inhibitory
neurons-derived from patients iPSCs of 15911-13 deletion syndrome, UPD and UBE3A KO. AS
phenotypes depend on genome imprint level. The maternally inherited UBE3A KO iPSCs
provide crucial material for clarifying the AS pathogenesis.
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Abstract: Biallelic mutations in the gene that encodes for the N-glycanase 1 (NGLY1) protein
cause a rare disease with multi-symptomatic features including developmental delay, neuropathy,
seizures, axonal loss and hypotonia. NGLY1 is a deglycosylase involved in the endoplasmic
reticulum-associated degradation pathway and its role is to deglycosylate misfolded proteins that
are further degraded by the cytoplasmic ubiquitin-proteasome system. In the absence of NGLY1,



the initial deglycosylation cannot take place, disabling proteasomal breakdown of the misfolded
protein. It is currently thought that this leads to an accumulation of misfolded proteins and
proteotoxic stress but an increase in misfolded protein has not yet been directly observed.
Neurons are one of the most vulnerable cell types in the face of disease-related aggregate
formation. This is thought to lead to synaptic dysfunction, neuronal apoptosis and brain damage.
Our aim was to evaluate the phenotypical changes in neural cells derived from NGLY1 deficient
patients. For this we employed a rapid single-step induction of functional neurons from induced
pluripotent stem cells. This conversion strategy gives rise to a major fraction of functional
glutamatergic neurons and a very minor fraction of GABAergic cells in a short period of time.
We observed an increase in the number of bead-like swellings in neuronal processes in the
patients. Neuritic beading is an early hallmark of neuronal toxicity induced in a variety of
pathological conditions including mitochondrial disease. Earlier in the differentiation process we
observed lower mitochondrial membrane potential, abnormal morphology and distribution. We
used whole-cell patch-clamp recordings to characterize single neuron properties from control
individuals and NGLY1 patients. We found a lower rate and amplitude of excitatory postsynaptic
currents in the patients compared to the controls. Using a rotor fluorescent dye we then looked
for the presence of protein aggregates with and without proteasome inhibitor. We observed an
increase in the number of cells that stained positively with this dye in basal conditions in the
NGLY1 deficient patients but not in the controls. We then confirmed the presence of these
aggregates using ultrastructural examination of neurons (including axons, dendrites and synaptic
domains) in the NGLY1 deficient patients. Future studies will develop more robust, highly
predictive and guantitative systems to explore the role of proteostasis networks in the regulation
of aggregate formation and degradation, and would harness this knowledge for therapeutic
development.
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Abstract: Benign adult familial myoclonic epilepsy (BAFME) is an autosomal dominant
disorder characterized by myoclonic tremor and infrequent epilepsy with a benign clinical
course. Recently, we have discovered that noncoding TTTCA and TTTTA pentanucleotide
repeat expansions in introns of three different genes, SAMD12, TNRC6A and RAPGEF2, as
causative mutations in BAFME families (Ishiura et al. Nat Genet, 2018), indicating that these
pentanucleotide repeat expansions have key roles in the pathogenesis presumably through RNA-
mediated toxicity mechanisms. This is also supported by the findings that RNA foci were
observed in cortical neurons. Due to the lack of obvious neuropathological alterations in the
brains of patients with heterozygous mutations, aberrant neural network rather than
neurodegeneration appears to underlie the phenotype. To elucidate the mechanism by which
these pentanucleotide repeat expansions become neurotoxic, we used human induced pluripotent
stem cells (iPSCs)-derived neurons to model BAFME-associated pathophysiology in vitro. We
have successfully generated integration-free iPSCs derived from the fibroblasts of two donors of
BAFME using five non-integrative episomal plasmids (pCE-hOCT3/4, pCE-hSK, pCE-hUL,
pCE-mp53DD and pCXB-EBNAL), encoding reprogramming factors of Oct3/4, dominant
negative p53, Sox2, KIf4, L-Myc, Lin28, and EBNAL, under feeder free conditions. Recent
studies suggested that the altered balance between inhibitory and excitatory neurons leads to the
over-excitation of neural network and epileptic phenotypes. To elucidate the balance between
inhibitory and excitatory neurons in BAFME, we employed the temporal over-expression
method using Neurogenin2 (Ngn2) or Ascl1/DIx2 that can induce the neuronal differentiation
toward excitatory and inhibitory neurons, respectively. First, we introduced the transgenes, that
can drive the expression in DOX dependent manner, using PiggyBac transposon-mediated gene
transfer and established stable cell lines. We differentiated the stable cell lines to excitatory
neurons and found that iPSC derived from BAFME patients could be differentiated to excitatory
neurons as well as that from normal controls, which is consistent with the assumption that
BAFME is caused by neuronal impairment in adulthood but not in developmental stages. These
neurons maintaining the patient’s genetic background will provide a model allowing exploration
of the downstream effects of the expansion as well as therapeutic interventions, such as drug
screening and dual sgRNA-guided excision of the (TTTCA)n tract by CRISPR/Cas9 technology.
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Abstract: Current research supports the idea of multiple forms of autism: idiopathic with no
known cause, as well as syndromic forms associated with single gene mutations, or copy number
variations. Here we are studying a form of autism caused by a 28-gene deletion on Chromosome
16, known as Chromosome 16p11.2 deletion syndrome. The deletion is associated with speech
and/or developmental delays in 85% of carriers, and autism spectrum disorders in 19-28% of
carriers. For the present study, iPSCs were obtained from 2 individuals with the deletion
syndrome, along with 6 unrelated sex matched controls. 3 clones from each individual were
picked to serve as biological replicates, and were differentiated into neural stem cells (NSCs).
Initial proliferation experiments comparing DNA synthesis via thymidine incorporation
uncovered a hyperproliferation phenotype in NSCs derived from patients carrying the deletion.
To determine which of the 28 genes spanning the deletion were contributing to the phenotype, a
28 gene multiplex Luminex assay was employed to measure gene expression. Of the 28 genes,
only 11 were found to be expressed during the NSC time point. A significant reduction (p <
0.01) in gene expression was found for all 11 genes for the two 16p11.2 affected individuals
when compared to 6 unique controls. We have hypothesized that these 11 genes, or a subset of
the 11, are contributing to the hyperproliferation phenotype. As of now we have obtained 3
shRNASs per gene, 33 total, and have generated lentivirus in order to perform knockdown
experiments in control NSCs to test if any of the knock-downs can phenocopy the 16p11.2
hyperproliferation effect. Future studies will involve overexpression experiments in the 16p11.2-
affected NSCs in attempts to correct the phenotype. Uncovering the molecular basis of the
Chr16p11.2 hyperproliferation phenotype will allow us to further identify subgroups of autism,
which will lead to a more personalized treatment approach for the disorder in the future.
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Title: Modeling an epilepsy-associated cortical malformation using hiPSC-derived organoids
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Abstract: Periventricular nodular heterotopia (PVNH, OMIM #300049) is a malformation of
cortical development that often presents with epilepsy, and currently no effective treatment
exists. While a number of genes have been implicated in PVNH, it is most often caused by
mutations in genes involved in cytoskeletal (i.e. FLNA) or cytoskeleton-associated pathways.
Our group recently performed a trio-based whole-exome sequencing analysis of individuals with
PVNH and discovered several heterozygous protein-truncating variants in MAP1B; a gene not
previously implicated in PVNH. Interestingly, we identified both de novo and familial MAP1B
mutations, and 2 out of 4 MAP1B PVNH cases also presented with polymicrogyria. MAP1B is a
microtubule-associated protein that has known roles in growth cone dynamics, migration, and
axon elongation and guidance in the nervous system. To date, PVNH causative genes have not
been developmentally or functionally evaluated in human neurons or neural networks. Given that
several proteins associated with the cytoskeleton are implicated in neuronal migration disorders
(lissencephaly, polymicrogyria, heterotopias), and MAP1B’s functions in microtubule and actin
cytoskeleton dynamics, we hypothesize that MAP1B mutations affect cellular polarity and
migration, and result in morphological abnormalities and aberrant neuronal activity.
CRISPR/Cas9 was used to create a patient-specific MAP1B mutation (R303X) into an hiPSC line
derived from a healthy female. In the process, we were also able to derive heterozygous (*-) and
homozygous (*) MAP1B knock-out hiPSC lines. Similar methods were used to generate FLNA*"
and FLNA™ hiPSC lines. FLNA encodes the cytoskeletal protein Filamin-A; the most commonly
mutated gene in PVNH. Together, these MAP1B and FLNA hiPSC lines were used to develop a
cortical organoid (hCO) model to study the etiology of PVNH in human neural networks. We
have identified striking morphological phenotypes related to neuronal progenitor polarity and
migration defects in mutant hCOs relative to isogenic control hCOs. Furthermore, single-cell
RNA-seq has begun to identify molecular network and cellular signatures of PVNH in MAP1B
and FLNA hCOs. Taken together, this study will significantly enhance our understanding of the
molecular machinery controlling neuronal migration and cortical development in humans, which
may thereby improve the health of individuals with PVNH-related epilepsy.
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(iPSCs) of patients with Brown-Vialetto-Van Laere (BVVL) syndrome
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Abstract: Brown-Vialetto-Van Laere syndrome (BVVL) is a rare, childhood-onset neurological
disorder characterized by hearing loss, sensory ataxia and spinal motor neuron (MN)
neurodegeneration®. The disease is caused by loss-of-function mutations in two riboflavin
transporters (RFT2 and RFT3). Riboflavin is the precursor for FMN and FAD, i.e., cofactors of
flavoproteins, which are involved in several energy metabolism pathways. Particularly, redox
reactions, such as mitochondrial electron transport chain, depend on flavoproteins, so that
impaired mitochondrial functionality is likely to contribute to the disease. However, the role of
oxidative stress and, more generally, the pathogenic mechanisms underlying BVVL syndrome
are still unclear. Even morphological studies aiming at characterizing mitochondrial population
in BVVL cells are lacking, encouraging research addressing this specific issue. On the other
hand, the cellular effects of riboflavin, empirically used in systemic therapeutic treatment of
patients, are so far unexplored?. In the present work, we took advantage of induced pluripotent
stem cells (iPSCs) technology to perform ultrastructural analyses of BVVL cells, before and after
treatment with riboflavin and the antioxidant N-acetyl-cysteine (NAC). Patient-specific iPSCs
and iPSCs-derived MNs were analyzed by Focused lon Beam/Scanning Electron Microscopy
(FIB/SEM)3, and compared with their counterparts, obtained from healthy individuals. BVVL
IPSCs and derived MNs displayed aberrant mitochondrial ultrastructural features compared to
control cells, compatible with the concept that riboflavin deficiency affects energy metabolism.
Treatment with riboflavin in combination with NAC resulted in partial rescue of iPSCs-
mitochondrial morphology in patients’ cells. Consistent with ultrastructural results, molecular
data obtained by a sensitive technique employing MitoSOX™Red probe, demonstrate
significantly higher levels of superoxide anion in diseased cells vs. controls. Also in agreement
with FIB/SEM observations, riboflavin and/or NAC supplementation restored normal O™ levels.
Our data support the use of iPSCs for in vitro modeling of BVVL syndrome, highlighting the
pathogenic role of oxidative stress generated by mitochondrial dysfunction. Restoring redox
balance by riboflavin/NAC treatment opens the way to future antioxidants-based therapeutic
strategies aimed at ameliorating and/or preventing symptoms of BVVL syndrome. 1. Sathasivam
S. Orphanet J Rare Dis 2008; 3: 9. 2. Bosch AM et al.Orphanet J Rare Dis 2012; 7: 83. 3.
Colasuonno F et al. Aging (Albany NY) 2017; 9: 22009.
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Abstract: Most individuals diagnosed with the most common mitochondrial disorder MELAS
(Mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes), carry the
pathogenic variant m.3243A>G in their mitochondrial DNA (mtDNA). Patients show a broad
range of symptoms, involving mainly the skeletal muscle and the central nervous system. In
order to increase our understanding on the neuropathobiology, we generated human excitatory
cortical neurons, derived from human inducible pluripotent stem cells (hiPSCs) and studied the
impact of mt.3243A>G on mitochondrial- and neuronal function. Patient-derived fibroblasts
were reprogrammed to hiPSCs, during which the mitochondrial bottleneck induced biphasic
mitochondrial segregation. Two clones from the same patient, with different heteroplasmy levels
(0%, and 83%) were expanded, as well as an external, commercial control cell line. These
hiPSCs, one external control line, one isogenic control line, and one line containing the
3243A>G mutation, were differentiated into excitatory neurons by lentiviral rtTa- and
Neurogenin 2 (Ngn2) expression.

We compared neurons of all three cell lines using a Seahorse Mito Stress test, and found that the
presence of the m.3243A>G mutation in the neurons was accompanied by lower basal-, ATP-
linked-, and maximal mitochondrial respiration (P<0.05). Using DsRed2-Mito7 transfection, we
found a significantly lower abundance of axonal mitochondria in the neurons with the
m.3243A>G mutation, whilst a MAP2/Synapsin immunohistochemical staining revealed a lower
post-synaptic density (P<0.05). We also found a decreased SEPSC frequency in the m.3243A>G
neurons (P<0.05) using single-cell voltage clamp recording. In addition, using micro-electrode
arrays (MEAs), we observed a similar phenotype on the network level, with a reduced mean
firing rate (P<0.05) as well lower synchronous network bursts (P<0.005), in the neurons carrying
the 3243A>G mutation.

Our study illustrates for the first time, the potential role of a synaptic deficit in the neurological
manifestations of MELAS, and highlights the relevance of a patient-specific in vitro



neurophysiologic model of MELAS disease. Our future goal is to employ our MEA system in
validation of current forms of therapy, as well as a tool for the screening of new treatments.
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Abstract: The ATP-dependent chromatin-remodeling factor CHD8 is one of the most commonly
mutated genes in sporadic autism spectrum disorder (ASD), and results in an ASD subtype
associated with a high prevalence of macrocephaly. Although this gene has been shown to
regulate other ASD risk genes the study of its functional relationship to autism phenotypes has so
far focused primarily on low-complexity cell culture models. To date, limited information is
available on the cell-type specific cellular and molecular defects induced by CHD8 mutation in
human brain cells. To address this question, we have used pluripotent stem cell (PSC) lines
heterozygous for a CHD8 loss of function mutation and isogenic control lines. We have
demonstrated that these lines can be used to generate different 3D brain organoids models, which
can be grown over extended time periods. We have used these models to investigate
developmental processes and cellular and molecular changes associated with the CHD8
mutation. These organoids can recapitulate the macrocephaly phenotype observed in several of
the ASD patients carrying this mutation. In order to gain information on specific cell types
affected we have performed single-cell analysis of CHD8 mutant and control organoids. We
have profiled the RNA of a total of 128,000 single cells from both 4 and 6 month old organoids
(n=4 per age and genotype) using the 10X Genomics Chromium system, and have performed
clustering and differential gene expression analysis. Upon clustering of single cells we find that
most clusters are populated by cell types of both genotypes. This indicates that most cell types
are reliably made, and that comparisons can be performed even with a relatively small number of
samples (n=4 organoids per age and genotype). Furthermore, preliminary analysis has identified



sets of genes that are differentially expressed between the CHD8-/+ and control organoids.
Within specific clusters and subclusters we find that both the type and degree of molecular
phenotypes differ between cell types. Altogether, these data provide first insight into cellular and
molecular abnormalities associated with ASD genetics validate the use of organoids to model
human cortical development and cell type specific changes in neurodevelopmental disorders.
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Abstract: Disease heterogeneity in psychotic illness presents a significant challenge. The BSNIP
consortium has demonstrated that a battery of measures of cognition and brain activity collected
from individuals with diverse psychosis diagnoses identified no diagnosis-specific biomarker,
but rather suggested three distinct psychosis subgroups called Biotypes. We hypothesize that
neural progenitor cells (NPCs) and neurons differentiated from patient-derived induced
pluripotent stem cells (iPSCs) may uncover synaptic mechanisms and divergent cellular traits in
these novel Biotypes. A panel of cognitive, neuropsychological and neuroimaging measures
were previously collected for individuals with psychosis (schizophrenia, schizoaffective
disorder, psychotic bipolar disorder) (N=711), relatives (N=883) and healthy comparison
subjects (N=278). A subset of these individuals provided dermal biopsies for additional study,
which were cultured to establish patient-derived fibroblast lines. The BSNIP phenotyping was
used to define three Biotypes, each with divergent cognitive control and sensorimotor reactivity
scores. Fibroblasts representing all three Biotypes and healthy comparisons (N=16) were
reprogrammed into iPSCs. These iPSC lines were then validated and differentiated into neural
progenitor cells (NPCs) and cortical-like neurons. Cellular adhesion and migration is being
measured in NPCs. In mature neurons and cortical-like organoids, cellular morphology and



organization are being examined. Data on cellular migration and morphology from the cells will
be presented, along-side of the human phenotypes from psychosis individuals. Biotype-1(B-1)
shows significant cognitive impairment and EEG hypoactivity in basal and evoked conditions,
therefore we hypothesize that B-1 NPCs will show impaired adhesion/migration and B-1 neurons
will demonstrate reduced connectivity and dendritic arborizations. Since Biotype-2(B-2) shows
EEG hyperactivity, we hypothesize that B-2 neurons will demonstrate cellular integration and
connectivity. Since Biotype-3(B-3) are most similar to healthy, we expect B-3 neurons to have
healthy developmental and morphological profiles. We are testing these outcomes to explore the
biological bases for the BSNIP Biotypes, and test further stratification of psychosis subgroups
The use of patient-derived iPSCs is a potential method for investigating cellular mechanisms of
human disease, and may offer a novel translational platform for novel drug discovery.
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Abstract: Many 3D human brain models have been described in recent years: some of them rely
on inducing early patterning of specific brain regions (patterned-brain organoids and spheroids),
while others omit exogenous morphogenetic and fate-specifying cues and rely largely on self-
organizationists and self-patterning (whole-brain organoids). Brain organoids and spheroids offer
great promise for the study of the development and function of the human brain and provide an
invaluable tool to model neurological disease. However, the utility of these model systems has
been hampered by the limited characterization and comparison of the cell types and features
produced by distinct protocols and their inherent reproducibility. In order to address these issues,
we generated and optimized different 3D brain model systems and performed extensive
comparison of the cell types produced in each, using large-scale single-cell molecular profiling.
This type of systematic comparison, across stem cell lines and within sufficient resolution, is



necessary to be able to standardize and cross- compare these models. Single-cell transcriptomic
atlases from the endogenous human brain, both existing and those that are currently being
generated, will be used to compare and define the similarities and differences of the various cell
types produced in 3D cellular models and their endogenous counterparts. The results of this
study will pave the way for the future development and optimization of 3D brain models and will
be crucial to inform the choice of models for distinct experimental applications.
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Title: Targeted activation of endogenous neuronal-fate determining genes using CRISPR/dCas9
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Abstract: Disorders of the central nervous system (CNS) result in one of the largest economic
burdens on society. While research has made enormous contributions in the identification of
CNS disease-related genes, the underlying molecular mechanisms associated with disease
pathology in human neuronal cells remain unclear. Developing a method to recapitulate disease
pathology in human neurons grown ex vivo is critical for furthering understanding on CNS
disorders and advancing therapeutic development. Our research uses CRISPR guide RNAs
(gRNA) with a nuclease-deficient Cas9 (dCas9) fused with a transcriptional activator to
upregulate endogenous neuronal-fate determining genes in adult somatic cells to facilitate
transdifferentiation to induced neurons (iN). We have successfully upregulated endogenous



BRN2, ASCL1, MYT1L and NEUROD1 (BAMN) in human adult fibroblasts following delivery of
a CRISPR-dCas9 activation complex and gRNAs targeted to BAMN. Our time course studies
show downregulation of fibroblast markers and upregulation of immature, developing and
mature neuronal markers via g°PCR. Immunocytochemistry revealed subpopulations of cells that
are positive for neuronal markers, suggesting transdifferentation. We are currently investigating
methods to increase transdifferentiation efficiency that will enable in vitro disease modeling of
genetic neurological disorders in patient-specific iNs. Our group is creating iN to advance
understanding on neuronal dysfunction in patients with Jordan’s Syndrome, a rare
neurodevelopmental disorder arising from de novo mutations in protein phosphatase PP2A
regulatory B566 subunit gene (PPP2R5D). Our research is also focused on implementing the
CRISPR/Cas9 nuclease to correct PPP2R5D mutations, thereby enabling disease-associated
phenotypic analysis. We are currently characterizing Jordan’s Syndrome patient-derived
fibroblasts and employing CRISPR/Cas9 targeted correction of PPP2R5D with Homology
Directed Repair (HDR), Homology-mediated End Joining (HMEJ) and Microhomology-
mediated End Joining (MMEJ). To our knowledge we are the first to demonstrate endogenous
upregulation of BAMN in human somatic cells with dCas9-VP64 and begin studies towards Cas9
gene-editing in patient somatic cells transdifferentiated with dCas9-VP64 and gRNAs. These
studies support the potential of the CRISPR/dCas9 and Cas9 systems as alternative methods for
creating disease models and advancing personalized medicine for individuals with neurological
disorders.
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Abstract: Progress in critical care has significantly improved the survival of extremely
premature infants born before 28 weeks of gestation. However, extreme prematurity is associated
with devastating consequences, particularly for brain development. Up to 70% of patients have
significant life-long impairments, including intellectual disability, autism or ADHD. Little is



known about the cellular mechanisms leading to brain injury in this vulnerable population, but it
is thought that low oxygen levels in the brain play a critical role. Here, we used human stem cells
derived 3D brain region-specific organoids or spheroids that resemble the developing cerebral
cortex to study the effect of oxygen deprivation at mid-gestation. We found defects in specific
progenitor populations that are associated with the expansion of the human cerebral cortex.
Moreover, we demonstrate that this effect is mediated through the unfolded protein response
(UPR) and leads to cell cycle changes. We validate these findings in human fetal tissue and show
that modulation of the UPR pathway can prevent the cell specific defects during oxygen
deprivation. We anticipate this human cellular platform will serve as a powerful tool to study the
effects of environmental insults and genetic susceptibilities underlying brain injury in premature
infants and that it may facilitate drug discovery for preventing long-term neuropsychiatric
conditions in premature infants.
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Abstract: Bipolar disorder (BD) is neuropsychiatric mood disorder which is among the most
disabling conditions worldwide. Since no suitable animal models exist for BD, revealing the
etiology and pathophysiological mechanisms still represents a challenging task. In vitro

cultivated human induced pluripotent stem cell (iPSC)-derived neural cells are emerging and



might hold promise to investigate the etiology, disease mechanisms and treatment options.
However, in vitro human neurons that can faithfully reflect the basic principle of human brain
functionality, i.e. synchronous network activity has not been achieved in solely person specific
human iPSC-based in vitro models. In this study six BD and four control iPSC lines were
established from abdominal fat samples of patients with bipolar disorder type 1 and healthy
volunteers. We combined isogenic human iPSC-neural aggregates with microelectrode array
(MEA) technology and demonstrate the development of functional human neuronal circuits in
vitro, i. e. neuronal populations with autonomously generated synchronous network activity. We
successfully mimic drug-overdose induced seizures in in vitro human neuronal networks.
Moreover, we apply an anti-epileptic drug, Perampanel, and counteract pathophysiological
neuronal network activity of human cortical circuits exposed to intoxicating concentrations of
currently prescribed drugs, e.g. lithium salts. Our presented platform allows drug screening and
the evaluation of drug repurposing approaches in the context of human specific neuropsychiatric
disorders. Thereby, we close a conceptual gap between preclinical animal-based CNS disease
modelling and human clinical trials.
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Abstract: Schizophrenia (SZ) is a devastating neuropsychiatric disorder affecting around 1.1%
of the population. While it is well established that underlying genetic vulnerability interacts with
environmental factors to cause SZ, the specific mechanisms contributing to risk are poorly
understood. Epidemiological evidence suggests that perturbations to the intrauterine environment
play a critical role in SZ etiology. A history of maternal respiratory infections increases the risk
of SZ in offspring 3-7 fold. More broadly, pregnancy, labor and delivery, or early neonatal
complications termed early life complications (ELCs) increases the risk of SZ by two fold.



Recent genomic analysis using a polygenic risk score model of SZ risk have found that ELCs
interact with genomic risk to increase SZ liability by more than 5 fold. Interestingly, loci
associated with placental genes that are highly expressed or differentially expressed in
preeclampsia or intrauterine growth restriction mediate this effect. Emerging evidence support
the idea that placental function plays a key role in brain development. The placenta acts as a
dynamic interface that conveys changes between the maternal environment and the fetus. In the
case of maternal infection, the placenta acts as a barrier to the infectious agent, while allowing
pro-inflammatory cytokines such as IL-6 to enter the fetal circulation. The placenta also
produces various compounds including serotonin, BDNF, IGF1/IGF2, and prostaglandins that
play important roles in neurodevelopment. In order to investigate the role of the placenta in
neuronal development we established iPS cell model of placental differentiation using SZ patient
cells. We characterized the differentiation of these cells by single-cell RNAseq and the
endophenotypes of these cells both with and without simulated intrauterine environmental
challenges.
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Abstract: Voltage-gated L-type calcium channels (LTCCs) variants are among the most
replicable risk factors in genetic studies of neuropsychiatric disease. The mechanisms by which
these genetic events lead to disease are not currently known. Previous work has indicated that
LTCCs play a critical role in cortical interneuron migration and functional integration into
cortical circuits. We have developed a tridimensional (3D) neural differentiation platform
derived from human induced pluripotent stem cells (hiPSCs), termed forebrain assembloids, to
study the migration and circuit integration of human cortical interneurons. Using this modular,
region-specific organoid system, we identified migration defects in interneurons generated from
Timothy syndrome, a monogenic form of autism caused by mutations in a LTCC subunit
encoded by CACNA1C. Using transcriptional profiling, functional live imaging and



pharmacology in patient and control hiPSC-derived forebrain assembloids, we investigated the
specific contributions of LTCCs to interneuron migration and underlying molecular mechanisms
that are disturbed in interneurons derived from Timothy syndrome. Our results show that the
forebrain assembloid system can be used to study the molecular underpinnings of dynamic
cellular processes that take place in late human brain gestation towards revealing novel disease
signatures.
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Abstract: The corticospinal tract plays a central role in controlling muscle activity by mediating
voluntary movements. In primates, this circuit possesses unique monosynaptic projections from
corticospinal fibers to spinal motor neurons that are thought to be involved in fine distal motor
control. Damage or degeneration of this circuit in spinal cord injuries, amyotrophic lateral
sclerosis or autoimmune disorders results in severe motor dysfunction. We developed a novel
approach to study human cortico-spinal development and neuromuscular function using 3D brain
region-specific organoid or spheroid cultures generated from pluripotent stem cells (hPSCs). We
first generated hPSC-derived ventral spinal cord spheres (hSCs), which include functional motor
neurons able to promote muscle contraction when co-cultured with 2D and 3D human skeletal
muscle (hSkM). Assembly of human cortical spheroids (hCSs), which include pyramidal neurons
of all layers, with hSC-hSkM in cortico-spinal assembloids results in the formation of
corticospinal projections. Using a combination of viral tracing, calcium imaging and
electrophysiological methods we present evidence of the formation of the first in vitro model of
the human cortico-spinal-muscular assembly that could be used to study the development and
disorders affecting this circuit.
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Title: Evaluation of redox dysregulation in schizophrenia using induced pluripotent stem cells
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Abstract: Schizophrenia (SZ) is a psychiatric disorder that involves genetic and environmental
factors. A decrease of glutathione (GSH), a major cellular antioxidant, was shown in patient’s
brain and CSF. Furthermore, polymorphisms in the key synthetizing enzyme for GSH were
found associated with the disease. These observations lead to the hypothesis that redox
dysregulation is a main hub in this disorder. In this study, we aim to investigate the role of the
redox state on neuronal development using induced pluripotent stem cells (iPSC)-derived
neuronal precursor cells (NPCs) from SZ patients and healthy controls. iPSC-derived NPCs were
generated from one patient from a well-characterized cohort of SZ patients at the early stage of
the disease and two aged-matched healthy controls. Here, we examined the role of redox
dysregulation in iPSC differentiation. We found that a redox dysregulation led to a delay in the
differentiation of iPSCs-derived NPCs into neurons. Differences of neuronal maturation between
patients and controls are under investigation. This method, together with other approaches, will
allow assessing whether the redox balance is endogenously altered in iPSC-derived neurons from
patients compared to controls.
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Abstract: Neurological disorders are a health concern since a large percent of the population
suffers from it. The chronic disorders comprise a spectrum of symptoms that current therapies
only partially ameliorate. Familial and mouse models have been valuable tools to gain insight
into the diseases but do not completely support preclinical efforts needed for drug development.
More effective and predictive models are needed to develop new therapies more reliably and
economically. Recent advancements in the genome editing and stem cell field make it possible to
establish disease-relevant in vitro models. Human induced pluripotent stem cells (iPSCs) can be
differentiated into numerous cell types and in combination with CRISPR/Cas9 genome editing
can provide new ways to study the pathophysiology of the brain in vitro. In this study, we utilize
an iPSC line that stably expresses the Cas9 nuclease protein to efficiently introduce the disease-
linked mutations. We derived neuronal progenitors and neurons from the normal and mutant
lines to perform functional and High Content phenotypic assays. We demonstrate the cellular
phenotypes of iPSC-derived neurons can be translated into disease models to accelerate the
finding of new therapeutic targets for drug discovery.
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Abstract: Utilization of hIPS cells derived neurons as models of neurological and
neuropsychiatric disorders has been growing rapidly in recent years. Existing differentiation
protocols generate, at least in terms of expression of appropriate neuronal markers, neurons that
appear to be relatively mature. However, mature electrophysiological properties of those neurons
and their ability to reproduce firing behavior observed in tissue from both rodent or human
brains have been difficult to obtain. Both passive and firing active properties of IPS cells derived
neurons e.g.: high input resistance, depolarized resting membrane potential, and wide action
potentials (APs) suggest immature developmental state. The relatively low fraction of mature
IPS cells derived neurons in 2D cultures likely contributes to the high variability and low
reproducibility of electrophysiological studies performed in these model systems. To overcome
these challenges, we have begun to test the impact of factors known to be crucial for proper brain
development and which can be easily incorporated into established cell culture protocols. Here
we present data using tocopherol, a potent antioxidant demonstrated to enhance efficiency of
neural stem cell differentiation in rodent cultures, and polyunsaturated fatty acids (FAS) critical
for the fetal brain development. Human NPCs were derived from IPS cells via dual inhibition of
BMP and TGF signaling using Dorsomorphin and SB431542. Neuronal differentiation was
induced by culturing NPCs in complete BrainPhys supplemented weekly with a-tocopherol (a-t)
and various FAs. Electrophysiological recordings were made after 8 weeks of differentiation. We
have tested the following treatments: cont + a-t; + a-t + docosahexaenoic acid (DHA); + a-t
+eicosapentaenoic acid; + a-t +arachidonic acid, and + a-t +oleic acid. To minimize bias, the
experimenter performing recordings was blind to the culture conditions. We examined both
passive properties and ability of neurons to fire evoked individual as well as repetitive APs and
the presence of synaptic activity. The success rate defined as the fraction of recorded cells with
stable seals over time and ability to fire repetitive APs was highest in the cont + -t and lowest
under control conditions. Most treatments with FAs appear to improve quality of recordings in
comparison to controls with addition of DHA resulting in the highest proportion of
spontaneously active neurons. Interestingly, the consistent synaptic activity was the highest in a-t
alone. Our results provide a strong evidence that culture enrichment with a-t improves the
quality of electrophysiological data from IPS cells derived neurons.
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Abstract: The protein tubulin is assigned diverse cellular functions that range from
chromosomal separation to locomotion. The functional diversity of tubulin is achieved through
the expression of specific tubulin isotypes in different cell types or developmental time periods.
Post-translational modifications (PTMs) of tubulin are also critical for specific intracellular
objectives, such as binding and recruiting motor proteins. In neurons, the isotypic expression
profile for tubulin is well characterized, and the importance of PTMs for proper neuronal
function has gained recent attention due to their implication in neurodegenerative disorders.
There are relatively fewer studies of tubulin PTMs and isotypes in astrocytes. It is well
established that tubulin isotypes and specific PTMs are crucial for distinct cellular functions.
However, the role of tubulin specializations in the specification of neural cell fate has not been
evaluated. Therefore, we undertook an analysis of PTMs in basal and differentiated human
neural stem cells (hNSCs) derived from the federally approved H9 embryonic stem cell line.
Immunocytochemical methods, fluorescent antibody probes, and confocal microscopy facilitated
image acquisition of fluorescent signals from class III B- tubulin (BIII-tubulin), acetylated
tubulin, and polyglutamylated tubulin. Fluorescent probe intensities were assessed with the
‘EBImage’ package for the statistical programming language R, and compared using Student’s t-
tests. Qualitative analysis indicated that BIII-tubulin, acetylated tubulin, and polyglutamylated
tubulin were expressed to some degree in all basal and differentiated hNSCs. Quantification and
statistical analysis of fluorescence intensity demonstrated that the fluorescence probe intensity
ratio for acetylated tubulin/ BIII-tubulin was greater than the ratio for polyglutamylated tubulin/
BIII-tubulin in differentiated astrocytes. These findings represent a snapshot of the tubulin
expression profile during the specification of neural cell fate. Furthermore, these results imply
that investigations of tubulin PTMs have the potential to advance our understanding of the
generation and regeneration of nervous tissue.
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Abstract: Careful tissue dissociation and preparation of single-cell suspensions with high cell
viability and a minimum of cell debris are prerequisites for reliable cellular analysis. In case of
adult rodent brain, sophisticated mechanical and enzymatic treatments are required to
successfully disaggregate the tightly connected neural cells. The process becomes even more
challenging when only small brain regions serve as starting material for generation of single cell
suspensions and highest possible viability, recovery and functionality are crucial for successful
down-stream processing. In the past, we have set up elaborated technologies for the automated
dissociation of adult rodent brain by combining mechanical dissociation using the
gentleMACS™ Octo Dissociator with an optimized enzymatic treatment, followed by an
efficient clearing procedure to eliminate debris and erythrocytes. The protocol was now further
refined for highly effective generation of single cell suspensions from small brain regions with
highest possible viability and neural cell yield and a minimum of contaminating debris.
Dissociation of one cerebellum yielded 1.3x10E6 + 6x10E5 cells (n=5), whereas 6.3x10E5 +
2.8x10E5 cells were obtained one cortical hemisphere, 4.3x10E5 + 7.6x10E4 cells from the SVZ
tissue of one mouse (n=9), and 3.3x10E5 + 9.5x10E4 cells (n=9) from 2 hippocampi (n=9).
Viability rates were between 70 and 97%, depending on the brain region. Subsequently, cell
isolation of neurons or Neural Stem Cells (NSCs) was carried out with the MACSQuant Tyto, a
new multi-parameter cell sorting device that uses a micro-chip based sorting technology for
sterile and gentle cell isolation. Unlike conventional droplet sorters, cells do not experience high
pressures and no charge is applied, ensuring high viability and functionality. Neurons were
indirectly identified by a combination of markers specific for non-neuronal cell populations. A
number of 1.2x10E4 neurons with a viability of 97% was obtained from one cerebellum and a
number of 4.4x10E3 neurons with a viability of 95% from one cortical hemisphere. NSCs were
identified by labeling the positive markers GLAST and PlexinB2 and the negative markers
CD24, TER119, and CD45 before subjected to the MACSQuant Tyto sorting. This protocol
resulted in highly pure (>95%) and viable NSCs (>90%), which formed a high number of
neurospheres, that differentiated into different neural cell types. In summary, we present a novel
approach for isolation of neurons from various brain regions and NSCs from the SVZ by



combining an elaborated method for gentle and efficient dissociation of small brain regions with
a sophisticated cell sorting Technology.
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Abstract: Background: Genetic variation accounts for up to 54% of postnatal depression (PND)
liability and 40% of major depressive disorder (MDD) liability. Alterations to sex hormones
have been associated with the pathophysiology of depressive disorders and may partly explain
the higher rates of MDD amongst females. However, few studies have considered whether
genetic variants associated with sex hormone levels directly increase risk for depressive
disorders. This risk may be mediated by alterations in adult hippocampal neurogenesis (HN), a
cellular process which has been associated with mood regulation. Here we consider: i. the effects
of oestradiol, testosterone and prolactin on human HN, and ii. whether polygenic risk for higher
sex hormone levels directly affect risk for MDD or PND. Methods: To better understand how sex
hormones affect HN, human female hippocampal progenitor cells (HPCs) were cultured with
biologically relevant concentrations of each hormone. Immunocytochemistry and high-
throughput analysis were used to quantify a range of markers of cell fate. To understand how
polygenic risk scores (PRS) for sex hormones moderate risk, we used the PRSice software and
sex hormone genome-wide summary statistics from the Twins UK cohort (n=2913). Our target
dataset was the European RADIANT cohort consisting of 176 PND, 2772 MDD and 1588
control subjects. Sex and seven ancestry principal components were included as covariates in all
logistic regressions. Results: When examining the effect of sex hormones on HPC fate, prolactin
increased the proportion of Map2-positive cells (N=4, F(6,21) = 7.04, p = 0.0003) indicating an
increase in neuronal differentiation, but had no effect on HPCs maintained in a proliferative



state. Conversely, oestradiol and testosterone had no effect on HPC differentiation, but increased
cell number (N=3, F(6,14) = 3.42, p = 0.027 & F(5,11) = 5.378, p = 0.0096). Only the best-fit
PRS for oestradiol levels was associated with a depressive disorder, specifically PND case-
control status (B =-1156.4, SE = 423.7, uncorrected p = 0.006), where genetic risk for lower
levels predicted higher risk for PND. Conclusions: Here we provide evidence that genetic risk
for higher plasma oestradiol may explain a small amount of the variance in risk for PND,
potentially lowering risk via its ability to increase HPC number. Furthermore, we provide
evidence that prolactin possesses neurogenic properties, but that genetic risk for higher prolactin
does not influence risk for depressive disorders. This work suggests that the relationship between
sex hormones, HN and depression is complex, and that there may not be a clear-cut pathway for
aetiology or risk moderation.
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Abstract: Protease activated receptor 1 (PAR1) is a G-protein coupled receptor (GPCR) family
that is widely expressed in the central nervous system and activated by proteolytic cleavage
within its extracellular domain to elicit intracellular signaling. Thrombin activates PAR1 with
high affinity and is frequently elevated in the context of neural injury. Although over activation
of PAR1 has been linked to neural injury, little is currently understood regarding the mechanisms
involved or whether PAR1 can be targeted to limit injury and foster repair. In this study, we
investigate the regulatory role of PARL in the production and differentiation of adult
subventricular zone (SVZ)-derived neural stem cells (NSCs) towards the oligodendrocyte
lineage. First, we established that PARL1 is expressed by Sox2+ NSCs and by Nestin+ neural
progenitors within the SVZ of the adult mouse brain. We then demonstrated that thrombin gates



Ca?" signaling in SVZ NSC monolayer cultures in a PAR1-dependent manner. SVZ NSCs
derived from PAR1 knockout mice showed an enhanced capacity for self-renewal in cell culture,
including increases in neurosphere formation and in BrdU incorporation, and these effects were
mimicked by a PAR1 small molecule inhibitor SCH79797. Monolayer cultures from the SVZ of
PAR1-knockout mice contained more Nestin, NG2+ and Olig2+ cells indicative of
enhancements in expansion and differentiation along the oligodendrocyte lineage. Also, cultures
of NSCs lacking PAR1 expressed higher levels of myelin basic and proteolipid protein upon
differentiation induced by growth factor withdrawal. Reflecting a potentially suppressive role for
PAR1 in SVZ NSC production and differentiation, the SVZ of PAR1-knockout mice contained
more Sox2+ and Ki-67+ self-renewing NSCs, in addition to Olig2+ oligodendrocyte progenitors.
Furthermore, the corpus callosum and anterior commissure of adult PAR1-knockout mice
contained greater numbers of Olig2+ progenitors and CC1+ mature oligodendrocytes.
Altogether, these findings point to PARL1 as a novel target to foster the expansion of SVZ neural
stem cells and their differentiation towards mature myelinating oligodendrocytes that may be of
particular benefit in the context of neural injury in which PAR1 agonists such as thrombin are
increased.
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Abstract: The use of human induced pluripotent stem cells (hIPSCs) is rapidly proving to be a
valuable tool in the characterization of human disease and represents the forefront of patient-
specific medicine. Through modulation of specific developmental pathways using small
molecule inhibitors, differentiations can be guided to produce an array of neuronal types. Using



this approach, nociceptor-like neurons can be generated at an accelerated pace compared with
previous differentiation methods (Chambers et al. 2012). One of the main limitations
surrounding the use of hIPSC-derived neurons, however, is the substantial functional
heterogeneity within a differentiated population. Here we report a detailed electrophysiological
characterization of hIPSC-derived sensory neuron (hIPSC-PSN) cultures. Our results highlight
the heterogeneous physiological profiles of the cells, suggesting that while repetitive spiking
nociceptors represent the majority of the population, they are not the only type of neuron present.
While certain electrophysiological properties of these neurons such as resting membrane
potential and action potential half-width are consistent with values measured from human
cadaveric dorsal root ganglion (DRG) neurons, other properties such as rheobase and soma
diameter are markedly different, which may hint at differences (e.g. ion channel expression
patterns) between regular and hIPSC-derived sensory neurons. Attempts to better direct hIPSC
differentiation to achieve a more homogeneous neuron population using varying growth factor
combinations reveal a substantial difference in the spiking patterns at 3 weeks post induction but,
by 5 weeks, approximately 85% of cells exhibit a repetitive spiking pattern (during sustained
somatic current injection) as well as AMPA receptor-mediated excitatory post synaptic currents.
Future work will focus on further optimization of the differentiation protocol and the validation
of these neurons as model systems with which to elucidate underlying mechanisms of
neuropathic pain and human disease using electrophysiology, pharmacological blocking,
imaging based approaches and gene expression studies. These findings suggest that careful
attention should be taken when interpreting the physiology of hIPSC derived sensory neurons
and advocates for methods with which to purify these populations and the need for cell-specific
characterizations. Funded through the CHIR and SPOR (Chronic Pain Network).
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Abstract: This study aims at exploring potential epigenetic regulation of autophagy in neural
stem cells. Neural stem cells extracted from mouse embryonic day 14 cortex were challenged
with PBS-induced starvation for 10 minutes, half, one, three and six hours respectively.
Autophagy was induced from one hour starvation evidenced by increased ratio of LC311/LC3I
protein level, and accumulation of LC3 puncta in cytoplasm. Interestingly elevated MeCP2
protein expression was observed mainly in LC3-weakly expressed cells. Inhibition of autophagy
with Bafilomycin Al or 3-methyladenine further increased the proportion of high MeCP2
expressing cells. Knockdown of MeCP2 in neural stem cells altered their autophagic
performance in response to starvation. We also found that DNA methylation pattern of
autophagy-related genes was differentially regulated in normal and starved neural stem cells.
Taken together, these results suggest that MeCP2 is a negative regulator to autophagic response
of neural stem cells.
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Abstract: Cells release nano-sized membrane vesicles termed exosomes, that may serve as a
mode of intercellular communication by transferring biological information between cells.
Neural stem cells (NSCs) reside in a complex microenvironment rich in exosomes. However, the
roles of exosomes in mediating interactions between NSCs and their surrounding environment
are largely unknown. Using fetal mouse derived cortical neuroepithelium, cultured ex-vivo as
non-adherent neurosphere cultures, we found that exosomes could transfer information between
donor and recipient cells, serving as a novel means for communication within the fetal NSC
niche. While many studies have focused on NSCs in the fetal brain, it has long been assumed
that the genetic sex-of-origin of NSCs do not have a significant role in the behavior of NSCs. We
therefore initiated an investigation into the impact of genetic sex on the proteome of exosomes
secreted by NSCs. Exosomes were isolated by ultracentrifugation from male and female derived
NSCs, maintained as neurosphere cultures, and their proteome was assessed by liquid



chromatography-tandem mass spectrometry (LC-MS/MS). Sample data were analyzed using
Mascot (Matrix Science, London, UK; version 2.6.0). Scaffold (version 4.8.5, Proteome
Software Inc., Portland, OR) was used to validate MS/MS based peptide and protein
identifications. Preliminary analysis identified 348 proteins in exosomes that were expressed at
approximately equal levels in exosomes derived from both male and female NSCs. However, a
number of proteins were expressed uniquely in male or female-derived exosomes. These data
suggest that exosomes from male and female-derived NSCs may exert sex-specific control over
the behavior of the neurogenic niche during early fetal development.
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Abstract: Adult subventricular zone (SVZ) neural stem cells (NSCs) of the lateral ventricles and
parenchymal oligodendrocyte progenitor cells (OPCs) are proposed as the main sources of
remyelinating oligodendrocytes (OLs). Various remyelination strategies have been developed to
mobilize these cells and to stimulate their differentiation into OLs in animal models of
demyelination (Juarez et al, Brain Res, 2016). Several small molecules, including the antifungal
agent miconazole, the corticosteroid clobetasol, the muscarinic agents benztropine and
clemastine, have been shown to promote differentiation of neural progenitors into OPCs and to
promote functional remyelination in vivo (Deshmukh et al, Nature, 2013; Najm et al, Nature,
2013; Porcu et al, PlosOne, 2015). Interestingly, pharmacological inhibition of Glil, a
transcription factor associated to the Hedgehog (Hh) pathway, using GANT61 increased both
SVZ-derived NSCs progeny recruitment to the corpus callosum and their differentiation into
OLs, enhancing remyelination (Samanta et al, Nature, 2015). Thus, modulators of Smoothened
(Smo), the main transducer of Hh, by acting either on NSCs or OPCs to stimulate the rebuilding
of the damaged tissue, may have therapeutic value for demyelinating diseases (Ruat et al, Top
Med Chem, 2015). To further identify active molecules promoting remyelination, we have now
investigated the pro-myelinating properties of the quinolinone GSA-10, a Smo agonist acting



through an AMPK non-canonical pathway associated to inhibition of Glil transcription (Manetti
et al, EJMC, 2016; Fleury et al, Sci Rep, 2016). We have determined its efficacy to induce the
expression of Myelin Basic Protein (MBP) in the mouse immortalized oligodendrocyte precursor
cell line (Oli-neuM) expressing the Myelin Regulatory Factor (Porcu et al, PlosOne, 2015).
Preliminary data indicate that this quinolinone promotes high expression of MBP in an increased
number of cells compared to the non-selective Smo agonist clobetasol and relative to Vehicle.
These data suggest that GSA-10 is a potent myelin gene inducer. Experiments are underway for
evaluating its potency to induce the expression of oligodendrocyte markers and to identify Hh
signaling implicated in these effects. We are further characterizing Hh signals regulating the
plasticity of the SVZ neurogenic niche using GLASTC™ERT2_ptc**-YFP and GLASTC"*ERT2_ptc-/--
YFP mouse reporter lines (Daynac et al, Stem Cell Reports, 2016) during remyelination.
Altogether, these experiments should bring novel strategies and tools for developing active drugs
for demyelinating diseases.
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Abstract: Injury or diseases of the nervous system results in permanent loss of function as
neurons cannot divide and replace the dead neurons. A possible treatment for restoring normalcy
to those patients will be transplantation of functional neurons, prompting our efforts to
significantly increase population of neurons differentiating from neural stem cells (NSCs). Of
late, matrices fabricated from natural or biocompatible polymers have been tested for neural stem
cell differentiation. Cells can grow and differentiate on scaffolds formed by various
combinations of polymers and biocompatible materials. In addition, conductive polymers such as
polypyrrole (ppy), coupled with natural materials are being tested to check if they are capable of
enhancing the differentiation of stem cells into neurons. The use of natural materials such as



nanocellulose (NC) used as cell culture surface has been receiving attention as cellulose is
widely available, biocompatible and non-corrosive. Therefore, we differentiated rNSCs on (i)
poly-D-lysine (PDL) (ii) NC+polypyrrole (NCPPYy) (iii) quaternized NC+polypyrrole
(QNCPPy). After differentiation for two weeks, we determined the percentage of cells positive
for the neuronal marker BIII tubulin and the glial marker GFAP relative to the total cell count.
The highest percentage of rNSCs differentiated into neurons was on NCPPy (69+9.4%) in
comparison to the PDL (51+1.04%). Interestingly, astrocyte differentiation was least on NCPPy
(12+4.6%) compared to the other surfaces (17+5.2% on QNCPPy and 26+0.8% on PDL). Based
on these results, we plan to optimize the surfaces in an effort to further test and check at different
time periods if they can promote higher neuronal differentiation.
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Abstract: Malignant gliomas are the most frequent primary brain tumor in adults, with no
curative therapy (Curado et al. 2007). Endogenous vanilloids secreted by neural progenitor cells
(NPCs) induce cytotoxicity in GBM cells. Thus appears to be mediated by stimulation of the
Transient Receptor Potential Vanilloid 1 (TRPV1,) specifically of GBM. We turned to neural
progenitors differentiated from human induced pluripotent stem cells as well as directly induced
from fibroblasts as in vitro model (Fig. 1 and 2).

Human induced pluripotent stem cells (iPSCs) were differentiated into long-term expandable
neural stem cells (It-NSCs) (Koch et al. 2009) and directly reprogrammed fibroblasts into
induced NPCs (iNSCs). Both cell lines were expandable, expressed NPCs markers, differentiated
into mature neurons and glial cells, showed a stable karyotype and had active membrane
potentials (Fig 3).

Human GBM cells were exposed to conditioned media from 1t-NSC and iNSCs. We observed an
increased cell death in GBM. Exposure of TRPV1-deficient GBM to the same conditioned media



preparations resulted in an attenuated cytotoxic response, suggesting an involvement of
endogenous vannilloids secreted by 1t-NSC and iNSC in the observed GBM cell death (Fig 4).
We have established a model with two different source for human neural progenitors in order to
molecularly dissect vanilloid -mediated GBM cytotoxicity. This system may be either exploited
via transplanted, isogenic neural progenitors in GBM patients or to identify metabolic pathways
leading to the synthesis of individual vanilloids as chemotherapeutic agents.

Fig. 1 (A) Migration of NESTIN
positive cells from the
subventricular zone towards
a DsRed+ Glioma in the
caudate putamen (CPu) of
young mice. (B) Schematic
illustration of NPCs
constitutively  release  of
endovanilloids  and  their
induction of glioma’s cell-
death. Adapted from Stock, K.
etal. 2012.
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Abstract: Zika Virus (ZV) infection has gained worldwide attention following large outbreaks in
Brazil during 2015-2016 epidemics and has been linked to severe clinical condition called
microcephaly where fetuses are born with abnormally small brain. Emerging literature
demonstrate that ZV infection causes death and quiescence in neural stem cells hence reducing
overall pool of cells leading to microcephaly. However to date molecular mechanisms of ZV
induced microcephaly are poorly understood. We have employed well characterized in-vitro
model system of primary human fetal neural stem cells (fNSCs) for understanding the molecular
mechanisms of ZV induced microcephaly. We delineated ZV E protein over expression hampers
proliferation of fNSCs and reduces growth of neurospheres. Moreover there was induction of
proneural gene post E protein expression in fNSCs cultured in proliferating medium, suggesting
pre-mature differentiation of cells. Differentiation of fNSCs into neuronal lineage in the presence
of E protein induces apoptosis at day-3 of differentiation and migration from differentiating
neurospheres is also disrupted. Further we analyzed the global miRNA expression (miRNA Seq)
which shows disrupted miRNA circuitry in fNSCs post E protein expression. Among
differentially expressed miRNAs (DEM), we validated miR-204-3p, miR-1306-5p, miR-6087,
miR-23c and miR-676 using gPCR. These miRNAs are also reported to play role in other viral
infections. GO analysis for biological process of targets of differentially expressed miRNAs
revealed particular enrichment of DEM targets in cell cycle and cell cycle processes which
further substantiates our findings that E protein alters cell cycle dynamics. PANTHER pathway
analysis of targets of DEM showed enrichment of crucial developmental pathways including
WNT, CCKR, PDGF, EGF, p53, FGF and notch signaling pathways. Our study not only
provides novel insights into the mechanisms of ZV induced complications but also function as
valuable resource to the field for further understanding of mechanisms.
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Abstract: Certain polymers, such as oligothiophenes (LCOs), can function as single molecule
LEDs. LCOs are able to cross physiological cell membranes without additional reagents and to
illuminate when interacting with certain biological structures, such as insulin. We have with our
collaborators generated and characterized an LCO called p-HTMI or GlioStem that specifically
detects embryonic cortical stem cells and subpopulations of cells derived from glioblastoma
(GB), including stem cell-like cells and rapidly migrating cells. GlioStem is at least as sensitive
and specific than previous methods to detect these cell types (e.g., CD133 or CD44).

We have previously made a thorough verification and validation of the molecule, and found that
1) GlioStem passes the cell membrane without any additional reagent or modification, and within
a maximum of 10 minutes specifically detects subpopulations of patient-derived GB cells in vitro
by omitting fluorescence at a wavelength similar to GFP just by simple dispersion in the existing
media, ii) GlioStem-positive human GB cells can efficiently be sorted out from mixed cell
populations by cell sorting techniques (FACS), iii) the specificity of GlioStem is dependent on a
methylation modification of two imidazole rings making the molecule similar in structure to
histidine/histamine, iv) GlioStem labels the same GB cells as CD271 (NGF receptor p75) which
in turn labels stem cell-like cells and rapidly migrating cells in GB, and v) pilot studies have
shown that GlioStem indeed detects patient-derived GB cells also in vivo in a rodent model.

We have now pursued a thorough screen for putative intracellular structures GlioStem may
interact with, and we have found that the main intracellular target for GlioStem is
GOLGA2/GM130, a protein of the Golgi apparatus. GlioStem was found to be in close
proximity and sharing pixels with around 80% of GOLGAZ2 immunoreactivity and GOLGAZ2 in
turn occupied around 60% of GlioStem-positive pixels. We conclude that GOLGAZ2, or a protein
very closely associated with it, is the major intracellular target of GlioStem. Current
investigations focus on elucidating the structure of GOLGA2 as well as similarities and
differences in the Golgi apparatus between GB cells, embryonic neural stem cells, and other -
GlioStem-negative - cell types.
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Title: High-throughput screening of induced pluripotent stem cell derived motor neurons on
qube and gpatch
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Abstract: Human induced pluripotent stem cells (hiPSCs) can be differentiated into many cell
types, including neurons and cardiomyocytes, and therefore constitute a novel way to model
human diseases for drug-testing in vitro'. lon channels represent highly attractive therapeutic
targets in the nervous and cardiovascular systems?, rendering electrophysiological studies of
hiPSCs critical for their usage in drug-discovery. However, such studies have traditionally been
limited by the labour-intensive and low-throughput nature of patch-clamp electrophysiology?.
Here we present the electrophysiological characterization of hiPSC derived motor neurons using
our Automated Patch Clamp (APC) platforms, Qube 384 and QPatch. Our results include a
measure of channel expression versus time in culture, the pharmacological dissection of
endogenous ion channels (e.g. Nay and Ky), identification of ligand-gated receptors, and
recordings of action potentials using current clamp. The major challenge when investigating
neurons using APC platforms is the requirement to dissociate the cells from their neuronal
network while maintaining cell viability and membrane integrity®. By optimization of the
harvest- and whole-cell protocols we have overcome this obstacle resulting in success rates of up
to 60% using our 384 well system. Our results demonstrate the feasibility of conducting
electrophysiological characterization and drug-screening on hiPSC derived neurons on APC
platforms like Qube 384 and QPatch, thus paving the way for high-throughput ion channel-
targeted screening of drugs for neurological disorders.

1. Ko, H. C. & Gelb, B. D. Concise Review: Drug Discovery in the Age of the Induced
Pluripotent Stem Cell. STEM CELLS Transl. Med. 3, 500-509 (2014).

2. Dunlop, J., Bowlby, M., Peri, R., Vasilyev, D. & Arias, R. High-throughput
electrophysiology: an emerging paradigm for ion-channel screening and physiology. Nat. Rev.
Drug Discov. 7, 358-368 (2008).

3. Raman, I. M. & Bean, B. P. Resurgent Sodium Current and Action Potential Formation in
Dissociated Cerebellar Purkinje Neurons. J. Neurosci. 17, 4517-4526 (1997).
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Title: The role of Elk-1 transcription factor in tumoursphere formation of brain tumour cells
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Abstract: ELK-1 transcription factor, a member of ETS oncogene superfamily, is responsible
for many crucial processes within the cell through its phosphorylation via MAPK/ERK pathway.
However, little is known about its biological significance in the formation of brain tumours,
especially glioblastoma and neuroblastoma. Over-expression or down-expression of ELK-1
through transfection has been shown to be related with the expression of certain stemness
factors. In this study, we aimed to investigate the functions of ELK-1 in tumoursphere formation
of both glioblastoma and neuroblastoma cell lines. We assessed the effects of ELK-1 over-
expression and its knock-down via short hairpin RNA (shRNA) on glioblastoma and
neuroblastoma cell lines in vitro. Tumoursphere formation was provided by sphere formation
medium and CD133(+)-cell enrichment was conducted by magnetic separation with MACS
CD133 microbeads. The change in gene expression pattern and protein levels of certain stemness
genes and tumoursphere markers were evaluated with g°PCR and Western blot analysis,
respectively. The interaction on the chromatin level was checked with chromatin
immunoprecipitation (ChIP) experiments. Brain tumour cell lines, incubated in sphere formation
medium that was supported with EGF and bFGF, formed distinct tumourspheres, depending on
whether they were stemmed from glia or neurons. The results show ELK-1 is effective in the
regulation of stemness gene expressions. This study may pave the way for the biological triangle
of brain tumour cell lines: tumourigenesis, survival and ELK-1.
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Abstract: The paradigms of induced pluripotent stem cell (iPSC) and induced neurons (iNs)
offer an opportunity to study neurons derived from patients with neuropsychiatric illnesses. A
critical question remains, however, to what extent neurobiological characteristics of donors,
epigenomic markings in particular, are maintained in neurons derived via these paradigms.
Increasing evidence suggests that reprogrammed cells reflect molecular characteristics of source
cells. It follows that it will be preferable to use source cells that are more likely to harbor neural
characteristics and to convert them with least modification of epigenetic landscape. Presently,
skin fibroblasts or blood cells are most often used as source cells for genomic reprogramming.
Here we examined olfactory neuroepithelial (OE) cells derived from human subjects for their
neurogenic potential and changes in chromatin conformation following transduction of miR-9/-
124. Upon transduction with miR9/124, OE cells showed significantly decreased cell
proliferation. In addition, 20 to 25% of OE cells showed neuron-like morphology within 5 to 7
days of culture in differentiation condition. Neuronal morphology of these cells were maintained
or further elaborated over the next 21 days, during which time these neuronal cells changed their
morphology, their positions and contacts with other cells. OE cells transduced with mir9/124 or
with mirSS were analyzed by quantitative polymerase reaction for expression of molecular
markers specific for exiting the proliferative cell cycle (BM88), cellular commitment to the
neuroprogenitors (Doublecortin) and neuronal markers (Map 2, Map 1b, Tuj-1). A critical
question is the extent to which the chromatin conformation of OE cells is accessible to the genes
that have been implicated for neuropsychiatric illnesses. ATAC seq results from OE cells before
and after neuronal conversion will be presented compared to those of human skin fibroblasts
with respect to chromatin accessibility in genes that have been implicated for neuropsychiatric
illnesses.
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Abstract: Aberrant cortical development is one of the hallmarks of Fetal Alcohol Spectrum
Disorders. While prenatal ethanol exposure can activate cell death pathways in developing
neurons, the neural stem and progenitor cell populations are largely spared. Instead, our data
suggests these cells are reprogrammed to favor premature maturation and decrease self-renewal
capacity. Calcium dynamics are known to affect cell cycle progression and differentiation as well
as coordinate behavior across neural progenitors. Here, we examined how chronic ethanol
exposure and withdrawal affect calcium dynamics in a model of the neural stem and progenitor
cell niche. Neurosphere cultures, derived from GD12.5 mouse dorsal neuroepithelium and
maintained in mitogenic media, were exposed to ethanol for 5 days at levels reflecting control (0
mg/dL), low (60 mg/dL), binge (120 mg/dL), and chronic (320 mg/dL) drinking behavior.
Subsequently, these neurospheres were then either loaded with Fluo-4 AM for calcium dynamic
imaging or allowed to withdraw from ethanol for an additional two days prior to imaging. We
found that some baseline calcium attributes were affected by low levels of ethanol, such as
elevation of resting calcium, while others were altered in a dose-dependent manner, such as
calcium event frequency. We also found that there were dose-specific effects on the calcium
response to subsequent exposure to acute ethanol and nicotine. These effects may be mediated
directly following chronic exposure through alterations to ryanodine receptor composition and
after withdrawal by alterations to inositol-3-phosphate receptor composition. Principal
component analysis identified three distinct sub-populations of neural progenitors which define
the diversity of observed calcium signaling behaviors observed. Moreover, these three sub-
populations exhibited varying sensitivity to ethanol exposure and withdrawal as well as to
subsequent acute drug exposure. These data show that ethanol perturbs calcium dynamics within
the neural progenitor cells in a dose-dependent manner and that some alterations are enhanced
only after withdrawal. These data indicate that ethanol’s effect on reprogramming cells may be
mediated by calcium signaling mechanisms, and that intracellular calcium dynamics are robust
indicators of both ethanol exposure and withdrawal.
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Title: Let-7 MicroRNA inhibits adult ciliary epithelium cells neurosphere formation
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Abstract: The Ciliary Epithelium (CE) of adult mammalian eyes contains a quiescent population
of retinal progenitor/stem cells that are able to proliferate and generate neurospheres in vitro.
These cells express retinal progenitor genes and proteins and are known to generate different and
functional retinal neurons after induction. Despite this regenerative capacity, the reprogramming
efficiency is low due to the presence of unknown mechanisms and regeneration inhibitory factors
such as microRNAs (miRNAs), small non-coding RNAs responsible to regulate a variety of
progenitor and pluripotent genes expression. Here, we investigated the expression of Let-7
family of miRNAs and its regulatory protein Lin28 in CE cells from rodents, and its influence on
neurospheres formation. CE cells from normal newborn and adult animals (Wistar) were
carefully separated from retina and the expression of Let-7 miRNA family, as well as Lin28
transcripts and protein levels were analyzed. We found that Lin28 was highly expressed in
newborn CE tissues while Let-7 family indicated low expression levels at this age. Adult CE
tissues expressed an inverted pattern, with Let-7 family 10-fold higher and Lin28 6-fold lower in
comparison to newborns. This shows that Let-7 miRNA are highly expressed in adult CE cells.
We induced adult CE neurospheres formation by culturing these cells with growth factors (EGF
and FGF) for 7 days and found higher levels of Lin28 in comparison to Let-7 miRNAs, similar to
newborn tissues, indicating that neurospheres and newborn CE cells share similar Let-7-Lin28
expression patterns. Latter we added chemically modified single-stranded oligonucleotides
designed to bind to and inhibit endogenous Let-7 or to mimic endogenous mature Let-7 in CE
cells culture at early neurosphere formation stage. The overexpression of Let-7 in CE cells
gradually decreased neurospheres formation (Let-7 mimic 10nM, 20nM and 30nM, decreased
70%, 90% and 100% neurospheres respectively), with complete inhibition of neurospheres
formation at 30nM. No differences in neurospheres numbers were observed with Let-7
inhibition. Our results suggest that up-regulation of Let-7 miRNAs are sufficient to prevent the
mechanisms involved in stem cells activation. However, down-regulation of Let-7 expression
alone is not capable to improve CE cells stem/progenitor cells reprogramming efficiency. The
information gleaned from this study may provide valuable insight into the cellular and molecular
events that underlie the reprogramming response of CE cells and the mechanism of retinal
recovery.
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Abstract: Objective and Rationale: Multiple approaches have recently been described to
generate in vitro neural organoid models from human induced pluripotent stem cells (iPSC).
While these models are effective at recapitulating many features of human fetal brain
development, the processes used to generate them are not amenable to large-scale production and
high-throughput applications. The goal of this exploratory research is to develop a scalable and
reproducible in vitro, 3-dimensional neurospheroid model that may be used for high-throughput
applications assessing neurodevelopmental toxicology and drug development.

Methods: iPSCs (male, 68 years old) were differentiated to neural progenitor cells (NPCs) by
blocking TGF-B/BMP-dependent SMAD signaling. Differentiation was assessed by
immunofluorescent staining for NPC markers nestin and SOX2. An additional NPC line was
commercially obtained. To generate neurospheroids, NPCs were seeded in ultra-low adhesion
multi-well plates at various cell densities, and neuronal differentiation was induced with BNDF
and GDNF. Neurospheroids were maintained in culture for up to 8 weeks. Immunofluorescent
analysis of neurospheroids was performed on frozen sections.

Results: NPCs differentiated from iPSCs expressed NPC markers SOX2 and nestin. The size of
neurospheroids grown in ultra-low adhesion plates steadily increased up to 8 weeks in culture at
all cell seeding densities tested. Neurospheroid size was very consistent over time, both within
and across batches. Immunofluorescent analysis of frozen neurospheroid sections revealed
widespread expression of neuronal markers MAP2 and BIII-tubulin, as well as VGLUT1,
indicating presence of presynaptic glutamatergic specializations.

Conclusions: Neurospheroids of consistent size containing mature neurons were successfully
generated using this approach. The model is easily scalable and can be adapted to either 96- or
384-well plate formats, allowing use in high-throughput applications. Further efforts will
continue to characterize the cell types present in neurospheroids and assess the maturity of
synaptic connections, and this characterization will be expanded to include neurospheroids
generated from iPSCs representing an array of ages, gender and disease conditions.
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Abstract: The flexibility and accessibility of induced pluripotent stem cell technology has
allowed complex human biology to be reproduced in vitro at high throughput scales. Indeed,
rapid advances in stem cell technology have led to widespread adoption for the development of
in vitro models of neural disease and for screening applications in drug discovery and safety.
However, to effectively characterize stem cell derived models, or to extract meaningful and
predictive information from these models, new technology is required for evaluating functional
cellular and network responses. For electro-active cells, like stem cell derived neurons,
measurements of electrophysiological activity across a networked population of cells provide a
comprehensive view of function. Microelectrode array (MEA) technology offers such a platform
by directly connecting key biological variables, such as gene expression or ion channel
distributions, to measures of cellular and network function in stem cell derived neurons. A planar
grid of microelectrodes interfaces with cultured neural networks, modeling complex, human
systems in a dish, such that the electrodes detect the raw electrical activity of nearby neurons in
the population. Furthermore, the advent of multiwell MEA platforms has enabled high
throughput capacity for applications including drug discovery, toxicological and safety
screening, disease models, and stem cell characterization and optimization. Here, we present
results from evaluation of stem cell derived neural cultures on the Maestro Pro multiwell MEA
platform. The stem cell derived neurons were cultured on 48- and 96-well MEA plates and
monitored throughout maturation of the network connections. To characterize the cultured
networks, advanced metrics describing the burst, synchrony, and evoked aspects of the
functional population activity were computed in response to ion channel blockers and
compounds altering synaptic activity. In comparing across wells, the stem cell derived networks
displayed reliable and expected functional responses. These results support the continued
development and use of stem cell derived neural network assays on multiwell MEA technology
for high throughput drug discovery and evaluation of phenotypic disease-in-a-dish models of
neural disease.
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Abstract: Adult neural stem cells (NSC) were first isolated and characterized using cell culture
over 25 years ago. However, recent advances in lineage tracing have elucidated that NSC
properties in vitro do not mimic their native behavior in vivo. Using adult hippocampus, we
developed a simple and scalable culture approach to recapitulate endogenous NSC fate choices.
We determined that commonly used growth factor concentrations promote NSC symmetric
divisions while suppressing neuronal fate, and amplify glial-committed progenitors. Instead, low
growth factor application during an ‘expansion phase’ balances NSC symmetric, neurogenic and
astrogenic fate choices akin to multipotential NSC behavior in vivo. Further, we show that NSC
fate choices are reversible, which permits both amplification of NSC number and proper cell fate
outcome. Our study provides a new system to study new cell generation, neural circuit
formation, mechanistic regulation, and perform drug screening with high throughput capacity.

Disclosures: N. Zhang: None. T. Oughourlian: None. L. Peng: None. J. Sheppard: None. M.
Bay: None. M. Bonaguidi: B. Contracted Research/Research Grant (principal investigator for a
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Abstract: The advent of the CRISPR/Cas9 system complexed with induced pluripotent stem
cells (iPSCs) provides a powerful tool to support in vitro disease modeling and drug discovery
efforts. CRISPR/Cas9 mediated genome editing in iPSCs coupled with the ability to differentiate
into numerous cell types, either Neural Stem Cells (NSCs) or neurons, can be used to study
disease-specific genetic defects in physiologically-relevant cellular models. Here, we
demonstrate the ability to use our CRISPR tools to edit the genome efficiently in iPSCs to create
disease-relevant genetic changes to relate to neurological disease primarily in the cortical region
of the brain. We subsequently differentiated these edited iPSCs into NSCs and further into
cortical neurons as in vitro neurobiological disease models that manifest cellular phenotypes
commonly observed in human disease. Furthermore, we developed several scalable assays to
screen the isogenic iPSC-derived NSCs and cortical neurons generated using the above method.
These assays can measure cell health and viability, neurite outgrowth, synaptogenesis, calcium
influx and variations in channel activity, and electrophysiological changes. By combining
genome editing of iPSCs and subsequent differentiation to relevant cortical cell types followed
by downstream phenotypic identification using these assays, we have created a system that
enables deeper understanding of neurobiological diseases, thereby enabling the potential
identification new drug targets, and advancement in the development of personalized medicine.

Disclosures: J. Webb: A. Employment/Salary (full or part-time):; Thermo Fisher Scientific. J.
Dizon: A. Employment/Salary (full or part-time):; Thermo Fisher Scientific. R. Vega: A.
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study neurodegeneration
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Abstract: Dental tissue contains dental pulp stem cells (DPSCs), that are mesenchymal stem
cells, capable to differentiate into multiple linages including neuronal. The study of the
differentiation potential of the DPSCs has implications on the development of therapeutic
applications for neurodegenerative diseases and has been applied for cell therapy and tissue
engineering. The aim of this study was to explore the differentiation potential of the DPSCs to
the neuronal phenotype. For this purpose, we culture the mesenchymal stem cells in a chemical
defined medium (with Insulin, Transferrin and Selenium, ITS), supplemented with or without
growth factors (BDNF and GDNF). We isolated DPSCs from a healthy 46 years old female first
molar. The cells were expanded in a growing medium (DMEM/F12) containing 10 % FBS. By
Western blotting, Confocal imaging of Immunofluorescence, RT-PCR and FACS of several
phenotype markers, we demonstrate in the DPCs cultured in growing medium, the expression of
the mesenchymal and stem cells markers: CD105, CD90, CD73, SOX2, Oct3/4, NANOG and
the absence of the expression of hematopoietic markers CD45, CD34, CD14. Furthermore, when
the DPSCS were cultured in the ITS medium with or without growth factors, we were able to
detect the expression of neuronal markers, such as NF-M, MAP-2 and Neu at 35 days in vitro. At
this long culture time point, the mesenchymal markers were no longer expressed. To validate the
maturation the Neuronal cells differentiated from DPSCs, we evaluate the passive membrane
properties by hole cell recording (Rin, RMP and Cm).
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Abstract: Silver nanoparticles (Ag-NPs) are one of the most popular nanotechnologies because
of their unique antibacterial and antifungal properties. Given their increasing use in a wide range
of commercial, biomedical and food products, exposure to Ag-NPs is now a reality in people’s
lives. However, there is a serious lack of information regarding their potential toxic effects in the
central nervous system. In this study, we investigated the biocompatibility of “homemade” Ag-
NPs in an in vitro model of human neurons derived from dental pulp mesenchymal stem cells.
Our results, showed that acute exposure to Ag-NPs cause cytotoxicity, by triggering cell
apoptosis, damaging neuronal connections, affecting the mitochondrial activity and changing the
MRNA expression level of MT3 and OSGIN2, two genes involved in heavy metals metabolism
and cellular growth during oxidative stress conditions. Further studies are needed to understand
the molecular mechanisms and the physiological consequences underlying Ag-NPs exposure.
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Abstract: Determining the functional cellular and network mechanisms of the human cortex is
an important step in understanding human brain function and investigating deficits underlying
dysfunction. A major impediment to studying these processes has been a lack of available tissue.
However, innovations in the field of human induced pluripotent stem cell (hiPSCs) are now
providing efficient differentiation protocols of cortical neuronal and glial subtypes to enable this
research in interrogatable in vitro cultures. An important feature of neuronal networks that is
absent in traditional planar 2D cultures is however their 3D structure and connections. A possible
way forward would be to produce different non-planar cell-supporting structures using two-
photon polymerization (2PP), part of our aim in the MESO-BRAIN project. An important first
step is the identification of 2P-polymerizable materials which are biocompatible, and have the
capacity to allow electrophysiological and fluorescence calcium imaging monitoring of network
activity. Biomaterials chosen from a panel of commonly utilized polymers were tested against
prerequisites: amenability to the 2PP printing process at um resolutions, biocompatibility to
promote healthy long-term neural cultures, and ability to optically interrogate for dynamic
network imaging and fluorescence-sensitive identification of cell populations. HiPSC-derived
neural progenitors (Axol Bioscience Ltd., UK) were initially cultured upon planar 2PP-
polymerized candidate biomaterials: Organically-modified silica (Ormaosil), Polyethylene glycol
diacrylate (PEG-DA), Polylactic acid (PLA). Culture development was quantified using phase-
contrast microscopy, nuclei-counting, live/dead viability staining, and fluorescence
immunocytochemistry. All materials tested displayed no overt toxicity to hiPSC-derived cultures
in CellTitre-Blue® viability assays. All materials displayed some degree of auto-fluorescence,
with Ormosil and PLA being excluded from further investigation due to their incompatibility
with fluorescent probes. Neural progenitors (PAX6" / SOX2*/ NESTIN®) cultured on PEG-DA
differentiated into mature neuronal populations (MAP2* / TBR1* / CTIP2") as assessed via
immunocytochemistry using Alexa Fluor® 488, 561 and 633 fluorescent probes. PEG-DA
cultures were also calcium imaged with Fluo-4 acetoxymethyl ester, exhibiting increased
responses to 25 uM glutamate, and subsequent block of activity with addition of 1uM
tetrodotoxin. Our data currently determines PEG-DA to be a suitable polymer for 2PP-
fabrication of 3D biocompatible scaffolds for growing hiPSC-derived neuronal networks.
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Title: Inference of neuronal networks in three-dimensional cultures
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Abstract: In this work we study how functional connectivity between neurons can be influenced
by the structure of the substrate they grow on. We study the connectivity of neurons in three-
dimensional (3D) cultures to understand how neurons connect in developing tissue.

We report the evolution of functional 3D neuronal networks over several days. We have applied
network inference methods to recordings of calcium fluorescence imaging at a resolution
allowing the segmentation of individual neurons into Regions of Interest (ROI), and the
extraction of their activity time series. ROIs with identical dynamics occurring at overlapping
coordinates in adjacent volumes have been grouped as representing a single neuron.

Networks are inferred using Generalised Transfer Entropy and Time Delays methods. These
methods yield the direction and relative weight of connections. A surrogate method has been
applied to the activity traces to eliminate spurious connections.

Functional connections persistent in a given culture during development are identified. The
evolution of local network properties such as degree and clustering coefficient of given nodes are
compared along development of the culture over several days. Additionally, we compared the
network patterns obtained for rat primary cortical cultures to those of human induced pluripotent
stem cell derived cultures.

This research is part of MESOBRAIN. MESOBRAIN has received funding from the European
Union’s Horizon 2020 research and innovation programme under grant agreement No 713140.
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Abstract: Three-dimensional (3D) in vitro neuronal cultures mimic extracellular conditions
more accurately than standard 2D networks. Cells remain healthy for longer periods, develop
richer connectivity architectures, and show much more complex activity patterns. These 3D
networks have become a valuable tool for tissue engineering, with promising applications for the
modeling of brain functions and the study of neuropathologies.

In the present study we investigate 3D networks grown in a semisynthetic hydrogel termed
‘PEGylated Fibrinogen’, which allows for a biocompatible yet mechanically tunable
environment. We monitored spontaneous activity using fluorescence calcium imaging with
GCaMP6s, a genetically encoded calcium indicator, that allows the observation of network
development and behavior along several days. We used light-sheet microscopy to image neurons
in the entire 3D volume of the network. This imaging technology grants a sufficiently fast
recording speed and image quality to capture the details of neuronal dynamics and render
functional connectivity maps. In our setup, we considered a 1 mm? volume, and imaged activity
in 10 planes of the volume at 200 frames per second.

Tests with primary embryonic cortical neurons demonstrate the capacity of 3D networks to show



rich spontaneous activity already from day in vitro 7. Neuronal cultures derived from human
induced pluripotent stem cells (HIPSC, provided by AXOL Bioscience) were also tested, with
the goal to compare both culture conditions and characterize their functional connectivity.
This research is part of MESOBRAIN.
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Abstract: Stereotyped synaptic connections define the neural circuits of the brain. In vertebrates,
synapse development is accompanied by a sustained period of spontaneous network activity. The
mechanisms driving this activity and its contribution to establishing synaptic specificity remain
poorly understood. Using two-photon microscopy in live, intact animals, we report that patterned
spontaneous network activity (SNA) accompanies synapse development in the Drosophila visual
system. SNA begins halfway through metamorphosis, shortly after synapses begin to form. This
activity is oscillatory, in which each cycle exhibits an “active phase”, where all neurons in the
optic lobe exhibit multiple bouts of activity, and a shared “silent phase”. SNA lasts for about 50
hours, during which activity evolves from an initial periodic stage, characterized by cycles of
regular frequency, to a later chaotic stage, in which this consistent periodicity is lost. Using a
combination of calcium imaging, voltage imaging, and pharmacology, we showed that SNA is
dependent on voltage-gated sodium channels, independent of visual stimuli, and accompanies
neurotransmitter release. Next, we investigated activity patterns at the level of individual cell
types using cell-type specific expression systems. We analyzed the spatiotemporal structure of
SNA for 14 different neuronal cell types, based on the degree of participation of cells in the
active phases, and the relative timing of their activity. These two metrics, termed “coordination’
and “coherence”, provided distinct activity signatures for different cell types and revealed

b



similarities between cell types that are synaptically coupled in the adult. Indeed, pairwise
imaging showed that such cells have more correlated activity relative to uncoupled pairs.
However, neither the proximity in coordination-coherence values nor direct correlation between
pairs of cell types strictly follow the relative strength of the synaptic coupling observed in the
adult. Together, these results suggest that the early connectome of the developing brain reflects
that of the adult, but synaptic weights may continue to be modulated throughout development.
Our observations indicate that SNA is a shared feature of both vertebrate and invertebrate brain
development, and its discovery in Drosophila offers a complementary track to studying its
contribution to synaptogenesis.
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Abstract: Drosophila motoneurons undergo activity-dependent expansion of their
neuromuscular junctions (NMJs). This form of synaptic plasticity requires a TGF- growth
factor, Glass bottom boat (Gbb), which is released by the muscle fiber to activate a BMP
receptor complex at the presynaptic bouton. This retrograde, trans-synaptic signal results in the
local phosphorylation of the R-Smad transcription factor pMad, and leads to pMad-dependent
transcription that is required for NMJ growth and plasticity. Since transcription occurs at the cell
body, distant from the NMJs, it raises the question as to how a neuron that innervates multiple
cells can control activity-dependent plasticity at specific subsets of its targets. To test this, we
examined the ventral Common Exciter motoneuron (VCE), a cell that innervates multiple ventral
muscle fibers. Using GAL4 driver lines specific to subsets of the vCE muscle fiber targets, we
expressed transgenes postsynaptically, opposite specific branches of the neuron, leaving the



other branches to serve as controls. RNAi knockdown of the dGIuRC or dGIuRA subunits of
glutamate receptors, in just one of the vCE target muscles, resulted in reduced presynaptic
quantal release at that contact, and also blocked the ability of that vCE branch to undergo
activity-dependent expansion. The adjacent branches of the vCE on unaltered muscles showed
normal synaptic function and plasticity. Loss of postsynaptic glutamate receptors at a single
muscle fiber target of the vCE also resulted in the loss of local presynaptic pMAD accumulation
at the corresponding branch’s boutons, with normal pMAD accumulation at adjacent, unaffected
VCE contacts. This indicates that branch-specific pMAD accumulation is under the direct local
control of the corresponding postsynaptic cell. To address a role for trans-synaptic signaling, a
wild-type Gbb transgene was driven in a subset of the vCE targets of a gbb mutant, which
rescued the functional and plasticity phenotypes, but only in the branch opposite the Gbb-rescued
muscle fiber. Conversely, growth and plasticity of specific vCE branches was locally suppressed
by RNAIi knockdown of Gbb in the corresponding muscle fiber, with the other branches of the
vCE remaining unaffected. We propose that presynaptic pMad accumulation in synaptic boutons
plays a key role in locally determining the potential for activity-dependent plasticity through an
unknown non-canonical mechanism. This may be an example of “synaptic tagging”, governing
the capture of molecules transported from the soma that are essential for synaptic growth and
plasticity.
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Abstract: The Rel homology NFkB transcription factors are well known to have nearly
ubiquitous expression and are mostly associated with innate immune functions in many
metazoans and are especially well represented in mammalian organisms. The critical regulator in
most cases is the | kappa B kinase (IKK) complex which regulates the pathway by regulation of
protein stability of the IkB inhibitors are well as the activation of transactivation by
phosphorylating the transcription factors themselves. Although ubiquitously expressed, a
function for the IKK2 or the NFkB function in the brain has remained elusive. Here, in the



present study we show that the expression of Major histocompatibility complex (MHC I)
proteins is altered when the IKK2 kinase is conditionally deleted in the CNS. Transcriptome data
derived from RNA-seq of PO pup brains, reveals an alteration of MHC class | subtype levels in
IKK2 KO brains. This alteration however, was not observable in cultured neural progenitor cells.
No visible structural alterations in neuroanatomy were observed. Similarly, no overt immune or
inflammatory changes were observed in postnatal mice up into adulthood. The preliminary
results suggest that unlikley previously assumed, there is a possible function of IKK2 in the brain
through its regulation of MHC class | that has recently been shown to play a role in
synaptogenesis, pruning and postnatal neurodevelopmental maturation pathways.
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Abstract: The predominant form of acetylcholinesterase (AChE), the enzyme responsible for
terminating cholinergic neurotransmission, expressed in neurons is the globular G4 form
consisting of four catalytic subunits anchored by a 125 amino acid transmembrane peptide called
PRIMA. This AChE form is synthesized and assembled in the endoplasmic reticulum and
subsequently transported through the secretory pathway for externalization at the plasma
membrane. In neurons this includes transport down the axons via rapid axoplasmic transport and
deposition at cholinergic synapses. Many cholinesterase inhibitors can stabilize the protein to
thermal denaturation. However active site directed inhibitors have a unique ability to enhance
AChE expression in tissue cultured cells. When HEK 293 cells expressing mouse AChE are
incubated with either Donepezil (Don) or Galantamine (Gal), the two most common drugs used
to treat Alzheimer's patients, there is a large 200-300% increase in AChE expression due to
enhanced protein folding and stabilization. This increase in catalytically active AChE occurs
without changes in total AChE protein indicating that the source of active enzyme is the



intracellular pool of inactive enzyme molecules. When these drugs are injected into mice at the
same relative concentrations used to treat humans there is a large increase in total brain AChE
within several hours. The increased AChE consists almost exclusively of the synaptic G4 AChE
form, and occurs without apparent changes in total AChE protein as well. At a transport rate of
200 mm/day it would only take a couple hours for the newly-synthesized AChE to reach most
cholinergic synapses in the mouse brain. Moreover, an increase in synaptic AChE could possible
reduce the efficiency of cholinergic transmission in the brain thereby reducing the effectiveness
of the very drugs designed to enhance cholinergic transmission. Future behavioral studies are
planned to test this hypothesis.
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Abstract: Spinules are thin projections that emanate from one neurite and protrude into an
adjacent (often pre- or postsynaptic) neurite. Increased prevalence of these evolutionarily
conserved features of neuronal anatomy has been correlated with experimental regimes that
induce high frequency neuronal activation (e.g. long-term potentiation, KCI application) within
particular microcircuits (e.g. stratum radiatum of CA1 in hippocampus), suggesting a role for
spinules in neuronal circuit remodeling (Toni et al, 1999; Tao-Cheng et al, 2009). In addition, the
appearance of spinules at a synapse is correlated with ‘perforations’ in the postsynaptic density
and coated endocytic pits at spinule tips in the developing and adult brain, indicating a role for
spinules in neuronal communication (Jones and Calverley, 1991; Spacek & Harris, 2004). Yet,
the developmental profile, activity-dependence, and possible functions of spinules at cortical
synapses remain unknown. Here, we have determined the developmental prevalence and
ultrastructural features of spinules within presynaptic terminals forming excitatory cortical
synapses in layer 4 of primary visual cortex (V1) from developing and adult ferrets. Furthermore,
we present preliminary evidence exploring whether perturbations of in vivo activity (i.e.



monocular deprivation and early eye opening) are correlated with altered spinule prevalence at
excitatory synapses in layer 4 of V1. In analyzing > 100 randomly collected synapses per age
group (n=2-3 male & female animals/age) with experimenters blinded to condition, we find that
the percentage of spinules within excitatory synapses remain largely unaltered from the age of
eye opening around postnatal day 35 (p35) through the end of the critical period for ocular
dominance plasticity (p60). However, the percentage of spinules within excitatory synapses in
V1 rapidly peaks near the age of sexual maturity (> p90). These data suggest that spinules within
excitatory synapses of primary sensory cortex may serve as ultrastructural ‘anchors’ that aid in
stabilizing mature synapses, rather than purely filopodial-like structures that participate in circuit
remodeling.
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Abstract: The process of synapse turnover is regulated by specific signaling mechanisms.
Various molecules that promote formation and differentiation of synapses have been identified.
Some of these molecules were classified as synapse organizers, because they were shown to
initiate differentiation of hemi-synapses when they were expressed in non-neuronal cells and co-
cultured with neurons. That said, little is known about the mechanisms underlying destabilization
and elimination of unnecessary synapses. Here, we report that bone morphogenetic protein
(BMP) 4 released from axons has the ability to eliminate synapses. BMPs are members of the
transforming growth factor B(TGF-B) superfamily. Multiple members of the TGF-f superfamily
are expressed in hippocampal neurons, but neuronal activity dependent regulation of the genes
encoding this group has not been systematically analyzed. we investigated the expression
profiles of genes related to TGF-Bsuperfamily signaling in response to downregulation of
neuronal activity in hippocampal neurons. Blocking neuronal activity using a sodium channel
blocker induced Bmp4 upregulation.At the synaptic level, molecular mechanisms and
significance of BMP signaling have not been fully investigated. There has been no direct



evidence of BMP release at synapses. Whether BMP regulates synaptogenesis positively or
negatively is still an open debate. These questions should be answered by direct monitoring of
BMP release, its binding to receptors, and subsequent effects on synaptic structure and function.
BMP4 transported into axons was secreted and accumulated on the axonal surface close to
synaptic sites via type | receptors. BMP4 overexpression or knockout in culture reduced or
increased presynaptic structures, respectively. In vivo single-cell knockout of BMP4 and
subsequent two-photon imaging of synaptic dynamics confirmed the importance of BMP4 in the
regulation of appropriate synaptic density. These results suggest an active role of BMP4 on the
axonal surface in eliminating inappropriate synapses during neural circuit development.
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Abstract: Dendritic spines, the actin-enrich protrusions emerged from dendrites, are subcellular
locations of excitatory synapses in the mammalian brain. Many actin-regulating molecules
modulate dendritic spine morphology and synapse plasticity in response to neuronal activity.
Actinfilin (AF), an actin-binding protein, is predominantly expressed in brain. It contains N-
terminal Broad-Complex, Tramtrack and Bric a brac (BTB) domain, which is involved in CUL3-
dependent ubiquitination, and C-terminal kelch domain, which interacts with F-actin. Human
genetic study indicated the association of AF with infantile spasms, a rare childhood epilepsies
and related to mental retardation, suggesting that AF plays a role in brain development and
function. Here, we used cultured hippocampal neurons to explore the role of AF in neuronal
morphogenesis and synaptic plasticity. We found that AF is presented in dendrites, including
dendritic branching site and dendritic spines. Its expression was regulated by neuronal activity.
Using miRNA knockdown approach, we found that loss of AF influenced dendritic arborization,
spinogenesis and functional synapse formation. We further suggested that AF regulates F-actin
intensity at dendritic spine and alters activity-induced spine enlargement. In addition to
knockdown of AF expression, overexpression of AF fragments was also performed to disrupt the
function of endogenous AF in neurons. Both AF-N terminal and AF-C terminal truncated



mutants had impact on F-actin rearrangement and synapse formation. In addition to morphology
change, loss of AF also altered surface AMPAR expression, suggesting that AF may modulate
synaptic strength. Furthermore, CRISPR-Cas9 AF knockout mice also show alteration of
dendrite arborization, dendritic spine formation and activity-induced spine enlargement. In
conclusion, our results provide the evidence that AF, a gene associating with infantile spasms,
contributes to neuronal morphogenesis and synapse plasticity.
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Title: Role of histone deacetylase 2 (Hdac2) in PV cell circuit development
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Abstract: Cortical parvalbumin-positive basket cells (PV cells), the major source of GABAergic
inhibition in the brain, innervate hundreds of postsynaptic targets with multiple synapses
clustered around the cell body and proximal dendrites. These cells are particularly important for
the regulation of multiple cognitive functions and developmental cortical plasticity. Although PV
cell function is being explored extensively, the mechanisms that control their development and
plasticity have not been entirely resolved.

Molecular mechanisms involved in synapse formation and strengthening include the
activation/repression of specific subsets of genes by epigenetic modifications. In particular,
Histone Deacetylase 2 (HDAC?2) regulates excitatory synapse plasticity and memory formation,
however, whether and how HDAC?2 affects PV cell synapse development is unknown. Here, we
first show that HDAC?2 is expressed by PV neurons. In order to dissect the role of HDAC2 in PV
cell development in vivo, we used the conditional KO mice (PV_Cre;HDAC2'*/™) which
express Cre selectively in PV cells after P14. We observed that PV expression levels and
putative perisomatic synapses density formed by PV cells are significantly reduced in both the



prefrontal cortex (PFC) and basolateral amygdala (BLA) by P60. We also found a reduction in
both the number and intensity of perineural nets (PNN) around PV cells somas of the BLA.
Behaviorally, we found that adult PV_Cre;Hdac2'®/* mice extinguish fear memories more
efficiently than control littermates. The reduced fear memory retrieval and renewal is
accompanied with an increase in putative perisomatic PV synapse remodeling during fear
memory extinction. Moreover, we used a new specific Hdac2 inhibitor which reduced fear
memory retrieval in wildtype adult mice. Finally, in order to directly prove that Hdac2 in PV
cells is important for fear memory extinction, we will rescue extinction behavior following viral-
induction of Hdac2 protein expression specifically in PV cells of the BLA in
PV_Cre;Hdac2lox/lox mice.

Globally, our work supports the model in which PV cells play a pivotal role in fear extinction
and suggests that modulation of Hdac2 activity in combination with behavioral therapy can
increase plasticity during the treatment of post-traumatic stress disorder (PTSD).
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Title: A unique tyrosine in the intracellular domain of neuroligin-1 regulates the recruitment of
AMPA receptors during synapse differentiation and potentiation
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Abstract: The molecular mechanisms by which early neuronal connections mature into
excitatory or inhibitory synapses are still debated. We examined here the impact of neuroligin-1
(NIgl) tyrosine phosphorylation on synapse differentiation in hippocampal neurons, focusing on



a unique intracellular residue (Y782) which differentially regulates NIgl binding to PSD-95 and
gephyrin. By expressing two NIgl point mutants (Y782A/F) in hippocampal neurons, we show
using imaging and electrophysiology that the Nlgl phosphorylation state modulates the
recruitment of functional AMPA versus GABA-A receptors. NIgl-Y782F impaired both
dendritic spine formation and AMPA receptor diffusional trapping, but not NMDA receptor
recruitment, suggesting that this mutant assembles silent synapses. Furthermore, replacing
endogenous NIgl by either Nlgl-Y782A or NIgl-Y782F impaired LTP, indicating that these
NlIgl mutants differently retain AMPA receptors. A screening of candidate tyrosine kinases
points to Trk family members as major regulators of endogenous NIgl phosphorylation and
synaptogenic function in neurons. Finally, optogenetic stimulation of endogenous NIg1 tyrosine
phosphorylation using a photoactivatable receptor tyrosine kinase selectively increased the
number of dendritic spines and AMPA- (but not NMDA-) receptor mediated synaptic responses
in hippocampal neurons. Thus, NIgl tyrosine phosphorylation critically regulates excitatory
synapse differentiation and function.
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Title: Functional changes in connectivity induced by differential silencing or ablation of tonic
versus phasic motoneurons in Drosophila
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Abstract: Structural plasticity induced by neuronal competition is a common feature of
developing nervous systems, and alterations in this process may contribute to
neurodevelopmental disorders. The Drosophila larval neuromuscular junction (NMJ) provides a
glutamatergic model synapse to study synaptic competition and compensation. Most larval
muscle fibers are innervated by at least two motor neurons, a type Ib “tonic” motor neuron and a
type Is “phasic” motor neuron. The Ib neuron innervates a single muscle, while Is neurons



innervate a subset of muscles to coordinate contraction of distinct muscle groups. If and how the
postsynaptic muscle can differentiate between these two inputs, and how it might preferentially
regulate them, is unknown. We are examining if Ib and Is motor neurons compete for synaptic
drive to the postsynaptic cell by creating an input imbalance through genetic manipulation of one
of the two neurons. We identified cell-type specific motor neuron drivers to genetically increase
or decrease synaptic activity at either the Ib or Is motor neuron of muscle 1 (M1).
Overexpression of Reaper in MN1-1b to induce early cell death causes developmental changes in
the synapses at M1. No type | motorneurons (Ib or Is) are present in M1 following MN1-Ib
ablation, indicating synapse formation or retention may require early Ib function. Ablation of the
Is neuron by Reaper expression did not disrupt the MN1-1b connection at M1. Decreasing the
activity of MN1-1b or MNIs neuron (rather than ablating it) by expressing tetanus toxin light
chain (TeTXLC) resulted in structural changes of synaptic boutons at muscle 1. In non-perturbed
animals, Ib boutons are bigger than Is boutons. When release of MN1-1b or MNIs is perturbed,
Ib and Is boutons onto M1 are indistinguishable. Furthermore, the morphological changes
observed are muscle specific, with the Is bouton increasing in size only at M1 due to MN1-Ib
silencing. Additional studies are underway to test molecular pathways that control synaptic
balance of tonic and phasic input at Drosophila NMJs.
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Title: Mechanisms regulating the alternative splicing of synaptic adhesion molecules in
somatosensory neurons

Authors: *J. YOO, R. W. GEREAU, B. COPITS
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Abstract: Processing external information from distinct sensory modalities is vital for
generating the diversity of somatic sensations that we perceive. However, altered communication
within these pathways can result in chronic pain states. While the plasticity of nociceptive
circuits is well established, we possess a limited understanding of the molecular mechanisms that



establish the wiring of sensory circuitry, and how this connectivity may be altered in chronic
pain. Neurexins (Nrxns) are presynaptic cell-adhesion molecules that are essential in
coordinating synapse formation through trans-synaptic interactions with myriad post-synaptic
ligands. Extensive alternative splicing of neurexins generates thousands of unique isoforms
which has been proposed to impart a combinatorial “splice-code” for connectivity. In the central
nervous system, Nrxns have been shown to regulate synaptic properties critical to coordinating
neuronal circuitry, yet the role of Nrxns in somatosensory circuits remains largely unexplored.
Here we tested whether peripheral sensory neurons regulate Nrxn alternative splicing in response
to changes in activity or injury to alter somatosensory circuit connectivity. We found that both
mouse and human sensory neurons dynamically regulate exon inclusion at SS4, a site known to
regulate synaptic connectivity. Additionally, we found that Nrxn alternative splicing at SS4 is
highly conserved in human sensory neurons despite variation in age, sex, and race, suggesting a
critical role for this splice-site in peripheral somatosensation. However, we observed significant
changes in Nrxn splicing in sensory neurons from donors in which spinal neurons had degraded,
suggesting that these changes can be regulated by a lack of activity or connectivity. To test the
effects of activity on splicing, we treated cultured mouse sensory neurons with KCI, glutamate,
and prostaglandin E2 to stimulate activity in vitro. We found in preliminary experiments that
each treatment resulted in differential splicing changes. We are currently testing how Nrxn
alternative splicing is differentially regulated by activity or synaptic connectivity to understand
the mechanisms underlying these dynamic changes, and how they might influence
somatosensory circuit rewiring in chronic pain.
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Title: 1L-33/ST2 signaling enhances the formation of excitatory synapses in the hippocampus
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Abstract: Emerging evidence suggests that immune molecules play important roles in
modulating neuronal functions. Interleukin 33 (IL-33), originally identified as an alarmin, is a
crucial mediator in the regulation of both innate and adaptive immunity during tissue injury.
Upon tissue damage, I1L-33 initiates immune responses by binding to the ST2/IL-1RACP receptor
complex. We recently reported that IL-33 rescues synaptic plasticity deficits and cognitive
impairment in an Alzheimer’s disease transgenic mouse model. We further investigated whether
IL-33 has a physiological role in synapse formation and/or maintenance. We found that I1L-33
enhances the formation of excitatory synapses in hippocampal neurons, as revealed by increased
excitatory synaptic transmission. Deletion of ST2 or IL-1RACP in hippocampal neurons
abolished the I1L-33-induced increase of excitatory synaptic transmission, suggesting that IL-33
promotes synaptogenesis through the activation of the ST2/IL-1RAcP-dependent signaling
pathway. Thus, our findings collectively demonstrate a novel role of 1L-33/ST2 signaling in
excitatory synapse formation and function in the hippocampus.

Disclosures: Y. Wang: None. K. Hung: None. C. Chuang: None. W. Fu: None. A. Fu:
None. N.Y. Ip: None.

Poster

280. Synaptogenesis and Activity-Dependent Development: Synapse Maturation and
Remodeling

Location: SDCC Halls B-H

Time: Monday, November 5, 2018, 8:00 AM - 12:00 PM

Program #/Poster #: 280.13/C21

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

Support: NIH Grant RO1-NS092578
NIH Grant RO1-MH111647

Title: SIRPa: An activity-dependent regulator of synaptic refinement
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Abstract: Synapses are the sites of information transfer that are central to brain function.
Synapses develop through distinct stages beginning with synaptic differentiation, followed by the
neural activity-dependent stage of synaptic refinement. During synapse refinement, active



synapses are preferentially strengthened and stabilized, while inactive synapses are eliminated.
Defects in this process of refinement are implicated in various neuropsychiatric disorders.
Therefore, it is important to understand the molecular mechanisms that detect synaptic activity
and determine which synapses to stabilize and which to eliminate. Our previous work has
identified the postsynaptically-expressed transmembrane protein, Signal Regulatory Protein-a
(SIRPw) as a critical regulator of activity-dependent synaptic maturation. At active synapses, the
ectodomain of SIRPa is cleaved and released to retrogradely signal presynaptic maturation.
However, how SIRPa senses synaptic activity such that it releases its ectodomain in an activity-
dependent manner is not known. Furthermore, whether SIRPa serves as a stabilization signal for
active synapses and prevents them from elimination is unknown. Here, we demonstrate that the
activity-dependent tyrosine phosphorylation of SIRPa is critical for SIRPa ectodomain cleavage
and synaptogenic function. We further show that SIRPa is critical to prevent aberrant synaptic
elimination during refinement. We biochemically establish that SIRPa is highly tyrosine
phosphorylated in the mouse hippocampus at the start of synapse maturation and that this
tyrosine phosphorylation of SIRPa is driven by neuronal activity. Using immunochemistry and
electrophysiology in combination with a phosphorylation-deficient mutant of SIRPa, we
determine that the tyrosine phosphorylation of SIRPa drives presynaptic maturation and SIRPa
ectodomain cleavage in neurons. Finally, we electrophysiologically demonstrate that in the
absence of SIRPa signaling, synapses undergo greater elimination during synapse refinement in
vivo. Together, these results support a model where SIRPa tyrosine phosphorylation detects
synaptic activity and directs activity-dependent synapse maturation by driving SIRPa
ectodomain cleavage. This SIRPa signaling serves as a stabilization signal to prevent the
elimination of active synapses in the brain. This work sheds light on the molecular mechanisms
by which synapses are precisely refined in response to neural activity to ensure proper brain
function.
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Abstract: It has been shown that the administration of the AB2s-35 into cognitive regions of the
brain reproduces some of the neurotoxic mechanisms described in Alzheimer’s disease, some of
which decrease dendritic spines density. Dendritic spines morphological changes are associated
to their function: stubby and branched spines are immature forms that express predominantly in
the post-natal days; thin spines are highly dynamic mature forms associated to learning, and
mushroom spines are stable mature forms linked to memory. The effect of AB2s-35 administration
on dendritic spines morphological changes and its association with cognitive impairment is still
unknown. The aim of this study was to typify dendritic spines in the hippocampus and dentate
gyrus of rats administrated with AB2s.35 peptide into the CA1 subfield. Twenty four male Wistar
rats (4 months old, 350-400 g) were divided in two groups for stereotaxic surgery (n=12 each).
One group was anesthetized and bilaterally injected 1 pL of AB2s.35 solution [0.1 pg/ul] into the
CAL1 subfield of the hippocampus (AP -4.0, LM £2.6, DV -2.3 mm, from Bregma). Six rats from
each group (Intact+tLM, AP2s35+LM) performed learning on days 6 to 10 post-surgery and
memory tests on days seventeen and thirty-eight post-surgery in the Morris water maze. Next
day all animals were euthanized, brains were obtained and processed for Golgi-Cox staining.
Dendritic spines were evaluated in distal dendrites randomly chosen in 5 neurons per region and
in both hemispheres. Typing was done according to spines morphology in mushroom, thin,
stubby or branched. Total spines decreased in AB2s-35 group, compared to Intact group. Similarly,
total spines decreased in AP2s.35+LM group, compared to Intact+LM group. Proportion of
mushroom spines increased in the ABzs.35, Intact+LM and AP2s-35+LM groups, compared to
Intact group. Proportion of stubby and thin spines decreased in AB2s.35 and Intact+LM groups,
compared to Intact. Results indicate that AB2s.35 decreases dendritic spines number in the
hippocampus but does not modify their morphology, which could be associated to extinction, as
shown in memory evaluation.
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Title: Functional maturation of mossy fiber terminals from adult-generated hippocampal dentate
granule cells
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Abstract: The dentate gyrus of the hippocampus is one of few regions in the mammalian brain
to exhibit continued neurogenesis throughout adulthood, and these neurons may be uniquely
suited to contribute to information transfer through hippocampal circuits. Understanding the
mechanisms of how these new neurons signal in the mature network—both receiving inputs and
transmitting output signals—is fundamentally important to understanding their roles in
hippocampal function. It is well established that adult-generated granule neurons experience a
period of enhanced excitability of the somato-dendritic compartment, as well as greater plasticity
at the input synapses coming from the entorhinal cortex (Schmidt-Hieber et al., 2004; Ge et al.,
2007). However, the time course of the development of output synapses from these neurons into
the CA3 region of the hippocampus remains far less clear. Because the shape and dynamics of
the action potential waveform at a presynaptic bouton determines calcium entry and ultimately
the efficacy of release of neurotransmitter (Geiger and Jonas, 2000), how the electrical impulse
at output mossy fiber terminals from adult-generated granule neurons develops with cell age
could have important time-dependent effects on synaptic plasticity. Here, we have systematically
characterized electrical properties of output mossy fiber terminals from adult-generated granule
neurons using direct patch clamp recordings (Geiger and Jonas, 2000; Vyleta and Jonas, 2014).
Recordings were made at various time points after induction of a fluorescent reporter in granule
neurons in Ascl1CERT2:C AGMloxstorTom mijce Neurons were labeled during adulthood (6- to 8-
weeks of animal age) and during early development (postnatal day 0-3). The size and kinetics of
action potentials, dynamics of the action potential waveform during trains of stimuli, excitability
threshold, input resistance and resting capacitance were evaluated as a function of cell age, and
compared between adult-born and early development-born groups.
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Title: Single cell RNAseq of mouse olfactory bulb reveals cellular heterogeneity and activity
dependent molecular census of adult-born neurons
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Abstract: In mammals, olfactory sensory neurons (OSNSs) located in the nasal epithelium gather
odor information from the environment, and relays it to the olfactory bulb (OB). Within the OB,
this olfactory information is received by mitral and tufted cells, and further shaped by local
inhibitory interneurons. Uncovering contributions of diverse interneuron subtypes towards OB
circuit processing is essential to fully understand olfaction. Interneuron diversity in the OB is
heavily influenced by ongoing adult neurogenesis. Additionally, survival and integration of
adult-born neurons is known to be influenced in an activity-dependent manner. To investigate
cellular heterogeneity in the mouse OB and query the developmental program of adult-born
neurons, we utilized single cell RNA sequencing (SCRNA-seq) and computational modeling. Our
data reveal 38 transcriptionally distinct neuronal and non-neuronal cell types, and suggest novel
markers for each. Additionally, we analyzed molecular changes throughout the development of
adult-born interneurons, and uncovered changes in their patterns of gene expression that are
differentially regulated throughout their development. Finally, we investigated changes in tissue
composition upon sensory deprivation and enrichment, and discovered distinct mechanisms that
differentially affect the development of adult-born neurons. Together, we provide a
transcriptome-based foundation for studying subtype specific neuronal function in the OB, a map
of molecular changes throughout maturation and integration of adult-born neurons, and
document activity-dependent changes in the cellular composition of the olfactory system. These
data provide a valuable resource of cell type specific markers that allow for the investigation of
cell type-specific functions in the olfactory bulb. Furthermore, the associated list of genes that
are differentially regulated in adult-born neurons throughout development can be utilized in
ongoing work towards better understanding synapse formation and maintenance in adult brain
tissue.

Disclosures: B. Tepe: None. M.C. Hill: None. B.T. Pekarek: None. T.J. Martin: None. J.F.
Martin: None. B.R. Arenkiel: None.

Poster

280. Synaptogenesis and Activity-Dependent Development: Synapse Maturation and
Remodeling

Location: SDCC Halls B-H
Time: Monday, November 5, 2018, 8:00 AM - 12:00 PM
Program #/Poster #: 280.17/C25



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

Support: Research Grants Council of Hong Kong General Reserach Fund (GRF) 16100814
Research Grants Council of Hong Kong General Reserach Fund (GRF) 17135816
Research Grants Council of Hong Kong Early Career Scheme (ECS) 27119715
Area of Excellence Scheme of the University Grants Committee of Hong Kong (Grant
AO0E/M-604/16)
University of Hong Kong Seed Funding for Basic Research 201511159170
University of Hong Kong Seed Funding for Basic Research 201611159231
University of Hong Kong Seed Funding for Basic Research 201711159219
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Abstract: Most excitatory synapses are located in the dendritic spines, which exist as various
morphologies. The formation of mature mushroom spines is crucial for long-term storage of
memory, while higher abundance of the immature thin spines and filopodia is associated with
autism and Fragile-X syndrome. Spine maturation is influenced by neuronal activity and requires
dendritic translation of specific MRNAs. Characterizing dendritically localized transcripts might
therefore identify key molecules and signaling pathways that control spine maturation. PRMT8
(protein arginine methyltransferase 8) belongs to a family of enzymes that catalyze arginine
methylation, a form of post-translational modification (PTM) that is most-studied as a regulatory
mechanism during transcription and splicing in the nucleus. Among the nine PRMTs, PRMT8 is
unique because of its anchorage to the plasma membrane via myristoylation. Here we found that
PRMT8 was localized in dendritic spines of dissociated hippocampal neuron. The PRMT8
MRNA was present in the dendrites, and the expression of PRMTS8 protein was regulated by
neuronal activity. Depletion of PRMTS8 resulted in the loss of mushroom spines and an increase
in the number of immature filopodia. This change in spine morphology was coupled with a shift
of excitatory synapses from dendritic spines to the dendritic shaft without affecting the number
of functional synapses. Our findings have identified PRMT8-mediated arginine methylation as a
novel regulatory PTM at the synapse that is crucial for dendritic spine maturation.
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Title: Non-redundant functions of different kinesin I motor proteins in dendritic mMRNA transport
and synapse development
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Abstract: Most excitatory synapses are located on dendritic spines, which exist in heterogeneous
shapes. Mushroom spines are believed to contribute to long-term memory storage, and their
formation depends on local dendritic protein synthesis. Dendritically localized mRNAs are
transported in the form of RNA granules by the motor proteins kinesin and dynein along
microtubule. There are 45 kinesin genes in the mammalian genome, and different classes of
kinesin proteins may exhibit functional specificity by transporting distinct cargos to different
subcellular localization. The conventional kinesin, Kinesin I, consists of three homologous
members (KIF5A, KIF5B and KIF5C), which form complexes with RNA granules in the brain.
Whether the three highly homologous Kinesin | motor proteins have redundant or non-
overlapping roles in RNA transport and dendritic spine development have not been explored.
Here we found that specific depletion of individual Kinesin | family member in dissociated
hippocampal neurons led to distinct dendritic spine phenotypes. By labeling RNA with SYTO 14
or expression of GFP-FMRP followed by time-lapse confocal imaging, we demonstrated that
KIF5B regulates dendritic mMRNA transport. Transcriptome analysis of synaptoneurosomes
isolated from wild-type and kif5b knockout mice was performed to identify putative mMRNA
transcripts that showed differential synaptic localization. Our findings have shed new light on the
non-redundant roles of different kinesin motor proteins in regulating intracellular transport,
synapse development and function.
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Abstract: Cell adhesion molecules (CAMs) play critical roles in synapse development. The
diversity of CAMs at individual synapses and the fact that different classes of synapses use
different CAMs suggests that these proteins are not simple glues holding synaptic membranes
together. Rather, different CAMs provide specificity for synaptic structure and function. We
previously found that Kirrel3 is a homophilic CAM expressed only in specific subsets of
hippocampal neurons. Loss of Kirrel3 leads to loss of synapses between Kirrel3 expressing
neurons, ultimately creating an excitation/inhibition imbalance within the hippocampus.
Interestingly, Kirrel3 is alternatively spliced, but the function of these alternative splice forms in
synapse development is unknown. Potentially, alternative splicing at the Kirrel3 locus creates
variants that work together, separately, or in opposition to build specific synapses. Here we
determine the functional differences of two Kirrel3 splice forms with respect to cell adhesion,
subcellular localization and synapse formation.
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Title: The functional impact to synapse formation of Kirrel3 variants associated with
neurodevelopmental disorders
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Abstract: Neurodevelopmental disorders are often diseases of the synapse, yet few molecules
are identified that link specific mutations to impaired synapse function. Kirrel3 is a homophilic
transmembrane cell adhesion protein expressed within hippocampal DG and GABA neurons. We
showed that structurally, loss of Kirrel3 reduces mossy fiber DG-to-GABA synapses and
functionally, loss of Kirrel3 significantly increases the excitation/inhibition ratio of CA3
neurons. These defects may underlie neurodevelopmental disorders associated with Kirrel3 in
humans. Currently, many Kirrel3 protein coding variants have been identified as potentially
damaging in patients with autism spectrum disorders and mild to severe intellectual disability.
Yet to date, no study has examined the functional relevance of these Kirrel3 variants in synapse
formation. Here we examine the function of several Kirrel3 variants in cell adhesion, subcellular
localization, and synapse formation. These results are necessary to determine if specific Kirrel3
variants may be pathogenic and lead to synaptic defects relevant to neurodevelopmental
disorders.
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Abstract: All behaviors, from simple reflexes to complex cognitive tasks, require neuron
communication via synapses. Consequently, many neurological disorders are linked to
impairments in synapse form and function. Synapses must be correctly established during
development, yet they must also be flexible to accommodate future adaptations. Synapse
flexibility is critical for learning and memory and includes altering synapse architecture, known
as structural plasticity. Very little is known about mechanisms mediating structural plasticity,
and even less still about the structural plasticity of presynaptic structures. In the hippocampal
mossy fiber system, DG neurons make elaborate presynaptic structures that are physically altered
during learning and memory. They form large boutons that connect with CA3 neurons and
filopodia-like extensions that synapse with both GABA and CA3 neurons. The Williams lab has
recently demonstrated that the cell adhesion molecule Kirrel3 is required for mossy fiber filopdia
number, as well as their synapses onto GABA neurons. Preliminary data also show that Kirrel3
is regulated by neuronal activity. To test the model that Kirrel3 is a potential mechanism behind
presynaptic structural plasticity during learning and memory, we are investigating in vivo if
Kirrel3 is required for altering filopodia number in response to changes in neuronal activity and
during learning and memory. This is likely to have clinical relevance as mutations in Kirrel3
have been repeatedly associated with Autism and intellectual disability.
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Abstract: Biological heterogeneity of the human brain is a common finding in studies of
neurological or neuropsychiatric disease. These disease-related heterogeneities are found at
many levels from behaviour to molecular mechanisms. We have been studying heterogeneity in
normal brain development and found a wave of high inter-individual variability in expression of
glutamatergic proteins in visual cortex in young children but relatively homogeneous expression



at other ages.

We chose to look at glutamatergic mechanisms because they are involved with both adaptive and
maladaptive experience-dependent plasticity. Here we asked if: glutamatergic gene expression
has a similar wave of heterogeneity; other cortical areas have waves of heterogeneity in
childhood, and adult heterogeneity in diseases like schizophrenia (SZ) is similar to the
heterogeneity found during normal development?

We analyzed transcriptome data for glutamatergic receptor subunit expression in human cortex
during normal development and in adults with SZ. We used two databases one with
developmental data (Allen BrainSpan) (n=41), age range 8pcw-40yrs, 9 cortical areas, and 19
glutamatergic receptors. The other database (GDS4523[ACCN] accessed through Gene
Expression Omnibus) contained data from the anterior prefrontal cortex of adults (age range 25-
88 yrs) with SZ (n=28) or control cases (n=23). We plotted gene expression by age and
calculated heterogeneity (variance-to-mean ratio, VMR) for a sliding window of 5 adjacent ages.
During normal development several cortical areas and genes including GRIN2A, GRIN3A,
GRIN3B, GRIA1, GRIA2, and GRIA3 showed a wave of heterogeneity in young childhood,
peaking at ~1-2 years of age, with relatively homogeneous expression at other ages. We
compared heterogeneity at the peak in childhood with young adults by calculating a contrast
index using the VMRs and found as much as 80% greater heterogeneity in young children. We
then applied the same approach to compare heterogeneity in glutamate gene expression between
adult SZ and control cases. Here we found that GRIN2A, GRIN3A, GRIN3B, GRIAL, GRIA2,
and GRIAS3 had ~25-50% greater heterogeneity in SZ cases.

Thus, glutamatergic genes, like proteins, have a wave of heightened heterogeneity in childhood
and this pattern is part of normal development for many areas of the human cortex. Also, in
adults with SZ, there is heightened heterogeneity for some glutamatergic genes suggesting that
these regulators of experience-dependent plasticity may maintain or re-entered that wave of
childhood heterogeneity.
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Abstract: Age is an important variable in a number of psychological and biological models,
including those predicting antisocial behavior. However, individual variation in biological
processes assures that chronological age may not be the best proxy for capturing important
neurodevelopmental differences in such models. Neuroimaging-based quantifications of brain-
age have been previously developed, and these models have demonstrated high accuracy in
predicting chronological age and psychological outcomes related to aging, cognitive
development, and cognitive decline. While age is also highly relevant to antisocial outcomes,
brain-age measures have not yet been applied to models predicting antisocial behavior. Here we
utilize independent component analysis (ICA) of structural MRI data to identify intrinsic
networks of gray matter (GM) that are discriminative of age among a large incarcerated sample
(n =1332). We then carry these age-related components forward in models predicting re-arrest in
a separate sample of offenders recently released from prison (n = 93). After an average of four
years follow-up, 54% of the sample was re-arrested. Feature selection in a support vector
machine framework identified two components of GM volume and five components of GM
density that were predictive of re-arrest. These components were included with a number of
other relevant variables in a series of Cox proportional hazards analyses, examining time to re-
arrest. Model comparisons indicated that brain-age consistently outperformed chronological age
in predicting re-arrest when examined alone or in conjunction with other variables including
psychopathic traits, drug and alcohol dependence, behavioral performance on an inhibition task,
and neural activity in the anterior cingulate cortex. These findings support the relative value of
examining more precise neural indicators of brain maturity compared with chronological age,
suggesting certain neural indices are promisingly more sensitive to some important behavioral
and psychological outcomes.
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Abstract: African American, in comparison to European American, individuals have higher
rates of violence exposure throughout their lifetimes (Roberts et al., 2010). Violence exposure in
adolescence has been linked to changes in brain structure and function, and appears to alter the
way people respond to stress (Teicher et al., 2016; Teicher & Samson, 2016). However, it
remains unclear whether race and prior violence exposure interact to affect the stress response.
Therefore, the present study investigated the relationship between prospectively measured
adolescent violence exposure (ages 11-19 years) and the neural response to psychosocial stress
as young adults (age = 19.54 + 1.31). In the present study, 262 African American and European
American participants completed the Montreal Imaging Stress Task (MIST). Violence exposure
was greater in African American than European American participants, and self-reported stress
ratings to the MIST were higher in European American than African American participants.
Further, a significant interaction was observed between race and cumulative violence exposure
on self-reported stress ratings (p < 0.01). Specifically, stress ratings decreased as violence
exposure increased among African American but not European American participants.
Functional magnetic resonance imaging (fMRI) results showed differences in prefrontal cortex
activity that varied with violence exposure, race, and the interaction of race and violence
exposure (p < 0.05). These findings demonstrate racial differences in stress reactivity that vary
with violence exposure.
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Abstract: Background

Early childhood stress or trauma has many lasting psychological and physiological effects. Stress
in early development can lead to changes in brain structure and function. Little is known as to
whether early life stress (ELS) may affect men and women differently. The aim of this study was
to examine the differential effects of ELS on cortical thickness in a group of healthy men and
women.

Methods

48 healthy participants between the ages 18-45 were asked to complete the Family Life
Experience Questionnaire to determine the extent to which they had experienced early life stress.
Each participant was scanned and T1-weighted MRI scans were collected. The Computational
Anatomy Toolbox (CAT12) for SPM was used to measure cortical thickness and determine
whether there were significant cortical thickness differences between groups (i.e., Men vs
Women, ELS vs no ELS) and test for interactions between ELS and sex.

Results

Females exhibited greater cortical thickness than males within visual and auditory association
areas (XYZ =-15, -101, 13, T=5.06, prwe=0.011, XYZ = 67, -34, 6, T=3.89, p<0.001 uncorrected),
the ventral temporal cortex (XYZ = 36, -6, -37, T=4.31, p<0.001, uncorrected), the premotor cortex
(XYZ =-41, 6, 50, T=3.93, p<0.001, uncorrected), and the superior parietal lobule (XYZ = 36, -
47,50, T=3.59, p<0.001, uncorrected). Males had thicker cortices than females within the middle
occipital gyrus (XYZ = -46, -79, 3, T=4.51, prwe=0.041), the extrastriate cortex (XYZ = 25, -54,
2, T=3.89, p<0.001, uncorrected) and the dorsal temporal cortex (XYZ = 44, -20, -3, T=3.84,
p<0.001, uncorrected). Those who experienced ELS showed greater cortical thickness on the middle
occipital gyrus (XYZ = -5, -90, -3, T=5.06, p<0.001, uncorrected). When testing the interaction
between sex and trauma, we found a difference in a small region of the orbitofrontal cortex
(XYZ =41, 29, -16, Z=3.64, p<0.001, uncorrected).

Discussion

Our findings suggest that early life stress does indeed have an effect on cortical thickness and



that sex may play a role in that effect.
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Abstract: Previous findings from our group (Noble et. al., 2015) suggest that indices of
socioeconomic status (SES), such as family income and parental education, are associated with
brain development. These effects are particularly notable among the most disadvantaged
individuals. Importantly, differences in SES predict differences in brain structure during a time
when youth are at-risk for substance use. Here, associations between SES and brain structure
were examined in a cross-sectional sample of 4,500 preadolescent children ages 9 - 10 years of
age participating in the Adolescent Brain Cognitive Development (ABCD) study. The Data
Analytics Exploration Portal (DEAP) was used to run multilevel regression models (gamm4) to
test the effects of SES on cortical surface area. We examined FreeSurfer measures of total
cortical surface area (SA), as well as SA in regions of interest in brain structure related to
executive function and language. Measures of SES examined were household income and
highest parental education. All models included age, sex, and ethnicity/race as fixed effect
covariates and family relationship and site as random effects. Higher parental income predicted
larger total cortical SA (F = 17.48, p <0.001) and accounted for an additional 0.87% of variance
(Null model: AIC=87,745.45; BIC=87,820.95; Full model: AIC=87,805.71; BIC= 87,868.62).
Similar associations were found for higher income and larger SA in the left superior frontal (F =
14.00, p <0.001), right superior frontal (F = 15.49, p <0.001), left pars orbitalis (F =9.81, p
<0.001), and right pars orbitalis (F = 14.75, p <0.001 ). In a separate model, higher parental
education predicted larger total cortical SA (F = 8.49, p < 0.001) and accounted for an additional
0.78% of variance (Null model AIC=94,958.88; BIC: 95,048.08; Full model: AIC=95,045.32;
BIC=95,109.03). Similar associations were found for higher parental education and larger SA in



the left superior frontal (F = 8.96, p <0.001), right superior frontal (F = 6.98, p <0.001), left pars
orbitalis (F = 4.92, p <0.001 ), and right pars orbitalis (F = 7.17, p <0.001 ). Factors such as
environmental toxins and physiological measures will be examined as potential underlying
mechanisms influencing the impact of SES on brain structure using a model of mediation. These
preliminary results confirm and extend findings from Noble et. al., (2015) to a larger sample with
a narrower age range.
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Abstract: Depression and anxiety have been linked to changes in the gray matter volume of the
amygdala, hippocampus, and thalamus (Mervaala et al., 2000; Merz, Tottenham, and Noble,
2018). Additionally, children that live in disadvantaged neighborhoods are at increased risk for
depression and anxiety (Xue, Leventhal, brooks-Gunn, and Earls, 2005). Prior research has
linked household socioeconomic status (SES) to amygdala and hippocampal volume, however,
studies of the impact neighborhood environment has on the gray matter of these structures have
been inconsistent. Determining the impact neighborhood disadvantage has on amygdala,
hippocampus, and thalamus volume may offer new insight into mechanisms by which adverse
life experiences impact developing neural systems. The current study investigated the impact of
living in a disadvantaged neighborhood during childhood on the gray matter volume of the
amygdala, hippocampus, and thalamus in young adults. Using geocoded addresses for each
participant at age 11, multiple indicators of neighborhood disadvantage from the U.S. Census
were combined. Magnetic resonance imaging (MRI) was used to collect anatomical images from
these individuals in young adulthood (N=249; Mean age 19.53 years; SD = 1.11). Results



demonstrate a positive correlation between neighborhood disadvantage and right amygdala
volume (r(241) =.196, p <.002). Likewise, a positive correlation between neighborhood
disadvantage and left (r(241) = .178, p =.006) and right (r(241) = .178, p =.005) thalamus
volume was observed. There were no significant correlations between neighborhood
disadvantage and hippocampal volume. These findings suggest neighborhood disadvantage can
impact brain structures that are important for healthy emotional function.
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Abstract: Adolescence is a developmental period characterized by greater risk-taking and
reward-seeking behaviors, influenced by both environmental and genetic factors. The single
nucleotide polymorphism (SNP) rs1799971 in the p-opioid receptor (OPRM1) gene has been
implicated in reward processing (Ray et al., 2014) and substance use disorders (Miranda et al.,
2010), where the minor G-allele is implicated in higher risk. Few studies have investigated the
effects of this SNP on adolescent reward processing, and no studies have examined a substance-
naive population. To assess the effect of this allelic variation on reward processing before
exposure to drugs and alcohol, we analyzed blood oxygen level-dependent (BOLD) response
during a Wheel of Fortune (WoF) functional MRI task, as well as moderation by family history
of alcohol use/abuse and beliefs about substance use.

Participants were typically developing, alcohol and drug naive youth aged 11-13, N = 115 (25
AG; 63 F), enrolled in the Adolescent Development Study, a prospective longitudinal
neuroimaging study of substance use in adolescents. BOLD signal was acquired during the WoF
task on a Siemens 3T scanner. Image preprocessing and analysis were conducted in SPM8.
Adolescents completed a survey querying beliefs about alcohol use. Parents reported on family



history of alcohol use/abuse via a family tree questionnaire.

A whole brain analysis of activation patterns during feedback for winning versus losing trials in
the WoF task revealed a significant cluster of activation (466 voxels, p = 0.019 FWE cluster-
corrected) in the right middle frontal gyrus (MFG; peak 24, 28, 44) for AA homozygotes greater
than AG heterozygotes. This region is involved in goal planning (Fincham et al., 2002) and
attention to positive emotions (Kerestes et a., 2012), possibly implying greater reflection on
positive reward feedback in the AA homozygotes compared to G-allele carriers. The reduced
MFG response to reward in the G-allele carriers suggests that they are less stimulated by natural
reward.

No significant difference was found in family history of alcohol use/abuse. However, a
significant difference (p = 0.002) was found in the adolescents’ beliefs about parental alcohol
consumption, such that G-allele carriers believed their parents drank more alcohol than AA
homozygotes believed of their parents. Taken together, results showing a heightened awareness
of parental alcohol consumption and decreased brain response to reward, suggest G-allele
carriers may be at increased risk for substance use disorders.
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Abstract: Depression is one of the most common psychiatric illnesses among adolescents. There
is a high rate of comorbidity with depression and anxiety in adolescence, and often overlapping
symptomatology between these disorders. Heterogeneity within depressive samples is a likely
contributor to the current lack of reliable neural markers of depression during adolescence. Here,



we assessed the degree to which activation information from task fMRI can accurately predict a
current major depressive episode (MDE) in a sample of anxious and depressed adolescents (ages
14-15). We recruited two comorbid patient groups: (1) all participants had a current MDE, but
also many had comorbid anxiety disorders (e.g., generalized anxiety disorder); (2) all
participants had an anxiety disorder, and many also had previous diagnoses of MDEs. Participant
diagnoses were classified in a diagnostic interview. Targeting overlapping and comorbid groups
of adolescents allowed our sample to closely resemble typical adolescent psychiatric populations
and to differentially predict MDEs from two diagnostically-similar groups. Single-layer neural
networks were trained to predict (1) whether adolescents had a current MDE; or (2) a continuous
variable of depressive symptom severity (via the Mood and Feelings Questionnaire [MAFQ]).
Blood-oxygen-level dependent (BOLD) activation data from voxels in three regions-of-interest
(amygdalae, striatum, and middle frontal gyrus) were gathered from three tasks targeted to elicit
activation in one of these regions. Neural networks modeling BOLD data showed exceptional
accuracy in predicting MDEs (K-fold out-of-sample Accuracy = 93.3%) and depressive symptom
severity (K-fold out-of-sample R? = .564). The neural network using BOLD data showed greater
predictive accuracy for MDEs compared to models using the MAFQ (K-fold out-of-sample
Accuracy = 71.4%), and models using additional anxiety and depression self-report measures (K-
fold out-of-sample Accuracy = 85.7%). These preliminary results (N = 43) demonstrated that
task fTMRI can provide a useful tool, beyond that of standard diagnostic rating scales, to identify
current depression in adolescents.
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Abstract: Alcohol, tobacco, & cannabis are the most commonly used substances during
adolescence (Johnston, O’Malley, Miech, Bachman, & Schulenberg, 2017). In fact,
approximately 61%, 28%, and 45% of adolescents report using alcohol, tobacco, & cannabis,
respectively, by grade 12. Given the relatively rapid brain development occuring at this age,
(Toga, Thompson, & Sowell, 2011), adolescence may represent a particularly sensitive period to
the deleterious effects of alcohol, tobacco, & cannabis use. Evaluating gray matter volume in
young adulthood can provide indirect information about whether substance use disrupts brain
development and maturation (Jacobus & Tapert, 2014). Therefore, the present study investigated
whether adolescent alcohol, tobacco, or cannabis use varies with gray matter volume within the
prefrontal cortex, hippocampus, and amygdala as young adults. A community sample of
adolescents were interviewed prospectively (at ages 11, 13, 16 & 19) regarding their use of
alcohol, tobacco, & cannabis. Following the final assessment, participants completed a single
magnetic resonance imaging (MRI) scanning session. Anatomical images were obtained using a
3T Siemens Allegra MRI scanner. Analyses were completed using AFNI (Cox, 1996) and
FreeSurfer software packages (Fischl, 2012). Anatomical information about cortical and
subcortical structures was obtained from FreeSurfer and was output into SPSS for further
analysis. Frequency of binge drinking was associated with increased volume of the left
hippocampus and amygdala (r = 0.168, p < 0.05; r = 0.195, p < 0.05, respectively) in males, but
not females. Within the right hemisphere, frequency of binge drinking was negatively correlated
with ventromedial prefrontal cortex volume (vmPFC; r = -0.231, p < 0.01). Sex differences in
neural development may account for the observed differences in the effects of binge drinking.
Further, there was a significant negative correlation between the number of cigarettes smoked
and bilateral hippocampal and amygdala volume (L hippocampus: r =-0.137, p < 0.05; R
hippocampus: r = -0.128, p < 0.05; L amygdala: r =-0.158, p < 0.05; and R amygdala: r = -
0.145, p < 0.05). Similarly, there was a significant negative correlation between the number of
cigarettes smoked and bilateral vmPFC volume (left hemisphere: r = -0.158, p < 0.01; right
hemisphere: r = -0.114, p < 0.05). There were no associations between frequency of cannabis use
and cortical or subcortical volume. These findings suggest substance use during adolescence,
particularly alcohol and tobacco use, influence the neural development of the amygdala,
hippocampus, and ventromedial prefrontal cortex.
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Abstract: Parental involvement, including attention, awareness, and supervision, strongly
influences connectedness and trust in the parent-child relationship. Parental involvement has
been implicated in studies of parental emotional responsiveness and warmth, with higher levels
related to greater parental responsiveness to a child’s emotional distress. Additionally,
neuroimaging studies have found that activation in the insular cortices of mothers is associated
with levels of maternal responsiveness and empathetic reactions to their infant’s expressions of
emotional distress (Lenzi et al., 2008). This association has yet to be examined in adolescents;
therefore, we sought to assess the association between adolescent reports of parental involvement
and empathy-related activation in the insular cortices of parents. The current study examined this
association in the context of parent-adolescent interactions using fMRI hyperscanning (e.g.,
simultaneous fMRI scanning of two interacting participants using identical MRI scanners).
Twenty-one psychiatrically healthy, control parents (Mean age = 43 years, 90% female) and their
adolescent children (Mean age = 15 years, 62% female) were included in this study. Prior to the
scan, parents and adolescents completed a battery of measures assessing parent-adolescent
relationship quality, emotion awareness, and parenting styles and techniques. During the scan,
parents and adolescents participated in the Testing Emotional Attachment and Mutuality
(TEAM) task, which is a collaborative game intended to examine brain activity when either
member of the dyad makes a costly error. The TEAM task includes several fixed trials in which
each member of the dyad believes the other member has made an error, costing the dyad $5. A
one-sample t-test with parental involvement scores (as rated by their adolescent) entered as a
covariate in AFNI’s 3dttest++ program was used to examine the relationship between parental
involvement and parent’s brain responses to their child’s costly error. Adolescent reports of
lower levels of parental involvement were found to be associated with bilaterally decreased
hemodynamic activation in the posterior insula of parents (p <.005). Activity in the posterior
insula has been associated with perceptions of other’s pain, suggesting a role in empathetic
reactions. The findings provide initial evidence for the neural basis of parents’ empathetic
reactions to their adolescents’ costly errors and reveal how activity in the recruited regions
relates to their child’s perceptions of parental involvement.
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Abstract: A reciprocal relationship exists between children’s emotion regulation (ER) abilities
and those of their parents. A parent’s ER and mental health symptoms can alter how a child
learns to modulate their own distress. Conversely, children’s mental health symptoms may lead
to parent ER difficulties. The medial prefrontal cortex (mPFC) has been implicated in ER
processes, including the appraisal of errors and receipt of negative feedback. However, it remains
largely unknown how mPFC activity within parent-child dyads may relate to one another’s
mental health.

In an ongoing study, we use hyperscanning fMRI with parents (N = 22, mean age = 43, 91%
female) and their adolescent children (N = 25, mean age = 15, 64% female). All subjects are
psychiatrically healthy and right-handed. While undergoing simultaneous fMRI scans, the
parent-adolescent dyads play the Testing Emotional Attachment and Mutuality task. In this task,
subjects experience feigned error conditions in which it appears the other person made a mistake,
costing the dyad five dollars. AFNI’s 3dttest++ was used to examine adolescents’ and parents’
mPFC BOLD activation during feigned error conditions and how this related to the other dyad-
member’s mental health symptoms (voxelwise p < 0.005).

Decreased parent mPFC activity was associated with higher anxiety in adolescents. Greater
adolescent mPFC activity was associated with higher depression in parents. Furthermore,
measures of parent and adolescent mental health symptoms were not related. However, there was
a significant negative correlation between parent and adolescent mPFC percent signal change
during the feigned error condition.

These findings provide neurobiological support for the idea that ER is developed within a dyadic
parent-child context. Parent ability to recruit mPFC regions when confronted with their child’s



error may represent an adaptive brain response that contributes to decreased adolescent anxiety.
Adolescents with more depressed parents exhibit increased mPFC activation when confronted
with their parents’ errors, potentially as a compensatory response to parent ER disruptions.
Future longitudinal investigations could be used to identify causal relationships between parent-
child neural responsivity and ER.
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Abstract: BACKGROUND: Resting-state functional connectivity (rsFC) has traditionally
identified static properties of brain networks over long periods of time. Prior research has
showed that magnitude or spatial extent of static networks correspond with individual differences
in development or cognitive functioning. Recently, scientists have become interested in how
patterns of network connectivity exhibit dynamic changes on a shorter timescale. As these
measures have a unique capacity to highlight network integration and coordination, they may
provide novel insights into brain network functioning. Given that individuals consistently exhibit
differences in static rsFC as a function of age, gender, and task performance, the present study
assessed if these variables also relate to dynamic rsFC. METHODS: This study used resting-state
data on 26 subjects (ages 8-75) from the Human Connectome Project. Data were analyzed using
the Group ICA of fMRI Toolbox. This approach yielded spatially distinct components that
covaried in their levels of activation over time. Next, the timeseries was separated into sliding
windows, and patterns of rsFC among these components for each sliding window were
estimated. Finally, patterns were clustered into network states and mean dwell time (MDT,;
average time in each state before switching to another state) was estimated. Group-level analyses
were performed on all five states to explore differences in MDT based on gender, age, and
working memory (WM) task performance. RESULTS: Analysis yielded five brain connectivity
states; group-level analyses revealed significant effects for States 2 and 5. State 2 was defined by



positive rsFC among regions of the prototypical default network, including the precuneus and
angular gyrus, and negative rsFC between bilateral insula and both the precuneus and angular
gyrus. State 5 was defined by positive rsFC among regions involved in visual processing,
including occipital regions, bilateral lingual gyrus, and bilateral fusiform gyrus; positive rsFC
between occipital regions and areas of superior parietal lobule; and negative rsFC between
occipital regions and inferior frontal gyrus. Group-level analyses revealed a main effect of
gender on MDT for State 2 (male > female), which was moderated by both age and WM task
performance. Analyses did not detect gender or age differences in State 5 MDT, but there was a
main effect of task performance in which greater N-Back accuracy predicted lower MDT.
DISCUSSION: These results suggest that dynamic rsFC may underlie or reflect individual
differences in cognitive functioning, as well as sex-specific differences in the development of
functional brain networks.
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Abstract: Boys and girls exhibit different trajectories of brain development especially during
adolescence. Prior studies have mainly examined sex-related differences in intrinsic functional



connections (FCs) and its interaction with age. Although the child-parent relationship plays
critical roles in the child’s brain development, no studies have investigated how the child-parent
relationships influence on boy’s and girl’s brain differentially in adolescence. Furthermore,
relationships with father and mother may impact on the child’s brain differently. To investigate
sex-dependent effects of mother- and father-child relationship on child’s FCs we analyzed a
cohort dataset of early adolescence that included resting-state fMRI data and questionnaires. For
the evaluation of child-parent relationship, we used part of the Network Relationships of
Inventory (NRI) that assessed child’s positive relationships with his/her father and mother
separately. In addition, the Child Behavior Checklist (CBCL) was used to assess child’s
behavioral symptoms. After data quality control, we used 93 children (52 girls; age [mean * SD]:
11.96 £ 0.79). For each child, FC matrix was created using a 273 whole brain atlas. To examine
the effect of NRI and its interaction effect with sex separately for father and mother, we fitted a
general linear model that included NRI score, seX, interaction term of NRI and sex, and other
nuisance covariates. Statistical analyses revealed that the child-father relationship was associated
with FCs between right fronto-parietal (FP) and default mode networks (DMN), while the child-
mother relationship was associated with FCs between the limbic and primary sensorimotor
networks (P &It 0.05, corrected). Furthermore, the interaction effects were observed mainly in
FCs between right FP and other networks such as DMN and orbitofrontal network.Using the
identified FCs, we built a connectome-based predictive model (CPM) with leave-one-out cross
validation for the severity of behavioral symptoms. CPM revealed a separate pattern of
correlations with subscales of CBCL for boys and girls: boy-specific correlations were found in
rule-breaking behavior (r = 0.36, P = 0.01), aggressive behavior (r = 0.43, P =0.002), and
externalizing problems (r = 0.41, P = 0.004), whereas girl-specific correlations were found in
anxious/depressed (r = 0.32, P = 0.01) and internalizing problems (r = 0.32, P = 0.01). These
results suggest that the father- and mother-child relationships differentially affect FCs and
identified FCs have a potential for predicting the severity of externalizing problems for boys and
that of internalizing problems for girls differentially.
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Abstract: Adolescence is the transition between childhood and adulthood; it is a key
developmental window during which significant psychosocial and biological changes occur.
There is rapid brain development during adolescence that is attributed, in part, to surges in
gonadal hormones (Dahl & Spear, 2004; Spear, 2010). Data from animal studies suggest that
these hormones affect axonal myelination and the growth of astrocytes (Yates & Juraska, 2008;
Chowen et al., 2000). Further, recent work has documented sex-specific effects in long-range
white matter tracts terminating in frontal cortex (Herting, 2011; Tamnes, 2017). To date,
however, there have been no longitudinal investigations of the effects of sex hormones and white
matter tract development. Here, we acquired T1-weighted MRI, diffusion-weighted MRI (60
directions) at two timepoints from 52 females (11.05+£1.03 years at Time 1; 12.77+1.31 years at
Time 2) and 31 males (ages 12.01+0.87 years at Time 1; 13.9+0.92 years at Time 2) who were
matched on pubertal development at Time 1. On the morning of each participants’ scans, we also
collected saliva samples to assay levels of testosterone (in males) and estradiol (in feamles). All
data were preprocessed according to standard protocols (Ho et al., 2017). We used Automated
Fiber Quantification (AFQ) to segment 8 major white matter tracts and to estimate diffusivity
metrics for each tract (Yeatman et al., 2012). We conducted separate linear regressions to predict
the rate of change in fractional anisotropy (FA) of each white matter tract from the rate of change
in gonadal hormone levels and age at Time 1. We found, in females only, that increases in
estradiol were significantly associated with changes in FA of tracts terminating in frontal cortex
(all t’s>1.78, p’s<0.01); changes in estradiol were not significantly associated with FA of
posterior tracts (all t’s<0.79, p’s>0.44). There were no associations between changes in
testosterone and changes in FA of any of the 8 tracts (all #’s<0.10, p’s>0.9). Our findings suggest
that there are sex-specific effects of FA on white matter development in tracts terminating in
frontal cortex during adolescence that may be explained by changes in levels of estradiol.

Effects of change in estradiol (accounting for age and Tanner) on FA in females

B+ SE t(df) p-value
Callosum Forceps Minor 0.017+0.006  [t(37)=2.78 |p=0.009**
Left IFOF 0.017+£0.006 [t(37)=1.72 |p=0.01*
Right IFOF 0.018 £0.005  t(38)=3.22 |p=0.002***
Left Uncinate 0.016 £0.005  [t(33)=3.19 |p=0.003***
Right Uncinate 0.006 £0.004  t(38)=1.57 |p=0.126
Left Cingulum 0.021 £0.007  t(31)=2.80 |p=0.009***
Right Cingulum 0.029 £ 0.01 t(31)=2.81 |p=0.008***
Callosum Forceps Major 0.008 £0.009  t(35)=0.79 |p=0.44
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Abstract: Judgments of trustworthiness are a common aspect of social interaction and are
important for determining approach and avoidance behavior. During adolescence,
socioemotional skills undergo significant development due to structural and functional changes
in the brain. Although prior human neuroimaging work identifies the amygdala as an important
neural region underpinning the evaluation of facial expressions, less is known about the
evaluation of trustworthiness during the developmental period of adolescence. Prior work
suggests impaired trust learning may be associated with risk of assault in adolescents (Lenow et
al., 2014), highlighting the importance of understanding neural systems that contribute to
trustworthy judgments.

Using representational similarity analyses (RSA; Kriegeskorte et al., 2008; Lee et al., 2017), we
assessed individual differences in amygdala differentiation of faces at poles of a trustworthy
continuum and examined how this differentiation related to judgments of trustworthiness for
ambiguous faces at the middle of the continuum. During functional magnetic resonance imaging,
46 adolescents (Mage = 15.85, 26 female) made binary judgments (trustworthy, not trustworthy)
for each face image presented in a randomized series. Faces varied along established dimensions
of trust (Todorov et al., 2008) yielding stimuli ranging in trustworthy valence from 1-7 (least to
most trustworthy).

Behavioral discrimination index scores were calculated for each participant representing one's
tendency to classify faces as trustworthy or not during the task. Higher scores indicated a greater
propensity to judge faces as trustworthy. Discrimination scores for faces at the low end of the
continuum were significantly lower than scores at the high end of the continuum, p <.001.



We examined individual differences in amygdala sensitivity during evaluation of diametric faces
and subsequently related those differences to discrimination scores of ambiguous faces. RSA
was conducted for voxel-wise bilateral amygdala (anatomically defined) activation to faces at the
poles of the trustworthy continuum using CoOSMoMVPA (Oosterhof et al., 2016). Participants
with greater similarity (e.g., less differentiation) to faces ranked as low and high on the
trustworthy continuum rated ambiguous faces in the middle of the continuum as more
trustworthy, p < .05. These findings indicate that a lack of amygdala differentiation to subtle
changes in trustworthiness is associated with more positively biased judgments in response to
social ambiguity during adolescence.
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Abstract: Electroacupuncture (EA) affects the neurophysiology in overweight/obese
populations, curbing appetite and decreasing cravings. Our study evaluated overweight/obese
Chinese patients' responses to a food-cue functional-magnetic-resonance-imaging (fMRI) task
after receiving standard weight-loss EA (n = 15, 5M/10F) and Sham stimulation (n = 7, 3M/4F)
using clinical measures (YFAS, SDS, SAS, STAI (SAI, TAI)) and high-calorie (HC)/low-calorie
(LC) food-cue stimuli which consisted of 88 unique HC, 88 LC food pictures and 88 neutral
pictures selected from IAPS and others. The stimulation consisted of 3 HC, 3 LC and 3 neutral
pictures blocks presented in a pseudorandom order. Each block lasted 30 seconds, during which
10 pictures were presented for 3 seconds each without inter-trial interval. There were 30 seconds
between blocks. At baseline, there were no significant differences in these demographic/clinical
measures between EA/Sham groups. ANOVA showed significant time effect only for HC food-
craving (F =8.89, P =0.007) (Fig 1). There was only significant reduction in HC food-craving
in EA group (t =-2.25, P = 0.041). There were significant interaction effects (group x time) on
brain responses to food vs. neutral (NC) cues in the ventral anterior cingulate cortex (vVACC) (P



< 0.001) due to significant increased activation in EA group (t =5.31, P < 0.001), and HC vs. LC
food cues in the left DLPFC (P < 0.001) due to significant increased activation in EA group (t =
2.83, P < 0.05) and reduction in Sham group (t = -3.49, P < 0.05). At baseline, there were
significant negative correlations between DLPFC activation and BMI (P = 0.044, r = -0.53), and
soreness (De-qi) was negatively correlated with changes in DLPFC activation (P = 0.026, r = -
0.58) in EA group. Psycho-physiological interaction analysis was further employed to depict the
regional connectivity, but we did not obtain any significant results. Most importantly, this study
revealed the neuromechanism how EA is associated with food craving via the fronto-limbic
system.
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Abstract: Obesity is a worldwide epidemic with few alternative treatment methods, but
electroacupuncture (EA) is effective in managing it. We compared acute effects during resting-
state functional magnetic resonance imaging (fMRI) between overweight/obese patients who
received weight-loss EA (n=15, 5M) and Sham stimulation (n=7, 3M) using amplitude of low-
frequency fluctuation (ALFF) and clinical measures (YFAS, SDS, SAS, STAI). At baseline,
there were no differences in these clinical measures between EA/Sham groups. De-qi sensations
were all significant between EA/Sham groups (P<0.05) except for coolness/sharp pain (P>0.05).
Hunger was not significant between EA/Sham groups (P=0.18). Significant difference existed in
food craving in response to high-calorie (HC) food cues post-EA (t=-2.26, P=0.041) (Fig 1).
Significant interaction effects (group x time) for ALFF were in left precentral gyrus, thalamus
and insula (P<0.001). EA increased and sham decreased ALFF in these three regions. At
baseline, BMI correlated with ALFF in thalamus (P=0.029, r=0.56); same for waist
circumference (WC) and ALFF in left insula (P<0.001, r=0.80); and soreness (De-qi) was
negatively correlated with change in ALFF in left insula (P=0.035, r=-0.55). Significant (group x
time) interaction effects on resting-state functional connectivity (RSFC) existed between left
thalamus seed and ventral tegmental area (VTA), and between left insula seed and
postcentral/dorsolateral prefrontal cortex (DLPFC) (P<0.001). Post-hoc test showed EA
increased thalamus-VTA and insula-postcentral gyrus connectivity and decreased the insula-
DLPFC connection. At baseline, BMI was significantly negatively correlated with thalamus-
VTA connectivity (P=0.010, r=-0.64) and insula-postcentral gyrus connectivity (P=0.022, r=-
0.59), and changes in craving for HC food were negatively correlated with insula-DLPFC
(P=0.038, r=-0.54). These results depict the neuromechanism that EA modulates the
insula/thalamus via somatosensory connections along with VTA via the mesocorticolimbic
dopamine system.
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Abstract: Current research suggests that regular physical activity (PA) and aerobic fitness are
associated with better cognitive performance and variation in brain measures. However, in
children the cross-sectional brain correlates of physical activity and fitness are still poorly
characterized. Here we tested the hypothesis that physical activity and fitness in 12-years-old
children co-vary with white-matter (WM) microstructure. In 50 pupils, we acquired measures of
fitness (via VO2max testing); objective week-day PA (via wrist-worn accelerometers); reported
number of days performing at least 60min of moderate-to-vigorous PA; body mass index (BMI);
heart rate (HR) at rest; together with multimodal-MRI. We performed automatic probabilistic
tractography to reconstruct 29 major WM tracts and quantified distinct microstructural
parameters. WM parameters and lifestyle measures were adjusted for age; sex; pubertal
developmental level; socioeconomic score; whole-brain volume. Model comparison of the
association between each WM parameter and lifestyle/health measures was carried out using
cross-validated canonical correlation analysis (CV-CCA) and Monte Carlo repetitions (MCR).
The model with lowest mean squared prediction error (MSPE; median value across MCR) was
then selected (Fig. 1A) and tested against permutations in order to assess statistical significance
(Fig. 1B). We found that the best model significantly linked WM microstructure with a positive
lifestyle/health phenotype (CV-CCA results: rho = 0.64; p-value = 0.0115; MSPE = 1.0146; p-
value = 0.0080; median values across MCR and compared against 1,000 permutations). In this
covariation mode, higher fitness, regular exercise, lower BMI and lower HR at rest (Fig. 1C),
were associated with greater WM extra-neurite density (Fig. 1D). These findings provide novel
insight into the relationship between variation in lifestyle and physical health and measures of
WM microstructure. This work may inform future intervention and rehabilitation studies aimed
to foster healthy neurodevelopment throughout the life-span.
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Abstract: The brain undergoes substantial developmental changes during childhood and
adolescence, the full extent of which remains unknown. Sleep has been associated with waking
resting-state network (RSN) functional connectivity (FC) strength in adults, but it remains to be
seen how sleep may affect RSN FC in youth. Here we used data from the first year of The
Adolescent Brain Cognitive Development (ABCD) study, which is the largest multi-site,
longitudinal study of brain development to date. Baseline data from 3947 participants (1892
female, aged 9-10 years) are included in this analysis. All participants underwent an MRI
session, using either a GE, Siemens or Philips scanner (depending on study site). The scanning
protocol was the same across sites and included up to four ~5-minute resting-state fMRI scans,
from which FC measures were derived. A seed-based approach calculated FC between each
region-of-interest pair, derived from a number of cortical networks. FC was then averaged across
pairs within (intra) and between (inter) networks to create average network FC measures. A
measure of ‘typical’ total sleep time (TST) (i.e. number of hours slept on most nights in the past
six months) was obtained from the Parent Sleep Disturbance Scale. We identified that shorter
sleepers (<7 h sleep per night) had significantly weaker intra-RSN FC for default-mode (DMN),
cingulo-opercular (CO), dorsal attention (DAN), retrosplenial temporal (RST), ventral attention
(VA), visual and motor networks compared to longer sleepers (9-11 h sleep per night). Similarly,
shorter sleepers exhibited weaker salience (SN)-DMN and SN-fronto-parietal (FPN) inter-
network FC. Follow-up regression models identified that shorter TST significantly predicted



lower RSN FC, after controlling for ethnicity, sex, race, scanner, and parent’s highest level of
education. Models accounted for 2-17% of the variance in RSN FC, depending on the network
investigated. We provide evidence that typical night-time TST, assessed by parent-report,
predicts RSN FC in 9-10 year olds, with shorter TST associated with weaker FC. Notably, the
association between TST and RSN FC was network-specific, rather than brain wide, suggesting
that sleep is important for maintaining connectivity within specific cortical networks.
Furthermore, sleep may be particularly important for maintaining coherence between the SN and
other cortical regions. Future longitudinal analysis of ABCD data will allow investigation of
whether TST and other sleep characteristics mediate RSN development across adolescence.
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Abstract: Hemispheric specialization is a dynamic process along age and unbalanced functional
asymmetries are related with developmental disorders such as dyslexia. In order to improve the
better understanding of normal and atypical development, this study focuses on characterizing
the relationship between inter-hemispheric and intra-hemispheric functional connectivity in
healthy school-age children.The sample consisted in 60 typically developing children (6-10 years
old, 35 girls; mean age = 8.46, sd = 0.77 years old) with resting state functional MRI scans
(TR=2s; 150 volumes). After standard preprocessing, five noise-based components (aCompCor)
and movement-affected volumes (relative RMS &gt 0.25mm) were regressed out, and
corregistered to a symmetric standard space.Functional connectivity (FC) was defined as the the
Pearson correlation (R) between two voxels fMRI timeseries. For each subject, inter-hemispheric
connectivity was computed as the FC between all possible pairs of ipsilateral voxels (i.e.,
homotopic FC). While intra-hemispheric asymmetry was calculated as the absolute asymmetry



index (ASI) of intra-hemispheric weighted degree (WD) for every pair of mirrored voxels. WD
IS a basic graph theory measure that computes the sum of connections above a threshold (R &gt
0.3 in this case), and ASI was computed as: (rWD-IWD)/(rwD+IWD); where rwWD accounts for
WD in right hemisphere and IWD for the left hemisphere. The relationship between both
measures was assessed by the voxelwise correlation and the slope of the linear fit between
asymmetry and homotopy, in both cases regressing out average head motion. Significance was
defined as p-value &It 0.05 after correction for multiple comparison, estimated with a
permutation test with 5000 permutations.A widespread significant negative correlation was
found between homotopy and asymmetry covering every area of the brain. Moreover, the
averaged linear slope of this relationship was -1.00 (sd = 0.56).This study showed an inverse and
significant relationship between inter-hemispheric and intra-hemispheric asymmetry of brain FC
in the rest condition. These results emphasize that homotopic and inter-hemisperic asymmetry of
FC interact in an opposite direction, suggesting that both processes may consolidate hemispheric
specialization during development, and even work as a compensatory mechanism for any
developmental disruption. These results will contribute to the better understanding of typical
development.This research was supported by CONACYT 619683/330142.
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Abstract: Background: Adolescence is a distinct developmental period marked by rapid
changes in affective and motivational systems and comparatively slower maturation of higher-
order cognition with adult levels reached around 25 years. Much of this slower development is
attributed to the protracted course of inhibitory maturation in the prefrontal cortex. To measure
this trajectory in vivo, we recorded electroencephalography (EEG) data from children and
adolescents during transcranial magnetic stimulation (TMS) of the left prefrontal (PFC) and
motor (MT) cortices. Methods: High density 64-channel EEG recordings were collected from a



sample of healthy children (n=2; 10-11 yrs) and adolescents (n=3; 15-17 yrs) during biphasic
single pulse TMS. The stimulation intensity was set to 120% of resting motor threshold,
determined by motor evoked potentials recorded from the first dorsal interosseous. This scalp
location was set as the MT stimulation site. PFC stimulation was applied to the left dorsolateral
prefrontal cortex by co-registering an MNI template to fiducial head locations. For both sites, the
TMS coil was oriented tangential to the scalp at ~45 degrees from the mid-sagittal line. Artifacts
were removed via 2-stage independent component analysis. Artifact free TMS-evoked potentials
(TEP) were extracted from the cluster of electrodes immediately surrounding the stimulation
sites. Results: Preliminary evidence suggests a fundamental restructuring of early TEP
components with age. As recently reported (Maatta, et al., 2017), the N100 to MT was
substantially reduced in adolescents compared to children. Nevertheless, the morphology of the
TEP was largely intact. In the PFC, the N45 was found to be absent in children and present in
adolescents. Furthermore, the latency of the N120 was found to peak later in children (~140ms)
and a positive frontal potential with a peak at 100 ms was present when compared to adolescents.
Conclusions: The emergence of the classic PFC TEP component structure is notable in this
sample. The N45 and N100/N120 are associated with GABA-A and GABA-B
neurotransmission, respectively (Premoli et al., 2014). In non-human primates, GABA-A
receptors have been shown to shift from a predominance of a2 to al subunit compositions which
supports faster inhibitory kinetics and high-frequency cortical oscillations. The N45 has been
shown to be particularly sensitive to GABA-A agonists selective for the al subunit suggesting
the a similar subunit shift may be occurring in humans. To our knowledge, this is the first study
of its kind to investigate the EEG response to prefrontal TMS in children or adolescents.
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Abstract: Strong age dependence of diffusion MRI parameters in brain fiber tracts during
postnatal development is well established in previous research. Tamnes et al (2017) reviewed
longitudinal studies measuring white matter microstructure in pediatric samples. Among these,
only two studies followed young school-aged children, one which included only 2 observations
for each participant (Krogsrud et al., 2016), and the other included more observations in a only a
handful of children (Lebel & Beaulieu et al., 2011), limiting the ability to model the nonlinearity
of developmental trajectories. In this study, we examined the within-subject, nonparametric, age-
related trajectories in white matter FA and MD in children studied at approximately 1-year
intervals.

Longitudinal DTI data were acquired in the Pediatric Longitudinal Imaging, Neurocognition, and
Genetics (PLING) study from 126 participants aged 5-12 years old, who were scanned annually
between 2 and 5 times. Repeated measure of white matter diffusion parameters allows the
identification of any curvilinear pattern of maturation in these tracts. FA and MD measures were
computed for major white matter tracts that may exhibit different maturation rates during
development, including the corticospinal tract, anterior thalamic radiations, corpus callosum,
superior and inferior longitudinal fasciculi, inferior frontal-occipital fasciculus, uncinate, and
cingulum.

Nonparametric statistical analyses of age effects on FA and MD of white matter tracts were
performed with generalized additive mixed models (GAMM4) with a smooth age term (with sex
and scanner as covariates) to allow different shapes of curvilinear age trends for different white
matter tracts. GAMMA4 results of smooth and linear age models for FA and MD were compared
with model selection statistics. The results of these comparisons and the best fitting age function
will be presented, illustrating the tract variability in the apparent underlying developmental
trajectories. Results will be compared with previous observations and possible explanations for
apparent differences will be discussed.

Reference:
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Krogsrud et al. Neurolmage. 2016, 124.
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Abstract: Adolescence is characterized by increases in risky behavior, heightened physiological
response to stress relative to other age groups, and ongoing white matter development in long-
range association tracts that connect the prefrontal cortex (PFC) to other cortical and subcortical
regions. Previous research suggests that protracted development of the PFC during adolescence
renders the PFC susceptible to the effects of stress, potentially amplifying adolescents’ proclivity
toward reward-motivated risky behavior. Research relating white matter microstructure and risky
decision-making during adolescence has been limited, and no study has examined the
associations between white matter microstructure and risky decision-making in the context of
stress in adolescents. In the current study, daily self-reports of stress were documented in
adolescents (n=19, 12 females; ages 15-17 years) and adults (n=19, 12 females; ages 25-30
years). Participants completed two visits - once each when they endorsed a high and low level of
stress - during which they completed a risky decision-making task about monetary gains and
losses with varying expected values (EV). DTI scans were acquired from participants at one of
the visits and fractional anisotropy (FA) values were used as an index of white matter coherence.
Results revealed that adults evinced greater FA in long-range association tracts (e.g., inferior
fronto-occipital fasciculus) compared to adolescents. Controlling for age and gender, greater FA
in long-range association tracts were associated with fewer gain-related risks with EV that was
equal to and/or disadvantageous to the certain decision under high stress, but not low stress. FA
was not associated with gain-related risks with advantageous EV or loss-related risks across
levels of EV. These findings suggest that, rather than relating to general increases in risky
decisions across contexts, developing white matter tracts might specifically underlie increases in
gain-motivated risky decisions under stress during adolescence.
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Abstract: Benign epilepsy with centrotemporal spikes (BECTS) is a common childhood
epilepsy syndrome with a male-predominance, characterized by seizures arising from the
sensorimotor and temporal cortices and neurocognitive difficulties associated with these
anatomic regions. The coincident maturation of association fibers during childhood provides a
structural substrate that could contribute to the neurodevelopmental aspects of this disease. To
investigate this relationship, we use an a priori region of interest (ROI) based approach to
evaluate specifically for focal white matter abnormalities contiguous to the seizure onset zone
(SOZ) in children with BECTS compared to healthy control (HC) children. We analyze the
characteristics of the peri-rolandic u-fibers and termination zones of the superior longitudinal
fasciculus (SLF) in relation to fine motor performance and phonological awareness, respectively.
We also evaluate the relationship of white matter features in these regions to gender. Children
with BECTS (n=22) and age-matched HCs (n=18) underwent multimodal testing with high
resolution MRI including DTI sequences and targeted neuropsychological assessment. In the
peri-rolandic region, children with BECTS had increased FA (p=0.017). Consistent with
abnormal crossing u-fiber development, increased FA correlate with inferior fine motor
performance (p=0.029). As with the peri-rolandic SOZ, children with BECTS had increased FA
in the terminal zones of the SLF(p=0.044). Phonological awareness was found to be impaired in
BECTS subjects (p=0.041), though this did not directly correspond with FA. In the peri-rolandic
region, we found gender-specific differences in white matter microstructure such that all BECTS
subjects and HC males have higher FA values than HC females (p<0.035 for all measures),
suggesting that the typical male pattern of white matter development may predispose boys to
BECTS. Global exploration revealed that the FA abnormalities we observed were specific to the
superficial white matter and the SOZ. These data provide evidence that focal atypical maturation
of white matter microstructure is a basic feature in BECTS and may contribute to the
neurodevelopmental comorbidities observed in this disorder.
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Abstract: The tree pangolin is one of the eight extant species of Pholidota, with conflicting
phylogeny. Despite the expanded olfactory gene family, it is unknown if the structural and
neurochemical architecture of the pangolin olfactory system support its behavioural preference
for olfactory cues. We used a range of neuroanatomical stains (Nissl; Myeline; Anti-NeuN, PV,
CR, CB, ChAT, vGlut2, SMI-32, TH and DCX) to determine the organization of the main and
accessory olfactory systems within the brain of the tree pangolin. The tree pangolin has a
typically mammalian olfactory system, but minor variations were observed. The main olfactory
system is comprised of the layered main olfactory bulb (MOB), the anterior olfactory nucleus
(AON), the rostral olfactory cortex (including the taenia tecta, anterior hippocampal continuation
and induseum griseum), the olfactory tubercle (Tu), the lateral olfactory tract (lot) and the
olfactory limb of the anterior commissure, the nucleus of the lateral olfactory tract (NLOT), the
piriform cortex (PIR) and a typically mammalian rostral migratory stream (RMS). The accessory
olfactory system included the layered accessory olfactory bulb (AOB), the bed nucleus of the
stria terminalis (BNST), and the nucleus of the accessory olfactory tract (NAOT). Volumetric
analysis of the relative size of the MOB and PIR indicate that the tree pangolin has an olfactory
system that occupies a proportion of the brain typical for the majority of mammals. Within the
MOB, the glomeruli of the tree pangolin, at 200 um diameter are larger than observed in most
other mammalian species, and the MOB lacks a distinct internal plexiform layer. In addition, the
laminate appearance of the NLOT was not observed in the tree pangolin. The accessory olfactory
system appears to lack the posterior compartment of the accessory olfactory bulb. These
observations are contextualized in relation to olfactory-mediated behaviours in pangolins.
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Abstract: Chimpanzees have the closest evolutionary kinship with humans. Their brain sizes are
about three times smaller than the brain sizes of humans. However, the brain sizes of
chimpanzees are almost same as the ancient hominoid Australopithecus africanus. The macro-
anatomical structures and shapes are similar between chimpanzees and humans. Thus, in order to
reveal the evolutional progress of human brains, it must be helpful to comprehend the brain
development in chimpanzee and to compare this with the brain development in human. We used
magnetic resonance imaging (MRI) technique to study the brains of four chimpanzees (one male
and three females), whose ages (ranged from 1.8 to 60 months) were longitudinally evaluated
during development from infancy to the juvenile stage. Ages of adult chimpanzees (3 males and
7 females) were ranged 23 to 42 years old. All subjects lived within a social group of 14
individuals in an enriched environment at the Primate Research Institute, Kyoto University
(KUPRI). The brain size almost doubled from 1.8 to 36 months after birth. Among 4 lobes of
cortices, volume increase in the frontal cortex was largest. These developmental processes were
similar to those of the humans although the relative sizes of human brains were about 3 times



larger than those of chimpanzees. In the initial 36 months of infancy, the relative volume of the
high intensity portion that corresponds to the mielinated white matter was smaller compared with
the adult level. These data resemble the age-related volumetric changes of the mielinated white
matter in human. To facilitate scientific discoveries in the field of primate comparative
neuroanatomy, we launched a collaborative project to develop a database of growing chimpanzee
brain images as an open resource. As an initial attempt, we will release a collection of structural
MRI obtained from all 14 chimpanzees including growing chimpanzees at KUPRI in near future.
The expected significant contributions of this database include (1) resources for comparative
neuroscience research and (2) preservation of chimpanzee brains as endangered species, in a
permanent digital form. User-initiated research projects beyond these contributions are also
anticipated.
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Abstract: Birds, like mammals, have relatively large telencephala and cerebella. In mammals,
one of the largest circuits in the brain involves a projection from the cerebral cortex to the
cerebellum through the pontine nuclei, a group of neurons in the base of the caudal brainstem.
Inputs to the pontine nuclei arise from all parts of the cortex, and these inputs are organized in
discrete, non-overlapping areas. As in mammals, the telencephalon of birds sends descending
projections to several nuclei that in turn project to the cerebellum, but the organization of these
efferents has not been studied extensively. Birds possess a medial and lateral pontine nuclei at
the base of the brainstem that receive projections from the telencephalon and project to the
cerebellum and are thought to be homologous to the pontine nuclei of mammals. Additionally,



birds are unique in that they have a pretectal nucleus, the medial spiriform nucleus (SpM), that
receives projections from the telencephalon and projects to the cerebellum. Here we used
injections of anterograde tracers in the two main output regions of the pallium of birds, the Wulst
and the arcopallium, to show the organization of these inputs to the SpM. We found that the
anterior somatomotor and more posterior visual wulst project upon two separate and non-
overlapping regions of the medial SpM. Additionally, we show that the visual arcopallium
projects to more lateral regions of the SpM. Our results suggest that the organization of
telencephalic inputs to SpM in birds parallels that of the projection to the pontine nuclei in
mammals, and supports the notion that SpM can be considered a “displaced” pontine nuclei.
Combined with our previous work, showing segregated projections from different regions of
SpM to different zones of the cerebellum, this study helps to understand the organization of
telencephalo-cerebellar pathways in birds.
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Title: The role of grp and grpr in the extinction of cued fear memory in zebrafish
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Abstract: The amygdala is the anatomical core of an emotional learning circuit. In particular, the
amygdalar basolateral complex (BLC) is a critical site for sensory convergence for conditioned
stimuli (e.g., light), unconditioned stimuli (e.g., shock), and for extinction retention and learning.
Gastrin-releasing peptide (Grp or bombesin) is a neurotransmitter that is highly expressed in
excitatory pyramidal neurons in the rodent BLC and may be co-released with glutamate. Gastrin-
releasing peptide receptor (Grpr) is expressed in GABAergic inhibitory interneurons, which then
exert negative feedback on BLC pyramidal neurons. Studies in mice have shown that Grp and
Grpr regulate memory formation and retention related to behavioral and stress responses to
emotional stimuli. We have previously demonstrated that grp mRNA is highly expressed in the
dorsomedial region of the zebrafish (Danio rerio) forebrain, the proposed homologue of the
mammalian BLC that contains grp- and grpr-expressing neurons. To determine if Grp and Grpr



function is conserved across species, we examined chronic anxiety, cued fear conditioning, and
extinction of conditioning using grp and grpr mutant zebrafish.

Measures of chronic anxiety behavior in young fish aged 12-15 days post-fertilization showed no
significant differences between zebrafish with wildtype (TL) and grp- or grpr-mutant genotypes.
A second task, a cued fear conditioning assay that tested amygdalar memory, used freezing as an
index of fear. Adult grp-mutant, grp-heterozygote, and wildtype fish rarely froze after exposure
to an 8 sec red light stimulus in adaptation trials. When the last second of the red light was paired
with a shock (learning trials), all groups responded similarly with increased average freezing
ratios. During the subsequent retention and extinction trials, the red light was presented without
shock. Wildtype and grp-heterozygote fish approached normal freezing times after 6 trials,
whereas the mutant grp fish reached normal freezing times after only 1 trial. Trials using grpr-
mutant fish are underway.

Our results suggest that grp- and grpr-mutant zebrafish responded and adapted to chronic
anxiety situations similar to wildtype fish. Although mutation of grp had little effect on chronic
anxiety, the grp-mutant zebrafish exhibited selective impairment of cued fear memory retention,
consistent with most previous studies in mice. Furthermore, our data support the observations
that a region homologous to the mammalian BLC has a similar role in the formation and
expression of emotional memories in zebrafish.
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Abstract: Examining the proportion of brain devoted to various neuroanatomical structures
across taxa provides an interesting lens into how mammalian orders diverged through evolution.
By using proportions, all brain regions are on the same scale, which allows us to compare the
pattern of relationships across various taxa. This will enable us to determine whether the same



pattern of brain evolution occurred across taxa or if they have diverged. We examined each of
the following regions as proportions of the whole brain: isocortex, subcortical structures
(striatum, thalamus and hippocampus), and cerebellum. Images were obtained from the
Comparative Mammalian Brain Collection (http://neurosciencelibrary.org/).

Considering all of the animals together, the proportional subcortical structures were all positively
and significantly correlated with each other. The proportional isocortex, however, was
significantly inversely correlated with all other structures. The proportional cerebellum was
significantly correlated with the proportional hippocampus and thalamus but inversely correlated
with the isocortex. We then sought to see if this pattern was uniformly present in the various
taxa. We examined these brain regions across primates (n =11), carnivores (n=17), artiodactyls
(n = 8), rodents (n = 7) and “others” (n=18).

Some notable exceptions to the overall pattern appeared. Given that the proportional isocortices
are fairly large are in carnivores, we expected an inverse relationship between proportional
isocortex and subcortical structures. However, this inverse relationship was largely lost, although
the proportional subcortical structures stayed fairly well correlated in carnivores. The pattern of
relationships in carnivores suggest that the subcortical features evolved in concert but
independent of proportion of brain devoted to isocortex.

The relationships among the proportional subcortical structures among rodents are essentially
absent. Rodents have a relatively large proportional hippocampus, striatum, and thalamus
compared to other taxa. Whereas these structures seem to evolve in concert in other taxa, they
don’t seem to do so in rodents.

Finally, the relationships between the proportional cerebellum and any other structure are largely
lost when we examine the individual taxa. The cerebellum appears to be subject to very different
sets of evolutionary pressures both across and within taxa than are the other structures.

Clearly brains evolve in different patterns across taxa—maost particularly carnivores and rodents,
which are on very different paths in brain evolution.
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Abstract: Adult neurogenesis in the avian brain has been detected in the telencephalon of
several species of song birds, food caching birds and poultry. Only a few studies reported on
generation and proliferation of neurons in the domestic pigeon and up to now there is no overall
overview about adult neurogenesis particularly in pigeons or birds in general that includes
different stages of cell proliferation in the telencephalon. Here, the comparison between pallial
and subpallial structures will give new insights in functional consequences of adult neurogenesis
and brain plasticity in general. In this study, free flying homing pigeons (Columba livia f.d.)
were treated with 5-bromo-deoxyuridine (BrdU) to label dividing cells and sacrificed about three
months after injection. Brains were dissected and immunohistochemically processed with several
markers to examine different stages of cell proliferation in a quantitative and qualitative way. We
used SOX2, GFAP and PCNA for precursor cell stages, doublecortin (DCX), Prox1, Tbr2,
NeuN, S100p and Calbindin for intermediate progenitor cells and postmitotic stages. BrdU-
positive (BrdU-ir) and DCX-positive (DCX-ir) neurons were widely distributed in the
telencephalon. The number of DCX-ir cells was higher compared to BrdU-ir cells and
comparable to SOX2-positive cells. Next to the olfactory bulb and the ventricular zone, the
ventrolateral part of the V-complex and the ventral dorsolateral subdivision of the hippocampal
formation exhibit high numbers of proliferating cells. Pallial, most of the proliferating cells are
detected in the intercalated hyperpallium, while subpallial the highest numbers were found in the
basal ganglia. The used markers allowed a differentiation between the different cell stages and
cell types, revealing a highly plastic nature of structures in the pigeon’s telencephalon. Our
findings provide detailed insights into adult neurogenesis in pigeons and complete the knowledge
about this dynamic process in birds. The high number of immature neurons indicate a wide range
in plasticity. Now, it is possible to link our knowledge about brain structure and function under
the influence of brain plasticity.
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Abstract: Advances in magnetic resonance imaging (MRI) and computational analysis
technology enable comparisons among various primate brains in a three-dimensional electronic
format. Results from comparative studies provide information about common features across
primates and species-specific features of neuroanatomy. Investigation of various species of non-
human primates is important for understanding such features, but the majority of comparative
MRI studies are based on experimental primates, such as common marmoset, macaques, and
chimpanzee. A major obstacle has been the lack of a database that includes non-experimental
primates’ brain MRIs. To facilitate scientific discoveries in the field of comparative
neuroanatomy and brain evolution, we launched a collaborative project to develop a repository of
non-human primate brain images using ex vivo MRI as an open resource. As an initial attempt,
we released a collection of structural MRI and diffusion tensor imaging obtained from 12
species: pygmy marmoset (Cebuella pygmaea), owl monkey (Aotus trivirgatus), white-fronted
capuchin (Cebus albifrons), long-tail macaque (Macaca fascicularis), Japanese macaque
(Macaca fuscata), bonnet macaque (Macaca radiata), toque macaque (Macaca sinica), Sykes's
monkey (Cercopithecus albogularis), red-tailed monkeyt (Cercopithecus ascanius), Schmidt's
monkey (Cercopithecus ascanius schmidti), de Brazza's guenon (Cercopithecus neglectus), and
lar gibbon (Hylobates lar), 16 postmortem brain samples from the 12 species, stored in the Japan
Monkey Centre (JMC), were scanned using a 9.4 T MRI scanner and made available through the
JMC collaborative research program. The expected significant contributions of the JMC Primates
Brain Imaging Repository include (1) resources for comparative neuroscience research, (2)
preservation of various primate brains, including those of endangered species, in a permanent
digital form, (3) resources for optimizing methods of scanning large fixed brains, and (4)
references for veterinary neuroradiology. User-initiated research projects beyond these
contributions are also anticipated. We encourage its use by not only neuroscientists but also



researchers that belong to research fields outside traditional neuroscience, such as computer
science, mathematical modeling, and medicine.
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Abstract: Among the 23 macaque species that constitute the genus Macaca, a high level of
behavioral diversity has been observed, particularly related to aggressiveness. To investigate the
neural underpinnings of variation in aggressiveness among species, we compared serotonergic
innervation of the amygdala among four species. The amygdala plays a prominent role in
emotional processing and social intelligence. Additionally, central serotonin (5HT) availability
and aggressive behavior have been found to be inversely related in humans and nonhuman
primates. Our study sample included left hemisphere brain sections containing the amygdala
from 19 individuals of the following species: rhesus (M. mulatta) n = 6, Japanese (M. fuscata) n
= 2, pigtailed (M. nemestrina) n = 6, and moor (M. maura) n = 5. Four amygdaloid nuclei were
examined: the lateral, basal, accessory basal, and central nuclei. We used immunohistochemical
methods to stain for the SHT transporter (SERT) and quantified SERT-immunoreactive axon
density using a stereological approach. Based on evidence that suggests increased central
serotonergic signaling functions to inhibit aggressive behavior, we hypothesized that the greatest
amount of innervation would exist in the least aggressive, most egalitarian species, the moor
macaque. However, in contrast to this prediction, our results reveled a significantly greater
amount of innervation in the more aggressive, hierarchical species, the Japanese and pigtailed
macaques, relative to the moor macaque. These findings suggest that, unlike what has been



reported in a similar comparative study on the more aggressive chimpanzee and the relatively
tolerant bonobo, increased serotonergic innervation of the amygdala in macaques may not be
associated with more affiliative, egalitarian social styles. The implications of our findings are
discussed in a larger evolutionary framework.
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Abstract: Generally, neural scaling follows the rule that the larger the brain is, the larger
individual brain regions are. Although, after more detailed analyses, we know that exceptions to
this rule are frequent. Auditory regions in Galliformes, for example, do not scale in the same way
that mammals do. In Galliformes, as brain size increases neuron density decreases. Whether this
applies to other avian orders or to other brain regions is not known. Passeriformes (songbirds)
are a highly derived order of birds that have a well-developed auditory system, complex
communication system and vary in body sizes, making them excellent candidates for examining
neural scaling relationships. This study investigated neural properties in two auditory nuclei,
nucleus magnocellularis and nucleus laminaris, in ~20 different species of songbird. Neuronal
sizes, neuronal number and the volume of each region was measured using stereological
techniques. Regression models were used to assess how the volumes of auditory nuclei scaled in
songbirds and how this compared to other species of birds. Interestingly, results suggests that the
relative size of auditory regions in songbirds scale differently to that of other birds, and were
significantly smaller than that predicted based on their brain size. This decrease in size in these
auditory regions appears to be associated with an increase in neuronal density, rather than a
reduction in the relative number of neurons or neuronal size. Neuronal size showed a strong
correlation with overall brain size, with the largest species having the largest neurons and also
the largest range of neuronal sizes. This research will help us better understand the general rules
that determine how neural structures scale across vertebrates.
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Title: A white matter atlas of the chimpanzee brain and quantitative comparison with the human
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Abstract: Determining the unique specializations of the human brain requires an anatomically
informed understanding of how the neocortex has been modified and reorganized since our
evolutionary divergence from other primates. The chimpanzee brain is arguably the least
understood of the three. Therefore, in this project we create a comprehensive atlas of the major
white matter fibers of the chimpanzee brain, based on diffusion MRI tractography data, similar to
maps created previously for the human and macaque (Mars et al., 2018; Thiebaut de Schotten et
al., 2012). In addition to comparing fascicular anatomy, we also produce cortical projection maps
in chimpanzees. We can then use these projection maps with similar maps in the other species to
create a formal comparison between the organization of the three different brains, following
techniques recently developed in a direct human/macaque comparison (cf. Mars et al., 2018). We
produced the chimpanzee white matter atlas using probabilistic diffusion tractography on in vivo
HARDI scans of 29 chimpanzees from Yerkes Primate Center available through the US-based
National Chimpanzee Brain Resource. Protocols seeding in the bodies of over 20 major white
matter tracts, derived from protocols designed for human and macaque tractography (De Groot et
al., 2013; Mars et al., 2018), were adapted and in some cases refined using additional

information from previous investigations in chimpanzee (Hecht et al., 2015), human (Dejerine
and Dejerine-Klumpke, 1895; Catani and Thiebaut de Schotten, 2008), and macaque
(Schmahmann and Pandya 2006) fascicular anatomy. Tractography was carried out in native
space for each individual chimpanzee and then averaged and thresholded to produce a



chimpanzee fascicular atlas. Next, tracts were projected to the surface by multiplying the tracts
with a matrix describing the tractography of cortical grey/white matter boundary to the whole
brain (O’Muircheartaigh & Jbabdi, 2017), allowing us to create a map of each tract’s cortical
termination points. Our results suggest modifications to the organization of the superior
longitudinal fasciculi (SLF), middle longitudinal fasciculus, and inferior longitudinal fasciculus
(ILF) have occurred in the hominoid lineage. The second branch of the SLF seems to project
more ventrally than expected based on the human brain, while the ILF contains a branch in the
human and chimpanzee that is not observed in the macaque.
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Abstract: Across primate species, the cerebral cortex shows a similar neuronal distribution
along the anterior-posterior axis, with lower densities in the frontal areas that increases towards
the occipital areas. Previous studies have shown that the primary motor cortex, primary visual
cortex, and primary auditory cortex, occupy a similar percentage of the cortical surface and also
contains a similar percentage of all neurons across nonhuman primates. However, these studies
did not address how these areas scale in relative number of neurons with the cerebral cortex.
Here we aim to understand what are the cellular scaling rules of the primary motor cortex(M1),
primary visual cortex (V1), primary auditory cortex (Al) and primary somatosensory cortex (S1)
of 44 individuals from 10 primate species (Aotus trivirgatus, Saimiri sciureus, Callicebus
moloch, Otolemur garnettii, Macaca mulatta, Macaca radiata, Pan troglodytes, Papio
cynocephalus, Callitrix jacchus, Macaca nemestrina). In all species, the neocortex was separated
from the underlying white matter, manually flattened and then the locations of primary areas
were estimated as seen previously. Each area had its number of neurons determined using the
Isotropic Fractionator, a method which transforms a tissue into a nuclei suspension. Across all
ten species, the surface area scales with similar power functions of the number of neurons in all



four primary areas (Al, M1, S1 and VV1). The neuron density (Neurons/area) remain constant
with the surface area in M1 suggesting that the relative neuron size remains the same in this
region. Also, V1 scales slowly as the number of neurons in the cerebral cortex increases in all
primates analyzed, while S1 and M1 have similar power functions that are close to the linearity
with exponents 0.885 and 0.903 respectively. Most importantly, we find that the number of
neurons in primary motor cortex and the neurons in the primary somatosensory cortex varies
linearly in all species analyzed. These findings indicate that the expansion of primary areas
occurred with no particular increase in the relative distribution of cortical neurons across primate
species, which shows to vary in a similar manner in all four areas as seen previously. Still,
primary motor cortex and primary somatosensory cortex vary proportionally in its number of
neurons in all species, from the smallest New world monkey to the Chimpanzee, suggesting a
functional relationship among these areas.
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Abstract: Maximal longevity of endotherms has long been considered to increase with
decreasing specific metabolic rate, and thus with increasing body mass. Using a dataset of over
700 species, here | show that maximal longevity, age at sexual maturity and post-maturity
longevity across bird and mammalian species instead correlate primarily, and universally, with
the number of pallial brain neurons. Correlations with metabolic rate and body mass are entirely
explained by clade-specific relationships between these variables and numbers of pallial neurons
across species. Importantly, humans reach sexual maturity and subsequently live just as long as
expected for their number of cortical neurons. Longevity might increase together with numbers
of pallial neurons through their impact on three main factors: delay of sexual maturity, which
postpones the onset of aging; lengthening of the period of viable physiological integration and
adaptation; and improved cognitive capabilities that benefit survival of the self and of longer-
lived progeny.
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Abstract: Across the evolution of mammalian brains, the scaling of neuronal size and density in
the cerebral cortex varies between mammalian orders, with a clade-specific neuronal scaling rule
and density for primates. In contrast, non-neuronal cell size and densities indicate that non-
neuronal cells do not scale differently between mammalian orders. Mammals share a common
and unique non-neuronal scaling rule and have a constant density and invariant average non-
neuronal cell size across species and brain structures, including cerebral cortex. These non-
neuronal cells are glial cells and vasculature-associated cells, and more research is needed to
understand if each of these cell-types are themselves invariant in density across mammals.
Alternatively, their densities may be inversely correlated such that variation in the cell-types is
not evident in analyzing overall non-neuronal cell density. This research investigates how
astrocyte density scales across the cerebral cortex of 8 primate species, including human. We
used the isotropic fractionator method to quantify astrocyte numbers in the grey and white matter
of coronal sections of the cerebral cortex, for which total, neuronal, and non-neuronal cell
numbers were previously reported. Astrocyte nuclei were immunocytochemically labeled with
the astrocyte-specific marker S100p. Astrocytes quantification was done in every fourth section
(M. fascicularis N = 18, M. nemestrina N = 29, P. cynocephalus N = 27, H. sapiens N = 75),
every second section (A. trivirgatus N = 19), or the entire cerebral cortex (C. apella N =82, S.
midas N = 22, O. garnetti N = 27), depending on the overall size of the brain. In total, 299
samples were analyzed. Results indicate that astrocyte densities have similar relationships to
structure mass and neuronal density across species and cortical regions, where within cortex
structure mass is related to astrocyte numbers by a power function with an exponent of 0.761 +
0.028 (p < 0.0001). Astrocyte density varies with neuronal density within the cortex of primates
(0 =0.512 £0.054, p <0.0001), and the astrocyte to neuron ratio decreases with increasing
neuronal density (a =-0.488 £ 0.054, p < 0.0001) in the cortical grey matter, giving interesting
functional implications for neurons with varying numbers of supporting astrocytes. However, the
cortex of M. fascicularis and the human hippocampus appear to have higher astrocyte densities
than other primate cortical tissue with similar neuronal density. Overall, primates have evolved
with one rule for adding astrocytes into cortical tissue, and this similar scaling rule indicates that
primates of varying brain size have similar sized astrocytes.
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Title: MicroRNASs associated with neurogenesis in the developing human cerebral cortex
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Abstract: Gene regulation is critical to fate decisions during differentiation. Previous work has
shown transcription factors, broad orchestrators of gene regulation, can guide fate decisions
during neurogenesis. MicroRNAs (miRNAS) also have broad effects on transcriptional programs,
yet their impact on human neurogenesis is relatively understudied. Mouse knockout models, of
the key miRNA processing gene Dicer, have shown that miRNAs play a critical role in neural
progenitor proliferation, neuronal differentiation, and cortical wall development. Additionally,
expression of miR-124 is greatly upregulated in neurons in culture, and overexpression of this
miRNA can promote differentiation of progenitors into neurons. Here, we sought to identify
specific miRNAs involved in human neurogenesis. We profiled miRNA expression levels within
dissected germinal zone and cortical plate fetal cortex tissue from 3 donors ranging from
gestation weeks 17-19. After standard pre-processing and correcting for confounding effects, we
identified 95 miRNAs that are significantly upregulated in germinal zone tissue and 76 miRNAs
significantly upregulated in cortical plate tissue. Consistent with previous work in cultured
neurons, miR-124 is upregulated in cortical plate. We performed miRNA target prediction
analyses and assessed regulatory relationships with key neurogenesis genes to identify molecular
processes driving cortical neurogenesis. Profiling miRNAs associated with human neurogenesis
will lead to a more complete understanding of gene regulation influencing proliferative or
neurogenic fate decisions and may lead to the development of higher fidelity neuronal trans-
differentiation tools.
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Title: Secretory cells in the digestive epithelium of Trichoplax adhaerens, an animal that feeds
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Abstract: Trichoplax adhaerens, a tiny marine animal, locomotes by ciliary gliding to feed upon
algae and bacteria. It has only six cell types (1) and represents an early branch of the metazoan
tree (2). It lacks an internal gut but, instead, feeds by external digestion on its lower surface,
which contains several cell types resembling those in the digestive epithelia of Eumetazoa. When
the animal crawls over a patch of food, it ceases gliding (3). Pausing is thought to be elicited by
an endomorphin-like peptide (ELP) secreted by cells that express proteins involved in regulated
secretion in neurons and neuroendocrine cells (1, 4, 5). Then a different type of secretory cell
secretes a large granule whose contents lyse nearby algae/bacteria (3). The lysate is endocytosed
by the ciliated cells, which, like enterocytes, bear microvilli. Here we examine the structures and
distributions of Trichoplax secretory cells in more detail and provide evidence of another type of
secretory cell, mucus cells. Analysis of serial sections obtained from an ATUM microtome with
backscatter SEM revealed ciliated cells with large electron dense granules (Type 1). These cells
were most prevalent around the edge and correspond to the neuropeptidergic cells described
previously. Another type of secretory cell (Type 2) was distributed sparsely but widely in the
lower epithelium, had microvilli, but no cilium and contained smaller, clear granules. Because
the granules were clear, we supposed they might contain mucus (6). We applied various
fluorescent lectins and discovered that one, wheat germ agglutinin (WGA), labeled the mucus
trails left by migrating animals and the rings of mucus that appear around animals during
feeding. Labeling of fixed animals revealed WGA-labelled cells, including many that co-labeled
for endomorphin, distributed widely in the lower epithelium and around its edge. Electron
microscopic analysis of animals labeled with HRP- or nanogold-labeled lectins confirmed that
the clear secretory granules of Type 2 cells contained mucins. However, we are left with a puzzle
because, as yet, no lectin label has been detected by EM in Type 1 cells. The presence of mucus
cells in the digestive epithelium of Trichoplax reinforces its similarity to digestive epithelia of
more complex animals and is consistent with the idea the gut evolved by invagination of a tissue
originally used for external digestion (7). 1. Smith et al 2014 Current Biology 2. Srivastava et al



2008 Nature 3. Smith et al 2015 PLOS One 4. Smith et al. 2017 Journal of General Physiology 5.
Senatore et al 2017 Journal of Experimental Biology 6. Harrison, Microscopic Anatomy of the
Invertebrates, Vol. 2 7. Schierwater et al. 2009 PLOS Biology

Disclosures: T.D. Mayorova: None. C.L. Smith: None. T.S. Reese: None.
Poster

282. Comparative Anatomy and Brain Evolution

Location: SDCC Halls B-H

Time: Monday, November 5, 2018, 8:00 AM - 12:00 PM

Program #/Poster #: 282.16/D31

Topic: A.10. Development and Evolution

Title: Exploring the evolutionary origin of small-molecule neurotransmission through the Hydra
nervous system

Authors: *H. MAHMOOD, Y. NORO, H. SHIMIZU, K. MINETA, P. MAGISTRETTI, T.
GOJOBORI
King Abdullah Univ. of Sci. & Technol., Thuwal, Saudi Arabia

Abstract: Hydra is a fresh water metazoan of the phylum Cnidaria which is among the first
phylum to develop a nervous system. The primitive organisms of this phylum are known to use
peptides as neurotransmitters. However, the presence of neurotransmission through small
molecules like glutamate and glycine in Hydra is debatable. The purpose of this study is to
elucidate the evolutionary origin of small molecule-mediated neurotransmission in animals by
studying it in Hydra. Using the genome sequence of Hydra, we performed phylogenetic tree
analyses, revealing that there are genes of sequence homology to mammalian glutamate and
acetylcholine receptors. We also found that there is conservation of sequences pertaining to the
ligand binding domains of these receptors in Hydra. In order to explore whether these receptors
are functional in Hydra and whether they are localized in neurons, we created transgenic actin-
GCAMP Hydra to study their response to treatment with small molecular weight
neurotransmitters. GCaMP®6s is a calcium sensor, allowing us to monitor neuronal activity in
vivo on stimulation with neurotransmitters. The stimulations were carried out by bath application
of the small molecules into Hydra media and recording changes in the firing of neurons. Our
initial experiments suggest that Hydra do not respond to stimulation by glutamate and glycine by
mere bath application. Although, the other possibilities are not ruled out. For example, these
receptors are localized in epithelial cells rather than neurons in Hydra. Including this possibility,
it is of particular interest to examine, in the near future, if glutamate and other small molecules
may have served merely as metabolites in Cnidarians and evolved as neuronal signaling
molecules later in the animal kingdom.
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Abstract: The cerebellum is composed of only a few cell types whose stratification within the
organ has remained fairly conserved throughout evolution. The classic image of a cerebellum is
that of a highly folded structure, though in truth, the complexity of foliation various quite
dramatically between species. Reptiles, for example, exhibit a wide range of cerebellar shapes
ranging from the simple, relatively flat structures of snakes and turtles, to the larger, multiply
folded cerebella of alligators and birds. The contoured appearance of brain tissue is due to the
division of different nerve cell progenitors that combine to generate folds and bends. How these
differences are generated are likely to be due to the genes that control patterns of cell division.
By comparing the development of different reptile and bird cerebella, we have found that
different degrees of foliation correspond to observable differences in proliferation in the transient
external granule cell layer. These patterns also correlate with the maturation of Purkinje cells
underlying the external granule layer, which serve as a source of signalling factors that influence
the behaviour of granule cell precursors. We have also examined the expression of Atonall,
NeuroD1 and SHH through immunohistochemistry and in situ hybridisation. Our results suggest
that precocious expression of NeuroD1 in granule cell precursors is a key factor in attenuating
cell division in unfoliated cerebella, and I have knocked down NeuroD1 in turtles by
electroporation of sShRNA constructs into cultured cerebellar explants to further investigate the
function of this gene.
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Abstract: The vast majority of functional studies in systems neuroscience are performed in a
limited number of model species. Over the past few decades these studies have provided us with
a very detailed understanding of these nervous systems, but we still lack an understanding of
how nervous system function is altered for adaptation and evolution.

Here we aim to incorporate an evolutionary perspective into modern neuroscience by presenting
whole brain imaging in C. intestinalis larvae, an early branching chordate. The C. intestinalis
CNS consists of only about 330 cells (connectome by Ryan et al. 2016), but possesses
presumptive integration centers and specialized sensory structures. These merits and the ability
to induce transgenesis in wild-caught animals are key reasons for introducing C. intestinalis to
the broader neuroscience community.

To record spontaneous activity, larvae expressing GCaMP6 under the pan-neuronal promoter pc2
(proprotein-convertase 2) were embedded in low melting point agarose and imaged for 300 sec at
10Hz. Movies were motion corrected and calcium traces extracted using CNMFE (Giovannucci
et al. 2017). We show diverse patterns of calcium activity in the sensory vesicle, a brain-like
structure and low activity in an RTEN and Palp neuron that are presumed to be part of an
olfactory system (Fig C). In order to classify and cluster neurons to interpret the diverse activity
patterns, we first differentiate neuronal and non-neuronal calcium dynamics using animals that
express pan-cellular GCaMP6. Our results suggest a neuronal cluster which is a subset of the
pan-cellular cluster (Fig D). We will classify all neuronal subtypes to determine if their activity
patterns form cluster domains, and interpret how domains in the multidimensional calcium
dynamics space shift in response to sensory cues. We speculate that these domains may represent
a language or repertoire of vocabulary that these neurons are able to employ. We will soon
expand our methodology to other species to understand how they explore and utilize the calcium
dynamics space, and examine how their languages vary.
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Abstract: The human brain exhibits radically different anatomical and cognitive features relative
to closely ape related species. Gene duplications have long been identified as drivers of
speciation. Duplications arising uniquely on the human lineage (“human-specific segmental
duplications” or HSDs) are enriched for genes implicated in neurological function—relative to
nonhuman great apes—and have the propensity to contribute to novel phenotypes by creating
gene copies that may be truncated, fused with other genes or expressed in alternative tissues. One
example is SRGAP2C, a HSD gene implicated in neuronal migration and synaptogenesis, that is
co-expressed, translated and heterodimerizes with its ancestral paralog, SRGAP2A, in
mammalian cell lines. In mice, expression of SRGAP2C was found to result in altered neuronal
migration and neoteny of synaptogenesis reminiscent of human neurodevelopment. Another HSD
gene, ARHGAP11B, has been implicated in the promotion of basal progenitor amplification and
neocortex expansion in mice. Here, to further understand the roles of both SRGAP2 and
ARHGAP11 paralogs during cortex development, we have reanalyzed RNA-seq data of human
fetal tissue and embryonic stem cells and overexpressed these genes in mammalian cell lines and
mice. Using two existing RNA-seq datasets, (1) distinct cortical layers of human fetal tissues and
(2) differentiated embryonic stem cells (hESC)-derived cortical neurons at varied time points, we
have assessed for regional differences and temporal changes between human-specific and
ancestral paralogs during corticogenesis. Since actin dynamics play an important role in neuronal
migration and both ancestral SRGAP2A and ARHGAP11A are implicated in signaling pathways
affecting the cytoskeleton, we have overexpressed the aforementioned HSD genes in monkey
kidney and rat neuronal cells (COS-7 and PC12) and assayed for changes affecting cell
membrane physiology, such as outgrowth of filopodia/lamellipodia and molecular
activation/inactivation of myosin phosphatase. In mice, we have expressed these HSD paralogs
using in utero electroporation in developing embryos and assessed for differences in neuronal
migration and polarization. We have preliminary results that suggest SRGAP2C expression leads
to different outcomes in neuronal cell fate and ARHGAP11B causes alterations in neuronal
migration within the developing mouse cortex, both novel findings. Overall, our results continue
to support previous research that human-specific paralogs of SRGAP2 and ARHGAP11 have
distinct impacts on cortex development relative to their ancestral paralogs.
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Title: Characterization of diminished diffusion in the brain extracellular space of the naked
mole-rat harboring unique high-molecular-mass hyaluronan
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Abstract: Hyaluronan (HA; Hyaluronic Acid), a primary scaffolding component of the brain
extracellular matrix, serves as an integral structural component to the brain extracellular space
(ECS). The fossorial African naked mole-rat (Heterocephalus glaber), a mammal demonstrated
to have protracted brain development and remarkable longevity, has been shown to synthesize
and sustain a unique high-molecular-mass variant of hyaluronan macromolecule (HMM-HA).
Thus the naked mole-rat serves as a unique model to observe the role of the extracellular matrix
in maintaining brain microstructure and regulating diffusion in the brain ECS. In the present
study, we utilized Integrative Optical Imaging to quantify the diffusion of fluorescently labeled
dextran (~3,000 MW) in naked mole-rat cortical slices (400 um). The average tortuosity, which
is a measure of the hindrance to a diffusing molecule in the ECS, was significantly higher in
naked mole-rat cortical slices than in mouse. These results are indicative of a significant role for
the extracellular matrix, particularly HMM-HA, in regulating the behavior of diffusing
molecules in the brain ECS of the naked mole-rat. This study provides additional insight into
how the composition of the brain extracellular matrix ultimately affects brain physiology and
behavior.
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Abstract: The Drosophila 4th chromosome, the Muller F Element, or the ‘Dot Chromosome is
a unique feature of the Drosophila genome (Leung et. al., 2015). This region of the genome is of
particular interest due to the fact that even though it is almost entirely heterochromatic, it still
contains a number of active proteins, which are not characteristic of heterochromatin (Leung et.
al., 2015). The Genomics Education Partnership (GEP), based at Washington University in St.
Louis, MO, has organized a study based on comparative genomics of the ‘Dot’ chromosome in
all Drosophila. This study examines the conservation of the genes found on this chromosome
across D. eugracilis and D. melanogaster species using various bioinformatics softwares such as
FlyBase BLAST, NCBI BLAST, Gene Record Finder, and the UCSC Genome Browser. In
particular, we focused on contig25, a 50kb stretch of DNA in the D. eugracilis genome, where
the ortholog of the D. melanogaster ‘Gyf” gene lies. According to FlyBase, the Gyf gene is found
to be involved in three terms or groups of functions: muscle cell cellular homeostasis, neuron
cellular homeostasis, and regulation of autophagy (Gramates et. al., 2017). Our results concluded
that there is between 68.5% and 68.8% identity between the genes found in both species, with an
E value of 0. These results indicate that there is a relatively high conservation of this gene in the
various species. Further analysis of this gene reveals that it plays an important role in the
reduction of protein aggregates and organelle dysfunction that have implications in the onset of
Parkinson’s disease (Kim et. al., 2015). In conclusion, understanding the differences in the gene
in these species is important to our understanding of neurodevelopment, neurodegeneration and
the use of Drosophila as a model species.
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Abstract: The asymmetrical organization of the nervous system (or lateralization) is a
fundamental organizational principle of the brain which means that the left and the right
hemisphere differ in cognition, perception, and motor control. Atypical lateralization in humans
has been linked to various types of neurological disorders while lateralized brain functions in
non-human animals have been shown to allow for higher cognitive capacities and therefore,



benefit survival. One of the animals, in which the ontogenesis of lateralization has been studied,
are pigeons that display left/right differences in their visual system. Owing to the embryo's
asymmetrical body position inside the egg, the resulting uneven light input onto the eyes shortly
before hatch induces left/right differences of neural wiring in their visual system. Consequently,
one side of the brain develops bigger neurons and more fibers, resulting in a higher
computational system than the other. This is also observable in behavioral tasks, in which the
right eye/left hemisphere excels in visual discrimination of fine patterns, whereas the left
eye/right hemisphere is specialized on spatial attention. The fact that the modulation of the brain
can be regulated at such a precise point in time suggests a tightly regulated mechanism. So, what
are the cellular cascades triggered by this light stimulation to shape the brain into its lateralized
system?

In the recent years, miRNAs have emerged as an important class of small non-coding RNAs,
which are involved in a subset of biological processes such as developmental timing. They
regulate gene expression on the post-transcriptional level and entire pathways, and thus, are
considered as master regulators of gene expression. Therefore, our study aims to uncover the
cellular mechanisms of the retino-tectal system during embryonic development via miRNA
analyses. Whereas on retinal level, miRNAs were symmetrically expressed and therefore, might
not be required for the ontogeny of lateralization, the cluster of miR-183/-96/-182 showed higher
expression in the right tectum opticum compared to the left side. Dark incubated pigeon embryos
displayed a symmetrical expression pattern of this cluster while their overall expression was
significantly diminished compared to normal incubated embryos. Interestingly, other studies in
humans have reported an involvement of the miR-183/-96/-182 cluster in the ontogenesis of
handedness, and potentially in dyspraxia. Further investigations will unravel the anatomical
localization of the miR-183/-96/-182 cluster within the tectum opticum, and to investigate their
effects on the targeted mRNA and protein output.
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Abstract: Cortical neurogenesis occurs prenatally, when neural progenitor cells differentiate into
neurons. Neurogenic or proliferative fate decisions are determined, in part, by regulatory
elements modulating the expression of proliferative or neurogenic genes. Previous work has
recently identified neurogenesis-associated regulatory elements from dissected fetal tissue
laminae in humans, and found that genetically mediated alterations in these elements impact risk
for a variety of neuropsychiatric illnesses. This previous work was unable to dissect cell-type
specific effects, however, as laminae contain heterogeneous populations of cells. Here, we
extend this work by profiling chromatin accessibility in a cell-type specific manner using a large
population of human neural progenitor cells. In this study, we cultured neural progenitor cells
derived from 92 human fetal brain donors (61 males and 31 females, gestation weeks 14-21). We
differentiated cells for 8 weeks and sorted virally labeled neurons (AAV2-hSyn1-EGFP). We
then then generated open chromatin profiles for both neural progenitor cells and sorted neurons
using the Assay for Transposase Accessible Chromatin followed by sequencing (ATAC-seq).
We found global chromatin accessibility profiles are strongly different based on cell-type.
Differential chromatin accessibility peaks at gene promoters were enriched in gene ontology
terms related to neurogenesis (progenitor > neuron peaks) or synapses (neuron > progenitor
peaks), as expected. A differential motif enrichment analysis identified transcription factors
(TFs) driving neuronal differentiation, including NEUROGL1 and CUX1/2. Similarly, well-
known TFs involved in neural progenitor proliferation and maintenance including SOX2 had
binding sites more often accessible in progenitors. We found common genetic variants within
differentially accessible peaks are enriched in heritability explained for several human
neuropsychiatric illnesses and cognitive traits, most notably 1Q, neuroticism, schizophrenia, and
ADHD. This provides further evidence linking functional alterations in neurogenesis to risk for
these illnesses and traits. Chromatin accessibility profiles from in vitro neural progenitor
differentiation show largely consistent findings to previous in vivo profiling of fetal cortical
laminae, providing further validation of both our culture system and genetic risk factors for
neuropsychiatric diseases impacting neurogenesis. These data may also be used to prioritize
transcription factors that can be modulated to induce neurogenesis in human culture systems.
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Molecular docking with anticonvulsant a-substituted acetamides and lactams

Authors: *A. V. KRIVOSHEIN, J. L. GUEVARA, M. F. MERIANO
Physical and Applied Sci., Univ. of Houston - Clear Lake, Houston, TX

Abstract: We have recently discovered that a-substituted acetamides and lactams
noncompetitively inhibit neuronal nAChRs (Krivoshein, 2016, ACS Chem. Neurosci. 7: 316-
326). Importantly, their inhibitory affinities toward the receptor in vitro (in patch clamp
measurements) show excellent correlation with their anticonvulsant potency in vivo (in MES
tests in mice). We are thus interested in developing a framework for rapid in vitro (patch clamp)
and in silico (molecular docking) testing of the newly synthesized derivatives. In this study, we
used molecular docking simulations with AutoDock VINA and EADock DSS to pinpoint
binding sites and estimate affinities for neuronal nAChRs (a2, a4p2) and the acetylcholine-
binding protein (AChBP) for a series of a-substituted acetamides and lactams. Notably, despite
the different algorithms employed in these two programs, the docking results were similar.
However, when docking the same inhibitor to different intersubunit interfaces, substantial
differences were found. Even more profound differences were found between the binding sites
on the different target proteins. The predicted affinities follow about the same rank order as those
observed in patch-clamp experiments with a heterologously expressed neuronal NAChR. Our
results (i) underline the importance of conducting molecular docking simulations with multiple
receptor structures and (ii) demonstrate the potential of molecular docking in screening of novel
noncompetitive inhibitors of the nAChR in silico.
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Title: Regulation of antigen-presenting cell (APC)-dependent CD4™ T cell differentiation by o7
nicotinic acetylcholine receptors on both APC and CD4" T cells
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Abstract: Immune cells including T and B cells, dendritic cells and macrophages have the
ability to synthesize acetylcholine (ACh) by choline acetyltransferase (ChAT). Activation of
these immune cells up-regulates ChAT expression and ACh synthesis. Furthermore, immune
cells express various subtypes of both muscarinic and nicotinic ACh receptors (mMAChRs and
nAChRs, respectively) including a7 nAChRs. These findings suggest that ACh synthesized and
released from immune cells during antigen presentation between CD4* T cells and antigen-
presenting cells (APCs) plays a role in regulation of immune function by acting on their
MAChRs and nAChRs. In fact, by immunization with ovalbumin (OVA), we found a significant
elevation of anti-OVA-specific IgG1 in a7 nAChR-deficient (a7-KO) mice compared to the wild-
type C57BL/6J (WT). Furthermore, OV A-activated spleen cells from a7-KO mice produced
more TNF-a, IFN-y and IL-6 than those from WT mice. These findings support a notion that a7
NAChRs in immune cells are involved in regulation of immune function.

We investigated whether o7 nAChRs play roles in CD4" T cell differentiation into CD4* CD25*
FoxP3" regulatory T cells (Tregs) and effector T cells (Th1, Th2 and Th17) using spleen cells
from OVA-TCR transgenic BALB/c (DO.11.10) mice. The spleen cells containing CD4" T cells
were activated using OVA or OVA-peptideszs-339 (OVA-P) and cultured in the presence or
absence of GTS-21 (3-30 uM), a partial a7 nAChR agonist, for 5 days in 96-well plate. For
activation of CD4" T cell differentiation, OVA is required to be endocytosed into APCs and
processed to OVA-P and then coupled to MHC class Il before presentation on the surface of the
APCs. On the other hand, OVA-P binds directly to MHC class Il expressed on the surface of
APCs. At the end of the culture, we performed flow cytometric analysis of the expression of a
number of Treg and effector T cell markers.

GTS-21 down-regulated the OVA-activated CD4" T cell differentiation into Tregs and effector T
cells significantly. However, GTS-21 up-regulated the OVA-P-activated CD4* T cell
differentiation into Tregs and effector T cells significantly. The results suggest that activation of
a7 nAChRs in APCs inhibits antigen presentation via suppression of antigen processing leading
to down-regulation of CD4" T cell differentiation, and that activation of a7 nAChRs in CD4* T
cells facilitates differentiation into Tregs and effector T cells. In conclusion, these findings
demonstrate that o7 nAChRs in both APCs and CD4" T cells play roles in regulation of CD4* T
cell differentiation.
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Abstract: Nicotinic acetylcholine receptors (hnAChRS) were described to be implicated in a
series of pathological disorders in the CNS and in the PNS. Furthermore, these receptors are
interesting therapeutic targets for the treatment of intoxications by organophosphorus compounds
(OPCs). OPCs inhibit the enzyme acetylcholinesterase (AChE) resulting in accumulation of the
transmitter acetylcholine in the synaptic cleft. Thereby, the function of postsynaptic NAChRSs is
impaired by desensitization. Consequently, identification of drugs acting as positive allosteric
modulators (PAMSs) and reducing or reversing nAChR desensitization may be regarded as
rational therapeutic approach. A series of structurally-related bispyridinium non-oxime (BP)
compounds was tested for their ability to prevent desensitization. For this purpose, whole-cell
currents of human a7-nAChRs stably expressed in a CHO cell line (CHO/RIC-3/ha7-nAChR)
were recorded under voltage-clamping conditions (-70 mV) performed with planar electrodes in
an automatic setup (Patchliner®, Nanion Technologies GmbH, Munich).

Cholinergic currents of ha7-nAChRs induced by nicotine (1-100 pM) increased concentration-
dependently up to approx. 500 pA at 100 uM nicotine. However, at higher concentrations (> 100
MM) currents decayed reflecting desensitization of ha7-nAChRs.

Incubation of BP compounds carrying a tert-butyl- methoxy- or a dimethylamino-group at both
pyridinium moieties in presence of 100 UM nicotine produced an amplification of nicotine-
induced peak current amplitudes and a prolonged duration of these currents. Regarding that the
effect of these compounds is induced only when co-administered with nicotine, it can be
considered as a positive allosteric modulation. At high concentrations of these BP compounds (>
30 — 70 uM), dose-response relations revealed a concentration-dependent current decay.

These results are valuable basics for the development of potent PAMs for ha7-nAChRs, allowing
initial structure-activity relationships requested for predictive drug design.
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Abstract: Transmission in neuromuscular synapses may be impaired by various toxic
substances, e.g. organophosphorus compounds (OPC). In OPC poisoning, acetylcholinesterase
(AChE) is inhibited, resulting in accumulation of acetylcholine in the synaptic cleft. Thus, the
desensitization of nicotinic acetylcholine receptors (NnAChRS) in the postsynaptic membrane is
provoked. Direct targeting of nAChRs to recover their activity from desensitization (i.e.
“resensitizing”’) might be a promising therapeutic approach. Screening of several novel
substances interacting with the receptor needs to be performed for identifying active compounds.
In addition to the affinity of such ligands towards the nAChRs[, their functional properties have
to be considered. Bilayer methods (so-called “cell-free electrophysiology*) based on solid
supported membranes (SSM) are suitable for investigation of activity of electrogenic membrane
proteins (e.g. ligand-gated ion channels like NAChRs) which are not accessible for patch clamp
methods. Using native plasma membrane fractions prepared from Torpedo californica
electroplax, functional measurements of muscle-type nAChRs were performed. Rapid exchange
of differently composed buffers forced the receptor to shift into the conformations of resting,
activated and desensitized states!?l. Especially, the interaction of ligands with the receptor in a
desensitized state and their ability to “resensitize” the blocked receptor was topic of interest. To
enhance the screening capacities, the recently developed method was transferred to the fully
parallel 96 well-based platform SURFE?R 96SE (Nanion Technologies, Munich), the first
marketed instrument featuring the SSM-technology in a high-throughput manner. The upscaling
allowed repetitive measurements of differently substituted bispyridinium propanes including
positive and negative controls as well as multiple ligand concentrations within one single run.
Depending on their substitution pattern, several bispyridinium propanes interact as positive
allosteric modulatos (PAMs) and revealed “resensitizing” activity after desensitizing nAChRs by
excess carbamoylcholine (> 1 mM). The results demonstrate that SSM-based electrophysiology
is well suited to allow detailed functional screening of NAChR-active compounds and has great
potential for drug discovery, because of its robustness und scalability.



[11 K.V. Niessen et al., Chem. Biol. Interact. 206 (2013), 545-554
[21 K.V. Niessen et al., Toxicol. Lett. 247 (2016), 1-10
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Abstract: Many studies have previously shown that neuronal nicotinic acetylcholine receptors
(nAChRs) respond uniguely to chronic agonist treatment with a paradoxical increase in the level
of receptor protein expression. The process of nAChR “up-regulation” seems to involve multiple
post-translational processes that have been difficult to fully characterize. The purpose of this
study was to compare the responsiveness of a4 and a7 nAChRs to chronic nicotine treatment in
wild type C57BL/6 mice and mice with a green fluorescent protein expressed on the 04 subunit
(04-GFP mice). Adult male wildtype C57BL/6 and a4-GFP mice were randomized to the
following treatment groups: 1) 2% saccharin (Sigma Chemical Company, St Louis, Mo., USA)
in tap water for 7 days, 2) 200 pg/mL nicotine in 2% saccharin for 3 days, or 3) 200 pg/mL
nicotine (free base; Sigma) in 2% saccharin for 7 days (n=5 per group). Brain sections were
prepared for an autoradiographic analysis of [*H]-Epibatidine and [*?°I]-alpha bungarotoxin to
alpha 4-containing and alpha 7 nAChRs respectively. In saccharin treated mice there was a 30-
50% decrease in the baseline expression of [*H]-Epibatidine in the a4-GFP mice in some (motor
cortex, dentate gyrus of the hippocampus) but not all brain regions. The decreased a4p2 nAChR
baseline expression was selective since there were no strain differences seen in a7 nAChR
expression in similar brain regions. There were also no strain differences in cytisine resistant
[*H]-Epibatidine binding to non-p2 containing nAChR's. In spite of the decreased baseline
number of a4-containing nAChRs in the GFP mice, the plasticity of the expression was similar
following chronic nicotine treatment. Chronic nicotine treatment via the drinking solution
increased [3H]-Epibatidine binding by 20-30% in both strains of mice. These studies reveal for



the first time that tagging the 04 subunit with GFP may significantly decrease the level of a42
baseline receptor expression, which could have functional impacts on cellular and behavioral
studies performed with these animals.
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Abstract: o7 nicotinic acetylcholine receptors (nAChRs) depend on chaperone proteins that
allow folding, assembly and transport to the cell surface membrane. Resistance to Inhibitors of
Cholinesterase 3 (RIC3) is one known chaperone for a7 nAChRs. Antibodies validated to cross-
react with human, mouse and rat RIC3 would be very useful, but currently, only antibodies
raised against human RIC3 epitopes are commercially available. Also, RIC3 has alternate splice
variants, including an alternate extra serine (S+) or not (S-) encoded at the boundary between
exons 4 and 5. Mutations due to single nucleotide polymorphisms (SNPs) are also common. We
tested existing antibodies that might cross-react between species and whether SNPs and splice
variants make any difference. DNA encoding either human or S+mouse RIC3 (S+mRIC3 from
Genescript) was linked to a Flag (DDK) epitope to allow detection by anti-DDK antibodies.
Human RIC3 (S-hRIC3-YN) purchased from Origene had SNPs C130Y and D352N present in
one version without the serine but with a DDK tag, while S-hRIC3-HF, also from Origene, had
SNPs P57H and 1165F and a DDK tag. Western Blotting detected anti-hRIC3 or anti-DDK
antibodies that bound to protein from hRIC3 or mRIC3 constructs transiently expressed in
human embryonic kidney (HEK) cells and blotted onto nitrocellulose following electrophoresis.
Rat RIC3 (S-rRIC3) expressed without an extra serine or a DDK tag was also tested as an
antigen. Four rabbit anti-human RIC3 antibodies (two antibodies from ThermoFisher Scientific
and one each from Abcam and Santa Cruz Biotechnology) were tested. Three of these antibodies
recognized only hRIC3-YN and hRIC3-HF, while one antibody strongly reacted with S+mRIC3
at a dilution of 1:5000 and showed weak reactions with both S-hRIC3 isoforms and with S-
rRIC3. An antibody that recognizes mouse or rat RIC3 will allow us to evaluate whether RIC3
protein is expressed in animal tissues that expresses surface a7 nAChRs in the presence or
absence of other known a7 nAChR chaperones. Further experiments are planned to evaluate the



effects of the serine splice variants in cross-reactions between species, and whether this antibody
also detects Xenopus RICS3.
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Abstract: The FDA-approved drug bupropion has been prescribed as an antidepressant
(Wellbutrin) for over three decades, and more recently as a smoking cessation aid (Zyban). The
presumed mechanism of action of bupropion was inhibition of norephinephrine and dopamine
reuptake by their respective transporters. Subsequently, its non-competitive antagonistic effect
was demonstrated in nicotinic acetylcholine receptors (a1ped, Torpedo, alByd, a3p4a5+p2,
a3p2, a4P2, a7) of the Cys-loop superfamily providing an alternate pharmacological pathway.
Recently, our laboratory has shown that another cation-selective member of the Cys-loop
superfamily, the serotonin type 3 receptor (5-HT3-R), is modulated by bupropion at clinically
relevant concentrations. Specifically, we determined that bupropion acts as a non-competitive
antagonist at 5-HTzasubunits. 5-HT3-Rs are found pre- and postsynaptically, and are currently
targeted by anti-emetics and irritable bowel syndrome treatments. They also hold promise as
potential future targets for multiple neurological disorders, such as Alzheimer’s disease,
schizophrenia, and bipolar disorder.The 5-HT3-R family consists of five different subunits (A-E)
but the assembly of this receptor requires the 3A subunit, yielding either a homomer or
heteromer with another subunit. To date, only the interaction of bupropion with the 3A subunit
has been studied. Here, we extend our investigations to heteromeric 5-HT3zag-Rs, which are
known to frequently show different responses to non-competitive antagonists as compared to
homomeric 5-HT3a-Rs. 5-HT3ag-Rs are found in the central and peripheral nervous system,
predominantly in the amygdala, caudate nucleus, and hippocampus. The functional interaction of
bupropion with 5-HT3zagwas characterized in Xenopusoocytes using two-electrode voltage clamp



and patch clamp techniques. Further studies, including docking studies and site-directed
mutagenesis, will be used to identify the binding site/s in 5-HT3-R.
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Abstract: We report the profiles of two a7 nicotinic acetylcholine receptor (nAChR) ago-PAMs,
GAT107 and B-973B, in both two-electrode and patch-clamp experiments. a7 positive allosteric
modulators (PAMs) are able to potentiate channel activation by binding to a site in the
transmembrane domain (TMD). By binding to additional allosteric sites in the extracellular
domain, ago-PAMs act as allosteric agonists, inducing activation in the absence of a typical
orthosteric agonist. By also acting at the a7 TMD PAM site, this activation results in large
macroscopic currents and protracted bursts of channel opening. Both compounds showed the
typical ago-PAM profile but with several significant differences. Specifically, allosteric
activation by B-973B appeared more protracted than that produced by GAT107, and B-973B
responses were relatively insensitive to the noncompetitive neuronal NAChR antagonist
mecamylamine compared to GAT107 responses. Detailed patch-clamp analyses indicated
differences in open times, closed times, and burst durations, together with different patterns of
full and subconductance states. In single-channel studies we saw that for B-973B,
mecamylamine was able to completely block full conductances of the receptor, but was
permissive of a single subconductance. Mecamylamine's activity for this subconductance state
was consistent with sequential block of the open channels, such that, while individual openings
were shorter, burst durations were longer, so that the total open time within a burst was
unchanged. In the case of GAT107, however, full conductances were not completely abolished
even if profoundly affected in open durations. In silico analyses suggested that B-973B bound in



the TMD PAM site might distort the channel, preventing mecamylamine access to binding sites
deeper in the pore. Our results demonstrate that, although similar in some ways, the two agents
have different balances in their activities at the two allosteric sites and subsequent coupling to
the orthosteric site and the ion channel of the receptor. These differences may have further
implications as to how the intracellular domains couple to the interactome and subsequent signal
transduction associated with the cholinergic control of inflammation.
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Abstract: Nicotine is the primary addictive component of tobacco products. Previous reports
indicate that nicotine reward is mediated through o4p2*, a6p2*, and a4a6B2* nicotinic
acetylcholine receptors (NnAChRs) (*, indicates that additional nAChR subunits may be present).
Little is known about a4a682* nAChR involvement due to a lack of methods that allow the
direct investigation of this particular nAChR subtype. Here we use mice that contain a4-mCherry
and a6-GFP nAChR subunits to show that concentrations of nicotine sufficient to evoke reward-
related behavior (in a conditioned place preference assay) robustly upregulate a4* and 04a6*
nAChRs on midbrain dopamine and GABA neurons. Furthermore, the extent of 04* and a4a6*
nNAChR upregulation on ventral tegmental area (VTA) dopamine neurons correlates to the
magnitude of nicotine reward-related behavior. We also show that the upregulation of a4a6*
NAChRs in VTA dopamine neurons is accompanied by a change in nAChR stoichiometry that is
dependent on the concentration of nicotine in our long-term exposure paradigms. Together, these
data highlight the importance of nAChRs that contain both the a4 and a6 nAChR subunit and
suggest that 04a6B2* nAChRs on VTA DA neurons play a significant role in the cellular
changes that mediate the addiction to nicotine.
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Abstract: Previous investigations have shown that menthol, the most popular tobacco flavorant,
can enhance nicotine reward and reinforcement. With the growing popularity of electronic
nicotine delivery systems, more flavors are available to smokers and there is a critical need to
understand how these flavorants may alter nicotine’s actions. The need to know the abuse
liability of flavorants is especially urgent considering that it is generally assumed that flavorants
are harmless and they are, therefore, used without caution. In this study we examined the green
apple flavorant and odorant farnesol for its ability to alter nicotine reward-related behavior and
nicotinic acetylcholine receptor (nAChR) upregulation.

Using a conditioned place preference assay we found that farnesol enhanced nicotine reward-
related behavior to a degree that is similar to menthol. We then used confocal microscopy and
o4-mCherrya6-GFP mice to examine the upregulation of a4-containing (a4*), a6*, and a4a6*
nAChRs in ventral tegmental area (VTA) dopamine neurons. Here, we observed that farnesol,
combined with nicotine, enhanced the upregulation of a6* nAChRs but had little effect on a4*
and 04a6* nAChRs.

Together, these data show that farnesol alters nicotine reward-related behavior. This is most
likely accomplished by its ability to enhance a6* nAChR upregulation. These data highlight the
need to study how tobacco flavorants alter nicotine reward and reinforcement.

Disclosures: A.J. Avelar: None. A.T. Akers: None. Z.J. Baumgard: None. B.J. Henderson:
None.
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Abstract: Background: Extracellular domain (ECD) receptors from a7, o4, a3, B2, and B3
nicotinic receptor subunits that are truncated after the first transmembrane domain (M1) have
functional and structural similarity to full-length nicotinic acetylcholine receptors (NnAChRS).
Their smaller size and reduced transmembrane sequence might allow structural studies at higher
resolution and lead to better understanding of structural and functional roles of extracellular and
transmembrane domains. The conserved Cys-loop of the ECD interacts with proximal residues
of M1 in crystallographic structures of full-length Cys-loop receptors. This interaction guides the
design of site-specific protease sites at the ECD-M1 interface that might liberate water-soluble
ECD nicotinic receptors in vitro. Properties of interfacially-inserted residues, figuratively called
"stilts", that facilitate expression of ECD nicotinic receptors, however, are poorly understood.
Objective: Determine whether extending the ECD with proximal residues from M1 functionally
unlinks the two domains and guides a strategy for inserting a site-specific protease site at the
interface in ECD 042 nAChRs.

Methods: Human a4 and 32 cDNAs were truncated after M1 (04M1 and 2M1). Five to 11
residues were inserted at the interface between the ECD and M1 by mutagenesis, producing an
extended ECD followed by native M1. Subunits were expressed in Xenopus laevis oocytes.
Immunoblotting and immunoisolated [*H]epibatidine binding sites assessed expression of
subunits and ECD 04p2 nAChRs.

Results: Excluding the conserved proline at the N-terminus of M1 from its juxtaposition with the
ECD and extending the ECD with residues SGMH (from DNA restriction sites) adversely
affected expression. Extending the ECD with the first six M1 residues PLFYTI maintained
expression. In contrast, extending the ECD with 6 PAGSAG residues for increased interfacial
flexibility adversely affected expression. Extending o4 ECD with 11 M1-derived residues
PLFYTILFYTI maintained expression of ECD 042 nAChRs when combined with B2M1.
Extending both a4 and 2 ECD with these 11 M1-derived residues, however, adversely affected
expression.



Conclusions: Interaction between the Cys-loop and proximal M1 residues likely is important for
expressing ECD 042 nAChRs. Success of functionally unlinking the ECD from M1 by inserting
residues at the interface may be limited by increased orientational flexibility that inserted
residues permit for the ECD of each subunit. A site-specific protease site inserted at the interface
may need to include proximal residues from M1, be as short as possible, and have low overall
hydrophobicity.
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Abstract: Nicotinic acetylcholine receptors (nNAChRs) are ligand-gated ion channels that
modulate synaptic transmission throughout the brain. Accordingly, NnAChR dysfunction has been
implicated in a variety of neurological disorders, including Alzheimer’s disease and
schizophrenia, as well as drug addiction. Though neuronal nAChRs have long been considered
promising targets for therapeutic compounds, relatively little was known, until recently,
regarding the involvement of other, regulatory proteins in their biogenesis. Recent studies from
our group have identified NACHO as an essential chaperone for the assembly of homomeric a7
nAChRs, in both recombinant expression systems and brain tissue (Gu et al., 2016; Matta et al.,
2017). Additional high-throughput screening of a7 and NACHO, cotransfected with the Broad
cDNA library in HEK293T cells, revealed that several anti-apoptotic members of the Bcl2
protein family further upregulated functional expression of this NAChR subtype. Though Bcl2
proteins are principally known to promote or inhibit apoptosis at the mitochondrial membrane,
we found that a7 nAChRs possess a Bcl2-like binding motif that facilitates their interaction
during biogenesis in the endoplasmic reticulum. Point mutations targeted to this motif strongly
attenuate Bcl2-mediated effects on receptor assembly and expression, as assessed by
immunostaining and patch-camp electrophysiology. Meanwhile, the same mutations did not
affect receptor upregulation by NACHO and the previously reported nAChR chaperone RIC3.



Similarly, chemical inhibitors of Bcl2 proteins also diminished their ability to regulate a7
assembly. Other neuronal nAChR subtypes, including the a4p2 receptor did not appear to be
regulated by Bcl2 overexpression. In summary, we characterized a subset of Bcl2 proteins as
sufficient to upregulate recombinant a7 expression in HEK293T cells, through a distinct
mechanism from other known nAChR protein chaperones.

Disclosures: B. Dawe: A. Employment/Salary (full or part-time):; Janssen Pharmaceutical
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Employment/Salary (full or part-time):; Janssen Pharmaceutical Companies of Johnson &
Johnson.

Poster

283. Structure and Function of Nicotinic Acetylcholine Receptors
Location: SDCC Halls B-H

Time: Monday, November 5, 2018, 8:00 AM - 12:00 PM

Program #/Poster #: 283.13/D51

Topic: B.02. Ligand-Gated lon Channels

Support: NIH Grant RO1DA036061

Title: Characterization of murine brain region-specific *H-epibatidine binding in response to
chronic exposure to nicotine, (-) menthol, and nicotine co-administered with either (-)-menthol or
(x)-menthol

Authors: *M. J. MULCAHY, S. M. HUARD, J. H. WANG, H. A. LESTER
Biol. and Biol. Engin., Caltech, Pasadena, CA

Abstract: Nicotinic acetylcholine receptors (nAChRs) are pentameric cation channels that are
expressed in the mammalian central nervous system, the peripheral nervous system, and the
neuromuscular junction. Eleven neuronal nAChR subunits have been identified in mammals (a2-
7, 09-10, B2-4), and receptors containing a4p2, a3p4, and a7 subunits are the most abundant
nNAChR subtypes in the mammalian CNS. Chronic nicotine exposure upregulates total neuronal
nAChR levels, as measured by ®H-nicotine and *H-epibatidine binding. Epibatidine is a toxin
that has high affinity for nNAChRs and can be used to quantify nAChR levels. Chronic exposure
of menthol, a cigarette flavorant, has been shown to upregulate specific NAChR subunits in



several brain regions. A systematic characterization of changes in receptor levels in response to
chronic menthol or chronic nicotine + menthol had yet to be performed prior to this study. We
investigated the effect of chronic nicotine, (-)-menthol, and nicotine co-administered with either
(-)-menthol or (%)-menthol in fourteen murine brain regions for changes in *H-epibatidine
binding. Total *H-epibatidine binding was further resolved through characterization of cytisine
sensitive (mostly a4p2 nAChRs) and cytisine resistant (mostly non-04p2 nAChRs) fractions.
C57Dbl/6 mice were separated into five treatment groups: vehicle (ethanol), nicotine (2 mg/kg/hr),
(-)-menthol (2 mg/kg/hr), nicotine + (£)-menthol (2 mg/kg/hr), or nicotine + (-)-menthol (2
mg/kg/hr). Osmotic minipumps were used for chronic treatment administration over 10-12 days.
Our investigations identified region specific upregulation and downregulation of nAChR levels
in response to the different chronic drug treatments tested. This comprehensive characterization
of changes in nAChR levels in specific brain regions enhances our understanding of the effects
of menthol on the mammalian CNS.
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Abstract: Nicotinic acetylcholine receptors (NnAChRs) play crucial roles in many cellular and
physiological processes. The manner by which lipid composition affects the functionality and
stability of solubilized nAChR is poorly understood. Lipid-protein interactions are of crucial
importance for stability and correct function of transmembrane proteins.Cholesterol, which is a
key lipid for maintaining the correct functionality of membrane proteins, has been found to alter
the nAChR function. Our objective of this study is to understand how cholesteryl hemisuccinate
(CHS) affects the thermal stability and functionally the nAChR-detergent complex (hnAChR-
DC). The nAChRs was extracted from the electric organ tissue of Torpedo californica, using



LysoFos Choline 16 as a lipid-analogous detergent (LFC-16), followed by affinity purification,
size exclusion, and ionic exchange chromatography. We used circular dichroism spectroscopy,
dynamic light scattering, and a two voltage-clamp assay to examine the functionality and
stability of the NAChR-DC prepared with different concentrations of CHS and LFC-16. The
present results suggest that the CHS preserves the secondary structure of the nAChR making it
more thermo-stable in the thermal unfolding experiment. Also, the addition of CHS increases the
yields of the nAChR-DC in the affinity purification assay and preserves the functionality in
oocytes. This research was supported by the NIH NIGMS grants 1R01GM098343 (JALD);
COBRE NIEF 1P20GM103642 (J.R and JALD) and Research Initiative for Scientific
Enhancement (RISE) 5R25GMO061151-16.

Disclosures: R. Maldonado-Hernandez: None. C. Maysonet: None. A. Pastrana: None. C.
Silva: None. E. Albino: None. O. Quesada: None. J. Lasalde: None.

Poster

283. Structure and Function of Nicotinic Acetylcholine Receptors

Location: SDCC Halls B-H

Time: Monday, November 5, 2018, 8:00 AM - 12:00 PM

Program #/Poster #: 283.15/E2

Topic: B.02. Ligand-Gated lon Channels

Title: Anti-apoptotic bcl2 proteins upregulate a7Nicotinic acetylcholine receptorsin neurons

Authors: *H. YU!, G. B. DAWE?, A. N. BLACKLER?, S. GU!, E. SIUDA'?, J. MATTAL E.
REX'? D.BREDT!

LJanssen Res. and Develop. La Jolla, San Diego, CA; 2Alkermes, Waltham, MA; *The Med.
Affairs Co., Kennesaw, GA

Abstract: Until the discovery of NACHO, a7 nicotinic acetylcholine receptors (nAChRs) were
known to not express well in recombinant cell systems. To identify additional partners that can
modulate a7 nAChR expression in the presence of NACHO, we conducted a high throughput
screen of the Broad cDNA library using surface Bungarotoxin (Bgt) staining and Opera Phenix
high content, high throughput imaging system. A group of Bcl2 proteins showed synergy with
NACHO to further enhance surface Bgt staining. Systematic study of all Bcl2 proteins indicated
that only anti-apoptotic Bcl2 proteins exert this effect. In cultured hippocampal neurons,
treatment with inhibitors of Bcl-xl and MCL1 reduced surface Bgt staining, while surface GluAl
labeling was not changed. The inhibitor concentrations were optimized to cause minimal cell
death. Only healthy neurons were used in quantification of the Bgt and GIuA1l surface stain.
Lentiviral-mediated MCL1 overexpression in cultured hippocampal neurons increased Bgt
staining but didn’t affect GluA1 surface labeling. These results indicate that these anti-apoptotic
Bcl2 proteins regulate a7 nAChR surface expression in a manner that is not related to apoptosis.
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Title: Uncovering cholinergic mechanisms of anxiety regulation through the nicotinic receptor
protein modulator, lynx2, in mice and humans
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Abstract: Anxiety is an adaptive response to a threatening situation, but if not regulated properly
can lead to the development of anxiety disorders. The exact etiology of anxiety disorders are
unknown. Due to this gap in full understanding, current treatments only provide temporary
symptomatic relief and are not effective in all anxiety disorder sufferers. A novel therapeutic
approach is through the nicotinic acetylcholine receptors (nAChRs) of the cholinergic system.
Nicotinic acetylcholine receptors (nAChRs) have been shown to regulate amygdalar activity but
the discovery of their exact roles is still under investigation due to the complexity of NAChR
subtypes and varied responses to antagonism. Additionally, anxiety disorders are thought to
develop from a complex interaction between genetic, psychological, and environmental factors.
To study the role of amygdalar nAChRs and a possible genetic underpinning of anxiety we are
using the candidate gene, lynx2. The lynx2 gene is expressed in the amygdala, where the protein
product binds to and suppresses NAChR activity. Additionally, heightened anxiety-like behavior
have been reported in the lynx2 knockout mouse. Here we further characterize the role of lynx2
in anxiety-like behaviors and responses to different environmental conditions in the knockout



mouse model. We also identify a role of the lynx2 gene in human behavior through human gene
sequence analysis and human anxiety behavior correlations.

We hypothesize that lynx2 modulators act to properly regulate amygdala nAChR activity and
thus proper anxiety responses in both mice and humans. We are investigating associations
between human lynx2 gene sequences and human anxiety levels. To investigate the biological
and cellular mechanisms underlying behavioral differences observed in lynx2KO mice, we are
pairing behavioral pharmacology assays to further characterize the extent of the anxiety
phenotype with electrophysiology studies. We have found that anxiety behaviors such as fear
learning are altered in lynx2 knockout mice and that deficits in fear learning could be restored
with cholinergic blockade and pharmacology targeted at learning mechanisms. Further studies
into the lynx2 knockout mouse model could identify biological mechanisms of anxiety and
inform a pharmacogenetic approach to treatment of anxiety disorders.
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Abstract: Neuronal nicotinic acetylcholine receptors display a high degree of desensitization
upon sustained exposure to an agonist. While onset and recovery of desensitization was
characterized for acetylcholine at the human 042 receptors, much less is known about the
effects of other agonists.

In this work, we examined the desensitization and recovery to a sustained exposure for the full
agonist OC-02 (Oyster Point Pharma, Inc, formerly TC-6499) and the partial agonist varenicline
at the human 04p2 receptors. Whereas almost full recovery of the response was observed for
OC-02, inhibition caused by varenicline was more profound and long lasting.

The discovery that several substances such as Br-PBTC or NS-9283 act as positive allosteric
modulators at neuronal nicotinic receptors offers additional possibilities to tackle the
mechanisms underlying receptor desensitization. Experiments conducted at the human o432
receptors expressed in Xenopus oocytes confirmed that Br-PBTC and NS-9283 are powerful
positive allosteric modulators at these receptor subtypes. A difference was, however, observed



between these two compounds when comparing their activity at the responses evoked by OC-
002. Namely, while Br-PBTC significantly increase the maximal evoked currents, exposure to
NS-9283 caused no increase of the current amplitude.

Effects of Br-PBTC and/or NS-9283 were next examined on the desensitization caused by
sustained exposure to OC-02 or varenicline and if co-exposure with a modulator could prevent
varenicline desensitization. A major difference was observed in presence of BrPBTC. Namely
coexposure with this modulator was able to reverse desensitization caused by varenicline within
3 hours. Conversely, NS9283 caused no significant modification of recovery from
desensitization. While these modulators had little or no effect at recovery from desensitization
caused by OC-02

These data illustrate the importance of allosteric modulation on the functional properties of
neuronal nicotinic acetylcholine receptors and highlight the possibility to minimize
desensitization effects caused by sustained exposure to an agonist.
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Abstract: The nicotinic acetylcholine receptors (nAChRs), especially the a7 homomeric
subtype, have been implicated in several neuropsychiatric disorders, such as Alzheimer’s
disease, Parkinson’s disease, and schizophrenia. Although monitoring the activity of nAChRs in
Vivo can be achieved with positron emission tomography (PET), an optimal tracer for the o7
subtype with a high affinity, specificity and sensitivity has yet to be discovered. We aim to
develop a correlative model to predict the in vivo performance of potential o7 nAChR PET
ligands with in vitro methods. After expressing the receptor in Xenopus oocytes, we performed
two-electrode voltage-clamp experiments to examine the pharmacological properties of six
compounds (DBT-10, DBT-38, NS6784, NS10743, NS14490, and NS14492), including their
potencies and efficacies, modes of modulation, and desensitization properties.

We have found that the compounds of the NS series are agonists with ECsos ranging between 0.3
+0.1and 2.5 £ 1.5 uM and efficacies in the range of that for acetylcholine (ACh). In contrast,
the DBT compounds are weak partial agonists, but they modulate ACh responses in co-
application experiments. We found a biphasic response, with the DBT compounds potentiating at
low concentrations but inhibiting the response at higher concentrations. DBT-10, recently
characterized as a suitable PET tracer, can achieve complete inhibition with an ICso of 100 £ 25
nM, but DBT-38 only reached 40% inhibition. Modes of modulation vary, notably with DBT-10
being a non-competitive inhibitor.

Due to the importance of desensitization of a7 nAChRs, we studied the effects of the novel
ligands on these properties. We studied the time course of recovery back to the control response
following exposure to each compound in several ways. We found that recovery from
desensitization is a function of time, frequency of receptor activation, and amount of exposure to
the drug, and all vary depending on the compounds used. Responses in oocytes exposed to
NS14490, DBT-10, and DBT-38 take longer to recover, whereas those for the other NS
compounds recover at a rate comparable to ACh.

Future research will include the examination of the PET tracer [*®F]JASEM, a structural analog of
DBT-10, and further derivatives in order to establish a link between function and structure. We
have started developing a single-channel approach to address the complication in predicting the
performance of a7 nAChR potential PET ligands regarding desensitization properties. Finally,
we have begun developing an initial model correlating these parameters and ligand effectiveness
in vivo.
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Abstract: Acetylcholine (ACh) provides a widespread and diffuse signal in the brain. It alters
neurotransmitter release and affects neuronal integration and network activity, notably by acting
through ionotropic nicotinic ACh receptors (NAChRs). nAChRs consist of hetero- and homo-
pentameric arrangements of o and 3 subunits (9 and 3 genes, respectively), yielding a high
combinatorial diversity of channel composition, localization and function. Nicotinic
neuromodulation controls learning, memory and attention, and has been associated with the
development of numerous neurological and psychiatric disorders, including epilepsy,
schizophrenia, anxiety and nicotine addiction. To understand how nAChRs mediate such diverse
functions, we developed an opto-chemical-genetic strategy for acutely and reversibly
manipulating these receptors in the mammalian brain in vivo (1). We have notably developed
light-inhibitable nAChRs (LinAChRs) of the $2 and B4 subtypes, that respond normally to ACh
or nicotine in darkness, but are rapidly antagonized upon illumination with 380 nm light (2, 3).
This strategy relies on the covalent attachment of a photoswitchable tethered antagonist onto a
genetically-encoded, cysteine-ready receptor mutant. We used lentiviruses to demonstrate rapid
and specific control of nicotinic transmission in the ventral tegmental area (VTA) and the
interpeduncular nucleus (IPN), two brain regions expressing high densities of nAChRs and
strongly implicated in nicotine addiction. Using in-vivo electrophysiological recordings coupled
to photocontrol of specific nAChRs, we provide direct evidence that the ACh tone fine-tunes the
firing properties of VTA dopamine and IPN neurons through somatic nAChRs. Furthermore,
locally photo-antagonizing f2-containing receptors in the VTA was sufficient to reversibly
switch nicotine reinforcement on and off. By enabling control of nicotinic transmission in
targeted brain circuits, this technology will help unravel the various physiological functions of
nAChRs and may assist in the design of novel therapies relevant to neuropsychiatric disorders.
Refs: (1) Durand-de Cuttoli R. et al., bioRxiv, 266163 (2) Tochitsky I. et al., Nat. Chem. 4 (2),
105-111 (3) Lemoine D. et al., Optogenetics: Methods and Protocols, 177-193.
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Abstract: a-Conotoxin MII (a-CtxMII) selectively antagonizes a3p2*- and a6p2*-nAChR. We
have previously developed a6p2*-nAChR-selective a-Ctxs to define mesolimbic a6p2*-nAChR
contributions to nicotine and other drug abuse phenotypes. A lack of selective compounds, and
lethality in a3-nAChR subunit-null mutant mice, means virtually no studies of native a3p2*-
NAChR have been performed. The medial habenula (MH) and interpeduncular nucleus (IPN)
contain the densest CNS a3p2*-nAChR populations (outnumbering MH and IPN a632*-
nAChR). MH & IPN a3B4*- and a5*-nAChR are already known to support nicotine dependence,
but ganglionic a3p4*-nAChR expression and a lack of a5 subunits in orthosteric binding sites
may make these problematic anti-smoking targets. These potential difficulties motivate us to
assess the contributions of additional MH and IPN subtypes such as a332*- and a6p2*-nAChR
to nicotine abuse and addiction phenotype. Here, we describe screening of a panel of 372 a-Ctx
ligands, to discover leads with a3p2*-nAChR selectivity. Preliminary screens were performed
utilizing the 8Rb* efflux assay. Fifteen ligands in the panel have been found to be highly potent
at a6/3p2p3-nAChR, having ICsp values less than 100nM. Included in those fifteen ligands are
ten a-Ctxs that have multiple variants represented in the screen. Potency is highly sensitive to
amino acid substitutions. Point mutations have weakened or completely eliminated activity of
related a-Ctxs, and have also rendered inactive a-Ctxs highly potent at a6p2*-nAChR. As of the
submission of this abstract our previously-created stably-transfected a32-nAChR mammalian
cell line has lost function over multiple passages in cell culture. Because of this, we have been
unable to screen with 8Rb* efflux assays. We are, instead, currently screening the a-Ctx panel
for activity at a332-nAChR utilizing Xenopus laevis oocytes and two electrode voltage clamp



(TEVC) electrophysiology. Lead peptides will be identified as those with selectivity for a3p2-
over a6p2*-nAChR. Following identification of such lead a-Ctxs, we will compare their
sequences and use this information to drive a positional scanning mutagenesis approach. Our
goal is to develop and validate a panel of a-Ctxs with greater than 100-fold a332-nAChR
selectivity across human, mouse, and rat nAChR. This will be sufficient to identify and
characterize the potential of a3p2*-nAChR, as well as refine our understanding of a6p2%*-
nAChR viability, as novel pharmacotherapeutic targets for smoking cessation.
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Abstract: Alzheimer’s disease (AD), a progressive neurodegenerative disorder, is one of the
most common causes of mental deterioration in the elderly. Hallmarks of AD pathology include
alterations in brain regions associated with higher cognitive functions. Several studies have
correlated the severity of cognitive decline in early AD with a loss of basal forebrain cholinergic
neurons (BFCNSs). Mechanisms underlying cholinergic neurodegeneration and subsequent
memory impairments remain unknown. However, interactions between amyloid-beta (Ap), a
suspected etiopathogenic agent in AD, with a nicotinic acetylcholine receptor (nAChR) subtype
containing a7 subunits trigger an increase in hippocampal neuronal excitability. Heteromeric
a7B2-nAChRs have similar pharmacological properties to those of homomeric a7-nAChRs and
are highly sensitive to functional modulation by AP. Toward understanding the roles played by
nAChRs in BFCN function we used single-channel electrophysiology to explore the functional
relationship between AP and a7 and a7p2-containing nAChRs. We demonstrate that oligomeric
AP activates both a7 and a732-nAChRs and preferentially enhances a7p2-nAChR single-
channel open dwell-times (representing a 3.5-fold increase), effects that can be abrogated using
the known nAChR antagonists MLA or mecamylamine. Using organotypic slice cultures and



whole-cell patch clamp electrophysiology we demonstrate that chronic incubation with
oligomeric A increases BFCN firing rates in the medial septum and horizontal diagonal band
(MSDB: 64 + 8% and HDB: 25 + 3.5%, respectively). BFCN firing rates were mirrored by 1)
reduced afterhyperpolarization (AHP) magnitude (reduction of 44 £+ 6.5% and 15 + 2.5%,
respectively), 2) attenuation in action potential amplitude (38 + 6.5% reduction), 3) reduced
spike-frequency adaptation (i.e. reduced interspike interval ratio) and 4) development of a
hyperpolarization-activated cationic current (In), when compared to controls (scrambled Ap).
These AB-induced alterations were absent in the nucleus basalis (NB). Interestingly, regionally-
specific changes in BFCN intrinsic excitability were normalized in B2 nAChR subunit knockout,
suggesting that A alters cholinergic intrinsic excitability by interacting with a7 and 2-
containing nAChRs. These interactions may be specific to certain cholinergic circuits within the
basal forebrain and suggest novel and potentially productive therapeutic strategies to combat
neurodegeneration in a brain region affected early in AD. This work was supported by the
Arizona Biomedical Research Commission (AAG; ADHS14-083003) and the Barrow
Neurological Foundation (AAG).

Disclosures: A.A. George: None. H.A. Bimonte-Nelson: None. R.J. Lukas: None. P.
Whiteaker: None.

Poster

283. Structure and Function of Nicotinic Acetylcholine Receptors
Location: SDCC Halls B-H

Time: Monday, November 5, 2018, 8:00 AM - 12:00 PM

Program #/Poster #: 283.22/E9

Topic: B.02. Ligand-Gated lon Channels

Support: Michael J. Fox Foundation for Parkinson's Research (Grant #11728)

Title: AN6001: A subtype selective a6 nAChR PAM showing potentiation of dopamine release
and protection of dopaminergic neurons

Authors: *T. DYHRING?, D. T. BROWN?!, J. KLEIN?, M. VAN HOUT?, A. A. JENSEN?, P.
CHRISTOPHERSEN!

Saniona A/S, Ballerup, Denmark; ?Drug Design and Pharmacol., Univ. of Copenhagen,
Copenhagen, Denmark

Abstract: Dopamine (DA) release in the striatum is critical for regulation of movement and
disruption of DA signaling underlie a variety of psychomotor disorders, including Parkinson’s
disease (PD). Pre-synaptic nicotinic acetylcholine receptors (nAChRs) are involved in the control
of dopamine release and nAChRs containing the a6-subunit (a6* nAChRs) have gained interest
as therapeutic targets in PD due to the restricted expression pattern of these receptors.
Furthermore, parkinsonian animal models in which the nigrostriatal pathway has been selectively



damaged with dopaminergic neurotoxins such as 6-OHDA or MPTP, show a decreased a6*
nNAChR expression and function. Such lesions closely parallel the decline in dopaminergic
terminal integrity seen in post mortem PD brains, which supports the involvement of nigrostriatal
06* nAChRs in PD.

By using a combination of fluorescence-based and electrophysiological assay techniques, we
have identified small molecules acting as positive allosteric modulators (PAMs) of a6* nAChRs.
Here we present data on AN6001, which has sub-micromolar potency at a6* nAChRs and
demonstrates a high degree of selectivity for a6* nAChRs over other more widely expressed
nNAChR subtypes. When tested at native rodent receptors, AN6001 caused a significant
potentiation of a6-stimulated synaptosomal DA. Furthermore, slice electrophysiological
recordings on putative dopaminergic neurons from rat substantia nigra pars compacta, AN6001
displayed augmentation of cholinergic stimulated action potential firing. Additionally, we tested
cell survival of dopaminergic neurons using rat primary mesencephalic cultures. By challenging
the neurons with MPP+, we found that AN6001 elicited a significant enhancement of the
neuroprotective effect mediated by nicotine.

These results provide the first evidence of positive allosteric modulation of a6* nAChRs and
demonstrate that a nicotinic a6 PAM has the potential to strengthen acetylcholine-mediated
dopaminergic signaling. An a6 PAM, as presented here, is expected to selectively enhance
endogenous a6* nAChR-mediated signaling in a process that is not supposed to promote
increased steady state desensitization of the receptors and thereby, is less likely to induce
tolerance as compared to nicotinic receptor agonists.
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Abstract: SUVN-911 is a potent and selective 042 receptor antagonist with more than 300 fold
selectivity (NovaScreen selectivity panel). SUVN-911 showed good oral bioavailability in all



preclinical species. It also showed good brain penetration and receptor occupancy following oral
administration. It demonstrated antidepressant like effects in animal models of depression. Faster
onset of action, no sexual dysfunction and procognitive potential in animal models are the
differentiating features for SUVN-911. At behaviorally effective doses, SUVN-911 produced a
significant increase in cortical serotonin and norepinephrine levels. SUVN-911 showed good
margin of safety in toxicity studies and is non-mutagenic. SUVN-911 was studied in a single-
center, multi-faceted, Phase 1 clinical trial (US IND) to evaluate its safety, tolerability, and
pharmacokinetics after single and multiple ascending doses administered orally in healthy male
subjects. For single dose evaluation, healthy human volunteers were once dosed with 0.5 mg, 6
mg, 15 mg, 30 mg and 60 mg of SUVN-911 tablets. For multiple ascending dose evaluation,
once daily doses of 15, 30 and 45 mg SUVN-911 were administered orally for 14 days. SUVN-
911 was quantified in plasma using a validated LC-MS/MS method. Safety and tolerability was
evaluated throughout the study by assessing the incidence and severity of AEs, abnormalities in
vital signs, ECG and clinical parameters.SUVN-911 was well tolerated up to the highest tested
dose of 60 mg single dose or 45 mg/day multiple doses in healthy male subjects. There were no
clinically relevant or serious adverse events reported. During single ascending dose studies, the
absorption of SUVN-911 was rapid and exposures (Cmax and AUC) were more than dose
proportional at the tested doses between 0.5 mg to 60 mg. During multiple ascending dose
studies, SUVN-911 achieved the projected efficacy concentrations. Additional Phase 1 clinical
study (US IND) to evaluate the effect of food, gender and age on human pharmacokinetics is in
progress.
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Abstract: The penta-homomeric alpha7 nicotinic acetylcholine receptor (nAChR) is a ligand-
gated ion-channel, and activation of the receptor leads to inward flow of calcium and natrium in
neurons. Previous studies carried out in THP-1 or Jurkat cell lines, shows that the alpha7 nAChR
conveys anti-inflammatory properties by reducing the inflammatory cytokine releases by a
mechanism not involving ion flow. It is considered that the receptor signal involve other
intracellular signalling pathways in microglia cells than in neurons. While agonists have no
effect, a subset of low-efficacy partial or silent agonists such as NS6740 elicit anti-inflammatory
effects. In this study, we compared the pharmacology and expression of the two genes (chrna7
and chrfam7a) encoding the alpha7 nAChR and the human truncated and duplicated form, dup-
alpha7 nAChR in primary microglia and the microglia cell line, BV2. In all cells, NS6740
reduced lipopolysaccharide (LPS)-induced TNF-alpha release at concentrations of 30 uM, and
full effect was achieved at 100 uM. Also, in rat microglia microglia NS6740 reduced interleukin-
1b and TNFalpha gene expression in LPS-stimulated cells. Expression, of alpha7 nAChR mRNA
was detected in non-human microglia, and the level up-regulated by LPS. In contrast, only dup-
alpha7 nAChR mRNA was detected in human microglia. These data suggest that alpha7 nAChR
is expressed in microglia and may exert an important role in control of inflammation in the brain,
and that duplicated form may exert a role in human that may be different from other mammalian
species.
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Title: Modulation of glutamate release by nicotine in the rostromedial tegmental nucleus
(RMTQg)
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Abstract: The rostromedial tegmental nucleus (RMTQg) is a bilateral structure localized in the
midbrain. The RMTg is mainly constituted by GABAergic neurons which exert a strong tonic
inhibition on the mesolimbic and the nigrostriatal dopamine systems (Barrot et al, 2012;
Kaufling, 2009; Gongalves, 2012). Accordingly, it has been reported that the inhibition or
activation of the RMTg, increases or decreases the activity of midbrain dopamine neurons,
respectively (Jhou et al, 2009b; Stamatakis & Stuber, 2012). The major excitatory input to the
RMTg is glutamatergic projections from the lateral habenula (LHb). On the other hand, RMTg
receives dense cholinergic inputs from the tegmental laterodorsal and pedunculopontine nuclei.
Previous studies suggest the presence of nicotinic acetylcholine receptors (nAChRs) at
glutamatergic terminals that establish contact with the RMTg cells (Lecca et al, 2012). The aim
of this work was to investigate whether the activation of nAChRs modulates glutamate release in
the RMTg nucleus. We used voltage clamp techniques in whole cell configuration to examine
the effect of selective nicotinic drugs on the spontaneous glutamatergic excitatory postsynaptic
currents (EPSCs) recorded from GABAergic RMTg neurons in rat midbrain slices. We found
that the activation of NAChRs by nicotine or acetylcholine, increase the frequency of EPSCs in
the RMTg neurons through a7 but not a4p2 nAChRs. This effect persisted for about 30-40
minutes after the washout of the drug. The effect was dependent on calcium release from
intracellular calcium stores but independent on action potentials or the activation of voltage-
gated calcium channels.
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Abstract: The dorsal raphe nucleus (DRN) provides the serotonergic input for most of forebrain
structures. Alpha7 and alpha4beta2 nicotinic acetylcholine receptors (NAChRS) are present on
the soma of 5-HT DRN neurons an on intra-raphe noradrenergic, glutamatergic and GABAergic
terminals. Previous studies from our laboratory indicated that nicotine increases the firing
activity of 5- HT DRN neurons through stimulation of both postsynaptic and presynaptic
nAChRs (Mihailescu et al, 1997; Galindo et al., 2008, Gardufio et al, 2012). These studies did
not however establish which type of presynaptic nAChR is responsible for the increase in 5-HT
DRN neuron firing rate. The purpose of this study was to determine the effects on 5-HT DRN
neuron firing rate, glutamate and GABA release of specific agonists of alpha7 and alpha4beta2
nAChRs. The experiments were performed in midbrain slices obtained from young (19-21
postnatal days) Wistar rats. The electrical activity of 5-DRN neurons was recorded using the
whole cell voltage- and current clamp techniques. When bath administered in a concentration of
0.1 uM, the specific agonist at alphad4beta2 nAChRs E-N-methyl-4-(3-pyridinyl)-3-butene-1-
amine (RJR-2403 oxalate, 0.1 uM), produced an increase in the firing rate of 5-HT DRN neurons
by 37% and an increase of the frequency of spontaneous and miniature excitatory postsynaptic
currents (SESPSCs and mEPSCs respectively). Surprisingly, mecamylamine (MCM, 3 uM), a
non-specific and non-competitive antagonist at NAChR, produced similar effects as RIR-2403.
The specific agonist at a7 nAChRs N-(3R)-1-Azabicyclo[2.2.2]oct-3-yl-4-chlorobenzamide
(PNU-282987,100 nM), induced a 64.8% decrease in 5-HT DRN neuron firing rate and an
increase in the frequency of GABAergic SIPSCs and mIPSCs. These data indicate that the
stimulatory effects of nicotine and mecamylamine on 5-HT DRN neurons are indirect,
presynaptic, dependent on alpha4beta2 nAChRs-mediated increase of glutamate release in the
DRN. The stimulation of DRN alpha7 nAChRs produces the inhibition of 5-HT DRN neurons by
inducing presynaptic release of GABA from GABAergic terminals present in the DRN.
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Title: Sex differences in gene expression of nicotinic acetylcholine receptor (nAChr) subunits in
the interpeduncular nucleus of female and male rats experiencing nicotine withdrawal
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Abstract: Withdrawal from chronic nicotine elicits negative affective states that are modulated,
in large part, via nAChRs in the medial habenula-interpeduncular nucleus (MHb-IPN) pathway
of the brain. Previous research using knock-out mice has demonstrated that alphasbeta; and
alphas nAChRs in MHDb-IPN pathway are necessary for the expression of negative affective
states produced by nicotine withdrawal. Despite the current knowledge of the role of NAChRs in
nicotine withdrawal, there is little information regarding sex differences in the expression of
these receptors during withdrawal in the IPN. To address this issue, the present study compared
gene expression of alphas, betaz, and alphas receptor subunits in the IPN of female and male rats
during nicotine withdrawal. Female and male rats were implanted with a pump that delivered
nicotine for 14 days. The following day, the rats received an injection of saline or the nAChR
antagonist, mecamylamine, to precipitate withdrawal. Twenty minutes later, rats were tested for
anxiety-like behavior using the elevated plus maze (EPM) test. After testing, the IPN was
dissected and alphasbetay, and alphas mMRNA expression was assessed using RT-gPCR methods.
The results from the EPM revealed that female rats displayed an increase in anxiety-like
behavior during withdrawal that was larger than males. The molecular results revealed that
female rats displayed an increase in the expression of alphas mMRNA an effect that was absent in
male rats experiencing withdrawal. In contrast, male rats displayed an increase in the expression
of aphas and betax MRNA, and this effect was absent in female rats. These data suggest that sex
differences in anxiety-like behavior produced by nicotine withdrawal is related to a differential
expression of alphasbeta, and/or alphas nAChRs in the IPN, and future studies are needed to
explore the role of various nNAChRs in the MHb-IPN pathway in modulating sex differences in
the expression of the nicotine withdrawal syndrome.
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Abstract: In recent experiments, we estimated the strength of individual nicotinic synapses on
sympathetic neurons by whole-cell patch recording from the isolated intact rat superior cervical
ganglion (SCG) at 36°C. To estimate synaptic size, we recorded EPSCs under voltage-clamp
using minimal stimulation. We calibrated the excitatory strength of individual synapses in terms
of threshold synaptic conductance (thresh-gsyn), measured using virtual EPSPs created by
dynamic clamp. Given that nicotinic synapses are distributed over the cell body and dendrites,
this raises an important methodological question. Do space clamp limitations invalidate our
approach? To address this question, we took advantage of the fact that the strength of some
nicotinic synapses straddles threshold when activated repeatedly at 1Hz. With minimal
stimulation, we recorded trains of 100 straddling EPSPs and trains of 100 EPSCs from 10
synapses in 5 SCGs. In each case, we converted the EPSCs into a train of virtual EPSPs and used
it to stimulate the same cell. To test our question, we then compared the number of action
potentials evoked by the real EPSPs and the virtual EPSPs. The real EPSP trains triggered 3 to
87 spikes and the virtual EPSP trains triggered 3 to 88 spikes. The real and virtual spike numbers
were well fit by linear regression (slope = 0.94, r?=0.83, 95% confidence limits of slope = 0.60 to
1.29). Importantly, we also discovered that the excitatory strength of virtual EPSPs was very
sensitive to the decay time constant of the EPSC, which was 4 ms in these experiments. This
suggests that converting synaptic currents into corresponding virtual EPSPs can accurately
mimic the excitatory strength of real EPSPs in these neurons. Although space clamp limitations
may obscure synaptic events in distal dendrites, this hypothetical effect appears not to bias the
mimcry produced by virtual EPSPs. These exploratory results provide the basis for a definitive
confirmatory study. The approach described here also opens the door to detailed studies of
postsynaptic integration of converging nicotinic EPSPs at synapses of known strength.
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Abstract: Layer 6 pyramidal neurons of the medial prefrontal cortex (mPFC) are excited
robustly by acetylcholine (ACh) and are thought to be involved in top down cholinergic
modulation of attention. The a5 nicotinic receptor subunit encoded by Chrna5 is an accessory
subunit that is heavily expressed in layer 6 of the PFC and is thought to affect receptor
conductance and desensitization properties. Previous studies show that 57 mice are impaired
during demanding attentional tasks. Single nucleotide polymorphisms in Chrna5 are also
associated with increased risk of schizophrenia and smoking. However, the exact function of
Chrna5 in the cellular and network response to acetylcholine (ACh) is unknown. We performed
whole cell recordings of layer 6 mPFC pyramidal neurons expressing Chrna5 to measure
responses to exogenous application of ACh in brain slices. BAC transgenic mice that express Cre
from the Chrna5 locus without the overexpression of the associated nicotinic receptor genes
were generated and crossed with a ZsGreen reporter line (Ai6) to record from the labeled cells.
Both male and female mice of postnatal day 36-40 were used. All labeled neurons were regular
spiking, with input resistance 116 + 11 MQ, and resting membrane potential -86 + 2 mV (mean *
SEM; N=16). The peak inward current elicited by bath application of 1mM ACh is twofold
higher in Chrna5 positive cells (-184 + 17 pA, N=17 cells) compared to an unlabeled population
of cells (-97 £ 7 pA, mean £ SEM; N=9 cells; p= 0.002, unpaired t test). Nonstationary
fluctuation analysis of whole cell ACh currents will be used next to ascertain whether the higher
response in Chrna5b positive cells is due to increased single channel conductance of the nicotinic
receptors. Our results show that there is a subpopulation of cells expressing Chrna5 in layer 6 of
the mPFC that have the highest responses to ACh. Further experiments will use Chrna5
transgenic mice crossed with mice expressing Channelrhodopsin 2 in cholinergic neurons



(ChAT-ChR2 mice), to achieve optogenetic release of ACh. This will help understand the
function of the Chrna5 expressing cells during endogenous release of ACh in the PFC. These
experiments serve to elucidate the role of the a5 subunit in the cholinergic control of attention
circuitry.
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Abstract: The interpeduncular nucleus (IP) is a well-known target for the effects of nicotine
with potential repercussions regarding the initial physiological reaction to this addictive drug.
The a5 nicotinic receptor subunit, encoded by the Chrnab gene, is highly expressed in the IP and
potentially conveys aversive properties of the drug. Normal Chrna5 expression appears to be
protective against the development of nicotine addiction. In humans, a single nucleotide
polymorphism in Chrna5 that disrupts function of the a5 protein, has been identified among
individuals who readily develop chronic nicotine dependence. The a5 subunit likely acts as an
accessory subunit and does not appear to participate directly in the nicotinic receptor binding
site. Yet, it alters the conductance and desensitization parameters of nicotinic receptors. Here, we
probe the contribution of the a5 subunit to baseline properties and nicotine-elicited neuronal
excitability in the IP. We further examine the plasticity of these neurons following prior in vivo
nicotine priming. For these experiments, we use whole-cell patch clamp electrophysiology in
brain slices from a5+ and 057" mice together with a novel line of transgenic mice expressing
Cre-recombinase from the Chrna5 locus. These mice were created by BAC recombineering to



manipulate a5-expressing neurons to express fluorescent reporters or optogenetic proteins
without mis-expressing the a3 and 4 nicotinic receptors encoded at the same locus. We find that
responses to nicotine are attenuated in the IP of 057" mice, with initial examination focused on
the interneurons of the rostral IP (IPR). Ongoing work will examine the electrophysiological
implications of in vivo exposure to systemic nicotine as measured in IPR neurons, as well as the
relationship between these changes and mouse behavior.

Disclosures: S. Sivakumaran: None. D.W. Sparks: None. E.E. Turner: None. E.K. Lambe:
None.

Poster

283. Structure and Function of Nicotinic Acetylcholine Receptors
Location: SDCC Halls B-H

Time: Monday, November 5, 2018, 8:00 AM - 12:00 PM

Program #/Poster #: 283.31/E18

Topic: B.02. Ligand-Gated lon Channels

Support: NIH Grant NS093590

Title: Pharmacological characterization of cmpi interaction with (A4)3(B2)2 neuronal nicotinic
acetylcholine receptors

Authors: F. DEBA'?, K. MUNOZ?, A. TAIRU?, *A. K. HAMOUDA?
Pharmaceut. Sci., Univ. of Texas At Tyler, Tyler, TX; 2Pharmaceut. Sci., Texas A&M HSC,
Kingsville, TX

Abstract: Positive allosteric modulators (PAMs) of neuronal nicotinic acetylcholine receptors
(nAChRs) have emerged as a favorable pharmacological class to enhance brain ACh signaling
for potential clinical applications. They enhance ACh potency and/or efficacy by binding at
site(s) distinct from the ACh binding sites and thus potentially unique to a NnAChR subtype.
While a number of nAChR PAMs have been identified, CMPI and NS9283 are unique because
they selectively potentiate (04)3(B2)2 nAChR. CMPI and NS9283 potentiate responses of
(04)3(B2)2 but not (04)2(B2)3 nAChR isoforms by binding to overlapping pockets at the “non-
canonical” 04:a4 subunit interface which only exists in the (04)3(B2)2 nAChR. NS9283 and
CMPI potentiation of the (a4)3(f2)2 nAChR was characterized using ACh, a full agonist of
(a4)3(B2)2 nAChR that binds with higher affinity at a4:$2 agonist binding sites and with lower
affinity at the 04:04 subunit interface. In addition, ACh binding site at the a4:04 subunit
interface overlaps with the NS9283 and CMPI binding sites. Here we extend these studies to
characterize NS9283 and CMPI potentiation of a panel of (0¢4)3(B2)2 nAChR agonists including
partial agonists and agonists that bind at the 04:$2 but not a4:a4 agonist binding site. Our results
indicate that NS9283 and CMPI effect on the dose-response curve of a given nAChR agonist



(enhancing its potency, efficacy, or both) depends on the agonist’s ability to bind at 04:a4
subunit interface.
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Abstract: Neurotransmitter release is initiated by action potential-evoked Ca2+ influx through
voltage-gated Ca2+ channels (VGCCs). Various spatio-temporal Ca2+ requirements for release
have been proposed in different presynaptic terminals, by Ca2+ influx through many, or few
open channels with varying structural relationships to the release machinery. In some cases,
channels are tightly clustered in domains close to the release apparatus, in others clustering is
more diffuse. The number of functional VGCCs in central synapses appears to as few as a dozen
or less. This implies that variability of channel opening between individual action potentials is
high. However, this variability is difficult to measure because channels and terminals are
inaccessible to direct recording approaches and imaging lacks temporal and spatial resolution to
determine Ca2+ entry at active zones. We have utilized the lamprey giant reticulospinal (RS)
synapse, cell attached recordings and Lattice Light Sheet Microscopy at high sampling rates to
overcome these limitations. Using an acute dissociation of axons from lamprey spinal cords we
recorded from presynaptic terminals devoid of apposing postsynapses. Active zone VGCCs were
characterized by single channel recordings. N-type, P/Q-type, and R-type were all present with
mean Popen fOr each channel type at 0 mV of 0.26 + 0.02, 0.29 £+ 0.03 and 0.22 + 0.02 and
maximum numbers of channels at each synapse of 10, 9, and 32 respectively. With a mean of 33
channels and a very small number (3-6, mean 4) of Ca2+ channels opened on single stimuli, it is
likely that variation in Ca2+ entry contributes to variation in transmitter release. We imaged
Ca2+ entry to RS axons in the spinal cord, using high-speed imaging with either epifluorescence
or Lattice Light Sheet imaging of single planes through axons labeled with Ca2+ sensitive dyes.
This reveals a reliable signal throughout the axon. Rise times were fit with single exponentials



with time constants from 5 to 20ms and decays from 1.0 to 1.5 s. However, at high temporal
resolutions, Ca2+ hotspots were recorded with rise times as fast as the imaging system (3ms) and
decays fit with two exponentials. The first had an extremely short decay time of 14.0 £ 0.9 ms,
the second identical to the entire axon. The fast component was readily separable from the slow
component and varied substantially in intensity. At a small number of high intensity sites the fast
component was seen following each action potential. At a larger number of low intensity sites it
failed at each location in 44 + 11 % of action potentials. We conclude that quantal fluctuation in
transmitter release can be accounted for by fluctuations in presynaptic Ca2+ entry.
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Abstract: When different synapses are stimulated with identical plasticity induction protocols,
the magnitude and direction of plasticity typically varies from synapse to synapse. The origins of
this variability are poorly understood, and its implications or possible functions for learning
remain unknown.

We propose a new biophysical computational model of synaptic plasticity that depends on the
dynamics of calcium signals local to the synapse. Unlike classic plasticity models that operate on
the relative timing of pre- and post-synaptic action potentials, this model relies on entirely local
variables: pre-synaptic glutamate pulses and dendritic spine voltage. When we simulate
stochastic activation of AMPA, NMDA and VGCCs in response to glutamate pulses, we find
highly variable levels of activation of calcium’s downstream targets from trial to trial. We model
two additional downstream pathways, Calcineurin / CamKIl, using deterministic activation
equations which shows high variability as consequence of stochastically-driven calcium
dynamics.

We automatically fit the model’s parameters to reproduce the mean activation of CaMKII and
Calcineurin from Fujii et al, Cell Rep (2013) as averaged across multiple synapses. We then
compare the model’s prediction for the level of synapse-to- synapse variability with the same
data. We are also able to capture the variability in the data with our simple model.



We then extended the model by adding a phenomenological stochastic rule that maps the
activation of CaMKII and Calcineurin to synaptic strength change via addition or removal of
AMPARs from the synapse. We automatically fit the parameters of this model to data from
spike-timing-dependent plasticity experiments by Tigaret et al, Nat Comms (2016). We compare
the predictions of the model for data from held-out plasticity protocols that it was not fit to, both
for the mean outcome and the level of synapse-to- synapse variability.

The two advances from this work are: 1) a new local computational model of synaptic plasticity
that is suitable for use in dendritic neuron models; 2) evidence that the variability of plasticity
expression across synapses is due to stochastic gating of synaptic receptors and ion channels.
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Abstract: The objective of this study was to describe the contribution of individual excitatory,
glutamatergic synapses on dendritic spines to electrical signalling in single neurons. The
functional role of single synapses on individual dendritic spines is important because
nonclustered, widely distributed spines are active in vivo, as documented repeatedly (see Chen,
Rochefort, Sakmann and Konnerth, 2013). We carried out experiments using a combination of
electrophysiology, pharmacological tests, 2-photon uncaging of glutamate, and voltage-sensitive
dye recordings from dendritic spines in rat brain cortical slices. Our goal was to analyse temporal
summation of excitatory postsynaptic potentials (EPSPs) at synaptic sites on dendritic spines.
We first confirmed, in several classes of principal cortical neurons, our earlier result that optical
recording of electrical signals has the adequate sensitivity and spatiotemporal resolution to
monitor synaptic signals in individual dendritic spines. Using these techniques, we explored the
temporal summation of glutamate uncaging evoked responses that mimic unitary EPSPs. The
results showed that the excitatory postsynaptic currents (EPSCs) recorded electrically from the



soma as well as EPSP signals recorded optically at the site of origin (dendritic spines) do not
exhibit temporal summation up to the frequency range of 50-100 Hz. This is because local EPSP
signals in spines return to the baseline in 10-20 ms at different synapses. At common
physiological frequencies (below 50 Hz), this feature prevents synaptic saturation by maintaining
the synaptic driving force during repetitive activation of synapses. At the same time, the somatic
electrical recordings reveal a powerful temporal summation of EPSP at these frequencies due to
widening of the EPSP signals as they propagate in the dendrites. We also found that, at higher
frequency of synaptic activation (100 and 200 Hz), both the electrical EPSC signal from the
soma and the local optical EPSP signal from spines exhibit temporal summation. However, the
summating signals saturate at a range of values from 15-80 pA for EPSCs and from 3-17 mv for
local EPSPs. In another series of experiments, we could not detect any changes in local EPSPs
size and shape after NMDA receptors were blocked using receptor antagonist AP5. Thus, we
conclude that, in slices, NMDA receptors in spines were not significantly activated either by
unitary or by repetitive quantal EPSPs. Finally, we obtained preliminary data suggesting that
AMPA-R desensitization is, at least partially, responsible for the saturation of local EPSP
summation response in spines during repetitive synaptic stimulation.
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Abstract: We discovered a new type of dendritic spine. It is found on space-specific neurons
(SSNss) in the barn owl auditory map, a known site of experience-dependent plasticity. Partial



reconstruction of a >250,000 cubic micron volume derived from serial block face scanning
electron microscopy (SBEM) revealed proliferate large, branched spines exhibiting
unprecedented morphology and patterns of synaptic convergence. These spines are located on
the soma and proximal dendrites of SSNs and most closely resemble thorny excrescences found
in mammalian hippocampus and amygdala, but in contrast, typically exhibit a narrow tubular
structure, lack bulbous heads, and have up to seven holes, hence ‘toric’ spines. No single feature
IS present in every spine (n = 78). More significantly, presynaptic terminals associated with
individual toric spines display many active zones (max = 49) derived from multiple axons (max
= 11) with incoming trajectories distributed widely throughout 3D space. This novel arrangement
is well suited to integrate input sources. Compartmental simulations show that toric spines are
electrically compact and predict that inputs sum to produce an approximately uniform membrane
potential throughout the spine. At the same time, activation of responses at one spine are
predicted to have only a negligible effect on neighboring spines. Together, these results suggest
that toric spines may act as independent processing units. In vitro slice recordings using
electrical stimulation of the input nucleus, or photorelease of caged glutamate, reveal the
intrinsic and synaptic properties of SSNs, and provide a path towards uncovering the cellular
computations performed by toric SSNs. Finally, complete reconstruction of synaptic
convergence onto one toric spine revealed that it was unconnected with the majority of
intertwined axons (connection fraction = 0.16), indicating a high capacity for new information
storage. We propose toric spines are a cellular locus of information processing, plasticity and
learning.
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Abstract: Understanding the computations performed by CA1 pyramidal neurons would benefit
from precise measurements of the excitatory synaptic inputs each cell receives across the
dendritic arbor. However, few approaches exist for monitoring synaptic input (glutamate release)
patterns, and the sensitivity of those that do exist has not been established for CA1 pyramidal
neurons. Here we evaluated the effectiveness of the fluorescent calcium indicator GCaMP6 and
glutamate indicator iGIuSnFR for such recordings. Presynaptic glutamate release can result in
calcium influx through NMDA receptors that might be detectable with GCaMP6 as spine
isolated calcium transients, but the voltage-dependent magnesium block of NMDA receptors
makes these transients also dependent on the membrane potential of the postsynaptic cell.
Therefore, it is unclear if presynaptic glutamate release can be detected with GCaMP6,
particularly for cells near their resting potential of ~-65 mV. iGluSnFR directly binds to
glutamate, is not dependent on the membrane potential of postsynaptic cell, and therefore can
directly report synaptic glutamate release, but the fluorescence change upon glutamate binding is
relatively small (vs GCaMP6 calcium binding), making its detection sensitivity unclear. To test
the efficacy of these indicators for reporting synaptic inputs we sparsely expressed either
GCaMP6s or SF-iGluSnFR.A184S in adult mouse hippocampal slices. We then stimulated
individual CAL1 spines using two-photon glutamate uncaging and simultaneously imaged the
spines to monitor changes in fluorescence. Slices were maintained at ~32°C and bathed in ACSF
containing 3 mM MNI-caged L glutamate, 1 uM TTX and 2 uM gabazine. First, using whole-
cell patch clamp recording, we established the uncaging parameters (laser intensities and
illumination durations) that evoked spine potentials resembling miniature EPSPs (~0.5 mV) at
resting potential. Using these uncaging parameters on single spines of GCaMP6s-labeled cells
resulted in detectable calcium transients during only ~25% of stimulations. When magnesium
was removed from the bath, the fraction of stimulations resulting in detectable calcium transients
significantly increased (~95%), suggesting that magnesium block of NMDA receptors can
significantly hinder the ability to detect synaptic input to CA1 neurons at rest using GCaMP6.
Conversely, using these uncaging parameters on single spines of iGluSnFR-labeled cells resulted
in detectable transients (~35-50% AF/F) during ~90% of stimulations. These findings indicate
that SF-iGIluSnFR.A184S may be an effective tool for optically measuring synaptic inputs to
CAL1 pyramidal neurons.
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Abstract: A detailed experimental analysis of a dense three-dimensional reconstruction of serial
section electron microscopy from the middle of stratum radiatum in hippocampal area CA1 of rat
has been analyzed to determine how much information can be stored at a synapse through
synaptic plasticity. In a previous study (TM Bartol Jr, Elife 4 (2015)) the authors measured the
coefficient of variation of spine head volumes of 10 same-dendrite same-axon (SDSA) pairs
from this data set and applied a good guess of Signal-to-Noise Ratio (SNR) with a value of 1.
Then, with a simulation analysis approach, it was found that 26 Gaussian distributions could
span the range of spine sizes of the 10 SDSA pairs, implying that the storage capacity of the rat
brain synapses for this region is 4.7 bits of information.

We have analyzed the complete data set of 287 spine head volumes using novel clustering
approaches and advanced information theory and found that there are 42 distinguishable synaptic
strengths equivalent to storing 5.39 bits of information at each synapse. This is a new tight lower
bound on the storage capacity of synapses in stratum radiatum in rat hippocampal area CAL.
Moreover, we determined the SNR of the synapse sizes to be 0.10 by analyzing the spine head
volume clusters with fitted distributions and overlaps of consecutive clusters. Lastly, we have
calculated the exact amount of overlap between the consecutive Gaussian distributions to be 56%
by assuming 42 normal distributions spanning the range of 287 spine head volumes, which
ranged in size over a factor of 163.
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Abstract: The Drosophila neuromuscular junction (NMJ) consists of tonic and phasic
glutamatergic (types Ib, Is) and modulatory aminergic (type 11) motor terminals. We report a first
simultaneous imaging and electric recording study to directly contrast the three synapses to
establish the physiological significance of their GCaMP Ca?* responses. Several GCaMP
variants were applied in genetic and pharmacological perturbation in low Ca?* (0.1 mM), and the
results reveal different combinations of K+ channel types that underlie the excitability control of
type Ib, Is and Il synapses. Type Il synapses were most sensitive to K* channel perturbations,
reaching extreme hyperexcitability (near saturation-level responses evoked by single stimulus),
following only one insult of either Shab or eag channels, while type Is required double insults of
eag with Sh, or Shab and Sh together to reach the same level of extreme hyperexcitability. In
contrast, type Ib requires perturbation of triple insults, i.e. disrupting Shab and Sh, together with
the application of tetraethylammonium (TEA), a broad-spectrum K* channel blocker. Consistent
results were obtained with other mutant and drug combinations, involving TEA, 4-AP and
quinidine. Simultaneous focal recording of extracellular focal excitatory junction potentials
(efEJPs) showed that these striking single stimulus-evoked GCaMP signals were correlated with
a remarkable high-frequency repetitive motor axon firing (> 100 Hz), representing a state of
extreme hyperexcitability after deprivation of K* channel repolarization mechanisms. Further
analysis confirmed that GCaMP responses displayed a distal-proximal gradient in type | synaptic
terminals. We discovered that drug inhibition of ATP-dependent Ca?* clearance or mutational
enhancement of membrane excitability could obscure this gradient. However, simultaneous
efEJP recording showed that the GCaMP gradient did not correlate with a clear gradient of
transmitter release efficacy, a process of millisecond time course, in contrast to the slow GCaMP
signals reflecting accumulation of intracellular Ca?* over seconds. This simultaneous optical and



electrical measurements can provide baseline information for interpretations of GCaMP signals
in the proper context of synaptic physiology.
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Abstract: In previous studies, we showed that in contrast to artificial culturing media, hCSF
significantly enhances neuron viability and maintenance of network activity. Keeping adult
human cortical neurons intact in their physiologically built environment for functional and
morphological analysis has been an intriguing strategy to study these neurons in vitro. Here we
describe in detail the relative stability of adult human cortical neurons maintained in an
organotypic slice culture for up to 21 days in vitro (DIV). To quantify the stability of function
and morphology we measured electrophysiological parameters, including firing properties,
action potential shape and synaptic properties as well as morphological properties of 3D
reconstructed Layer 2/3 Pyramidal neurons in these slices over time. We found a surprisingly
robust stability of the morphological features of the neurons including spine morphology and
maintenance of firing properties. In addition, we used two-photon live cell imaging to investigate
AAV-retro-h-Synapsin-eGFP transduced GFP expression to access the morphology of the
neurons and directly measure the plasticity of the spines. These direct measurements of the
morphology and physiology of adult human neurons over an extended period constitute our
method an indispensable tool for investigating plasticity in human neurons in their
physiologically built environment over a substantial amount of time.
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Abstract: Neocortical pyramidal neurons in layer 5 of the medial prefrontal cortex (mPFC)
efficiently integrate cortical and extracortical synaptic input. Little is known about the selectivity
of afferent input to these neurons, or how these presynaptic inputs are influenced by modulatory
transmitters. Here, we explore the connectivity and modulation of afferent input to two broad
classes of layer 5 neurons: commissural / callosal (COM) neurons that provide interhemispheric
connectivity, and corticofugal neurons, including corticopontine (CPn) neurons that project to
the pontine nuclei. To this end, we expressed channelrhodopsin-2 (ChR2) in three distinct
afferent inputs to the mPFC: callosal input from the contralateral mPFC, thalamocortical input
from the medial dorsal nucleus of the thalamus, and input from local synaptic terminals of CPn
neurons. We then made simultaneous paired electrophysiological recordings of light-evoked
synaptic events in physiologically-identified COM and CPn neurons. Callosal afferents targeted
COM and CPn neurons with equal probability, and generated excitatory postsynaptic potentials
(EPSPs) of similar magnitude in both neuron types (n = 70 pairs). Thalamocortical afferents
preferentially targeted, and generated larger EPSPs in, COM neurons (n = 38 pairs). Application
of tetrodotoxin (TTX) and 4-aminopyridine (4-AP) to isolate monosynaptic input revealed that
both callosal (n = 12 pairs) and thalamocortical (n = 8 pairs) afferents preferentially drive COM
neurons relative to CPn neurons. Preliminary results suggest that local input from CPn terminals
preferentially activate CPn neurons (n = 6 pairs), a result consistent with previous studies testing
unitary connections among these populations. We also tested neuromodulatory control of
glutamate release from these afferents onto COM and CPn neurons. We found that serotonin (5-
HT, 40 uM) modestly suppressed callosal (n = 17 pairs), but spared thalamocortical (n = 10
pairs), inputs to both postsynaptic targets. Acetylcholine (ACh, 20 uM), on the other hand,
potently suppressed input from both callosal (n = 10 pairs) and thalamocortical (n = 11 pairs)
afferents. We are currently testing the effect of ACh and 5-HT on glutamate release from local
CPn terminals. These results contribute to our understanding of the connectivity and
neuromodulatory control of cortical circuits.
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Abstract: Disabling GBy-SNARE interaction disrupts GPCR-mediated presynaptic inhibition
leading to physiological and behavioral phenotypes.

Zack Zurawski, Analisa D. Thompson Gray, Lillian J. Brady, Brian Page, Emily Church,
Nicholas A. Harris, Michael R. Doh", Yun Young Yim, Karren Hyde, Douglas P. Mortlock,
Danny G. Winder, Simon Alford, Carrie K. Jones, Heidi E. Hamm

Gio-coupled receptors modulate neurotransmission presynaptically through inhibition of
exocytosis. Release of GBy subunits decreases the activity of voltage-gated calcium channels
(VGCC), decreasing excitability. A less understood Gfy-mediated mechanism downstream of
calcium entry is the binding of GBy to SNARE complexes. Here, we create a transgenic mouse
via CRISPR-Cas9 partially deficient in this interaction by premature truncation of the SNAP25
carboxy terminus by three residues. The SNAP25A3 mutation results in inhibited GBy-SNARE
binding and diminished ability of GBy to compete with synaptotagmin 1 for binding sites on
SNARE complexes. SNAP25A3 homozygote animals are viable, with a normal appearance, and
have normal presynaptic inhibition by GABAGg receptors that inhibit voltage gated calcium
channels. Despite this, they exhibit deficits in presynaptic inhibition by receptors that work
directly on the SNARE complex such as 5-HT1p and a2a receptors. Simultaneously stimulating
receptors that work by both mechanisms show synergistic inhibitory effects. The SNAP25A3



homozygote exhibits a number of behavioral phenotypes, including elevated stress-induced
hyperthermia, and defective spatial learning, as well as impaired gait and supraspinal
nociception. In addition, differences in insulin sensitivity and food intake are observed. The
individual Gip-coupled GPCRs responsible for these deficits have yet to be elucidated. These
data suggest that Gino-coupled GPCR

inhibition of exocytosis through the GBy-SNARE interaction is a crucial component of numerous
physiological and behavioral processes.
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Title: Connexin36 in the mouse inferior olive is a component of the post-synaptic protein
complex of glutamatergic synapses

Authors: Z. ZHU?Y, J. D. LAUTZ!, E. A. BROWN?, S. E. P. SMITH?2, *], P, WELSH?*?
ICtr. for Integrative Brain Res., Seattle Children's Res. Inst., Seattle, WA; 2Pediatrics, Univ. of
Washington, Seattle, WA

Abstract: Connexin36 (Cx36) is the protein that forms electrical synapses between the dendritic
spines of inferior olivary (10) neurons. Such electrical synapses are essential for robust and
continuous oscillations in membrane potential that are synchronized among coupled 10 neurons.
NMDA receptor activation strengthens weak electrical coupling among 10 neurons and there is
strong co-localization of Cx36 and the GIuN1 subunit of the NMDA receptor in 10 dendritic
spines (Turecek et al 2014). To further our understanding of how Cx36 and NMDA receptors
interact, we investigated at the level of protein-protein association whether Cx36 interacts with
proteins comprising the glutamatergic postsynaptic density (PSD). Protein lysates were prepared
from the 10 of adult mice dissected from the brainstem. The first experiment used western blot
and demonstrated that Cx36 and GIuN1 co-immunoprecipitate from 10 lysates of c57BL/6J
wild-type mice. The second experiment exposed 10 lysates from 4 wild-type mice to a panel of
18 antibodies against glutamate synapse proteins conjugated to specific Luminex bead regions,
before separation into 96 well plates and secondary incubation with a panel of 21 fluorophore-



conjugated antibodies (Lautz et al 2018). This Quantitative Multiplex co-Immunoprecipitation
(QMI) technique measured 207 binary combinations of synaptic proteins to determine the
relative frequency that Cx36 occurs in shared complexes with glutamate synapse proteins. Cx36
was found to exist in protein complexes containing the glutamate receptor subunits GIuN1 and
GluR2, as well as scaffolding proteins Shank1, Shank3 and Homerl, signaling proteins Homerla
and SynGap, and the structural protein neuroligin3. The experiment was repeated in 4 pairs of
mice, each pair containing a wild-type mouse and a mouse heterozygous for deletion of the C-
terminus of Shank3 protein [Shank3(+/AC)]. Direct pairwise comparisons by QMI revealed
significant or trend-level reductions in the association of Cx36 with GIuN1, GluR2, and SynGap
in Shank3(+/AC) mice as compared to the wild-type, all of which were replicated and quantified
to be significant 30-50% reductions by immunoprecipitation determined by flow cytometry. As
initially found in goldfish (see Pereda 2014), our results support the view that neuronal electrical
synapses are integrated into the cellular machinery of chemical synapses via structural
interactions of Cx36 with glutamatergic PSD proteins. Our results extend the concept to mouse
by indicating that Cx36 may be part of an “extended postsynaptic complex” that allows neuronal
gap junctions to be scaffolded by shank3 to the glutamatergic PSD.

Disclosures: Z. Zhu: None. J.D. Lautz: None. E.A. Brown: None. S.E.P. Smith: None. J.P.
Welsh: None.

Poster

285. LTP: Pre- and Postsynaptic Mechanisms

Location: SDCC Halls B-H

Time: Monday, November 5, 2018, 8:00 AM - 12:00 PM

Program #/Poster #: 285.01/E30

Topic: B.07. Synaptic Plasticity

Support: NINDS R21 NS090397-01

Title: Calpain-2 conditional knockout mice are resistant to cell death induced by traumatic brain
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Authors: *Y. WANG, Y. LIU, J. SUN, A. MCCLOUD, S. BIAGI, X. Bl, M. BAUDRY
Western Univ. of HIth. Sci., Pomona, CA

Abstract: Our laboratory has recently reported that two of the major isoforms of calpain found
in the brain, calpain-1 and calpain-2, play opposite functions in both synaptic plasticity and
neuroprotection/neurodegeneration. In particular, while calpain-1 activation is required for long-
term potentiation (LTP) induction and is neuroprotective, calpain-2 activation limits the
magnitude of LTP and is neurodegenerative. Homozygous disruption of the calpain-2 gene
results in pre-implantation embryonic lethality. Here, we created a calpain-2 conditional
knockout (CKO) mouse by crossing loxP-calpain-2 mice with Cre-CamKII promoter mice.



These mice do not express calpain-2 in excitatory neurons of the forebrain. Roles of calpain-1
and calpain-2 were then examined by comparing calpain-1 KO mice and calpain-2 CKO mice
and their controls under different conditions. Cultured hippocampal neurons from calpain-1 KO
mice at 21 days in vitro had significantly more filopodia-like immature spines, as compared to
neurons from WT mice, while cultured hippocampal neurons from calpain-2 CKO mice
exhibited normal spine morphology. During postnatal development, calpain-1 KO mice exhibited
enhanced neuronal apoptosis throughout the cerebrum and cerebellum, while calpain-2 CKO
mice showed the same levels of apoptosis rate as wild-type (WT) mice. Calpain-1 KO mice had
enhanced cell death and larger lesion volume in the ipsilateral cortex and hippocampus after
traumatic brain injury (TBI), as compared to WT mice. In contrast, calpain-2 CKO mice had
reduced cell death and smaller lesion volume, as compared to WT mice, thereby confirming our
previous result that pharmacological inhibition of calpain-2 by a selective calpain-2 inhibitor
reduced TBI-induced cell death. In summary, these results indicate that calpain-1 and calpain-2
have separate functions in the brain and that selectively inhibiting calpain-2 could be protective
in various brain diseases without disrupting the physiological functions of calpain-1.
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Abstract: The hypothesis that calpain plays a significant role in synaptic plasticity and learning
and memory was proposed in 1984. Since then, many studies have been directed at
understanding the roles of various calpain isoforms in numerous cell functions and in the nervous
system. Our laboratory has recently shown that two of the major isoforms found in the brain,
calpain-1 and calpain-2, play opposite functions in both synaptic plasticity/learning and memory
and neuroprotection/neurodegeneration. In particular, while calpain-1 activation is required for
long-term potentiation (LTP) induction and for certain forms of learning and memory, calpain-2
activation limits the magnitude of theta burst stimulation (TBS)-induced LTP. We previously



reported that a relatively selective calpain-2 inhibitor enhanced LTP magnitude and learning &
memory by prolonging ERK activation. Homozygous disruption of the Calpain-2 gene results in
pre-implantation embryonic lethality between the morula and blastocyst stage (Previn Dultt,
2006). We used the Cre/loxP system to create a conditional calpain-2 knockout mouse by
crossing a loxP-calpain-2 with a Cre-CamKII promoter mouse. These mice do not express
calpain-2 in excitatory neurons in the forebrain. The C2KO mice displayed enhanced TBS-
induced LTP in field CAL of adult hippocampal slices, and enhanced context-fear memory in the
fear conditioning paradigm. Performance in the tone test was not significantly different for that
of respective control mice. The results confirm the results obtained with the selective calpain-2
inhibitor and strengthen the importance of calpain-2 function in learning and memory. This
conditional calpain-2 knockout mouse represents a powerful tool for further exploring the role of
calpain-2 function in brain. Our results also indicate that a selective calpain-2 inhibitor could be
very beneficial in various diseases associated with learning and memory impairment.
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Authors: *J. R. BARNES, M. P. PARSONS
Biomed. Sci., Mem. Univ. of Newfoundland, St John's, NL, Canada

Abstract: Recent evidence suggests that poor glutamate clearance may contribute to the synaptic
plasticity deficits observed in various neurodegenerative diseases. Presumably, the plasticity
deficit is triggered by over-activation of extrasynaptic NMDA receptors (eXNMDARS). As
glutamate transporters limit exNMDAR activation by rapidly clearing glutamate from the
extracellular space, an attractive and well-cited hypothesis states that glutamate transporter
dysfunction underlies the long-term potentiation (LTP) and cognitive impairments in disease
states. However, the precise relationship between the spatiotemporal dynamics of extracellular
glutamate and synaptic plasticity has yet to be investigated. Here, we used a novel optogenetic
sensor of glutamate, termed iGluSnFR, to monitor extracellular glutamate dynamics in real-time
(205 Hz) in the mouse hippocampus during standard LTP-inducing protocols. We found that
TBOA, a non-selective glutamate transporter blocker, slowed glutamate clearance and inhibited
L TP magnitude in a concentration-dependent manner. The TBOA-induced LTP impairment was



not a result of the simultaneous activation of competing long-term depression (LTD) pathways,
including presynaptic LTD, NMDAR-dependent LTD, or postsynaptic metabotropic glutamate
receptor-dependent LTD. Surprisingly, impaired glutamate clearance during LTP induction
caused rapid NMDAR desensitization, indicating that NMDAR over-activation cannot explain
the subsequent LTP impairment. Despite NMDAR desensitization, GCaMP6f calcium imaging
revealed that postsynaptic calcium transients were increased three-fold during LTP induction
when glutamate uptake was compromised by TBOA. This elevated calcium response, which
resulted from both L-type voltage-gated calcium channel activation and the release of internal
calcium stores, was sufficient to recruit the calcium-dependent protease calpain-2 that limits LTP
strength. In all, our data characterize the relationship between glutamate dynamics and LTP, and
identify a novel mechanism underlying LTP impairment in cases where glutamate uptake is
compromised. These results may be applicable to numerous neurodegenerative diseases
associated with impaired synaptic plasticity and glutamate transporter dysfunction, including
Alzheimer and Huntington disease.

Disclosures: J.R. Barnes: None. M.P. Parsons: None.

Poster

285. LTP: Pre- and Postsynaptic Mechanisms

Location: SDCC Halls B-H

Time: Monday, November 5, 2018, 8:00 AM - 12:00 PM

Program #/Poster #: 285.04/E33

Topic: B.07. Synaptic Plasticity

Support: Whitehall Foundation

Title: SynDIG4/Prrtl establishes a reserve pool of extra-synaptic AMPARs required for LTP

Authors: *E. DIAZ, K. E. PLAMBECK, D. J. SPECA
Dept Med. Pharmacol, UC Davis Sch. of Med., Davis, CA

Abstract: Altering AMPA receptor (AMPAR) content at synapses is a key mechanism
underlying the regulation of synaptic strength during learning and memory. Previous work
demonstrated that SynDIG1 (SD1; synapse differentiation-induced gene 1) encodes a
transmembrane AMPAR-associated protein that regulates excitatory synapse strength and
number in vitro and in vivo (Kalashnikova et al., 2010; Chenaux et al., 2016). Activity-
dependent palmitoylation underlies SD1 localization and function at synapses (Kaur et al., 2016).
Previously, we demonstrated that loss of the related protein SynDIG4 (SD4; also known as Prrtl)
results in reduced extra-synaptic AMPARSs while long term potentiation (LTP) is abolished by
single tetanus stimulation of hippocampal slices from SD4-knockout (KO) mice (Matt, Kirk,
Chenaux et al. 2018). We hypothesize that SD4 regulates AMPAR trafficking through
maintenance of an extra-synaptic pool of GluAl-containing AMPARSs required for LTP. Here we



investigate the role of SD4 in synaptic targeting of GluAl-containing AMPARSs during LTP. We
find that surface GluAl-containing AMPARSs are reduced in SD4-KO hippocampal neurons
compared with WT cultures. Furthermore, synaptic targeting of GluAl-containing AMPARS
from extra-synaptic sites is abolished during glycine-induced chemical LTP (chemLTP) in SD4-
KO hippocampal neurons. Intriguingly, chemLTP stimulus of primary hippocampal neurons
results in increased co-localization between SD4 and GluA1l-containing AMPARs at both
synapses and extra-synaptic sites, suggesting that at least some proportion of a SD4-AMPAR
complex traffics to the synapse during LTP. Super-resolution microscopy is currently being
employed to determine the precise subcellular localization of SD4 in relationship with GIuA1-
containing AMPARSs in hippocampal neurons during chemLTP. SD4 is palmitoylated at two
conserved cysteine residues and experiments are in progress to determine the role of activity-
dependent palmitoylation in SD4-dependent chemLTP. Given that LTP requires an extra-
synaptic pool of AMPARS, these data are consistent with a model whereby SD4 establishes an
extra-synaptic pool of GluA1-containing AMPARSs and is required to facilitate their trafficking
to the synapse during LTP.

Disclosures: E. Diaz: None. K.E. Plambeck: None. D.J. Speca: None.

Poster

285. LTP: Pre- and Postsynaptic Mechanisms

Location: SDCC Halls B-H

Time: Monday, November 5, 2018, 8:00 AM - 12:00 PM

Program #/Poster #: 285.05/E34

Topic: B.07. Synaptic Plasticity

Title: Synaptic activity-dependent changes in the hippocampal palmitoyl-proteome

Authors: *N. MATIN?, K.-M. MOON?, L. FOSTER?, S. X. BAMIJI®
2Dept. of Biochem. & Mol. Biol., *Cell. and Physiological Sci., Univ. of British Columbia,
Vancouver, BC, Canada

Abstract: Impaired synapse function is the underlying cause of many brain disorders including
Alzheimer’s disease, schizophrenia, intellectual disabilities and Huntington’s disease. Emerging
evidence suggest that palmitoylation, the reversible addition of the fatty acid, palmitate, to
substrate proteins, is disrupted in many of these neurological and psychiatric disorders.
Palmitoylation is mediated by a family of 23 DHHC (Asp-His-His-Cys) enzymes and almost half
of DHHC enzymes have been associated with disorders of the brain including Alzheimer’s
disease (DHHC12), schizophrenia (DHHC5, DHHC8 and DHHC18), intellectual disability
(DHHC9, DHHC12 and DHHC15), Huntington’s disease (DHHC12 and DHHC17). Presynaptic
and postsynaptic membranes are enriched in palmitoylated proteins with over 41% of all
synaptic proteins reported as substrates for palmitoylation. Palmitoylation of a few synaptic
proteins have been to be shown to be regulated by synaptic activity suggesting that this post-



translational modification may be important for the plasticity of synaptic connections. However,
a comprehensive proteomic analysis of all proteins that are differentially palmitoylated following
increased synaptic activity is lacking and is essential to understand disrupted synaptic function in
neurological disorders. We are currently examining the role of palmitoylation during activity-
mediated synaptic plasticity. Using primary hippocampal culture and hippocampal lysates we
aim to elucidate differential palmitoylation of synaptic substrates following chemical LTP and
fear conditioning, respectively.
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Abstract: Long-term potentiation (LTP) is the most widely studied model of synaptic plasticity
and is regarded as a critical cellular mechanism underlying learning and memory. For several
decades, a large proportion of LTP experiments have taken advantage of the conserved
neurocircuitry in the acutely prepared hippocampal slice; in particular, these studies have
stimulated the Schaffer collaterals and measured responses in the CA1 stratum radiatum.
However, large variations in the magnitude and induction patterns of LTP exist in the literature,
which makes cross study comparisons challenging. One possible reason for these variations may
be differences in the placement of the recording electrodes in these reports, which is notable
given that increasing evidence suggests synapses within the CA1 stratum radiatum are not
homogeneous. Hence, we investigated the possibility that LTP within the CA1 stratum radiatum
of hippocampal slices, induced either electrically (with a 100 Hz tetanus), or chemically (using
tetraethylammonium, glycine, and modified levels of Ca?* and Mg?*), would vary with respect to
the distance between the recording position and the pyramidal somata. Using a multi-electrode
array recording system, we examined LTP expression approximately 100, 200, and 300 um away
from the cell body layer in the stratum radiatum of acutely prepared rat hippocampal slices.
Preliminary results show that LTP induction patterns and magnitude is different among the three
recording points. In particular, tetanus induced the greatest magnitude of LTP expression at
points that were 100 um from the pyramidal cell layer. Furthermore, LTP induced by chemical



means was also substantially different across the recording points. Specifically, an immediate
and dramatic increase in response amplitude was followed by an eventual decrease during
washout at points 100 um and 200 um from the soma; in contrast, an immediate decrease was
seen at points 300 um away, and was followed by an increase during washout. Our results show
that LTP is not homogeneously expressed within the CA1 stratum radiatum (regardless of the
method of induction) suggesting the coexistence of multiple patterns of synaptic plasticity in the
region. Furthermore, we have demonstrated the importance of precisely documenting recording
position in LTP experiments involving the hippocampal slice.
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Abstract: AMPA receptors (AMPARS) are localized at the postsynaptic membrane, mediating
fast excitatory synaptic transmission on presynaptic glutamate release. A multitude of protein
interactions have been identified, modulating receptor trafficking, gating and localization at
synaptic sites, both intracellularly in the postsynaptic density, and extracellularly in the synaptic
cleft. Controlling the postsynaptic AMPAR content is a critical mediator of synaptic plasticity,
and a cellular mechanism of learning and memory. Recruitment and stabilization of additional
AMPARSs at postsynaptic sites allows synaptic strengthening, and therefore the interactions
controlling receptor enrichment at synaptic sites are fundamental to our understanding of
information storage in the brain.

Recent insights into synaptic function demonstrate that not only is postsynaptic recruitment of
receptors important for transmission, but their precise sub-synaptic localization is essential for
transmission fidelity, and control of this positioning could mediate synaptic plasticity. Both
intracellular interactions with the postsynaptic density, mediated by the TARP auxiliary subunits,



and extracellular interactions of the AMPAR NTD control the synaptic localization of the
receptor. Using electrophysiological and imaging techniques in wild-type and AMPAR-null
neurons, we dissect the interplay between these interactions, and their roles in the positioning of
AMPARSs at the synapse. These interactions can act differentially to fine-tune the postsynaptic
response, underlying the synapse-specific changes occurring during synaptic transmission and
plasticity.
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Abstract: The hippocampus hosts a complex diversity of inhibitory interneurons which form an
integral component of hippocampal network function. Despite some overlapping expression,
Parvalbumin (PV) and Somatostatin (SST) expressing interneurons are generally considered to
form synapses onto proximal and distal regions of pyramidal cells respectively  They are
therefore considered to perform distinct roles in network activity and alterations in synaptic
inhibition at these synapses may have profound impacts on the hippocampal network. One
mechanism for altering network inhibition is the capacity of inhibitory connections to undergo
synaptic plasticity - increasing or decreasing the ‘strength’ of inhibition. However, the
requirements for PV and SST synapses to undergo plasticity and the network consequence of
altering the level of inhibition at these synapses remains unclear.

To investigate inhibitory plasticity, using whole-cell patch-clamp electrophysiology we recorded
inhibitory synaptic transmission from CA1 pyramidal cells in acute hippocampal slices. We
selectively stimulated inhibitory synapses arising from PV or SST expressing interneurons using
PV-Cre or SST-Cre transgenic mice crossed with Ai32 mice expressing Cre-dependent
channelrhodopsin (ChR2). Short light stimuli evoked Inhibitory Postsynaptic Currents (IPSCs) in
slices from both PV-ChR2 and SST-ChR2 mice but with markedly divergent characteristics. In
agreement with the proposed proximal vs distal targeting, the IPSC kinetics for PV IPSCs were
faster than SST IPSCs for both rise and decay times. Furthermore, paired pulse ratios for PV



IPSCs were lower than SST IPSCs consistent with the prominent paired pulse depression
observed at PV synapses. High frequency stimulation of inhibitory synapses led to long-term
depression (iLTD) and long-term potentiation (iLTP) of PV IPSCs and SST IPSCs respectively.
Both forms of plasticity were independent of glutamatergic activity since they were not
prevented by inclusion of AMPA/kainate and NMDA receptor antagonists NBQX and D-AP5.
By selectively activating distinct inhibitory synapses via optogenetics, we show that two
interneuron populations exhibit opposing changes in synaptic weight in response to high
frequency stimulation. This may provide a mechanism by which these two interneuron
populations can regulate and update hippocampal network function in response to ongoing
activity patterns.

1.Pelkey KA, Chittajallu R, Craig M, Tricoire L, Wester JC, McBain CJ (2017) Hippocampal
GABAEergic Inhibitory Interneurons. Physiol Rev 97:1619-1747
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Title: Synaptic function of microRNA-34a
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Abstract: MicroRNAs (miRNAS) are a group of short non-coding transcripts that play essential
role in post-transcriptional modulation. They function by binding and further suppressing the
translation or destabilizing the target mMRNAs. Hundreds of miRNAs have been discovered, but
their roles are scarcely known. Here we focus on understanding the neuronal function of
miRNA-34a, one of the miRNA-34 family that is mostly enriched in the brain. By taking
advantage of the miRNA-34a +/- mice, which has about 40% of miRNA-34a left in the
hippocampus compared to their wildtype litter mates, we found miRNA-34a was a key regulator
of synaptic plasticity in the schaffer collateral synapses.
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Abstract: Neuropeptide Y (NPY) is one of the most abundantly expressed neuropeptides in the
central nervous system, and it has emerged as an important mediator of stress, neuroplasticity
and memory processes. Multiple studies using acute or chronic administration of NPY receptor
agonists and antagonists have supported a role for NPY in different functions of learning and
memory. However, far less is known about how endogenous NPY release affects long-term
synaptic plasticity. We have previously shown that release of endogenous NPY can modulate
short-term plasticity at temporoammonic (TA) synapses onto hippocampal CA1 pyramidal cells.
In particular, endogenous NPY release can be detected by observing NPY receptor dependent
changes in short-term plasticity during stimulation with a physiologically-based spike train
(PST). To test whether endogenous NPY release can also affect long-term potentiation (LTP),
we first tested whether PST stimulation can induce LTP in the TA pathway. We find that PST
stimulation induces robust potentiation of TA synapses that is maintained for at least 1 hour,
indicating that it is LTP. In addition, the selective NMDA receptor antagonist AP5 prevents the
induction of TA LTP by PST stimulation, indicating this type of LTP is NMDA receptor
dependent. To improve the efficiency of NPY release, we used NPY Cre/ChR2 mice that express
channelrhodopsin 2 in NPY interneurons; this enables us to directly activate NPY cells using
photostimulation to cause NPY release. To test the effects of endogenously released NPY on
PST induced LTP, we used combined electrical stimulation of the TA pathway and optical
stimulation of NPY cells applied simultaneously during the PST protocol. The combined
stimulation also consistently induces TA LTP lasting over 1 hour. Blocking NPY receptors with
the Y1 antagonist BIBP and the Y2 antagonist BIEE before PST stimulation caused a significant
increase in the magnitude of LTP. This indicates that endogenous NPY release can attenuate
LTP in the TA pathway. This study is the first demonstration of the impact of endogenously
released NPY on long-term plasticity in the TA pathway, and provides a possible link between
NPY’s effects on circuit function and its role in regulating hippocampal-dependent behavior.
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Abstract: Changes in the structure and function of synapses underlie learning and memory. We
have recently demonstrated a novel role for netrin-1, a chemotropic guidance cue, in activity-
dependent synaptic plasticity through activation of the canonical netrin-1 receptor, deleted-in-
colorectal cancer (DCC). These findings suggest that dynamic trafficking of DCC may
contribute to on-going modification of cellular excitability and synapse function. Plasma
membrane distribution of DCC is regulated by strong depolarization induced by changes in
extracellular K* concentration. Excitatory neuromodulation, such as cholinergic receptor
activation, may contribute to network connectivity via promoting dynamic changes in DCC
distribution through potent depolarization of membrane potential. Here, we show that muscarinic
and nicotinic cholinergic-induced membrane depolarization recruits DCC to the plasma
membrane of cultured cortical neurons. Cholinergic receptor activation also increases DCC co-
localization with both pre- and post-synaptic markers. In adult brain slices, we show that bath
application of netrin-1 facilitates cholinergic-mediated persistent firing activity in layer V
entorhinal neurons in acute adult brain slices, a form of long-lasting depolarization that has been
associated with working memory processes. Together, these findings show that acetylcholine can
modulate cortical synapses through the active recruitment of DCC, and this can, in turn, promote
synaptic plasticity via enhancement of netrin-1-signaling.
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Abstract: Background: Long-Term Potentiation (LTP) of the Schaffer collateral pathway in the
hippocampus is a well-established cellular model of learning and memory. Although it is based
on changes in excitatory synaptic transmission, LTP is also under the control of GABAergic
inhibition. To test whether a5-GABAARS located on interneurons are instrumental in controlling
LTP, we created mice that lack a5 subunits in interneurons. Here we compared LTP in “pseudo-
WT” mice that are homozygous for the a5 floxed allele a5-GABAAaRS (fl/fl-a5) vs. “true WT”
C57BL/6J (WT) mice, and assessed the effects of the GABAAR modulator etomidate (ETOM,
1uM) on LTP in WT, fl/fl-a5, and interneuron-specific a5-GABAAR knockout mice.

Methods: To generate mice lacking a5S-GABAAR subunits in interneurons, we crossed fl/fl-a.5
mice with fl/fl-a5 fl/f1-a5 mice also expressing Cre-recombinase under the control of the
vesicular inhibitory amino acid transporter (VIAAT) promoter. We measured population EPSPs
in coronal hippocampal brain slices by stimulating the Schaffer collateral pathway and recording
from the stratum radiatum in the CA1 region. To induce LTP we used a theta-burst stimulus
(TBS) consisting of one train of 40 stimuli, delivered as ten 100Hz bursts of 4 stimuli each
repeated at 5Hz (TBS-40), or three such trains separated by 20 seconds (TBS-120). Recordings
continued for 1 hour post-TBS. LTP was expressed as the % increase of the average EPSP slope
during the last 10 minutes of recording. Groups were compared using Student’s t-test.

Results: There were two differences between WT vs. pseudo-WT (fl/fl-a.5) mice: 1) LTP
produced by TBS-120 under drug-free conditions was significantly greater in WT compared to
fl/fl-a5 mice (60+9% vs. 43+4%, p=0.007); and ii) ETOM suppressed TBS-120 LTP in WT
(65+9% vs. 40+£6%, p=0.02) but not in fI/fl-a5 mice (43+4% vs. 43+5%, p=0.49). However,
ETOM was able to suppress LTP in fl/fl-a5 mice using the weaker TBS-40 stimulus (38+£2% vs.



17+3%, p<0.0001). We also found two differences between fl/fl-a5 and VIAAT-a5-KO mice: i)
there was a trend toward lower potentiation in VIAAT-a5-KO vs. fl/fl-a5 mice (25+5% vs.
38+4%, p=0.06); and ii) VIAAT-a5-KO mice resisted LTP suppression by ETOM (25+£5% vs.
14%5%, p=0.07).

Conclusions: The differences between WT and fl/fl-a.5 mice indicate that the a5 floxed allele
mutation is not entirely silent. Acknowledging this change in background characteristics, the lack
of effect of ETOM in VIAAT-a5-KO mice, and the trend toward reduced LTP in these mice,
indicate that a5-GABAARS located on interneurons are instrumental in GABAergic control of
synaptic plasticity.
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Abstract: Social isolation is a long-term stressor that produces lasting effects including memory
deficits, cognitive impairments, and hippocampal functional and structural alterations. Ketamine
(KET) is a non-competitive N-methyl-d-aspartate receptor (NMDAR) antagonist currently of
interest for its antidepressant effects at subanesthetic doses. Previous work in our lab has shown
that the subject’s sex and gonadal hormone status play a critical role in mediating sensitivity to
the antidepressant-like effects of KET in rats, as female rats behaviorally respond to a lower dose
of KET than males, an effect that requires both estradiol (E2) and progesterone (P4) on-board.
However, electrophysiological mechanisms underlying female-specific dose sensitivity remain
unclear. This study aims to investigate the interaction between social isolation rearing stress and
low-dose KET on hippocampal synaptic plasticity in rats of both sexes. We hypothesize that: 1.
The field excitatory post-synaptic potentials (FEPSPSs) in dorsal hippocampus Schaffer collateral
(CA3-CAL) synapses may be impaired by isolation stress in both sexes, 2. A single low dose of
KET (2.5 mg/kg, i.p.) given in-vivo 3hr prior to slice recording may rescue stress-induced fEPSP
deficits in females, but not males, 3. Female-specific KET rescue effects may be modulated by



estrous stage (Proestrus: high E2/P4, Diestrus: low E2/P4), and 4. Stress-induced fEPSP deficits
in both sexes may be ameliorated with a single treatment of 5 mg/kg KET (i.p.). Postsynaptic
plasticity is evaluated by measuring tetanic stimulation-induced long-term potentiation (LTP),
while the responsivity of the synapse to electrical stimulation is measured with fEPSP input-
output curves and presynaptic transmitter release probability is measured by paired-pulse
facilitation experiments. Completion of this project will generate insights into the interactions
between gonadal hormones and KET at this synapse and the potential restoration of neural
plasticity.
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Abstract: It is widely accepted that the consumption of addictive substances modifies the
activity of the mesocorticolimbic dopamine (DA) system. This system originates in the ventral
tegmental area (VTA) and projects to cortical areas, including the insular cortex (IC). The
agranular IC in its rostral region also receives afferents from the basolateral amygdaloid nucleus
(Bla). In this sense, it has been reported that Bla is involved in the search for cocaine and heroin.
Previous studies show that in vivo tetanic stimulation of Bla induces long-term potentiation
(LTP) in IC, and this synaptic facilitation can modulate learning. In this work, we analyze
whether the LTP induced by Bla-ClI could be modulated by activating the VTA-DA pathway.
For this purpose, we injected stereotaxic vectors expressing channelrhodopsin-2 (ChR2) -eYFP
in the VTA of transgenic TH-Cre mice. Then the animals underwent implantation of electrodes
in the Bla-IC projection. The mice were subjected to 15 minutes of VTA optogenetic stimulation.
Within this time period, the mice received high frequency stimulation (1s, 100 Hz, 10x trains) in
order to induce LTP in the Bla-1C pathway. Our results showed that animals that underwent
VTA optogenetic stimulation in the VTA expressed an increase in the magnitude of LTP



compared to the e-YFP controls. These results suggest that the Bla-IC synaptic plasticity can be
modulated by VTA-dopaminergic neurons, and that the IC plays a role in the modulation of
addictive memories.
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Abstract: Cell surface expression of AMPA-sensitive glutamate receptors (AMPARS) is tightly
regulated. All AMPARs permit flux of sodium and potassium ions, but receptors composed of
GIuA1/2 subunits possess slower ion channel kinetics, and allow greater ion flux than GluA2/3
AMPARs. While the later continuously cycle in and out of the postsynaptic membrane, GluA1-
containing AMPARSs are trafficked to the membrane in response to depolarization, thus
underpinning synaptic plasticity. Furthermore, calcium-permeable GluAl-homomeric receptors
are suggested to insert transiently into the synaptic membrane in response to stimulation.
Visualizing modulations in glutamate receptor surface expression is key to understanding the
mechanism/s underpinning long-term potentiation (LTP)-enhancing agents such as secreted
amyloid precursor protein-alpha (sAPPa). Existing light microscope methods are limited by the
requirement for a primary antibody recognizing surface-expressed epitopes and challenged by
low surface expression. We have developed a technique to quantify changes in the surface
expression of target proteins. BioPLAy combines membrane-impermeable biotin tags with the
specificity and amplification properties of the proximity ligation assay (PLA), enabling highly
sensitive, subregion-specific analysis of target proteins. As proof of concept, we present
BioPLAy-mediated detection of surface levels of GluAl-containing AMPARS on dendrites of
cultured primary hippocampal neurons. Cells (>DIV25) were exposed to glycine (100 uM, 20
min), to induce chemical LTP, or stimulated with sAPPa (1 nM; 2 h). BioPLAy was carried out
by sequential incubation with Sulfo-NHS-SS-biotin (2.5 mg/mL; Pierce), anti-GluAl (Abcam)
and anti-biotin (Sigma) primary antibodies followed by the PLA (Duolink PLA rabbit®" and
mouse™"s probes) and signal amplification (Duolink). Using BioPLAy we found both glycine



(1.49 £ 0.16; 5-10 neurons/experiment, 3 experiments per condition; one sample t test p = 0.004)
and sAPPa (1.95 + 0.23; 10-16 neurons/experiment, 3 experiments per condition; one sample t
test p = 0.0003) induced a robust increase in surface expression of GIuAl. Incubation of cells
without anti-GluAl antibody, or without the biotinylation step precluded production of BioPLAy
signal. Together, these data support BioPLAY as a valid tool for investigating changes in surface
expression of target molecules following various stimuli, and support the hypothesis that SAPPa
facilitates LTP through the increased availability of GluAl-containing AMPARS.
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Abstract: Neuronal activity within physiological range is accompanied by the production of
lactate, a metabolic intermediate involved in the production of ATP. However, at the central
level, lactate receptors (HCAL) were recently described, and increasing evidence supports the
notion that activation of HCA1 controls neuronal excitability at various levels. Here, we
explored the effects of external perfusion of lactate on the synaptic transmission converging on
CAZ3b pyramidal cells of the hippocampus. Baseline Mossy Fiber (MF)- or Recurrent
Commissural (RC)-evoked EPSC were acquired in acute slices, and lactate (1 or 2 mM) was
perfused for 10 min. Lactate caused a sustained increase in the RC-EPSP that lasted up to 30 min
after lactate washout (184% of basal response). Contrary to this, isolated MF EPSCs (in the
presence of D-APS5 + bicuculline) did not exhibit such increase induced by lactate perfusion. The
enhancement of the RC EPSC was abolished entirely when NMDARs were blocked with D-AP5.
Similar results were found when CA3 pyramidal cells were intracellular loaded with BAPTA (20
mM) or were held at -100 mV during perfusion of Lactate, indicating a postsynaptic locus of RC
LTP. In the presence of a-cyano-4-hydroxycinnamic acid (4-CIN; 0.5 mM;), a monocarboxylate-
transporter blocker, or oxamate (10 mM) a lactate dehydrogenase inhibitor did not alter the
induction of RC LTP, suggesting that lactate does not require neuronal transport and further
metabolism to induce LTP. Lastly, perfusion of 3,5-DHAB (0.5 mM) an HCAL selective agonist,
mimicked the actions of lactate suggesting dependence of HCAL activation for RC LTP.
Consistently, the inclusion of pertussis toxin in the patch pipette blocked the potentiation



observed with lactate. We conclude that lactate can induce an NMDA-dependent form of LTP
mediated by the activation of HCAL receptor.
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Abstract: A proper balance of synaptic excitation and inhibition is essential for the functioning
of the neuronal networks. Traditionally, the flexibility of neuronal network was thought to
mainly rely on the potentiation and depression of excitatory synapses. In contrast, inhibitory
synapses were assumed to be relatively invariant. However, an increasing body of evidence has
revealed several types of inhibitory plasticity, raising the important question of how GABAergic
and glutamatergic plasticity are coordinated during neuronal activity. Here, we characterized a
non-Hebbian form of inhibitory postsynaptic potentiation (iLTP) induced by postsynaptic
depolarizations of principal cells in hippocampal cultures. Interestingly, the same protocols
induced depression at glutamatergic synapses (LTD), thus indicating an anti-homeostatic relation
between inhibitory and excitatory plasticity. Photolysis of caged glutamate or caged GABA
revealed that the aforementioned glutamatergic LTD and GABAergic iLTP are expressed
postsynaptically. Subsequently, we investigated the interplay between excitatory and inhibitory
plasticity following the delivery of a hebbian-like plasticity protocol. We induced “single spine
LTP” to study how plasticity induced at individual glutamatergic spines affects the strength of
neighboring GABAergic synapses. In particular, we paired the postsynaptic depolarization with
repetitive glutamate uncaging at individual spines while simultaneously measuring the strength
of adjacent dendritic GABAergic synapses by GABA uncaging. Interestingly, we found that
GABAergic synapses located within 3 microns from a stimulated spine showed depression
(iLTD), while farther synapses still showed iLTP as described above. This spatial dependent
reversion of inhibitory plasticity induced by heterosynaptic plasticity required the activation of
the protease calpain, induced by calcium influx through L-type voltage gated calcium channels.



Our findings suggest that, following the induction of synaptic plasticity, changes of calcium
concentration in dendritic micro-domains locally tuned dendritic E/I balance.
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Abstract: Imperative for proper synapse formation, Neurexins are a group of evolutionarily
conserved presynaptic cell-adhesion molecules whose mutations have been implicated in several
neuropsychiatric disorders. Although Nrxns have been studied for decades, many of their
functions have yet to be elucidated. In particular the role of Neurexin3a, has only been weakly
decoded. Little is known regarding how the extracellular portion of Nrxn3a governs synaptic
function. We identified a point mutation in an evolutionarily conserved region of Nrxn3a. The
patient with this mutation suffers from severe intellectual disability and epileptic seizures. We
found that this mutation, has profound effects on ligand binding and alters presynaptic
morphology. Moreover, excitatory transmission is altered in the mutant. Knockdown of
endogenous Nrxn3a and replacement with WT or mutant Nrxn3a brought to light the role of
Nrxn3a’s involvement in excitatory and inhibitory transmission. These data exemplify the
distinct role of Nrxn3a as a molecule necessary for the balance between excitation and inhibition
at the synapse, and how this molecule’s dysfunction can lead to unfavorable phenotypes often
associated with the E/I misbalance such as epilepsy.
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Abstract: Aptinyx has developed a novel class of small molecule N-methyl-D-aspartate receptor
(NMDAR) modulators with broad applicability for neurologic and psychiatric disorders. A
member of this platform, NYX-2925, enhances NMDAR-dependent long-term potentiation
(LTP) in hippocampal slices and facilitates learning and memory in rats. NY X-2925 also
facilitates synaptic plasticity as measured by enhancement of LTP in slices ex vivo 1-7 days post-
dosing (1-10 mg/kg, PO). The present studies examine the effects of NYX-2925 (0.1, 1, 10
mg/kg, PO) on in vivo NMDAR-dependent auditory-evoked LTP as well as NMDAR-dependent
mismatch negativity responses in the prefrontal cortex of freely behaving rats. NYX-2925 (1-10
mg/kg, PO) facilitated auditory-evoked LTP as measured by an increased N100 response to a
standard tone 1 hr after auditory tetanization (6 kHz tone, 50 ms in duration, presented 10 times
per second for 5 min). In addition, NYX-2925 caused an attenuation in response to the deviant
tone (8 kHz). In the mismatch negativity experiment, NYX-2925 (1-10 mg/kg, PO) facilitated
habituation of the N100 response to the deviant tone, whereas an NMDAR antagonist inhibited
this habituation. The effects of NYX-2925 were observed 1 hr to at least 1 week following a
single dose in both the in vivo LTP and mismatch negativity paradigms. NYX-2925 (1-10 mg/kg,
PO) also increased resting qEEG power in the alpha-beta bands without affecting gamma
oscillations. In contrast, NMDAR antagonists primarily facilitate gamma oscillations. These data
demonstrate that N'YX-2925 facilitates synaptic plasticity in vivo. The potential for these
findings to translate to humans is currently being explored.
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Abstract: Dendritic spines are the major sites receiving excitatory synaptic transmission, and are
widely accepted as the structural units for learning and memory. Synaptic plasticity induced by
long-term potentiation (LTP) leads to both structural and functional changes in dendritic spines
in an input-specific manner. More specifically, LTP is known to be associated with immediate
increase of AMPA receptor-mediated current and expansion of spine volume (within ~min). In
contrast to these rapid changes, the growth of the post-synaptic density (PSD), where the
majority of AMPA receptors reside in, takes much longer time (~hour). It is unknown how this
difference in the time scale can be reconciled.

In order to address this question, we used 2-photon microscope system to induce LTP in single
dendritic spines by uncaging MNI-glutamate and to confirm input specific structural plasticity



induction. By establishing an efficient correlative light-electron microscopy workflow using
serial sectioning and array tomography scanning electron microscopy, we relocated the uncaged
dendritic spines and observed their sub-spine ultrastructure in the early phase of LTP (<20
minutes). As expected, we observed a dramatic increase in spine head volume following
uncaging. Interestingly, the axon-spine interface expanded immediately after LTP induction,
while PSD size did not increase within this period. Importantly, we identified the significant
expansion of perisynaptic membrane, defined as the spine membrane without an attached PSD
but having a typical synaptic cleft (<40 nm) opposing to presynaptic membrane. This
perisynaptic membrane could serve as the physical location for transient accumulation of AMPA
receptors to support increased synaptic transmission in early phase LTP as the first
morphological response of plasticity.
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Abstract: The transition from early long-term potentiation (e-LTP) to late long-term potentiation
(I-LTP) is a multistep process that involves both protein synthesis and degradation. The ways in
which these two opposing processes interact to establish I-LTP are not well understood,
however. For example, I-LTP is attenuated by inhibiting either protein synthesis or proteasome-
dependent degradation prior to and during a tetanic stimulus (e.g., Huang et al., Learn Mem 3:74,
1996; Karpova et al., J Neurosci 26:4949, 2006), but paradoxically, I-LTP is not attenuated when
synthesis and degradation are inhibited simultaneously (Fonseca et al,. Neuron 52:239, 2006).
These paradoxical results suggest that counter-acting ‘positive’ and ‘negative’ proteins regulate
I-LTP. To investigate the basis of this paradox, we developed a model of LTP at the Schaffer
collateral to CA3 pyramidal cell synapse. The model consists of nine ordinary differential
equations that describe the levels of both positive- and negative-regulator proteins (PP and NP,
respectively) and the transitions among five discrete synaptic states, including a basal state



(BAYS), three states corresponding to e-LTP (EP1, EP2, and ED), and a I-L TP state (LP). An
LTP-inducing stimulus: 1) initiates the transition from BAS to EP1 and from EP1 to EP2; 2)
initiates the synthesis of PP and NP; and finally, 3) activates the ubiquitin-proteasome system
(UPS), which in turn, mediates transitions of EP1 and EP2 to ED and the degradation of NP. The
conversion of e-LTP to I-LTP is mediated by the PP-dependent transition from ED to LP,
whereas NP mediates reversal of EP2 to BAS. We found that the inclusion of the five discrete
synaptic states was necessary to simulate key empirical observations: 1) normal L-LTP, 2) block
of L-LTP by either proteasome inhibitor or protein synthesis inhibitor alone, and 3) preservation
of L-LTP when both inhibitors are applied together. Although our model is abstract, it correctly
captures the dynamics of protein synthesis- and degradation-dependent phases of LTP, and
elements of the model can be correlated with specific molecular processes. Moreover, the model
makes testable predictions, such as a unique synaptic state (ED) that precedes the transition from
e-LTP to I-LTP, and a well-defined time window for the action of the UPS (i.e., during the
transitions from EP1 and EP2 to ED).

Disclosures: P.D. Smolen: None. D.A. Baxter: None. J.H. Byrne: None.
Poster

285. LTP: Pre- and Postsynaptic Mechanisms

Location: SDCC Halls B-H

Time: Monday, November 5, 2018, 8:00 AM - 12:00 PM

Program #/Poster #: 285.22/E51

Topic: B.07. Synaptic Plasticity

Support: Wellcome Trust Grant

Title: Over-expression of GIUR2 in hippocampal parvalbumin-positive interneurons impairs
synaptic plasticity and memory performance

Authors: *M. J. COOPER?, M. MONIRI?, D. BANNERMAN?, E. 0. MANN!
1Dept. of Physiology, Anat. and Genet. (DPAG), 2Dept. of Exptl. Psychology, Univ. of Oxford,
Oxford, United Kingdom

Abstract: Parvalbumin-expressing (PV+) inhibitory interneurons are critical for controlling
spike timing and spike rates in hippocampal circuits. Excitatory synapses onto PV+ interneurons
predominantly express AMPA receptors lacking the GIuR2 subunit. The GluR2-lacking AMPAR
are Ca?*-permeable and display polyamine-dependent inward rectification. These properties
enable anti-Hebbian learning at excitatory synapses onto PV+ interneurons, whereby inputs
associated with membrane hyperpolarisation trigger Ca* influx and synaptic potentiation.
However, the behavioural importance of anti-Hebbian plasticity in PV+ interneurons remains to
be established.

In this study, we generated a virus that drives Cre-dependent expression of the Q/R-edited GIuR2



AMPA receptor subunit, and injected it into the hippocampus of PV-Cre mice. We were able to
selectively transfect PV+ interneurons and alter single-cell and network properties, including
substantially reducing synaptically-evoked dendritic calcium signals and impairing anti-Hebbian
plasticity.

Following this, we performed bilateral full hippocampal injections of the virus into a cohort and
performed a battery of behavioural tests. We found that whilst locomotor activity, anxiety, and
spatial reference memory were largely unaffected by the transfection, the animals showed a
substantial impairment on the spatial working memory-dependant rewarded alternation T-maze
task compared to a GFP virus-injected control cohort, but only with extended (30-second) delays
between the sample and choice phases of trials. Additionally, whilst the animals were equally
capable of learning the location of a platform during a spatial reference memory version of the
Morris water maze task, the GluR2-injected group took longer to react to subsequent changes in
platform location (spatial reversals). Overall, our results suggest that replacement of Ca?*-
permeable AMPA receptors in hippocampal PVV+ interneurons with GluR2-containing AMPA
receptors increases interference between competing memory traces, potentially as a consequence
of impaired anti-Hebbian plasticity.
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Abstract: Long-term potentiation (LTP) is the prevailing mechanism of synaptic strengthening
by which neurons encode experience. Baseline synaptic function is bioenergetically demanding,
and this demand is elevated during episodes of synaptic plasticity. Therefore, mitochondrial
functions such as ATP synthesis and calcium handling are likely required for plasticity. It has
recently become apparent that synaptic transmission relies on the adequate presence and function
of mitochondria. However, whereas axonal mitochondria have been extensively studied, LTP
induction predominantly occurs postsynaptically, where the roles of mitochondria are less well
understood.

Mitochondria in dendrites at rest are stationary and rarely undergo fission or fusion. However,
we found that chemical induction of LTP (cLTP) by NMDAR activation in cultured rat
hippocampal neurons prompted a rapid burst of dendritic mitochondrial fission. Mitochondrial
fission canonically requires actin nucleation and membrane constriction by the GTPase dynamin-
related protein 1 (Drpl). Consistent with this, inhibition of actin polymerization or expression of
a dominant negative (DN) mutant Drpl each suppressed the cLTP fission burst. Furthermore, the
GTPase Dynamin 2 (Dyn2) was recently implicated in fission in cell lines, and we found
similarly that expressing DN Dyn2 abolished the fission burst. Drp1 function is also known to be
regulated by phosphorylation, with CaMKII as a possible activator based on studies of non-
neuronal cells. In line with this, we found that fission was triggered by cytosolic calcium
elevation via glutamate photolysis at dendritic spines, and also that the fission burst was
prevented by acutely inhibiting CaMKII activation. We then tested whether mitochondrial fission
is required for LTP expression. Knocking down Drpl or expressing DN Drpl suppressed
dendritic spine growth and synaptic AMPA receptor trafficking following LTP induction.
Remarkably, postsynaptic expression of DN Drpl prevented LTP at Schaffer collateral-CA1
synapses in acute hippocampal slices, with no effect on basal transmission or intrinsic
electrophysiological properties of neurons.

Taken together, these data suggest that CaMKI|I activation during LTP induction rapidly
increases dendritic mitochondrial fission, and that this is required for LTP expression. Impaired
synaptic function is implicated in myriad neuropsychiatric diseases, many of which are also
associated with mitochondrial dysfunction. Our findings raise the important question of whether
neuronal mitochondrial dysfunction contributes to cognitive impairment by perturbing dendritic
and/or synaptic plasticity.
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Abstract: Within the dentate gyrus of the hippocampus, excitatory hilar mossy cells (MCs)
synapse extensively onto granule cells (GCs), the principal cell type and main output of the
dentate gyrus. MCs also mediate powerful feed-forward inhibition (FFI) onto GCs through a
MC-inhibitory interneuron (IN)-GC connection. Although information transfer from MCs to
GCs is important for multiple forms of hippocampal-dependent learning and memory, as well as
spatial navigation, we know very little about the dynamic properties of MC-GC synapses, and
the feed-forward MC-IN-GC circuit. Using electrophysiology in acute rat hippocampal slices,
our lab recently discovered a novel type of presynaptically-expressed, NMDA receptor-
independent form of long-term potentiation (LTP) of MC-GC transmission, which involves both
PKA and BDNF-mediated signaling. New results indicate that MC-GC LTP is inhibited by
endocannabinoid (eCB) signaling. To mobilize eCBs from GCs in a timely manner, we delivered
brief bouts of depolarizations (from -45 mV to 0 mV; for 5 seconds every 10 seconds; x12; 2
minutes total). We found that GC depolarizations delivered 1.5 minutes before and during
induction of MC-GC LTP caused a significant decrease in MC-GC LTP magnitude, an effect
that was abolished in the presence of the type-1 cannabinoid receptor (CB1R) inverse agonist
AM251 (5 uM). To investigate the mechanism downstream from the Gin-coupled CB1R, we
used selective pharmacology for the By- or a-limb. We found that inhibition of the By-limb with
Gallein (75 uM) rescued the deficit in MC-GC LTP that resulted from GC depolarization during
induction, while inhibiting the a-limb with NF-023 (10 uM) rescued the deficit in LTP that
resulted from GC depolarization before induction. In contrast, multiple depolarizations delivered
1.5 and 15 min after LTP induction only transiently (~1.5-30 min, respectively) decreased LTP
magnitude. To further examine eCB-mediated effects on MC-mediated transmission, we used
optogenetics to selective activate MC axons and recruit FFI onto GCs. We found that FFI
exhibits robust eCB-mediated short-term plasticity. Together, our findings highlight diverse and
powerful mechanisms by which eCBs may contribute to dentate gyrus-dependent computations.
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Abstract: The lateral habenula (LHb) is an epithalamic structure involved in depression and
aversion by sending negative reward signals to monoaminergic systems. We have previously
demonstrated a link between maternal deprivation (MD), an early life stress model, and
metaplasticity of GABAergic synapses onto ventral tegmental area (VTA) dopamine neurons.
Given the negative control of VTA dopamine neurons by the LHb, we extended our MD studies
to the LHb and found that LHb neurons of MD rats (P21-P30) are hyperexcitable and exhibit
postsynaptic glutamatergic synaptic potentiation. Up to date no study has shown that
glutamatergic synapses onto LHb neurons are capable of expressing spike-timing dependent
plasticity (STDP) whose modulation could underlie MD-induced changes in LHb neuronal
excitability and DA signaling from the VTA. Our study here demonstrates that glutamatergic
STDP can be triggered in LHb neurons in response to near-coincident pre- and post-synaptic
activities. We defined the STDP window using different pre post spiking order and time intervals
(ranging from -50 to +50 ms). Coincident pre and postsynaptic firing is required for
glutamatergic STDP of LHb neurons as pre or postsynaptic activity alone is insufficient to
induce plasticity. We classified LHb neurons based on their firing pattern. Tonic firing neurons
showed presynaptic NMDAR- and Ca2+ dependent long-term potentiation (LTP) regardless of
spiking order. Instead, silent and irregularly firing neurons expressed no plasticity in response to
similar protocols. This suggests that LHb neurons display activity-dependent symmetrical
Hebbian STDP. LTP was abolished by bath application of a CB1 receptor antagonist. Moreover,
our preliminary data suggest that endocannabinoid 2-Arachidonoylglycerol (2-AG) but not
anandamide may mediate this plasticity. MD impaired LTP in response to pre-post protocols and
even shifted LTP toward LTD in response to post-pre protocol (-5ms interval) in tonic firing
neurons suggesting an induction of metaplasticity by MD at glutamatergic synapses onto LHb
neurons. The induction of STDP was unaltered for silent and irregularly firing neurons



suggesting that MD-induced metaplasticity was specific to neurons with tonic activity. We are
testing the possible interaction between 2-AG and GABA-B signaling pathways as potential
mediators of this form of LTP and their dysregulation during MD-induced metaplasticity.
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Abstract: Long-term operations carried out by military personnel, pilots, and astronauts are
often conducted in extreme conditions such as exposure to high altitude (HA)-associated
hypobaric-hypoxic environment, which have reported to result in impairments of different
cognitive functions such as learning and memory. While the cerebral effects of acute HA
exposure have been more extensively studied, much less is known about chronic exposure to HA
and the possible biological or pathobiological mechanisms involved in the adaptive or
maladaptive responses of the brain to chronic HA. In this context, we sought to investigate if
synaptic protein expression levels were altered as possibly due to HA for a prolonged period of
time. We chose to examine synaptic proteins in the pre- and post-synaptic compartment that have
been shown to play a role in the release of neurotransmitters, formation and recycling of synaptic
vesicles, neurite formation as well as anchoring of excitatory and inhibitory receptors. To
address the effects of chronic HA on synaptic protein expressions, we exposed twelve C57BI6
male mice to an altitude of 5000m (HA) above sea level (SL) for 12 weeks. We initially focused
on the following proteins: synaptophysin, spinophilin, post-synaptic density protein (PSD95),
and the growth associated protein 43 (GAP43). We used western blot (WB) methods to quantify
the selected synaptic proteins through different regions of the brain: olfactory cortex, cerebellum
and brainstem. Our preliminary findings show a significant decrease in the expression levels of



synaptophysin and spinophilin in the olfactory cortex of chronically exposed HA mice in
comparison to mice kept at SL for an identical period of time. Intriguingly, we did not observe
changes in the PSD95 and GAP43 levels. Moreover, we did not observe changes in any of the
considered synaptic markers in the cerebellum and brainstem of mice exposed to chronic HA.
These findings seem to suggest that chronic exposure to HA can regulate specific synaptic
changes across different brain regions and possibly linked to specific cognitive and behavioral
changes. Elucidating the molecular mechanisms by which these synaptic and other synaptic-
associated changes occur in mammalian brains will have potential implications for the
preservation of cognitive and behavioral skills of subjects exposed to prolonged periods of time
to HA.
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Abstract: Addiction is believed to be triggered by drug-evoked plasticity. The dorsomedial
striatum (DMS), a brain region critically involved in drug and alcohol addiction, contains
medium spiny neurons (MSNSs) expressing either dopamine D1 or D2 receptors. D1-MSNs
positively and D2-MSNs negatively control rewarding behaviors. The DMS receives
glutamatergic inputs from the medial prefrontal cortex (mPFC). We recently found that chronic
alcohol intake increased glutamatergic activity selectively at mPFC inputs onto DMS D1-MSNs.
Here, we combined the dual-channel optogenetic approach and a “post-pre” spike timing-
dependent protocol (STDP) to test whether the induction of input- and cell types-specific LTD at
the mPFC-D1 MSN circuit could reverse the alcohol-evoked enhancement of glutamatergic
activity at this circuit, thereby persistently reducing their alcohol intake. This circuit-specific
LTD induction was achieved by expressing one channelrhodopsin, chronos, at the mPFC



terminals for selective presynaptic stimulation, and by expressing another channelrhodopsin,
Chrimson, in the D1-MSNs for postsynaptic depolarization of this specific neuronal type. First,
we used field potential recording to measure LTD from water controls, and observed that ex vivo
“post-pre”-STDP induction successfully induced LTD in striatal slices, whereas mPFC
stimulation alone did not cause any changes. Next, we delivered same LTD induction in slices
from alcohol-drinking animals. We found that the same induction caused reliable LTD, however,
the optogenetic stimulation needed to be repeated 3 times to obtain the same magnitude of LTD.
Then, we examined the effect of this LTD-inducing protocol on alcohol-seeking behavior. We
found that in vivo delivery of this optogenetic protocol produced significant decreases in lever
presses and alcohol intake; these decreases last two days after induction. Taken together, these
data suggest that optogenetically inducing D1-MSN LTD from alcohol-drinking rats reversed
alcohol-evoked glutamatergic potentiation in this neuronal population, thus persistently reducing
alcohol drinking in vivo. Reversal of alcohol-evoked synaptic plasticity could provide a novel
circuit-based therapeutic strategy for the treatment of alcohol addiction.
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Abstract: The theta burst stimulation (TBS, a train of short 100 Hz. burst stimulations repeated
in 5-7 Hz.) that mimics theta oscillation in the rodent hippocampal system is a well-used
induction stimulation of the long-term potentiation (LTP) at area CA1 Schaffer (Sch)-pyramidal
synapses. The TBS-induced LTP is different from the LTP induced by an also well-known
"tetanic"” stimulation (tetanus, 100 Hz. 1 sec stimulation). We found the significant difference of



the degree of the action of potential firing during the induction phase with voltage-sensitive dye
(VSD). That is, tetanus did not cause action potentials during tetanus while a TBS exaggerated
action potential. We also reported that the TBS caused exaggerated action potential firing during
the sequence, even in the form of the pair of brief burst stimulations [PBS; a 100 Hz. burst
stimulation consists of four stimuli with 10ms intervals (a priming burst) precedes a 170ms
interburst interval to the same 100 Hz. burst stimulation (a test burst)]. A PBS applied to the Sch
induced a facilitated response upon a test burst (a paired burst facilitation; PBF). The PBF
accompanied the action potentiation of E-S (EPSP-spike firing) coupling without accompanying
an increase of excitability of the postsynaptic cells. This is dependent on the GABA-A receptor-
dependent GABAergic circuit control. In the CA1 neural circuit, the GABA-A receptor acts
either as a feedforward or feedback inhibition. When we divided Schaffer collateral fibers into
two groups with microsurgery and applied stimulation to these two separate input pathways, we
found that feedforward inhibition is responsible for the action potential facilitation, while
feedback inhibition causes suppression just after the first burst stimulation. Here, we examined
the phase-dependent effect of the TBS in the different input pathways in area CA1. The TBSs on
both inputs show a competitive LTP induction depending on the phase of the theta oscillation.
The result shows that the input from CA3 to CAL can carry information on the phase of the theta
oscillatory activity and cause the plastic change in the synapses.
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Abstract: Most theoretical studies of long-term synaptic plasticity implement changes in
synaptic efficacy postsynaptically, ignoring the rich presynaptic short-term dynamics, as well as



the interaction between pre- and postsynaptic expression (Costa et al, RSTB 2017 DOI:
10.1098/rsth.2016.0153). Since both forms of expression are found experimentally, this
assumption has resulted in a long-standing postsynaptic bias in theoretical studies. As a
consequence, the specific computational impact and functional benefits of pre- vs. postsynaptic
expression remain relatively poorly studied.

To explore the functional impact of pre- and postsynaptic expression, we simulated two
scenarios in which a postsynaptic neuron learns to respond to excitatory inputs via spike-timing-
dependent plasticity (STDP). Each scenario quantified a particular aspect of information coding:
latency to spike and correlated activity, respectively. In the first, periodic volleys of presynaptic
Poisson activity were temporally ordered along the inputs. After learning, synaptic efficacy was
organized according to stimulus order within the volley, with postsynaptic response latency and
duration reduced (Song et al, Neuron 2000 3:919). In the second scenario, stimulation consisted
of two input populations of which one had correlated activity, which lead to its selective
potentiation (Song and Abbott, Neuron 2001 32:339).

Initially, we used Song and Abbott's (2000, 2001) simple additive model of STDP. As a model
extension, presynaptic plasticity was implemented via alterations in release probability and short-
term depression, and postsynaptic expression via quantal amplitude changes. For added
biological realism, we next carried out simulations with a triplet model tuned to physiological
pre- and postsynaptic expression data (Costa et al, eLife 2015, DOI:10.7554/eLife.09457),
obtained from monosynaptic connections between visual cortex layer-5 pyramidal cells.

We found that presynaptic plasticity could adjust learning rates and affinity for correlated inputs,
whereas postsynaptic expression was more effective for amplitude enhancement. We also found
that under constant stimulation, presynaptic plasticity did not affect postsynaptic firing rates,
suggesting that associative learning and frequency saturation can be uncoupled. In summary, our
results highlight key differences between pre- and postsynaptic expression of STDP,
demonstrating that the default postsynaptic assumption in modelling of plasticity is not neutral
but may introduce a bias.

Disclosures: B.E.P. Mizusaki: None. S.S.Y. Li: None. R.P. Costa: None. P.J. Sjostrom:
None.

Poster

286. Network Interactions and Synaptic Integration |
Location: SDCC Halls B-H

Time: Monday, November 5, 2018, 8:00 AM - 12:00 PM
Program #/Poster #: 286.04/F8

Topic: B.07. Synaptic Plasticity

Support: CIHR



Title: A spike timing-dependent plasticity rule for single, clustered and distributed dendritic
spines

Authors: *D. E. MITCHELL, S. TAZERART, S. MIRANDA-ROTTMANN, R. ARAYA
Dept. de neurosciences, Univ. De Montréal, Montreal, QC, Canada

Abstract: Dendritic spines can undergo structural remodeling, and are the preferential site for
the induction of long-term potentiation (LTP) and long-term depression (LTD). In a variant of
LTP and LTD, known as spike-timing dependent plasticity (STDP), the sign and magnitude of
the change in synaptic strength depends on the timing between the spikes of two connected
neurons. Although STDP has been extensively studied in cortical pyramidal neurons, the precise
structural organization of excitatory inputs that supports STDP, as well as the structural,
molecular and functional properties of dendritic spines during STDP remain unknown. Here we
developed a spine STDP protocol, in which two-photon glutamate uncaging over single or
multiple spines from the basal dendrites of layer 5 pyramidal neurons, which mimics presynaptic
release of glutamate (pre), was paired with somatically generated postsynaptic spikes (post). We
found that the induction of STDP in single spines follows a classical Hebbian STDP rule, where
pre-post pairings at timings that trigger LTP (t-LTP) produce shrinkage of the activated spine
neck and a concomitant increase in its synaptic strength; and post-pre pairings that trigger LTD
(t-LTD) decrease synaptic strength without affecting the activated spine shape. Furthermore, we
tested whether the single spine-Hebbian STDP rule could be affected by the activation of
neighboring (clustered) or distant (distributed) spines. Our results show that the induction of t-
LTP in two clustered spines (< 30 um apart) enhances LTP via a mechanism that requires actin
polymerization-dependent neck shrinkage, which permits AMPA receptor transport to the spine
head and insertion into the postsynaptic density (PSD). Moreover, the induction of t-LTD is
disrupted when two clustered spines (< 30 um apart) are activated, but can be recovered if the
activated spines are separated by > 30 um. These results indicate that the induction of STDP in
single, or distributed spines (separated by > 30 um), follow a Hebbian STDP rule. Interestingly,
synaptic cooperativity, induced by the co-activation of clustered spines and the local spatio-
temporal summation of clustered synaptic inputs, provides local dendritic depolarization that is
sufficient to disrupt t-LTD, leading to STDP only encompassing LTP.
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Abstract: Acetylcholine fundamentally reconfigures cortical circuits to switch their function. In
the hippocampus acetylcholine is thought to prioritise input to CA3 and CAL circuits from
sensory modalities containing new information about the environment and away from internally
held representations. This reconfiguration enables acetylcholine to signal that previously held
representations require updating with new information (Dannenberg et al., 2017). However, the
mechanism by which acetylcholine enables this critical switch in function is unclear. In the CAl
region, internally held representations are proposed to enter via the Schaffer collateral (SC)
pathway from CA3 whereas new information enters via the temporoammonic (TA) pathway
direct from the entorhinal cortex. Therefore, it is predicted that acetylcholine will reduce SC
input whilst enhancing TA input to CA1. Previous studies have reported that acetylcholine
reduces excitatory synaptic transmission in both SC and TA pathways apparently contradicting
this prediction. However, these studies did not measure the effects of acetylcholine on
feedforward inhibition which have a major role in determining the CA1 response to SC or TA
input. Therefore, our goal was to test the core hypothesis that acetylcholine prioritises TA input
over SC input. We used electrical stimulation to obtain monosynaptic excitatory or disynaptic
inhibitory postsynaptic currents (MEPSC or dIPSC respectively) from SC and TA pathways on
the same CA1 pyramidal neuron. The acetylcholine receptor agonist carbachol (CCh) or
optogenetically evoked release of acetylcholine reduced both mEPSC and dIPSC synaptic
responses for the SC input which resulted in no change to excitatory-inhibitory balance and
indeed a decrease in postsynaptic spiking. In contrast, TA mEPSC and dIPSC were also reduced
by cholinergic receptor activation, but a boost in facilitation of excitatory and the lack of it in the
inhibitory drive resulted in an increase of excitatory-inhibitory balance, which produced an
increment in postsynaptic spiking. Our data suggest that distinct interneuron populations engaged
by SC or TA pathways participate in input selective modulation. Pharmacological interventions
revealed that presynaptic muscarinic M3 receptors mediated cholinergic induced facilitation of
excitatory-inhibitory balance on TA pathway, in contrast the SC pathway where muscarinic M4
receptors mediate presynaptic inhibition. We conclude that differential expression of presynaptic
muscarinic receptors on SC and TA inputs to CA1 enable acetylcholine to reconfigure the
network to favour new information over internally held representations.
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Abstract: Spatial navigation learning and memory have been in the spotlight of neuroscience
research for decades, producing a compelling amount of evidence on the critical role of
hippocampus, and particularly of the CA1 subregion, in the construction of flexible cognitive
maps. Indeed, place field formation and spatial remapping are now well-characterized
computational functions at the neural population level. However, our understanding at the single-
cell level lags behind. What are the contributions of dendritic non-linearities and / or synaptic
plasticity mechanisms in place-field formation? How is remapping actualized at the individual
neuron level? What are the effects on learning flexibility and memory capacity of the network?
Here we explore these questions by investigating the spatial encoding properties of a plasticity-
enabled network model consisting of multi-compartmental neurons. We simulate an environment
exploration task by anchoring the spike-timing tuning of excitatory and inhibitory network
afferents to a series of consecutive locations across a virtual environment. We allow the neurons
to organise their dendritic inputs according to excitatory and inhibitory plasticity rules that
interact locally at the level of dendrites. We show how the afferent connectivity patterns that
allow the emergence of place representations can arise naturally via branch-specific allocation of
the spatially-tuned excitatory drives and selective inhibitory gating. When the network model
experiences a novel environment (i.e., a shuffled set of correlated inputs), synaptic allocation
patterns restructure to accommodate the matching afferents along same dendrites. Remapping
thus follows from a complex interaction between new and previously learned receptive fields.
We show that encoding capacity is dramatically increased through the introduction of dendrites
that allow for the branch-wise registration of more than one place-field per neuron,
corresponding to distinct virtual environments, and allowing for the possibility of context
dependent switching.

To our best knowledge, this is the first modelling study to show how place-fields can be learned



via the implementation of codependent synaptic plasticity rules to explain how spatial remapping
can occur.
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Abstract: A major challenge in Neuroscience is to develop models that bridge both the
computational and mechanistic levels. We have made recent advances understanding the
structured representations in connectionists models known as Vector Symbolic Architectures
(VSA). Here, we demonstrate the utility of VSA models in a neuroscience theory framework by
developing algorithms for navigation at the computational level that can also explain
hippocampal data at the mechanistic level. Specifically, we focus on a VSA model based on
high-dimensional vectors of complex numbers, Fourier Holographic Reduced Representations
(FHRR). We have developed a novel model of synaptic integration to implement FHRR with
spiking neurons that express periodic population firing, where the timing of a spike relative to an
internal oscillation represents the phase of a complex number. This makes FHRR useful for
understanding the theta-rhythm and phase coding in hippocampus. We propose synaptic circuitry
and dynamics that transforms a presynaptic spike into an excitation/inhibition-balanced
postsynaptic current oscillation. The timing of presynaptic spike and synaptic delay determines
the phase of the postsynaptic current oscillation. The oscillatory currents from many synapses
will sum in the neuron, effecitively implementing a dot product between complex vectors. The
effect of spikes depends now on their relative timing and stored synaptic patterns - it can be
small in the decoherent case (A), or large in the coherent case (B). In essence on the
computational level, we develop a model that forms a neural code of location in a 2-D
environment (C). We demonstrate how the computations in the model can be implemented in
spiking neurons to produce neural response activity similar to CA1 principal neurons, exhibiting
place fields and phase-precession (D,E). This activity can be decoded by a readout population
(F), and used as part of a navigation algorithm, such as for path-integration.
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Abstract: Maximization of mutual information is widely thought to play a crucial role in sensory
and motor information processing by cortical neurons. Hebbian synaptic plasticity may also be
regarded as a biological machinery to realize this information theoretical principle. However, if
the brain models the external world or monitors its internal processes, it should extract
characteristic features from externally or internally driven information streams. This operation
requires a certain level of abstraction, and optimal information transmissions do not seem to
characterize the principles governing these processes. Here, we propose the conditional entropy
minimization as an alternative principle of neural information processing. We derive a learning
rule from this principle for a two-compartment neuron model and demonstrate its excellent
performance in learning various signal processing tasks. For instance, simple networks of such
neurons can perform unsupervised learning and denoising of orientation-tuning maps in the
visual processing, chunking of visual and other information streams, detection of population
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spike sequences repeated in noisy background, and the blind source separation of mixture signals
from significantly correlated auditory sources. In particular, our network model can separate the
sounds of music instruments playing the same music piece, which was not possible for the
standard ICA-based method. Thus, our model will provide new insights into the principles of
neural processing of temporal information.
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Abstract: Spike-timing dependent plasticity (STDP) enables neural circuits to store information
based on the time interval between the activation of synaptic inputs. STDP incorporates a basic
Hebbian principle of synaptic plasticity and gives a neural circuit unique storage capabilities.
Prior experimental studies of STDP varied the timing between a synaptic input and a
postsynaptic spike induced by direct current injection, rather than by varying the timing between
the stimulation of two synaptic inputs. Furthermore, prior studies employed recordings from
single cells without evaluating the spatial distribution of STDP through the circuitry. The present
study used voltage sensitive dye imaging to study STDP in the CA3 region of horizontal
hippocampal slices from 4 to 7-week old rats. Electrical stimulation was applied to two sites in
the stratu