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Title: Permanent whisker removal reduces the expression of calcium-related proteins, disrupts
hippocampal neurogenesis, and affects spatial memory
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GUZMAN-MUNIZ, N. MOY-LOPEZ
Psicologia/University of Colima, Colima, Mexico

Abstract: Facial vibrissae, commonly known as whiskers, are the main sensitive tactile system
in rodents. Whisker stimulation triggers neuronal activity that promotes neural plasticity in the
barrel cortex and helps create spatial maps in the adult hippocampus. Therefore, the neuronal
activity of the barrel cortex possibly regulates hippocampal neurogenesis. To assess whether
tactile information from facial whiskers may modulate hippocampal neurogenesis, we
permanently eliminated whiskers in CD1 male mice and analyzed the effects in cellular
composition, molecular expression and memory processing in the adult hippocampus. Our data
indicated that the permanent deprivation of whiskers reduced in 4-fold the expression of c-Fos (a
calcium-dependent immediate early gene) in cornu ammonis subfields (CA1, CA2 and CA3) and
dentate gyrus. A significant reduction in the expression of calcium-binding protein calbindin-
D2s« Was also observed in granule cells of the dentate gyrus. Notably, calbindin and c-Fos
reduction was linked to a dramatic decrease in proliferation and cell survival of neural precursor
cells in the subgranular zone, which ultimately reduced the number of NeuN+ mature neurons
generated after whisker elimination. These abnormalities in the neurogenic process coincide with
a significant impairment of spatial memory and navigation skills. This is the first evidence
indicating that tactile inputs from vibrissal follicles strongly modify the expression of calcium-
related proteins in the dentate gyrus, disrupt different aspects of hippocampal neurogenesis, and
support the notion that spatial memory and navigation skills strongly require tactile information
in hippocampus.
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Abstract: Ageing is associated with changes in cellular and molecular processes including the
alteration of stem cell pools. In particular, biological and functional changes observed in ageing
neural stem cells (NSCs), are linked to age-related cognitive decline. Recently, the systemic
environment has been shown to alter both NSC regulation and age-related cognitive decline.
Interestingly, a well-documented and naturally occurring way of altering the composition of the
systemic environment is through diet and nutrition. Studies have found an overabundance of
nutrients to be detrimental for human and animal health; the presence of specific nutrients as
well as the overall increase in calorie or protein intake was shown to overstimulate conserved
molecular pathways and to reduce lifespan. Conversely, dietary restriction was found to be the
most efficient way of extending an organism’s lifespan. In this study, we examined nutrient
sensing pathways in relation to their function on NSC and ageing. We focus on the Sirtuin,
mTOR and Insulin / Insulin like growth factor-1 pathways. We used a human hippocampal
progenitor cell line (HPCs) and employed pharmacological interventions and increasing passage
number to induce, and measure ageing phenotypes. A semi-automated imaging platform was
used for the quantification of NSC differentiation by using cellular markers for neuronal
progenitors (DCX) and immature neurons (Map2) and machine learning was employed to
measure morphological changes. Candidate gene selection was preformed through literature
search and validated by gPCR to measure gene expression alterations within our model. Finally,
we investigated the association of SNP variants within these candidate genes with lifestyle and
cognition using 1633 participants from the adult longitudinal population-based TwinsUK cohort
(n=12 000). Our data suggests this novel ageing model induces changes in the expression levels
of several key nutrient sensing genes (FOXO3A, NAMPT, PTEN, GRB10 and MTOR) and
alterations in neuronal morphology reminiscent of ageing phenotypes. We believe this assay has
great potential to investigate NSC ageing and could be employed to validate existing pathways,
uncover new targets and test novel therapies.
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Abstract: Background: We recently found in rodents that multiple anesthesia exposures caused a
greater decrease in a neuronal marker over the course of neuronal development compared to a
single exposure of the same cumulative duration. This was further evidenced by more severe
behavioral deficits in adult rodents with such exposures. Given the persistence of effects in adult
rodents, we sought to investigate the effects of neonatal anesthesia on neurogenesis in the adult
hippocampus. Methods: On postnatal day 5 (P5), rats were divided into three groups: single
exposed (receiving 6h of sevoflurane exposure on P7), multiple exposed (receiving 2h of
exposures on P5, 7, and 10), and unexposed. All were injected with IdU and CldU on P30 and
P60, respectively. Behavioral testing was performed from P30-45 using open field testing (OFT),
novel object recognition (NOR) testing, and Barnes Maze testing, with a small subset in each
group not undergoing behavioral testing. Perfusion fixation was performed on P60 for
histological analysis, staining for IdU, CldU, and Dcx. Results: The multiple exposed group had
the most severe behavioral changes, specifically in NOR and OFT. Histological analysis of the
dentate gyrus revealed a decrease in number of 1dU-positive and CldU-positive cells in the
multiple exposed group (Fig 1A). Of note, behavioral testing increased the number of double-
labeled (IdU*CIdU™) cells in the multiple exposed group, and the vast majority of these double
labeled cells were not Dcx* (Fig 1B). Discussion: We have shown that the multiple exposed
group had the greatest changes in behavior. This is directly correlated with a decrease in
neuronal cell proliferation at P30 and P60, evidenced by the changes in IdU™ and CldU™ cell
populations, respectively. Interestingly, most double labeled cells in the dentate gyrus were not
Dcx*, indicating that they were not neurons. The increase of these cells in multiple exposed with
behavioral testing compared to those without behavioral testing may indicate an increase in glial
cell proliferation related to the enriched environment provided by such testing.



Figure 1 — Effects on Neuronal Stem Cells
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Fig 1. (A) Cell proliferation at P30 as determined by IdU+ cells, and P60 determined by CldU+
cells, demonstrating that multiple neonatal anesthesia exposures causes a decrease in cell
proliferation even in the adult rodent brain. (B) Double labeled (IdU+,CldU+) cells are highest
in the multiple exposed group that had behavioral testing. These were determined to be
non-neuronal cells, possibly indicating an increase in glial cells in response to being in an
enriched environment after neonatal anesthesia neurotoxicity.
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Abstract: The rate of adult hippocampal neurogenesis is well known to decline rapidly with
advancing age, and to increase in response to experiences such as environmental enrichment.
Understanding the regulatory mechanisms controlling this process, which remain poorly
characterized, may aid in the development of novel strategies to target age-related decline in
hippocampal neurogenesis, and consequent impairments in memory function. Pathways related
to cell growth and energy metabolism are likely important in the age-related neurogenesis
decline, yet signaling pathways implicated have not been fully elucidated. Further, it is not
known how neurogenesis may be regulated from cues originating from outside of the central
nervous system. We hypothesized that bioactive lipid signaling through sphingosine 1-
phosphate, important for proliferation and survival of non-neuronal cells throughout the body
and shown to be present and active in the brain of adult mice, may influence adult hippocampal
neurogenesis. We made the surprising discovery that environmental enrichment, known to
potently increase adult hippocampal neurogenesis, sharply decreased circulating blood S1P
levels. To test the causal relation between S1P and neurogenesis, we used two independent
transgenic mouse models that exhibit limited S1P production, and found that both exhibited
heightened neurogenesis. Together, our findings implicate the S1P pathway in basal and activity-
dependent neurogenesis, and implicate a potential therapeutic target to promote or restore
neurogenesis associated with aging or disease.

Disclosures: A.P. Chen: None. G.W. Kirschen: None. J. Schrandt: None. A. Ahamad:
None. N.U. Schwartz: None. L.M. Obeid: None. C. Mao: None. S. Ge: None.
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Abstract: Background: Deep brain stimulation (DBS) has provided substantial clinical benefit
for a variety of movement disorders. It is still unknown how DBS alters neural activity to induce
beneficial outcomes. One area of interest is to investigate a possible role for modulation of adult
hippocampal neurogenesis in mediating DBS effects. The hippocampus is a structural and
functional component of the limbic system and contains a neurogenic niche of neural
stem/progenitor cells in the subgranular zone (SGZ) of the dentate gyrus (DG). It possesses
extensive interconnections with the anteromedial thalamic nucleus (AMN) proposing that
stimulation to the AMN conveys physiological fluctuations in the hippocampus and possibly
elicits neurogenesis.

Objective: The aim of the study is to examine the effect of single as well as multiple sessions of
AMN electrical stimulation in modulating stem/progenitor cell proliferation at early stages and
track their fate at later stages.

Methods: Adult male Sprague-Dawley rats received either single or multiple unilateral electrical
stimulation in the right AMN. Electrodes were implanted without current delivery in sham
groups. Another control group, for selective site stimulation, received electrical stimulation in
the ventral posterolateral thalamic nucleus (VVPL) that has no established direct projections to the
hippocampus. All

groups received 3 injections (66mg/Kg/injection) of 5’-bromo-2’-deoxyuridine (BrdU) and were
euthanized on two time points. Early stages of neurogenesis were examined at 7 days post-
surgery and the late stages after 4 weeks. The BrdU positive cells in the dentate gyrus (DG) of
the hippocampus were counted. Double labeling of BrdU with NeuN was examined. The
Exploratory Behavior test was performed using a Y-maze to detect for enriched hippocampal
skills following stimulation.

Results: Single AMN electrical stimulation was marked by a 2-fold increase in proliferation of
neural stem/progenitor cells in the ipsilateral DG at 7 days and translated into a 1.8-fold increase
in hippocampal neurogenesis at 4 weeks. Multiple sessions of electrical simulation further
increased hippocampal neurogenesis to 3-folds higher than the sham at 4 weeks. The Y-maze test
showed that single electrical stimulation to the AMN enhanced exploratory behavior at 4 weeks
while it was detected at the earlier 7 days-time point in multiple sessions of stimulation.
Conclusions: The current study presents an increase in hippocampal neurogenesis in response to
single or multiple sessions of electrical stimulation. It also reveals a translational behavioral
enhancement of hippocampal-related skills following stimulation.
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Title: Mode of action of memantine on adult hippocampal neurogenesis
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Abstract: Adult hippocampal neurogenesis can be altered by various endogenous and exogenous
stimuli. Both an increase and a decrease in production of new neurons can arise as a result of
several distinct scenarios, with the stimuli impacting various subpopulations of neural stem and
progenitor cells and various steps of the stem cells’ division/differentiation cascade. Memantine,
a non-competitive NMDA receptor antagonist used clinically to treat symptoms of Alzheimer's
disease, can increase the division of progenitors and production of new neurons in the adult
brain. However, its basic mode of action is unknown. In particular, it is not known whether it
activates stem cells, their progeny (or both), whether it targets division of neuronal progenitors or
their elimination, and whether it induces symmetric division of stem cells, increases the number
of divisions of already activated stem cells, or augments activation and recruitment of quiescent
stem cells into the cell cycle. Conventional analysis methods of neurogenesis do not distinguish
between these scenarios. We developed new experimental paradigms based on double- and triple
S phase labeling and phenotyping stem and progenitor cells, which allow fine analysis of the
division and fate of stem cells and their progeny. Our results provide a blueprint for the analysis
of stem cell maintenance and division. These methods indicate that memantine induces increased
production of new neurons in the hippocampus of adult mice by increasing the rate of de novo
activation of hippocampal neural stem cells.

Disclosures: S. Itaman: None. O. Podgorny: None. G.N. Enikolopov: None.
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Abstract: Impairments in higher-order cognitive and behavioral function are widely observed in
children after cardiac surgery with cardiopulmonary bypass (CPB). The subventricular zone
(SVZ) in the postnatal/adult brain is the region where most neural stem/progenitor cells (NSPC)
originate. Recent studies suggest that the SVZ plays an important role in neocortical growth of
the gyrencephalic frontal lobe during postnatal life. However, the effect of CPB-induced insults
on postnatal SVZ neurogenesis is largely unexplored and poorly understood. The aim of our
study is to determine SVZ neurogenic activity after CPB using a porcine survival model. Piglets
were randomly assigned to control group and severe-CPB insult group (reproducing CPB-
induced systemic inflammation and ischemia-reperfusion injury). To assess SVZ neurogenic
activity, we performed immunohistochemistry and quantified NSPCs and neuroblasts with
antibodies directed against Sox2, GFAP and doublecortin. The SVZ was divided into 3 tiers as
previously described in the human SVZ and into ventral (V-SVZ) and dorsolateral regions (DL-
SVZ). Severe-CPB resulted in a significant reduction of GFAP* processes length and Sox2*
layer thickness in tier-1 of DL-SVZ. On the other hand, there was no difference in Sox2" cell
number in other tiers. Moreover, the number of neuroblasts in the DL-SVZ was remarkably
reduced in severe-CPB group. Recent studies have demonstrated that neuroblasts form migration
chains moving tangentially through the SVZ and appear as clusters on coronal sections.
Although there was no difference in the number of these clusters we found a significant decrease
in their surface area after severe-CPB insult, indicating a disruption of neuroblast migration.
Furthermore, 4 weeks after severe-CPB we continued to observe a significant reduction of Sox2*
layer thickness in tier-1 of DL-SVZ. Collectively, our results demonstrate that severe-CPB



reduces neurogenesis up to 4 weeks after insult. Our preliminary data demonstrate prolonged
impairments in the NSPC pool following severe-CPB insult. The impact is confined to the dorso-
lateral region which is the most active part of the SVZ under normal conditions. Our results
consistently showed reduced neurogenic activity and suggest disruption of neuroblast migration
towards the frontal cortex after severe-CPB insult. The frontal cortex is the region responsible
for a wide range of higher-order cognitive functions; our study therefore provides novel insights
into cellular mechanisms underlying complex neurological impairments in children with
congenital heart disease.

Disclosures: C. Leonetti: None. Z. Dhari: None. L. Korotcova: None. R.A. Jonas: None. N.
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Title: Social isolation stress alters the expression of hippocampal neurogenesis in adolescent
animals prenatally exposed to alcohol
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Abstract: Fetal alcohol spectrum disorders encompass a wide range of deficits following
prenatal alcohol exposure (PAE), including central nervous system abnormalities. Of particular
importance, PAE alters the development and functioning of the hippocampus. The hippocampus,
a brain area sensitive to the teratogenic effects of alcohol, is unique because it possesses the
ability to form new neurons (i.e. neurogenesis) into adulthood. Hippocampal neurogenesis has
been implicated in stress regulation, emotional behaviour, and learning and memory. It is well
known that both PAE and exposure to chronic stress produce changes in hippocampal
neurogenesis across the lifespan. Further, many of the effects of PAE are altered or exacerbated



by chronic stress exposure. However, little research has looked at the combinatorial effects of
PAE and chronic stress on hippocampal neurogenesis in adolescence. Adolescence is an
extremely important maturation period that often involves exposure to chronic stress, especially
social stressors. Animal models have shown that hippocampal neurogenesis is sensitive to social
isolation stress in adulthood, but that these alterations are different in males and females. Thus,
the goal of this study is to look at the unique and/or interactive effects of PAE and social
isolation stress on hippocampal neurogenesis during late adolescence in male and female rats.
Utilizing an animal model, male and female offspring from control, pair-fed, and ethanol
exposed dams were examined in adolescence. Half the animals from each prenatal condition
were exposed to social isolation stress from postnatal day 35 for 10 continuous days. On the last
day of stress exposure animals were perfused and brains removed. Rat hippocampi were
sectioned and immunohistochemically processed for the endogenous protein doublecortin
(DCX), a marker for immature neurons. As expected, social isolation stress resulted in decreased
density of DCX expression (reduced immature neurons) in the dorsal dentate gyrus in control
animals. Interestingly, the effect of social isolation stress was absent in PAE animals. In fact,
following social isolation stress, PAE animals actually expressed increased DCX density
compared to controls. Analysis of cell morphology similarly revealed alterations following stress
and PAE. Taken together, our results suggest that PAE animals respond differently to social
isolation stress in adolescence. Importantly, these differential neurogenic changes may underlie
some of the common cognitive, emotional, and behavioural deficits seen in animal models of
PAE, as well as in individuals exposed to alcohol in utero.

Disclosures: S.L. Baglot: None. P. Ubi: None. E. Morgan: None. S.E. Lieblich: None. W.
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Title: WM-CLICK: The effects of memantine on adult brain cell proliferation in 3D
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Abstract: 3D visualization of dividing cells in the whole brain could facilitate the analysis of
neurogenesis, increase its accuracy, and reveal new functional patterns of stem cell division. We
developed whole-mount click-reaction technique (WM-CLICK) which allows detecting the
population of dividing cells using with 5-ethynyl-2'-deoxyuridine (EdU) and fluorescent azide,
with and further reconstruction of the 3D maps of EdU-labeled cells in the whole brain. We now
used WM-CLICK as well as our new algorithms for rapid processing and comparison of multiple
brain samples to analyze the 3D patterns of cell division in the brains of adult animals which
were treated with saline or memantine (50 mg/kg) daily for 5 days and analyzed 2 h after
injecting EdU injection at the last day of experiment. The images of whole stained brain were
registered to each other and then averaged group images were created and compared. This
analysis revealed several areas of the adult brain where memantine had particularly strong effect
on cell division, with high densities of EdU+ cells found in the CA and DG regions of the
hippocampus, subcallosal zone, olfactory bulb, and piriform cortex.

Disclosures: S. Shuvaev: None. R. Kiryanov: None. K. Anokhin: None. A. Koulakov:
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Abstract: Adult neurogenesis occurs throughout the telencephalon in turtles, and it is increased
by exercise or an enriched environment, as in the hippocampus of mammals. Another factor that
has been shown to influence adult neurogenesis in mammals is learning, and in this experiment
we studied the effects of visual discrimination learning on adult neurogenesis in painted turtles
(Chrysemys picta).

The experiment had 4 groups, which were run in a discrimination box with a response key and a
food magazine that delivered beef baby food. All animals were trained to press the response key
for food and then two groups were given 3 injections of BrdU (50 mg/kg) over one week. One
group (Acquisition, n=6) was then trained to criterion on a visual discrimination between vertical



and horizontal lines while they continued to receive 6 more BrdU injections over the next two
weeks. The second group (Control, n=5) was housed throughout this time in their home cage
with no discrimination training. The other two groups were trained to criterion on the horizontal-
vertical discrimination before being given BrdU injections for one week, and then they were
tested on retention (Retention, n=6) or reversal of the discrimination they had learned (Reversal,
n=5) while receiving 2 more weeks of BrdU injections. Turtles were euthanized 6 weeks after the
first BrdU injection, and the brains were treated for BrdU immunohistochemistry. We counted
the number of new cells in the telencephalon in each group.

Only the Acquisition group, which learned the discrimination while receiving BrdU, showed an
increase in new cells in the brain. The other groups did not differ from the Controls. This finding
suggests that, in turtles, neurogenesis is facilitated when animals have to learn a new task but not
when they remember one already learned, even if the memory task requires them to learn a
reversal of the previous learning. The result is consistent with studies in mammals that show an
increase in neurogenesis when animals learn a new task and suggest that a facilitative role for
learning in adult neurogenesis may have been present in the common ancestor of both groups,
the stem amniotes.

Disclosures: A.S. Powers: None.
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Abstract: Calbindin D28k (CB), a member of calcium-binding protein (CaBP) superfamily,
plays important role in regulation of calcium homeostasis in the cells. In the cerebellum, most of
the Purkinje cells express calbindin-D28k as well as parvalbumin, whereas basket, stellate and
Golgi cells express parvalbumin alone. Purkinje cells play a crucial role in motor learning
especially during the developmental period. Heavy metal toxicity could reduce expression of
these CaBPs, thereby inducing aberrations in the developing cells. Arsenic toxicity is a matter of
global concern and consumption of water contaminated with iAs is the major source of exposure



to iAs. Morbidity and mortality induced by iAs exposure is prevalent in endemic areas all over
the globe.

We studied Calbindin D28k expression in the cerebellum of rat pups subjected to sodium
arsenite (NaAsO2) exposure. Also, any modulation in the expression of these proteins, following
anti-oxidant (AOX) supplementation, was determined.

Mother-reared Wistar rat pups were divided into control and experimental groups. NaAsOz alone
or along with AOXs (ALA and Curcumin) was administered by intraperitoneal (i.p.) route from
postnatal day (PND) 1 to 21 to experimental groups. Pups receiving distilled
water/ethanol/DMSO served as the controls. On PND 22, the animals were perfusion fixed.
Immunohistochemical localization of Calbindin D28k (CB) was carried out on parasaggital
cerebellar sections (25 pm) using mouse monoclonal antibodies. The morphological features and
morphometric parameters (linear density and perikaryal area (Pa) ) of immunoreactive (IR)
Purkinje cells were determined using NIS-Elements AR software attached to Nikon E 600
microscope fitted with Digital Camera Head DS-Fil.

Preliminary observations revealed decrease in Purkinje cell density and cell area in iAs alone
treated animals as compared to controls. However, these parameters were comparable amongst
control and AOX supplemented groups.

Disclosures: P. Dhar: None. P. Kumar: None. P. Kaushal: None.
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Title: Age-mediated effects of short-term environmental enrichment on neuroplasticity
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Abstract: Early in telencephalic development, neural stem cells are born in the ventricular zone
and migrate through the cortex before differentiating into neurons and glia. Adult neurogenesis,
however, is limited to specific niches in the brain: the dentate gyrus of the hippocampus (DG)
and the subventricular zone (SVZ). The proliferation and differentiation potential of these neural
stem cells is plastic and shows changes across states and in response to environmental
manipulations. It has previously been shown that short-term environmental enrichment (Enr)



increases cognitive abilities on the Morris Water Maze and is sufficient to increase the
proliferation of the GFAP+ stem cell pool in juvenile mice. However, in adults, longer-term Enr
protocols are typically used to induce behavioural and functional recovery and few studies have
examined the effects of short-term Enr in adults. We hypothesized that in conjunction with
previous research, short-term Enr will be sufficient to induce an increase in cognitive abilities
and in neural stem cell potential in juveniles, but that these changes will be attenuated in adults.
To achieve this, we exposed juvenile (P35) and adult (P90) male C57 wildtype mice to two
weeks Enr (including physical, social and cognitive enrichment), and examined cognitive
behaviour as well as the potential of SVZ and DG NSCs in vitro using neurosphere assays. We
also examined changes in doublecortin, SOX2, GFAP and synaptic protein levels to assess age-
induced changes in neuroplasticity in response to short-term Enr. As hypothesized, we found that
the short-term Enr increased learning and memory in juvenile mice, but not in the adult mice.
These changes were paralleled by an increase in proliferation of the stem cell pool in juveniles
that was less pronounced in adults, together suggesting an age-related decrease in NSC potential
and plasticity in response to short-term environmental manipulations.
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Abstract: Among the various therapeutic approaches, androgen deprivation therapy (ADT) is a
well-established treatment for prostate cancer. Its goal is to lower levels of testosterone, the main
factor driving the progression of prostate cancer. Although this treatment strategy can slow
disease progression, patients receiving ADT show significant declines in executive functioning,
spatial reasoning, spatial abilities and working memory. At the present time, however, little is
known regarding the fundamental mechanisms underlying ADT-induced impairment of
cognition. We hypothesize that the cognitive impairment observed in prostate cancer patients



following ADT is due to treatment-induced reduction in hippocampal neurogenesis. In this study,
in order to assess neuronal survival, the number of BrdU-positive cells and percentage of BrdU-
positive cells that co-express NeuN, a marker of mature neurons was determined in the dentate
gyrus of mice using immunofluorescent double-staining and confocal microscopy. Proliferation
was assessed by counting the number of Ki-67-positive cells and percentage of Ki-67-positive
cells that co-express nestin (a marker of proliferating neural progenitors) and doublecortin
(DCX), a protein expressed in immature neurons (i.e., neuroblasts). We found that ADT, using
either surgical or pharmacological castration (i.e., the androgen receptor antagonist flutamide or
down-regulating the secretion of gonadotropins using leuprolide), affected both neuronal
proliferation and survival. In addition, the effects of ADT on learning and memory were
determined using open field activity, Y-maze, Barnes maze, and novel object recognition tests.
The results of the present study might lead to the development of an animal model to help
understand the pathophysiological processes underlying ADT in humans. (Supported by
USAMRMC PC150494).
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Abstract: Adult neurogenesis in the hippocampus has long been implicated in neural
mechanisms for complex learning. Through the use of a transgenic rat model expressing herpes
simplex virus thymidine kinase (HSV-TK) under the glial fibrillary acidic protein (GFAP)
promoter, our lab can study the behavioral effects of pharmacogenetic ablation of adult
neurogenesis. Previous studies from our lab have found that GFAP-TK rats treated with
valganciclovir to eliminate adult neurogenesis show decreased motivation for weak rewards
when compared with wild-type controls in two operant tasks that require high effort. To
determine whether this difference stems from an aversive response to the uncertainty inherent to
the progressive ratio and effort-based reward tasks or solely from a lack of motivation, we used a



barrier T-maze task to assess motivation when both effort level and reward outcome are certain.
This paradigm employs a two-armed T-maze to compel animals to choose between a high-
reward arm known to contain several sucrose pellets and a low-reward arm with fewer pellets.
The addition of physical barriers of varying heights modulates the amount of effort that rats must
expend to receive a reward, essentially forcing a decision between high-effort/high-reward and
low-effort/low-reward outcomes. Results showed that GFAP-TK rats and wild-type controls
behaved similarly with a high reward ratio (5:1), with both groups choosing the high-reward arm
in more than 80 percent of trials, even when it required climbing a very high barrier. Ongoing
studies will determine whether this behavior persists in the presence of a lower reward ratio and
more evenly matched choices. If not, this would suggest that decreased motivation in rats lacking
adult neurogenesis is unrelated to uncertainty about whether rewards will be earned. However, if
GFAP-TK rats and wild-type rats continue to perform similarly in the T-maze task, this finding
would suggest that GFAP-TK rats exhibit a differential response to reward motivation
specifically in the presence of uncertainty, suggesting a role for adult neurogenesis in the cost-
benefit analysis required for the execution of complex reward-seeking behaviors.
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Title: Actions of a novel glucocorticoid in the neonatal rat brain
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Abstract: Bronchopulmonary dysplasia (BPD) remains a significant complication of
prematurity, particularly extremely preterm infants. Its management often includes the
administration of systemic glucocorticoids (sGC), mainly dexamethasone. However, sGC
therapy carries significant concerns for not only short-term systemic side effects, but also
detrimental impact on long-term neurodevelopment and structural brain development. As such,
there remains a need for a GC therapy that will have the desired anti-inflammatory effect on
neonatal lungs, but which would not produce negative systemic side effects seen with



dexamethasone. Ciclesonide is a new generation inhaled sGC currently used in children for
asthma management. It is a prodrug activated by lower airway carboxylesterases and
demonstrates low systemic bioavailability and rapid metabolism outside of the lungs, which
allows for the avoidance of systemic side effects, in addition to equivalent efficacy to current
sGC therapies. We hypothesized that exposure to ciclesonide will have limited detrimental
effects on white matter in neonatal rat brain relative to dexamethasone due to its limited
conversion in brain tissue to its active compound des-ciclesonide. Our study compared the
effects of ciclesonide on myelin formation and astrogliosis via myelin basic protein (MBP)
immunofluorescence and Western blot analysis, to those of dexamethasone, which has
previously been shown to cause such abnormalities. We also assessed the pharmacokinetics of
the conversion of ciclesonide to des-ciclesonide in various tissues in rat neonates via LC/MS/MS
analysis. These studies provide an important step in examining the efficacy and impact on
structural brain development, as well as brain and systemic pharmacokinetics, of ciclesonide in
order to potentially establish its position as a superior alternative to dexamethasone.
Development of an alternative and superior sGC therapy to dexamethasone in the management
of BPD would present a significant clinical advancement in the treatment of extremely preterm
infants.
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Abstract: Background: Anemia is common in premature infants and is exacerbated by repeated
phlebotomy for lab analyses. The behavioral consequences of infant phlebotomy remain
understudied. vidence in humans suggests that the degree of anemia commonly tolerated in the
NICU can negatively affect neurodevelopment, potentially through dysregulation of
inflammatory pathways.



Objective: Determine the short-term effects of PIA on the hippocampal transcriptome and
investigate long-term cognitive and social deficits in neonatal PIA mice.

Design/Methods: PIA was induced in mice by phlebotomizing 5.3 pL blood/g body weight twice
daily through the facial vein beginning at postnatal day (P) 3 to target hematocrits (Hct) of 25%
orl8%, respectively. Thereafter, blood was drawn once daily (3.5uL/g) to maintain those
hematocrit levels until P14. Non-phlebotomized pups served as controls. RNA isolated from P14
PIA and control hippocampus was sequenced and processed using EdgeR package to identify
differentially expressed genes ((DGE, [FC] > 1.5, P <0.05). DGEs were analyzed using
Ingenuity Pathway Analysis (IPA) to uncover altered signaling pathways and functional gene
networks. The formerly anemic and control mice were also assessed behaviorally using the NOR
test and the Three-Chambered Sociability/Social Novelty Task immediately after recovery at
P17-P21 and then again at >P120.

Results: 217 DEGs were identified from 18,380 sequenced genes. IPA analysis revealed multiple
altered gene networks indicating an increased inflammatory response via NFATC2 and
decreased estrogen receptor (ESR1) signaling. 18% Hct mice showed novelty aversion, while
25% Hct mice were indifferent to object novelty. Conversely controls spent more time exploring
a novel object than a familiar one. During the Three-Chambered Sociability/Social Novelty task,
both 25% and 18% Hct mice showed social novelty aversion, while 25% Hct animals also
revealed deficits in sociability.

Conclusion(s): Neonatal PIA in mice similar to that of human premature infants displayed
deficits in novelty-related exploration and social behavior. These effects could be related to
increased inflammation and decreased estrogen receptor signaling- processes providing
safeguards against injurious events in the neonatal period.
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Abstract: The majority of the 2.8 million traumatic brain injuries (TBIs) that occur annually in
the US are classified as mild. Mild TBIs (mTBIs) can induce long-lasting impairment in memory
and attention. Contextual memory is disrupted after mTBI, and is critically dependent on adult
dentate gyrus neurogenesis. There are conflicting results about how TBI affects neurogenesis,
with very little work examining the impact of a mild injury. Here we utilized a mouse model of
mTBI and defined its influence on the dynamic process of adult hippocampal neurogenesis. Male
C57BL/6J mice (6-8 weeks) received either sham surgery or mTBI via lateral fluid percussion
injury (LFPI), and dentate gyrus neurogenesis was measured via stereology at early (3 days post-
injury, dpi), intermediate (7 dpi), and late (31 dpi) time points. Mice received a single injection
of BrdU (150mg/kg i.p.) 3 dpi to label proliferating cells. Brains from the early time point were
collected 2 hours post-BrdU and assessed for indices of dentate gyrus neurogenesis: proliferation
(BrdU+ and Ki67+ cells in subgranular zone [SGZ] of granule cell layer [GCL]) and immature
neurons (doublecortin [DCX]+ cells in SGZ and GCL). Brains from the intermediate and late
time points were collected 4 days and 4 weeks post-BrdU, respectively, and assessed for
proliferation (Ki67+ cells), immature neurons (DCX+ cells), and survival and fate of newly-born
neurons (BrdU+ cell number and phenotype). At the early time point, LFPI mice had ~50% more
Ki67+ SGZ cells relative to sham mice, but the same number of DCX+ SGZ/GCL cells as sham
mice. In contrast, at the intermediate time point, LFPI mice had ~30% more DCX+ SGZ/GCL
cells than sham mice. At the late time point, Ki67+ and DCX+ cell numbers were the same
between LFPI and sham mice, but LFPI mice had ~70% more BrdU+ SGZ cells than sham mice.
Our current hypothesis is that these data suggest a transient increase in proliferation of neural
precursor cells shortly after LFPI, which may relate to the subsequent transient increase in
immature neurons and to a bolus of adult-born granule cell neurons that persist 1 month post-
injury. Ongoing work is testing this hypothesis with additional immunohistochemical analyses
(early and late timepoints: dentate gyrus GCL volume; intermediate: Ki67 and BrdU cell
numbers, late: phenotype of BrdU+ cells; all time points: indices of glial activation), and
exploring how these cells influence hippocampal physiology and function on both the circuit and
behavioral level.
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Title: Oxycodone in the female rat: Development of an oral self-administration protocol and
effects on infant behavior and communication
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Abstract: The use and misuse of prescription and other opiates during pregnancy in the US has
increased 5-fold in the past 10 years. Indeed, from 2000-2012, 22,000 newborn infants in the
U.S. were diagnosed with Neonatal Abstinence Syndrome (NAS, also called Neonatal Opiate
Withdrawal Syndrome, or NOWS), which is marked by severe irritability and neurobehavioral
complications. Little is known about the long-term consequences of oxycodone exposure. Here
we explore the effects of gestational and early postnatal exposure to oxycodone using our newly-
developed preclinical model of oxycodone self-administration and NAS. Adult female Long
Evans rats received oxycodone in drinking water before, during, and after pregnancy and readily
drank oxycodone (0.06-0.12 mg/ml), even when unadulterated water was available. Intake
averaged about 10/mg/kg/day. Maternal liquid intake and body weight were measured daily, and
the following measurements/behaviors were recorded in offspring from postnatal day 2 (P2) to
P14: plantar thermal test, negative geotaxis, pivoting, olfactory spatial navigation, righting, cliff
avoidance, and maternal separation-induced ultrasonic vocalizations. Oxycodone was detected in
the serum of mothers and pups and there were no differences in the number of pups/litter, litter
weight, or pup weight over time relative to pups of mothers that received water only. Compared
to control pups, oxycodone exposed pups had longer latency to remove a paw in the plantar
thermal test on P2. Together with detectable oxycodone in the serum of PO pups and mothers,
these data show oxycodone received via placenta and lactation has a functional effect in P2 pups.
The analgesia was transient, though, as it was not evident in P14 litters. Oxycodone-exposed and
control pups had similar performance on many of the tests (P3-P13), including motor
coordination, cliff avoidance, righting time, and olfactory spatial learning. However, P7
oxycodone-exposed pups had reduced pivoting relative to control pups. Female but not male
oxycodone-exposed rat pups vocalized more before and after reunion with their mother (P8)
suggesting potential differences in attachment and social communication,. These data suggest
prenatal exposure to opioids has a transient analgesic effect, a mild locomotor effect, and a sex-
dependent effect on “emotional”-like behavior. We are currently employing this novel
translational rat model for a longitudinal analysis of the effects of oxycodone on brain and
behavior in both mothers and offspring, including hippocampal neurogenesis.
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Cellular and circuitry mechanisms
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Abstract: Major Depressive Disorder is marked by dysregulated hippocampal circuitry in both
humans and rodent models, and antidepressant treatments, like pharamceutical and
electroconvulsive therapies, ameliorate these hippocampal changes. From such work, a
promising framework for discovery of new antidepressants has emerged: find treatments that
“recalibrate” depression-linked dysfunctional neural circuits and behavior. Indeed, other
approaches to “stimulate” neural circuits—such as deep brain stimulation (DBS)—have been
successful in reversing depression-related symptoms and neuropathology, particularly in the
hippocampus. In the context of depression, it is notable DBS has only been targeted to non-
hippocampal brain regions, such as the nucleus accumbens and subcallosal cingulate. While
direct stimulation of the hippocampus has generally negative effects, we recently showed chronic
stimulation of the glutamatergic input from the entorhinal cortex [Ent] to the hippocampal
dentate gyrus (DG) is antidepressive and improves fear memory. In addition to glutamateric
projections, the Ent also hosts GABAergic interneurons that, despite their name, project to the
hippocampus and contribute to network activity and function (i.e. memory). However, it is
unknown if Ent GABAergic hippocampal-projecting neurons regulate depressive-like behaviors.
Here we used chemogenetics and DREADD technology to control the excitability of efferent



GABAergic neurons via AAV-DIO-hM3Dq infusion into the Ent of either Somatostatin (SST)-
or Parvalbumin (PV)-cre transgenic mice and examine the impact on social avoidance induces by
chronic social defeat stress. Stimulation of Ent—-CA1/CA3 projecting GABAergic neurons (SST+
or PV+ cells) shows longer total immaobile time in FST after chronic restraint stress, implying
depressive-like behaviors. In contrast, stimulation of Ent—-DG projecting GABAergic neurons
(SST+ cells) shows shorten total immobile time in FST. Given our interesting data, we are
currently examining DG dysfunction-related depressive-like processes (e.g. pattern separation,
social and non-social approach behavior, neurogenesis) after stimulation of SST+ Ent-DG
projecting GABAergic neurons after chronic stress. Also, we are examining neuroanatomical and
neuron functional complexity of Ent GABAergic interneuron via monosynaptic tracing
techniques and in vivo Ca2+ imaging. Our study will reveal Ent—hippocampus projecting
GABAergic interneurons circuit has broad implications for understanding pathological condition
of depression and manipulating for depression treatment.
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Title: Impaired BDNF-TrkB signaling in human Angelman syndrome neurons
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Abstract: Individuals with a deletion of chromosome 15g11-g13 suffer from Angelman
syndrome (AS), a neurogenetic developmental disorder characterized by intellectual disability,
motor ataxia, autistic features, absent speech, and seizures. The specific gene that is responsible
for AS encodes the ubiquitin protein ligase E3A (UBE3A). The expression of this gene in
neurons is imprinted (silenced) on the paternal allele, and expression in neurons is only from the
maternal allele. Thus, deletion or mutation of the maternal UBE3A gene cause a complete loss of
Ube3A protein in neurons. However, the specific Ube3A targets and downstream signaling
mechanisms underlying AS pathophysiology are unknown. Using neurons differentiated from
patient-specific induced pluripotent stem cell (iPSC) lines, we have recently identified a cellular



phenotype in AS neurons that includes impaired maturation of resting membrane potential and
action potential firing, along with decreases in spontaneous synaptic activity, synaptic plasticity,
and dendritic complexity. In the present work, we explored whether disruption of signaling by
brain-derived neurotrophic factor (BDNF), acting through the trkB receptor, is responsible for
aspects of this phenotype. BDNF is a member of the neurotrophin gene family that plays well-
established roles in neuronal differentiation and development as well as modulation of synaptic
structure and function. Interestingly, BDNF-trkB signaling was recently shown to be disrupted in
AS mice. In iPSC-derived neurons from control subjects, we find that removal of exogenous
BDNF, along with blocking endogenous BDNF signaling, impaired maturation of resting
membrane potential, action potential firing, and spontaneous synaptic activity, mimicking the
phenotype of AS neurons. Preventing BDNF signaling in AS neurons, on the other hand, did not
cause any further impairment. We also monitored acute responses to BDNF via
electrophysiology and calcium imaging. BDNF application resulted in increased synaptic activity
and action potential firing in control neurons, but failed to do so in AS neurons. Taken together,
these results suggest that AS neurons are unresponsive to BDNF, which may account for the
immature phenotype of AS neurons. Ongoing studies are examining whether disruptions in
BDNF signaling are responsible for deficits in NMDA receptor-dependent synaptic plasticity in
AS neurons. This approach sets the stage for identifying novel therapeutic targets for treatment
of AS and related disorders.
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Abstract: Chromosome 15911-g13 duplication syndrome (Dup15q) is a neurodevelopmental
disorder caused by duplication of the maternal copy of this region of the long arm of
chromosome 15. Affected children typically present with autistic behavior, epileptic seizures,
and a wide range of intellectual and motor disabilities. We are using neurons derived from
induced pluripotent stem cell (iPSC) lines from Dup15q patients and unaffected controls to



identify cellular phenotypes related to the underlying pathophysiology. We have recently
identified differences in excitability and synaptic transmission between Dup15q neurons and
unaffected controls over the course of in vitro development. In addition, several studies have
reported mitochondrial dysfunction and metabolic irregularities in individuals with Dup15q that
could contribute to the underlying pathophysiology. However, cells studied in vitro are typically
grown in supra-physiological levels of glucose, which by itself could cause mitochondrial
dysfunction, thereby obscuring physiological differences between control and Dup15g-derived
neurons. Furthermore, Dup15q neurons could be more sensitive to elevated glucose levels if they
have mitochondrial dysfunction, or alternatively, mitochondrial dysfunction may mask the
effects of altered glucose levels. The present studies were designed to compare neuronal and
synaptic activity of iPSC-derived neurons from Dup15q patients and unaffected controls under a
range of glucose levels. We found that, in control cells, 48 hours of incubation with 3 mM
glucose increased spontaneous synaptic activity and increased action potential amplitude
compared to incubation with normal culture media (25 mM glucose). In contrast, neurons
derived from Dup15q individuals had higher baseline synaptic activity compared to controls in
normal culture media (25 mM), consistent with our previous results, but were unaffected by
lowering glucose levels. In a parallel set of experiments, we are examining spontaneous action
potential firing and neuronal synchrony using population calcium imaging. Preliminary results
suggest that the availability of energy substrates can significantly modulate neuronal activity and
support the existence of underlying metabolic abnormalities in Dup15g-derived neurons.
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Abstract: Neural progenitor cells (NPCs) play a vital role in early brain development by acting
as an intermediate proliferative cell type in the pathway from pluripotent stem cells to fully
functional neurons and glia. NPC dysfunction has been linked to several neurodevelopmental
disorders, including schizophrenia, autism, and Zika (ZIKV) Congenital Syndrome. Our
understanding of these brain diseases has been greatly improved by advancements in in vitro
stem cell-derived NPC model systems, which usually take anywhere from 14-50 days to generate
using conventional methods. Here, we describe human Stem cell-derived Ngn2-accelerated
Progenitor cells (SNaPs), which are produced using a novel 48 hour induction protocol. Large
quantities of highly pure SNaPs that express several canonical transcript and protein markers of
human NPCs can be manufactured in a fraction of the time required for standard techniques.
SNaPs are proliferative, multipotent, and able to self-aggregate into neurospheres under low
attachment conditions. Importantly, SNaPs are susceptible to ZIKV infection and viral-mediated
cell death, while also being able to support active replication of this virus. Furthermore, ZIKV
infection elicits an antiviral response in SNaPs that is similar to that found in human patients,
and can also inhibit neurosphere development and outgrowth. Given the efficiency of the SNaP
system, we were also able to perform a first-of-its-kind whole genome CRISPR-Cas9 screen to
identify genetic factors that confer resistance to ZIKV-induced cell death. Together, our findings
support the use of SNaPs for the rapid 2-D and 3-D modeling of ZIKV neuropathogenesis in
developing human neural cell types.
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Abstract: CDKLD5 deficiency disorder (CDD) is a rare X-linked epileptic encephalopathy caused
by de novo mutations in the cyclin-dependent kinase-like 5 (CDKLS5) gene located on the X-
chromosome (Xp22). Pathogenic mutations in CDKL5 lead to CDD and causes early onset of
seizures, developmental delay, and intellectual disability. To date, there is still limited
understanding of CDD and how CDKLS5 deficiency affects brain function. Recently, reactivation
of the inactive X-chromosome containing the silenced, healthy CDKLS5 in neurons has become
an attractive therapeutic strategy to treat CDD. However, due to males having only one CDKL5
gene, patients with a hemizygous CDKLS5 variants would not be candidates for this therapeutic
approach. Our goal was to model a pathogenic CDKLS5 variant in male induced pluripotent stem
cells (iPSC) and to generate a lentivirus encoding healthy CDKL5 as a potential avenue to restore
CDKLS5 levels. The CDKL5 mutation (Arg178GIn) was knocked into male iPSC using CRISPR
Cas9-mediated HDR to generate a hemizygous CDKLS5 pluripotent cell model. This variant has
been reported to be pathogenic and common in male and female CDD patients. CDD iPSCs were
isolated through serial dilution to obtain purified cell population containing the CDD variant as
assessed using Kompetitive Allele-Specific PCR (KASP). CDD iPSCs were then differentiated
into neuronal-like cells for quantification of CDKLS5 expression level. CDD neurons were used as
a model to assess the restoration of normal CDKLS5 levels in vitro following lentiviral
transduction. Our CDD-models and lentivirus could potentially be contributed to future
development of CDD therapeutic treatments for both males and females.
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Abstract: Induced pluripotent stem cells (iPSCs) can be differentiated into numerous cell types
and provide useful tools to create translatable neuronal assay systems, effective for both in vitro



disease modeling and drug discovery efforts. The advent of CRISPR/Cas9 genome editing
platforms has expanded methods to study genetic defects in disease by enabling the introduction
of genetic changes in iPSCs, which can subsequently be differentiated to the affected cell type.
Although CRISPR/Cas9 mediated genome editing in iPSCs is the optimal approach to study
disease-specific genetic defects, genome editing during or after differentiation would support
high-throughput functional genomics screens using targeting panels such as the LentiArray
CRISPR libraries to understand the biology of neuronal development or to identify novel targets
associated with a particular disease. To facilitate LentiArray CRISPR screening in hiPSC-
derived cell types, we generated an iPSC line that stably expresses the Cas9 nuclease. We have
established proof-of-concept that these LentiArray tools can efficiently edit the genome of Cas9
hiPSC-derived neuronal progenitors, which suggests that this approach will support high-
throughput functional genomic screens in disease-relevant neuronal models. Furthermore, we
have developed a series of high content imaging and excitability assays to specifically study
disease-relevant cellular phenotypes in progenitors or neuronal cells. After delivery of tools,
Cas9 iPSC-derived progenitors and neurons can then be tested in a high throughput fashion for
changes in cell health, neurite outgrowth, calcium influx and variations in channel activity,
and/or electrophysiological changes. By combining the LentiArray CRISPR system with hiPSC-
derived neuronal progenitors or neurons and these high-throughput assays, we have built a
functional genomics platform that enables the discovery of novel genetic targets and/or drug
leads that could ultimately result in therapies for neurobiological diseases.
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Abstract: In vitro models for drug discovery or safety screening need to be relevant for
particular pathological or physiological contexts and have high levels of reproducibility in order



to repeatedly obtain valuable results. The easiest starting materials are cancer cell lines, which
are widely used in neuroscience literature for simple screening and are handled with standard
procedures. A major drawback, however, is that these cells lack many of the key neuronal
features, such as spontaneous neurite outgrowth and the ability to form functional neuronal
networks that respond to neuronal pharmacology. While more delicate to obtain and use, primary
neurons classically obtained from rodents are a tool of choice to study most of neuronal biology
in vitro. They are good tools for measuring neurotoxicity and pathophysiological modeling,
however, obtaining these cells is labor intensive and time consuming, requiring the sacrifice of a
number of embryos. Additionally a specific subpopulation of interest may be poorly represented
as exemplified by primary dopaminergic neurons. Three iPSC derived neuronal types from two
different providers were evaluated in different assays where primary rodent neurons where used.
CNS.4U® cells (Ncardia) represent a highly physiological in vitro co-culture model of diverse
Human neurons and astrocytes. Peri.4U® cells (Ncardia) are peripheral neurons. iCell DOPA®
(Cellular Dynamics International) are Human dopaminergic neurons. These postmitotic ready to
use neurons suppress the need for long and delicate expansion and differentiation steps and
provide a short path to initiating neuronal cultures. Each of these cells responds to particular
needs in terms of neuronal types, that may not otherwise be obtained as Human neurons for
reasonable throughput experiments. We show that optimized experimental conditions to perform
live content neurite outgrowth assays, endpoint immunofluorescent labeling and high throughput
intracellular calcium measurements, allow for the measuring of neurotoxicity and neuronal
network functionality in different physiological and pathological contexts such as in epilepsy
(CNS.4U), Parkinson’s disease (iCell DOPA) and peripheral neuropathy (Peri.4U). Comparisons
with similar data obtained in rodent primary neurons can demonstrate the relevance of the tested
Human iPSC-derived neuronal cells with added workability and species relevance for Human
medicine. Therefore, while not only reducing the effort involved in using primary neurons
obtained from rodents, iPSC-derived neurons, used in adapted experimental paradigms have
good validity as models for neurotoxicity and drug discovery studies.
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Abstract: Three-dimensional human brain region-specific organoids or spheroids derived from
pluripotent stem cells hold great potential for studying development and modeling brain disease.
However, these in vitro cultures do not receive physiological input from other brain regions, do
not generally include immune cells and are not vascularized. Here, we have developed a method
of transplanting and integrating forebrain spheroids into the cerebral cortex of rats. We show that
forebrain spheroids integrate anatomically and functionally, become vascularized and send long-
distance projections. We use state-of- the-art live imaging, electrophysiological and calcium
imaging techniques to systematically investigate the morphology and function of the human
neural graft. This platform can provide novel insights into maturation and circuit integration of
neurons and can be used to model human neuropsychiatric disease.

Disclosures: O. Revah: None. T.A. Kahn: None. N. Sakai: None. J. Andersen: None. J.R.
Huguenard: None. S.P. Pasca: None.

Poster

366. Stem Cells and Disease Modeling 11

Location: SDCC Halls B-H

Time: Monday, November 5, 2018, 1:00 PM - 5:00 PM
Program #/Poster #: 366.08/A27

Topic: A.03. Stem Cells and Reprogramming
Support: NCI - R21CA199295

Title: Human cerebrospinal fluid induces an increase in proliferation of glioblastoma cells in
vitro and in vivo

Authors: *P. S. MEADE!?, A. CARRANO?, J. PHILLIPS?, M. LARA-VELAZQUEZ?? N.
ZARCO? S. JEANNERET*?, H. GUERRERO-CAZARES?

1Sch. of Med., Univ. Anauac México Norte, México City, Mexico; ?Neurogenesis and Brain
Tumors Laboratory, Neurosurg. Dept., Mayo Clin., Florida, FL; 3Plan of Combined Studies in
Med. Program, Sch. of Medicine,, UNAM, Mexico City, Mexico; “Dept. of Psychology,, The
Univ. of Texas Austin., Austin Texas, TX

Abstract: Glioblastoma multiforme (GBM) is the most common and aggressive primary
malignant brain tumor in adults ™. Despite advances in treatment, GBM has an extremely poor
prognosis 2. Studies indicate that tumors located close to the lateral ventricles (LV) have
higher proliferative rates, invasive capacity, and potential of multifocal recurrence at distant
areas of the brain B-71. The explanation of this phenomenon remains controversial. However,



recent theories propose that tumors are originated from a subpopulation of cells called brain
tumor initiating cells (BTICs), which are similar to the neural progenitor cells (NPCs) found at
the subventricular zone that lines the LV 11, BTICs have self-renewing and multipotent
characteristics, critical for tumor growth and maintenance 1%, These malignant capabilities
could be increased when BTICs are in close relationship with the LV components: the
cerebrospinal fluid (CSF) and the neurogenic niche located at the SVZ 3 %2, Therefore, we
studied the migration and proliferation effects of human BTICs after CSF stimulation. To this
end, we divided the study into two subsets. First, 15,000 GBM cells were grown in vitro and
stimulated with cancer CSF, non-cancer CSF, or control conditions for 48h diluted in 1:200 with
base media. We evaluated cell viability using Alamar blue assay, and performed western blot and
immunocytochemistry against Ki67 and Nestin. To determine cell migration, cells were plated
on a glass bottom culture dish; groups were established as described above and evaluated by
time-lapse video microscopy for 30 hours and further analyzed using Matlab. Second, we used
an in vivo model in which both female and male nude mice were implanted with luciferase-
labeled GBM cells in suspension with human cancer or non-cancer CSF in a hydrogel as vehicle
(n=8 per group). Tumor growth was followed with bioluminescence imaging. 14 days post tumor
implantation, mice were euthanized and brains were stained with H&E and
immunohistochemistry against for Ki67. We found that in vitro stimulation with cancer CSF
increases proliferation of GBM cells, as we obtained higher growth rates and greater
concentrations of Ki67 and Nestin. Results correlated with the in vivo studies, as animals
receiving cancer CSF presented with greater tumor size and Ki67 proliferation index. Regarding
cell migration, we did not find differences in the in vitro migration assays. Taken together, this
study provides direct evidence proving that cancer CSF could have a direct effect on tumor
growth. Understanding the interaction of brain tumors and CSF may lead to new therapeutic
strategies that will target the CSF components in GBM patients.
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Abstract: Parkinson’s disease (PD) is a progressive neurodegenerative disorder characterized by
a focal loss of dopaminergic (DA) neurons the substantia nigra pars compacta (SNpc). The
establishment of patient derived pluripotent stem cells (iPSCs) (Takahashi et al. 2007) and their
efficient conversion into DA neurons (Kriks et al. 2011) (Chambers et al. 2009) fueled the
possibilities for disease modeling and its implication in development and screening of novel
drugs up to implementation of cell transplantation therapies. Human iPSCs can be differentiated
into DA neurons and support the study of neurological diseases in vitro. However, current
neuronal differentiation protocols lack the ability to produce a homogeneous population of
midbrain DA neurons. So far, this has not limited positive outcomes of functional recovery in
preclinical studies (Daadi et al. 2012; Peng et al. 2014; Hallett et al. 2015) as transplantation
often occurs at neural stem cell state (Qiu et al. 2017). However, it still represents an important
limitation with regard to predictive and translational application for in vitro models of PD.

To overcome this limitation, we have used the CRISPR/Cas9 system to generate human iPSC
lines engineered in the tyrosine hydroxylase (TH) gene, a marker of DA neurons. The iPSC lines
carry an enhanced GFP reporter knocked-into frame with the TH gene and under the control of
its own promoter to allow expression together with TH during in vitro differentiation. We
confirmed the accurate integration of the fluorescent protein reporter in the cell lines with ddPCR
and fluorescent in-situ hybridization. With ddPCR we confirmed the simultaneous expression of
TH and eGFP mRNA. The co-localization of the two proteins was confirmed via co-
immunostaining using primary antibodies specific for TH and eGFP respectively. In addition,
upon differentiation into DA neurons of the genetically engineered TH-eGFP hiPSCs, the
endogenous eGFP reporter expression was clearly recognizable using flow cytometric analysis as
early as 25 days in vitro. These results give promising perspective into the possibility of isolating
this subpopulation and thereby obtaining a pure DA cell population. In conclusion, we provide a
novel cellular model to study PD phenotypes in vitro, allowing to focus functional studies and
screening of novel drugs for the treatment of PD. Moreover, we implement a platform that can be
applied to any other cell model of neurodegeneration.
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Abstract: Establishing specific cell lineages from human induced Pluripotent Stem Cells
(hiPSCs) is vital for cell therapy approaches in regenerative medicine, particularly for
neurodegenerative disorders. While neural precursors have been induced from hiPSCs, the
establishment of hiPSCs-derived human neural stem cells (hiNSCs), with characteristics that
match fetal hNSCs and abide by cGMP standards, thus allowing clinical applications, has not
been described. We generated hiNSCs by a virus-free technique, whose properties recapitulate
those of the clinical grade hNSCs successfully used in an ALS phase | clinical trial. Ex-vivo,
hiNSCs critically depend on exogenous mitogens for stable self-renewal and amplification and
spontaneously differentiate into astrocytes, oligodendrocytes and neurons upon their removal. In
the brain of immunodeficient mice, hiNSCs engraft and differentiate into neurons and glia,
without tumor formation. These findings now warrant the establishment of clinical-grade,
autologous and continuous hiNSC lines for clinical trials in neurological diseases.

We have expanded our previous results and successfully applied the same neuralization protocol
to iPSCs derived from patients affected by genetic neurological diseases. These hiNSCs lines
reproduce in vitro disease-related features such as altered neuronal differentiation and trophic



factors expression, thus representing a potential tool to study new therapies for uncurable
devastating pathologies.

Disclosures: J.D. Rosati: None. D. Ferrari: None. F. Altieri: None. S. Tardivo: None. C.
Ricciolini: None. C. Fusilli: None. C. Zalfa: None. D.C. Profico: None. L. Bernardini:
None. G. Lamorte: None. T. Mazza: None. M. Carella: None. M. Gelati: None. E. Valente:
None. A. Simeone: None. A.L. Vescovi: None.

Poster

366. Stem Cells and Disease Modeling 11

Location: SDCC Halls B-H

Time: Monday, November 5, 2018, 1:00 PM - 5:00 PM
Program #/Poster #: 366.11/A30

Topic: A.03. Stem Cells and Reprogramming

Title: Generation of Parkinson's disease models through CRISPR/Cas9 editing in human induced
pluripotent stem cells

Authors: *R. E. LACAMBACAL?, E. WILLEMS?, T. GOKIRMAK!, C. REVANKAR?, J. A.
DIZON?, X. LIANG!, R. NEWMAN?, D. KUNINGER?, D. R. PIPER®

Thermo Fisher Scientific, Carlsbad, CA; ?Thermo Fisher Scientific, Frederick, MD; ®Biosci.
Division, Cell and Synthetic Biol., Thermo Fisher Scientific, Carlsbad, CA

Abstract: Induced pluripotent stem cells (iPSCs) have been globally recognized as a
multipurpose research tool for modeling diseases, developing and screening potential drugs, and
implementing cell transplantation therapies to support regenerative medicine. The ability to
differentiate human iPSCs into any cell type, including dopaminergic neurons, supports the study
of neurological diseases in vitro. The emergence of genome editing tools, such as the
CRISPR/Cas9 system, allows diseases to be modeled at the genetic level and studied at the
cellular level. However, genetic mimicking of disease has been difficult due to challenges in
developing neuronal assays that demonstrate cellular and genetic phenotypes for Parkinson’s
disease. Here, we describe the generation of clonal CRISPR-edited iPSCs to model Parkinson’s
disease and demonstrate several cellular phenotypes in neuronal assays associated with the
disease.. Through use of an iPSC line that stably expresses the Cas9 protein, we obtained highly
efficient editing in targets relevant for Parkinson’s disease and obtained single edited iPSC
clones that were isolated through the combination of an optimized cell sorting method and
expansion of as single cell clones with reagents that support improved single cell survival. We
then generated dopaminergic neurons from our clonal CRISPR-edited iPSCs using our PSC
Dopaminergic Neuron Differentiation Kit, which generate neurons that express tyrosine
hydroxylase (TH) indicative of dopaminergic neurons. Neurite outgrowth assays with these
dopaminergic neurons indicated phenotypes typical of Parkinson’s disease. Dopaminergic
neurons derived from the disease models generated were more sensitive to neurotoxic



compounds as shown in neurite length and apoptosis assays, which again exhibited a disease-like
phenotype. In addition, we observed that target selective genes associated with Parkinson’s
disease are exclusively affected in iPSC lines with mutations introduced in the respective target.
In summary, we describe our genome editing platform to reliably produce clonal gene-edited
IPSCs that can be used as cellular models to study neurodegenerative disease phenotypes in
vitro. This genome editing workflow can be used to mimic these human diseases or revert
disease mutations, and will support significant insights into neurodegenerative diseases at the
genetic and cellular level.
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Abstract: Amyotrophic lateral sclerosis (ALS) is marked by progressive degeneration of motor
neurons resulting in near total paralysis. While in familial forms of ALS all cells in the body
carry associated mutations, a subset of cranial motor neurons (CrMN) resist degeneration better
than spinal motor neurons (SpMN), allowing patients to retain eye movements until late disease
stages. Therefore, the gene regulatory program triggered during embryonic development in
CrMNs allows them to later resist neurodegeneration better than SpMNs. The nature of the
intrinsic resistance of this subpopulation of motor neurons to degeneration is not understood and



represents an under-exploited area of ALS research that will lead to a better understanding of the
disease mechanism and the development of new therapeutic strategies. Direct comparison of
sensitive and resistant MNs is hindered by challenges in extracting and culturing sufficient
numbers of CrMNs from tissue. We overcome this hurdle by employing a stem cell-based
platform wherein we program both types of motor neurons from embryonic stem cells.
Expression of the NIL (Ngn2-Isl1-Lhx3) and NIP (Ngn2-1Isl1-Phox2a) transcription factor
cassettes induce (i) ISpMNs and iCrMNs respectively. To test their response to ALS toxicity, we
established isogenic inducible lines to program iSpMNs and iCrMNs expressing hSOD1 with
ALS-related mutations which induce protein misfolding. Thus, taking advantage of our ability to
generate both iISpMNs and iCrMNs from mouse embryonic stem cells at high efficiency and
model ALS-associated mutations in vitro, our goal is to understand the molecular nature of
differential sensitivity to neurodegeneration ALS. Immunostaining shows that iCrMNs
accumulate less p62-positive aggregates than iSpMNSs, differentially modeling an early
symptomatic feature of ALS. Inhibition of the proteasome gives the opposite result, suggesting
that iCrMNs rely more on proteasome function than iSpMNs to prevent protein aggregation. To
determine whether differences in how iCrMNs and iISpMNs prevent protein aggregation extend
to how they cope with proteostasis stress, we treated iCrMNs and iISpMNs with CPA. We found
that iCMrNs survive better than iSpMNs to chemically induced proteostasis stress. With an in
vitro platform in hand to model ALS pathology in iCrMNs and iISpMNSs, we want to investigate
if Phox2a expression (the master regulator of CMN fate) will be sufficient to 1. induce the gene
regulatory network which confers resistance to CrMNs and 2. protect SpMNs from ALS stress.
These findings will be used to determine if conferring CrMN attributes to SpMNSs is sufficient to
protect SpMNs from ALS-related degeneration.
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Abstract: Overexpression of alpha-synuclein gene (SNCA) has been implicated in the etiology
of synucleinopathies, such as Parkinson’s (PD) and dementia with Lewy bodies (DLB).
However, the mechanisms that mediate the pathogenic role of SNCA overexpression in
synucleinopathies remain to be fully elucidated. Human induced Pluripotent Stem Cell (hiPSC)
models advanced the field, however, age is critical in the etiology of synucleinopathies and
hiPSC-derived models represent rejuvenated neurons which are not fully suitable to model age-
related diseases. We developed a new approach to induce aging in hiPSC-derived neurons to
further the understanding of the genetic etiologies and molecular mechanisms that are commonly
perturbed in synucleinopathies, and those that may underlie the heterogeneity amongst the
different diseases in this group. Using hiPSC from a patient with SNCA-triplication and a control,
we applied the new protocol to generate isogenic hiPSC-derived aged dopaminergic and
cholinergic neurons, that model PD and DLB, respectively. We characterized age-related
phenotypes of the nuclear architecture, specifically markers for heterochromatin organization
and nuclear envelope structure. In addition, we evaluated features of the alpha-synuclein
aggregation including, aggregates distribution, size, number and confirmation. The hiPSC-
derived aged neurons recapitulated aging-features, demonstrating that our protocol is fully
suitable for studying late-onset neurodegenerative diseases. The SNCA-triplication neurons
exhibited advanced-aging signatures of nuclear architecture and chromatin organization already
at the juvenile-stage, suggesting that SNCA overexpression exacerbates nuclear aging. The aged
SNCA-triplication dopaminergic neurons showed increased number of alpha-synuclein
aggregates per-cell compared to the isogenic juvenile neurons. However, the effect of age on the
number of aggregates was not observed for the cholinergic neurons. The aggregates in the
cholinergic neurons presented a diffuse conformation, while aggregates in the dopaminergic
neurons appeared more defined with a punctuate structure. In conclusion, we described a link
between SNCA overexpression and neuronal nuclear architecture features of aging. We suggest
that wild-type SNCA functions in pathways related to neuronal nuclear organization, and that
SNCA overexpression exacerbates nuclear aging and by that contribute to synucleinopathies.
Moreover, the interplay between aging and SNCA overexpression have a differential phenotypic
effect on different neuronal types, providing new insights into the heterogeneity in
synucleinopathies.
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Abstract: PICALM is abundantly expressed in neurons and brain capillaries in the human brain,
playing an essential role in regulating neuronal function and providing a major pathway for
amyloid-beta clearance in vivo across the blood-brain barrier. Impaired transvascular and/or
paravascular clearance of Amyloid-beta across the BBB contributes to an accumulation of AP,
accelerating neurovascular and neuronal dysfunction in the Alzheimer’s Disease brain. Our
research has shown that PICALM is required for AP endocytosis and trafficking across the BBB
through endocytosis via the LRP1 receptor. Moreover, diminished PICALM levels in the brain
endothelium are associated with increased neuronal vulnerability to A species resulting in
neuronal dysfunction and, concurrently, neurodegeneration. Several PICALM variants have been
identified to influence neuronal toxicity in vivo. Using CRISPR/CAS9 genome editing
technology, we explored the protective PICALM SNP rs3851179” and the risk rs3851179¢
variants. We successfully generated iPSC lines homologous for allelic variants of PICALM SNP
rs3851179 which were further differentiated into neurons, microglia, and endothelial cells. We
confirmed by western blot analysis higher PICALM expression in iPSC-derived neurons and
endothelial cells carrying protective rs3851179* alleles than those carrying non-protective
rs3851179% alleles. Neurons carrying protective or non-protective alleles of PICALM can be
functionally compared throughout differentiation in 3D and 2D in vitro models. Interestingly,
neurons generated from iPSCs with the protective rs3851179” were less vulnerable to AB
toxicity. By generating in vitro models with neurons, microglia, and endothelial cells derived
from human iPSCs with other allelic variants of PICALM, we can explore the fundamental
characteristics of AD pathology as it relates to PICALM expression.
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Abstract: Midbrain dopaminergic (mDN) neurons constitute a highly diverse neuronal
population controlling important brain functions, such as motor action, cognition, motivation,
reward and emotions. These neurons can be broadly subdivided into two major anatomically and
functionally groups, which form the substantia nigra (SN) and ventral tegmental area (VTA).
The SN neurons innervate the dorsal/lateral striatum and are critical for controlling motor
functions, while neurons within the VTA innervating cortical and limbic areas of the forebrain
are primarily associated with emotional behaviours. SN dopaminergic neurons selectively
degenerate in Parkinson’s disease, while the neighbouring VTA neurons remain relatively
unaffected despite the commonalities in developmental origin and gene expression profile.
Pluripotent stem (PS) cells offer important opportunities for disease modelling and cell
replacement therapy. However, it is important that cell types of the desired identity are
generated. Parkinson’s disease (PD) is the second most common neurodegenerative disease,
which is caused by the selective degeneration of SN dopaminergic neurons located in the ventral
midbrain. Despite the commonalities in gene expression and developmental origin, dopaminergic
neurons within the VTA remain relatively spared in PD. Access to enriched cultures of these
distinct dopaminergic subpopulationsSN will offer important opportunities for disease modelling
and cell replacement studiesmodelling Parkinson’s disease. Although, dopaminergic neurons
have been efficiently generated from embryonic stem (ES) cells, it is unclear how enriched
cultures of either SN or VTA subpopulations can be obtained. We have established novel mouse
and human embryonic stem (ES) cell differentiation protocol that results in the generation of
dopaminergic cultures highly enriched for SN neurons. The SN enriched cultures display the
predicted sensitivity to mitochondrial toxicity, which is not observed in cultures mainly
consisting of VTA neurons. In addition, applying our differentiation protocol to a PD patient
specific iPS cell line resulted in increased levels of alpha-synuclein selectively in SN enriched
cultures. Altogether our platform provides us with a model system that can be used to model PD
disease and to get novel insight into the selective vulnerability of SN neurons.
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Abstract: To date, different protocols have been published to differentiate human stem cells into
neuronal and glial lineages. Current protocols of human stem cell drive differentiation towards a
specific CNS lineage at the expense of the others. However, efficiency of target cell generation
varies widely, characterization of cells profile and functionality differs between studies, which
leads to highly variable protocols outcomes. Recent evidence indicates that differentiation of
CNS cell lineages requires intimate exchange of growth and transcription factors between
differentiating cells. Cell to cell communication is essential for coordination of cellular events,
better development and homeostasis. To test whether NSCs can be differentiated into
comparable amount of fully differentiated CNS cell lineages, namely neurons, astrocytes and
oligodendrocytes, a novel protocol was developed to allow for exchange of all necessary factors
and optimal maturation of cells. The medium was designed to mimic brain-like serum-free
environment to test cells interactions and functionality. We find that this newly designed system
exhibits comparable gene and protein expression patterns characteristics for mature CNS cell
lineages. The optimal stem cell differentiation into the target cell type was confirmed by
demonstrating appropriate morphology lineage specific markers. The function of cells was
characterized by their electrophysiological properties, which regulate cell specific activities. The
new protocol significantly improved glutamate responsive calcium transients in astrocytes and
enhanced glutamate uptake; adequately supported neuronal activity exhibited by increased
density of synapsin-immunoreactive punctae in culture, but moreover robustly promoted
myelination confirmed by significant MBP immunoreactive cell bodies ensheathing axons. PCR
array gene analyses uncovered cell-type specific secreted factors regulating differentiation
process. Additionally, RNAseq of single cell-types was performed in order to discover unique
regulatory pathways participating on the specific cell features. The novel 2D in-vitro model
allows for optimal maturation and physiological function of human stem cell derived neurons,
astrocytes and oligodendrocytes. It is a powerful tool which enables to investigate the



neurobiological impact of glial cells on neuronal differentiation and development and to study
human neurological diseases in-vitro.
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Abstract: Human dental pulp stem cells (hDPSCs) that can be obtained from deciduous or
permanent teeth are notable stem cells. The hDPSCs are capable of differentiation into
osteogenic, adipogenic, and also neurogenic cells and have proliferation ability (Tamaki et al.,
2013). However, characteristics of these derived cells are decided as only static ones by using
immunochemistry not functional ones. We, therefore, investigate the functional characteristics of
the neuron-like cells derived from hDPSCs by using several fluorescent imaging techniques.

We obtained hDPSCs from the cell bank of The Nippon Dental University School of Life
Dentistry. In the specific neurogenic culture condition, hDPSCs differentiated into neuron-like
cells. We introduced fluo-4 (calcium ion indicator) to these cells at 0, 7, 14, 21, 28 days after
differentiation, and observed calcium mobilization before and after the application of several
chemicals (glutamate, ATP, and high-KCI). We observed 4 types of hDPSC-derived neuron-like
cells characterized by calcium responses; induction of calcium transient after glutamate
application, calcium transient after ATP application, calcium oscillation after ATP application,
and calcium transient after high-KCl application. In addition, calcium response was also obtained
by stimulation with veratridine, an activator of voltage-dependent Na+ channel. After calcium
imaging experiment, we identified each cell types (neurons or astrocytes) by immunostaining
using the antibodies against glial fiber acidic protein (GFAP) as glial maker and BIII-tubulin as
neuron marker, and characterized each cells with specific 4 types of calcium responses. The cells
with calcium mobilization by the application of KCI showed intense immunoreactivity to BIII-



tubulin compared with that of GFAP. Regarding the localization site, strong positive reaction of
BIII-tubulin was obtained in the cell processes and GFAP in the cell bodies. This results
suggested that BIII-tubulin is involved in processes elongation.
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Abstract: Cholinergic neurons play essential roles in regulating learning and memory, which
mainly originate from medial ganglionic eminence (MGE). Current available protocols to
generate cholinergic neurons are relied on 2D culture system, which is unaccessible for long
term culture. This study is aiming at exploring a high efficiency method for differentiating
cholinergic neuron in human pluripotent stem cell-derived basal forebrain (BF) organoids. With
the combination of XAV939 (Wnt pathway inhibitor) and Purmorphamine (Shh signaling
activator), we generate human BF organoids with ventricular and sub-ventricular structures
which express MGE marker NKX2.1. To further promote the differentiation of cholinergic
neurons, we treat the BF organoids with NGF (nerve growth factor). After two weeks,
cholinergic neurons are determined in the BF organoids. Then we transplanted BF organoids into
SCID mice basal forebrain. After 3 months, numerous ChAT* human neurons were tested in the
mice brain, and a great mount of human neurites were observed in the cortex. The results of this
study demonstrated XAV939/purmorphamine/NGF medium could generate human cholinergic
neurons in BF organoids, and grafted human neurons could survived and have long projections
in mice brain.
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Abstract: Approximately 50 missense mutations in SCN1A, a gene that encodes the alpha
subunit of the Nav1.1 voltage-gated sodium channel, are associated with genetic epilepsy with
febrile seizures plus (GEFS+). Mechanisms of how specific SCN1A mutations alter neuronal
activity and result in seizures are still obscure. To address this question we are assessing the
functional properties of neurons differentiated from two pairs of isogenic human iPSC lines: 1) a
patient line with K1270T SCN1A mutation (GEFS+), and an isogenic corrected line by removing
the K1270T mutation using CRISPR/Cas9 editing; 2) a control (unaffected sibling of GEFS+
patient) and isogenic mutant line by introducing the K1270T mutation using CRISPR/Cas9
editing. Isogenic iPSCs were patterned into functional neuronal cultures that consist of 65%
excitatory neurons and 35% inhibitory neurons. Electrophysiological analysis of inhibitory
neurons 21-24 days post plating showed that the SCN1A K1270T mutation, in both genetic
backgrounds, causes a reduction in neuronal sodium current density and evoked firing rate at
room temperature. Excitatory neurons also exhibited reduced sodium current density but the
evoked firing rate was not altered, giving rise to hyperexcitability of the neural network. To
investigate the underlying temperature-dependent changes, we are now evaluating the neuronal
activity in isogenic hiPSC lines at elevated temperatures, in both excitatory and inhibitory
neurons. Preliminary data suggest that the K1270T SCN1A mutation results in temperature-
dependent depolarized shift of action potential rheobase selectively in inhibitory neurons. This
isogenic hiPSC model will be very beneficial to deciphering the links between SCN1A mutations
and the impact on febrile seizures and epileptic disorders, facilitating the development of
personalized anti-seizure medications and improved therapies.
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Abstract: Inositol monophosphatase 1 is the critical enzyme for the recovery of the inositol
cycle, and it is key for both the de novo synthesis of inositol and the recycling of inositol
polyphosphates. The phospoinositol metabolism pathway is involved in normal physiological
conditions, such as insulin and PI3K/Akt signaling, endocytosis, vesicle trafficking, exocytosis,
cell migration, proliferation, apoptosis, neurotransmitter release, hormone secretion and in
maintaining the state of homeostasis for second messengers. Thus, dysfunctions of the inositol
cycle have been implicated in a variety of human diseases, including developmental defects,
cancer, diabetes and neurological diseases. IMPAL is thought to have an important role in the
mechanism of bipolar disorder (BD), because in therapeutic concentrations, lithium, the main
pharmacological treatment for BD, it is an uncompetitive inhibitor of this enzyme. Despite its
many physiological functions, no human disease had been attributed to a malfunction of this
protein. We identified a new homozygous 5 bp duplication (c.489_483dupGGGCT) in IMPAL,
leading to a frameshift (p.Ser165Trpfs*10) mutation, in a large consanguineous family with
severe intellectual disability and disruptive behaviors from a geographically isolated location in
Northeastern Brazil (Figueiredo et al., 2016). Recently, we investigated resting EEG data from



30 participants (17 non-carriers (NC), 9 heterozygotes (HT) and 4 homozygotes (HM). We found
disturbances in frontal theta and more global alpha band disturbances in individuals with
homozygous IMPA1 mutation. Interestingly, homozygote IMPA1” mice die in utero. To gain
further insights on IMPAL function in human cells, we developed induced pluripotent stem cell
lines (iPSCs) from three HM, one HT, and two NC individuals from the same family. Using anti-
IMPAZ1 polyclonal antibody we observed expression of IMPAL in iPSCs from family control
individuals and no expression in homozygotes, because of a premature stop codon generated by
the frameshift mutation in both alleles. We are currently expanding these studies to patient-
derived neuronal cell lines in order to clearly elucidate the mechanisms by which impairment of
IMPAL1 can alter signaling pathways leading to the development of mental dysfunctions and to
correlate with in vivo measures of brain activity and cognitive capacity aiming to better
understand the pathway from genetic variants to abnormal behavior.
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Abstract: Neuron cultures derived from induced-Pluripotent Stem Cells (iPSC) are rapidly being
used to model circuits in vitro. In these cultures, electrophysiological recordings of populations
of neurons has been used to understand how structure influences network dynamics, and the
ways in which diseases processes disrupt these networks and consequently alter activity. While
methods that use mean firing rate or degrees of synchrony can help to identify differences in
networks, they are often insensitive to the complexity of single neuron dynamics and the higher



order interactions between neurons that underlie many principles of computation in vivo. One of
the major challenges for studying the activity of populations of neurons, both in vitro and in vivo
is that the number of possible network states scales exponentially with the number of neurons
recorded. In this regard, the benefit In vitro recording methods offer in terms of allowing for the
monitoring of large numbers of neurons at high temporal precision, carries with it the
consequence of requiring new statistical and computational methods for describing patterns of
activity. To address this challenge, we recorded large populations of iPSC-derived neurons in
vitro, and then developed approaches to classify and studying network activity. First, we describe
strategies for characterizing the spike count statistics of populations of cells, including estimating
the entropy of the circuit (a measure of structure). Following this, we use these methods to
describe the network topology that generates specific patterns of dynamics. We show that our
method can identify differences in circuit structure, for instance the effect of network size and
connectivity in generating different kinds of dynamics. Importantly, our methods could serve as
a platform for interrogating how different neurological and psychiatric disorders alter network
activity.
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Abstract: Human cytomegalovirus (HCMV) is a beta herpesvirus that upon infection during
pregnancy can cause severe congenital birth defects including microcephaly, vision loss, and
hearing loss. Currently, no approved treatment options exist for managing in utero infections.
Our previous work showed that the antiviral compound maribavir (MBV) decreases HCMV
infection in undifferentiated human induced pluripotent stem cell (iPSC) derived neural
progenitor cells (NPCs) and allowed progression to early steps in differentiation. However, it
remains to be determined whether MBV-treated NPCs can differentiate into functional
glutamatergic neurons and astrocytes. Here we evaluated the impact of infection on calcium
signaling using cultured NPCs as well as in three-dimensional iPSC-derived cortical organoids.



Functional changes were quantified using live-cell ratiometric imaging measuring intracellular
calcium changes following stimulation of purinergic and voltage-gated channels with ATP and
KCI, respectively. In the absence of infection, acutely plated NPC populations exhibited
increasing percentages of ATP-responsive astrocytes and KCI-responsive neurons over time in
culture consistent with maturation. Following infection using GFP-expressing HCMV, NPCs
exhibited reduced baseline calcium levels and were unresponsive when evaluated 5 days post
infection. In contrast, addition of MBV resulted in reduced numbers of GFP-positive cells, and
the GFP-negative cells within the population exhibited normal ATP- and KCl-responsive
signaling. To extend these studies, we used early and late stage multicellular iPSC-derived
cortical organoids. We first confirmed proper differentiation and laminar organization within
uninfected organoids. Upon HCMV infection, we observed GFP-expressing cells within the
tissues regardless of the developmental stage. MBV treatment reduced the numbers of GFP-
expressing cells, and the GFP-negative cells exhibited more normal ATP- and KCI-responsive
signaling. Our studies demonstrate that HCMV infection significantly impairs neuronal and glial
function. Moreover, our data indicate that MBV-mediated inhibition of HCMV infection allows
NPCs within a complex population to develop into functional glutamatergic neurons and
astrocytes.
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Abstract: Human mutations in the sodium-activated Slack potassium channel, also known as
KCNTZ, produce intractable early childhood epilepsy with very severe intellectual disability. In
heterologous systems, mutant channels are functional but produce higher amplitude currents than



wild type channels. This has presented a quandary because Slack channels are highly expressed
in many neuronal types including excitatory pyramidal cells in the cortex. Ordinarily, increases
in potassium currents that are relatively voltage-independent such as Slack are expected to
reduce rather than enhance excitability. There have, however, been no studies to determine
whether these mutations produce increased Slack currents in neurons (as opposed to transfected
cell lines or oocytes), nor any studies of the effects of such increases on neuronal excitability.
Using human neurons derived from IPS cells and engineered to have an epilepsy-associated
KCNT1 mutation, we now show that the introduction of a disease-causing mutation strikingly
increases neuronal sodium-activated potassium currents despite similar expression levels. We
find that this results in more rapid repolarization of action potentials and a larger
afterhyperpolarization following each spike. As a result, neurons bearing the mutant channel fire
many more action potentials in response to depolarizing stimuli. In networks of neurons in vitro,
the enhanced Slack currents produce more intense bursts of action potentials and increase overall
firing rates. Our findings provide new insights into the biological role of Slack channels in the
regulation of neuronal excitability and provide very clear new therapeutic opportunities for the
treatment of these devastating diseases.
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Abstract: The repeated or lengthy use of general anesthetic and sedation drugs in pregnant
women during their third trimester potentially affects the development of children's brain and is
mandated as “black box warnings” by the U.S. Food and Drug Administration. Although animal
studies demonstrated clearly that prolonged exposure to ketamine leads to histological and



functional disorders on brain development, the extrapolation of preclinical research to human is
still insufficient for providing bases for clinical treatment, which highlights the need for a better
model of developing human brain. In recent years, human pluripotent stem cell (hPSC)-derived
three-dimensional organoid culture system, termed brain organoid, has been developed to
recapitulate features of human brain development and help to study mechanisms of human brain
diseases. We applied hPSC-derived brain organoids to mimic human brain development and
investigate the influence of ketamine on germinal zone organization, neurogenesis, gene
expression and the distinct primate-specific outer radial glia cell layer by immunostaining,
quantification PCR and RNA sequencing. Our preliminary results suggest dramatic effects of
ketamine on brain organoid growth, neural apoptosis and survival in 24- hours, which is both
dose- and time- dependent as well. Human brain organoids provide an efficient way to evaluate
the influence of ketamine on human neural development. Extrapolating these hPSC-derived
findings to guide clinical use of ketamine and even other general anesthetic drugs in pregnant
patients would be more necessary, compared with studies based merely on animal models.
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Abstract: Zika virus is associated with congenital malformations, including microcephaly,
leading to a congenital syndrome (CZS), which affected hundreds of newborns in Brazil. Autism
Spectrum Disorders (ASD) is a neurodevelopmental disorder characterized by communication
and social impairment, also associated with restricted and repetitive patterns of behavior.
Epidemiological and animal model studies have implicated both environmental factors and
genetics in ASD etiology, which affects approximately 1% of worldwide population. The
literature concerning viral maternal infections during gestation and ASD risk is still inconclusive.
Induced pluripotent stem cells (iPSC) have been successfully generated modeling human
neurological disorders, including ASD and CZS. Here we investigated the effects of Zika virus in
astrocytes and neurons derived from iPSC and its possible correlation with autism. We found



that Zika virus-infected astrocytes trigger a cytokine profile compatible with neuroinflammation.
It includes IL6, IL17 and TNFa, which increased levels are related to ASD. Besides, we
investigated the effect of Zika virus infection in neurogenesis and synaptogenesis. We found that
Zika causes an impairment in functional synapses in neurons, revealing that children infected
during embryogenesis could produce defective neurons, reflecting in cognitive impairment.
Actually, children born with CZS during Brazilian outbreak are around 2/3 years old and some of
them have been already diagnosed as presenting autistic clinical phenotype. Our results revealed
that CZS display a neuroinflammation cytokine profile comparable with the one found in ASD
individuals, as well as a significant decrease in synaptic gene and protein expression levels.
Altogether, such data could be associated with the increased risk for ASD in children born with
Czs.
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Title: Disruption of GRIN2B impairs differentiation in human neurons
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Abstract: Heterozygous loss-of-function mutations in GRIN2B, a subunit of the NMDA
receptor, cause intellectual disability and language impairment. We developed clonal models of
GRIN2B deletion and loss-of-function mutations in a region coding for the glutamate-binding
domain in human cells, and generated neurons from a patient harbouring a missense mutation in
the same domain. Transcriptome analysis revealed extensive increases in genes associated with
cell proliferation and decreases in genes associated with neuron differentiation, a result



supported by extensive protein analyses. Using electrophysiology and calcium imaging, we
demonstrate that NMDA receptors are present on neural progenitor cells, and that human
mutations in GRIN2B can impair calcium influx and membrane depolarization even in a
presumed undifferentiated cell state, highlighting an important role for non-synaptic NMDA
receptors. It may be this function, in part, which underlies the neurological disease observed in
patients with GRIN2B mutations.
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Abstract: In addition to patterning embryonic neural tubes, the Sonic Hedgehog (Shh) signaling
pathway continues to have functions in the post-embryonic brain including the development and
plasticity of neurons. We have previously found that the Shh pathway receptor Patched and
transducer Smoothened are situated in the dendritic spines and shafts of hippocampal neurons.
We have also found that activation of the Shh signaling pathway stimulates the growth of axons
and presynaptic terminals in hippocampal neurons. In this study, we investigate the production
and biogenesis of Shh. We begin by examining Shh mRNA and protein levels in developing
brains and hippocampal neurons. We then examine potential regulatory factors that affect global
Shh levels. Using antibodies that react with either the N-terminus or C-terminus of Shh, we
compare the levels as well as subcellular distributions of different Shh protein species. The
findings of our study provide a necessary step towards a full understanding of Shh signaling in
brain functions. “This research was supported by the Intramural Research Program of the NIH,
National institute on Aging”.
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Title: Growth cone turning on soft-substrate environments requires paxillin-drebrin interaction
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Abstract: Soft tissue environments have profound effects on axon guidance and growth.
However, the molecular mechanisms that underlie growth cone responsiveness to guidance
factors on soft substrate are still unclear. Here we found that soft substrate (0.1 kPa) promotes
BDNF-induced growth cone turning via modulating the paxillin-associated structural dynamics
of hippocampal neurons. By using MALDI-TOF MS and immunoprecipitation, we identified an
actin-microtubule crosslinking protein-drebrin as one of the paxillin interacting proteins in
embryonic brain lysates. On soft substrate, paxillin associated with drebrin and co-localized at
growth cone T-zone. When cells asymmetrically exposed to the guidance factor, i.e., BDNF,
their growth cones exhibited significantly larger turning angles with a higher degree of drebrin-
paxillin co-localization on 0.1 kPa soft substrates as compared with on glass. Down regulation of
drebrin expression by siRNA approach resulted in a reduction in the distribution of paxillin on T-
zone. Ectopic expression of a paxillin variant, which has lost drebrin interactions, led to reduced
turning responses of growth cone to BDNF-coated stripes on soft substrates. Together, these
findings suggest that growth cone response to BDNF on 0.1 soft substrate requires paxillin
association with drebrin.
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Title: Guiding retinal ganglion cell axons to brain visual centres: Is Pax6 the key molecule?
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Abstract: Intra-retinal axonal guidance is a complex process involving a number of axonal
guidance genes that direct the nascent axons of retinal ganglion cells (RGCs) to fasciculate
together to reach the optic disc. It is known that Pax6 is a key molecule for RGC genesis but its
expression persists in RGCs after they are formed. We were curious to understand why the
expression of Pax6 persists in the RGCs during late retinogenesis. Hence, we hypothesize that it
could possibly be involved in axonal guidance after RGC fate specification. To understand the
role of Pax6 in axonal guidance, we perturbed Pax6 expression in retinal explant culture and also
we conditionally knocked out (cKO) Pax6 in the mice retina during the period of axon formation.
Down regulation of Pax6 with siRNA in E16 retinal explants showed a significant reduction in
RGC axonal growth and fasciculation. We further substantiated our results by knocking out Pax6
in E15.5 mice retina. Here, we have observed a decrease in the number of RGCs, amacrine cells,
horizontal cells and photoreceptors which were confirmed by Brn3, Ap2-alpha, calbindin, and
recoverin staining, respectively. Analysis of Pax6*"* (control) and Pax6™ (knocked out at E15.5)
retinal flatmounts showed a significant alteration in the axonal guidance and fasciculation in
Pax6™ retina compared to the control. To further understand axonal guidance molecules that
Pax6 could be regulating, we performed ChIP-seq with Pax6 antibody and identified a number of
axonal guidance genes that are regulated by Pax6. Out of which, the prominent ones were EphB1
and Sema5B. The interaction and regulation of EphB1 and Sema5B by Pax6 was further
confirmed with luciferase and gRT-PCR analyses. These findings highlight a novel role for Pax6
in the intra-retinal axonal guidance by regulating key guidance molecules. Our results could have
far reaching consequences at a later stage where, it could be mimicked to guide the axons of
RGCs transplanted to replace degenerating RGCs in conditions such as glaucoma.
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Title: PlexinAl is crucial for the midline crossing of callosal axons during corpus callosum
development in BALB/c mice

Authors: *M. HOSSAIN?, T. ITO? T. TSUZUKI, F. IMAIZUMLIY, I. TAKAHASHIY, T.
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Abstract: The corpus callosum (CC) is the biggest commissural tract that connects the right and
left hemispheres of the brain. In the mouse cortical midline during CC development, the
guidepost structures emerge and express axon guidance molecules including semaphorins to
instruct neurons about the proper direction of axonal elongation toward and across the midline.
Neuropilin 1 (Npn1l), a high affinity receptor for class 3 semaphorins, localized on the cingulate
pioneers has a crucial role in the midline crossing of the pioneer axons through the interactions
with semaphorins like Sema3C. However, it remains unproved which type of Plexin receptor
actually functions as a component of Npnl1-containing receptor complex during the midline
crossing of cingulate pioneering neurons. To examine if PlexinAl is crucially involved in CC
development, CC phenotype was examined in PlexinAl-deficinet mice at postnatal day 0.5
(P0.5) under the BALB/c genetic background. All of the PlexinAl-deficinet mice at P0.5 showed
partial or complete agenesis of CC (partial; 6 of 13, complete; 7 of 13 mice). To address the role
of PlexinAl in CC development, we examined the localization of PlexinAl, Npnl, Sema3A,
Sema3C and calretinin (CR) by immunohistochemistry (IHC) with brain sections from wild-type
(WT) and the mutant mice at embryonic day 15.5 to 17.5 (E15.5-17.5). The IHC revealed the
expression of PlexinAl on the dorsal side of callosal axons crossing the cortical midline at
E17.5. The IHC confirmed the expression of Sema3A following the gradient from lateral to
midline and the specific localization of both Sema3C and CR in the guideposts such as
subcallosal sling. Coimmunoprecipitation assay demonstrated the direct association of PlexinAl
and Npn1 at the stage of CC development. To examine the role of PlexinAl in the midline
crossing of callosal axons, the extension of callosal axons across the midline was traced by both
IHC of Npn1l and Dil anterograde axonal tracing. Both methods showed that the incidence in
midline crossing of callosal axons at E17.5 was significantly lower in PlexinAl-deficient brain
as compared with WT. The results indicate the crucial involvement of PlexinAl in the midline
crossing of callosal axons during CC development in BALB/c mice. To test if PlexinAl could
act as a functional receptor mediating Sema3A repulsive and Sema3C attractive activity, we are
planning to conduct an axon guidance assay using explants derived from embryonic cingulate

gyrus.
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Title: Nerve growth factor induces mitochondria fission that is required for axon branching
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Abstract: Mitochondria have emerged as major determinants of the sites of axon branching. We
report that NGF treatment decreases the length and increases the number of axonal mitochondria
along chicken sensory axons in vitro by 15 min of acute treatment, indicative of fission.
Consistently, live imaging of mitochondria following 5-10 minutes of NGF treatment revealed
increased rates of mitochondria fission. By 15 min post-treatment NGF established a persistent
new steady state of mitochondria length and number, an effect that was reversed following NGF
withdraw. BDNF and NT3 similarly decreased the length and increased the number of axonal
mitochondria. Pharmacological and peptide-mediated inhibition, and dominant negative
expression of dynamin related protein 1 (Drpl), a required component of mitochondria fission,
blocked NGF induced fission and axon branching. In ovo expression of dominant negative Drpl
decreased the number of branches along sensory axons extending in the spinal cord. Live
imaging of eYFP-Drp1l revealed accumulation at sites of mitochondria fission and NGF
increased the formation of Drpl accumulations. NGF promoted phosphorylation of Drpl at the
activating site S616 trough Erk activation independently of the PI3K pathway. Inhibition of ERK
signaling also blocked the effect of NGF on mitochondria fission, branching and Drpl
accumulation along mitochondria. PI3K activity is required for branching and its inhibition
blocked fission but not phosphorylation of Drpl. Furthermore, live imaging revealed that axonal
actin patches, which we have previously shown are driven by PI13K signaling, co-localize with
sites of mitochondria fission. Inhibition of actin polymerization using Latrunculin-A blocked the
effect of NGF on mitochondria fission and Drpl accumulation. Pharmacological inhibition of the
actin nucleating Arp2/3 complex also blocked the effect of NGF on mitochondria length and
number. Finally, inhibition of fission blocked the effect of NGF on the intra-axonal synthesis of
cortactin, a required and mitochondria-dependent component of branching, and the subsequent
increase in axonal actin dynamics. Collectively, these observations unveil a novel biological
action of neurotrophins; the regulation of mitochondria fission and setting of steady state



mitochondrial length and number in axons. Given the multitude of roles played by neurotrophins
in the nervous system these observations are expected to have broad implications. This work was
supported by the NIH NS078030/ NS095471.

Disclosures: L. Armijo Weingart: None. A. Ketschek: None. R. Sainath: None. A. Pacheco:
None. G. Gallo: None.

Poster

367. Axon Growth and Guidance

Location: SDCC Halls B-H

Time: Monday, November 5, 2018, 1:00 PM - 5:00 PM
Program #/Poster #: 367.06/B17

Topic: A.05. Axon and Dendrite Development

Support: European Commission FP6 NEST Programme (contract 028473)
University of Aberdeen Development Trust
Spanish Science Ministry MAT2011-24363, MAT2015-65192-R
La Marato de TV3 Foundation (ID number 110131)
Severo Ochoa Programme for Centres of Excellence in R&D (SEV-2015-0496)

Title: Controlling nerve growth using an electric field induced indirectly in transparent
conductive substrates
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Abstract: Rationale:

Innovative neurostimulation therapies, including those for brain and spinal injury, require
improved electrode materials, such as poly(3,4-ethylenedioxythiophene) (PEDOT) polymers or
IrOx mixed ionic-electronic conductors. Little is known about how the electrochemical changes
they undergo during stimulation influence nerve growth.

Method:

We performed time lapse microscopy of amphibian neurons growing on transparent films of
electronic (metal) conductors and electronic-ionic conductors (conductive polymers and
semiconducting oxides) prepared in house. Materials were not connected directly to the power
supply but an electric dipole was created wirelessly within them by electrodes connected to the
culture medium in which the materials were immersed.

Results:

Without electrical stimulation neurons grew well on films of gold, platinum, PEDOT-
polystyrene sulfonate (PEDOT-PSS), IrOx and the mixed oxide (Ir-Ti)Ox but successful growth



was not related directly to surface texture or hydrophilicity. Electrical stimulation induced a
dipole in all conductive materials but neurons responded differently to electronic conductors and
mixed-valence mixed-ionic conductors. Electrical stimulation slowed, but steered neurite
extension to the imposed cathode on gold but not on platinum. The rate and cathodally-directed
neurite growth on PEDOT-PSS resembled that on glass, but on IrOx and (Ir-Ti)Ox neurites grew
faster and in random directions.

Conclusions:

Our data suggest that electrochemical changes induced in these materials indirectly controlled
neurite growth speed and direction selectively. Evidence that the electric dipole induced in
conductive materials was sufficient to control nerve growth will impact CNS neuroregenerative
electrotherapies that exploit wireless stimulation of implanted material arrays, with additional
implications for situations (e.g. retina) where transparency is required.
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Abstract: Early in neural development, oculomotor neurons send axons into peripheral tissue to
innervate four of the six extraocular muscles: the dorsal, ventral, and medial recti, and the ventral
oblique. These axons generate the oculomotor nerve (nlll). We previously found that nlll
displays a complex innervation pattern where motor axons first form a plexus with extraocular
muscle precursors prior to muscle formation. The nerve-muscle precursor interaction is critical in
regulating axon growth and nerve branching. We are currently interested in further
characterizing this interaction by examining how motor pools are represented within the plexus.
The first goal of our study is to determine whether motor neuron birthdate reproducibility
predicts muscle choice. This would suggest that motor pools are presorted prior to axon
outgrowth, plexus formation and muscle development. Motor pools in the chick oculomotor
nucleus are divided into distinct sub-nuclei in the adult. Previous research demonstrates that
motor neuron birthdate drives the organization of these sub-nuclei, but it is unclear whether
motor pools can be reproducibly labeled based on birthdate alone. To answer this question, we
are labeling early-born motor neurons with GFP, and late-born neurons with RFP introduced by



in ovo electroporation and examining subsequent muscle innervation. By using birth-date to
identify motor pools we hope to characterize how motor pools sort within the nerve-muscle
plexus prior to muscle innervation.
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Abstract: In the standard model for the development of climbing and mossy afferent pathways
to the cerebellum the ingrowing axons target the embryonic Purkinje cell somata (around
embryonic ages (E)13-E16 in mice). In this report we describe a novel earlier stage in afferent
development. Immunostaining for a neurofilament-associated antigen (NAA) reveals the early
axon distributions with remarkable clarity. By using a combination of Dil axon tract tracing,
analysis of neurogeninl null mice, which do not develop trigeminal ganglia, and mouse embryos
maintained in vitro, we show that the first axons to innervate the cerebellar primordium as early
as E9 are direct projections from the trigeminal ganglia. Therefore, early trigeminal projections
are in situ before the Purkinje cells are born. Double immunostaining for NAA and markers of
the different domains in the cerebellar primordium reveal that afferents first target the nuclear
transitory zone (E9-E10), and only later (E10-E11) are axons, either collateral projections from
the trigeminal ganglia or a new afferent source (e.g., vestibular ganglia), seen in the Purkinje cell
plate.
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Abstract: Neural circuit assembly is critically dependent upon dynamic axon pathfinding events
that enable individual growth cones to accurately navigate the developing nervous system and
form synaptic contacts in the correct target areas with the correct synaptic partners. The
commissural axons of the neural tube have emerged as a preeminent model for studying these
events because their growth cones sequentially respond to axon guidance molecules and
morphogen gradients as they project towards and cross the ventral midline, and subsequently
turn to extend anteriorly. In this model Planar Cell Polarity (PCP) signaling in the growth cone
allows commissural axons to turn 90 degrees and extend anteriorly in response to an increasing
Whnt gradient. We have characterized a similar 90 degree turning event in the developing cochlea
that is required for Typell Spiral ganglion neurons (SGN2) to extend peripheral axons that
innervate the three rows of outer hair cells. SGN2s are thought to contribute to important
feedback circuitry that provides neuroprotection in extreme noise, perhaps by acting as
nociceptors. SGN2 peripheral axon turning in the cochlea is also dependent upon PCP signaling
and in mutant mice lacking the core PCP gene Vangl2, these peripheral axons frequently turn
incorrectly and project towards the cochlear apex rather than the cochlear base. Similar errors
occur in other PCP mutants including CELSR1 KO mice suggesting a role for the non-canonical
Whnt-signaling pathway in SGN2 turning. Using a Vangl2 CKO line and a series of Cre drivers to
further restrict Vangl2 gene deletion to either neurons or the cochlear duct, we demonstrate that
VANGL2 functions in a non-cell autonomous manner and is not required in the growth cone for
turning. This is remarkably different from commissural axons where VANGL2 and PCP
signaling have been documented in the growth cone. We further demonstrate that VANGL?2 and
CELSR1 are asymmetrically distributed at the intercellular boundaries between cochlear
supporting cells. At this location, the polarized distribution of these proteins is oriented parallel
to the short axis of the cochlea and perpendicular to the polarized distribution of core PCP
proteins in hair cells which are oriented parallel to the long axis. As the SGN2 peripheral axons
pass between cochlear supporting cells before turning, VANGLZ2 is strategically located at this



intercellular junction to act as an axon guidance cue. While these experiments are focused on
developmental processes guiding cochlear innervation, core PCP proteins are broadly expressed
throughout the developing nervous system and may direct other axon guidance events through
similar mechanisms.
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Title: The E3 ligase SIAH regulates ubiquitination and degradation of Akt3
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Abstract: Besides its role in neuronal survival, Akt signaling is an important regulator of neural
development including axonal growth and branching. However, the mechanism for coordination
of Akt activity and the distinctive function of Akt isoforms in the brain development presents a
challenge. Here we report the identification of SIAH1 as a novel E3 ubiquitin ligase that
preferentially regulates ubiquitin-dependent degradation of the Akt3. SIAH1 most strongly
interacts with Akt3 among Akt isoforms and facilitates ubiquitination and subsequent
degradation of active Akt3. Notably, during differentiation of hippocampal neurons in culture,
Akt3 is abundant in | axonal shaft but not branching point or tips where SIAH1 is prominently
present. Depletion of SIAH1 enhanced Akt3 levels in the soma and axonal tips, promoting axon
growth and multiple branching. These findings demonstrate that Siah serves as elective ubiquitin
ligase that mediates ubiquitin-dependent degradation of Akt3 isoform and would regulate Akt3
turnover in the brain.
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Title: Transcription factor c-Jun regulates perineuronal inflammatory activation in dorsal root
ganglia following peripheral nerve injury

Authors: *Y. OH
Brain Sci., Ajou Univ., Gyeonggi-do, Korea, Republic of

Abstract: Although regeneration capacity of CNS axons is very limited, peripheral nerve axons
readily regenerate, allowing recovery of function after injury. As such, adult dorsal root ganglion
(DRG) neurons are able to regenerate axons robustly after sciatic nerve injury (SNI)
accompanied by upregulation of numerous regeneration-associated genes (RAGS). Using CCL2-
deficient mice, we previously demonstrated that a chemokine molecule CCL2, expressed in DRG
neurons following SNI, plays a critical role in the activation of perineuronal inflammatory
reactions that lead to enhanced axon regeneration capacity. Intriguingly, c-Jun, one of the RAGs,
was persistently activated in CCL2-deficient DRG neurons. This finding prompted us to
hypothesize that c-Jun could act in an upstream pathway to induce perineuronal inflammatory
reactions supporting the enhanced axon regeneration capacity. Luciferase assay showed that c-
Jun overexpression markedly increased transcriptional activity of CCL2. Chromatin
immunoprecipitation assay confirmed binding of c-Jun to the promoter region of CCL2 gene
following SNI. To examine a functional role of c-Jun expressed in DRG neurons, we established
a mouse line in which c-Jun is conditionally deleted only in neural lineage cells by crossing the
c-Jun floxed line with the nestin-cre mice. Cultured DRGs neurons deficient of c-Jun could not
enhance the extent of neurite outgrowth in response to SNI in vivo as robustly as wild type DRG
neurons. Consistent with this finding, upregulation of RAGs such as ATF3 and GAP-43
following SNI was substantially attenuated in c-Jun deficient mice. Perineuronal activation of
macrophages was significantly reduced in DRGs of c-Jun deficient mice compared to those of c-
Jun floxed animals without cre-recombinase. These results suggest that c-Jun is necessary for the
activation of perineuronal macrophages by regulating transcription of CCL2 following peripheral
nerve injury.
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Abstract: Pediatric dysphagia, feeding and swallowing difficulty, is seen in 35% to 80% of
children with neurodevelopmental disorders. Its consequences include malnutrition, acute
choking, and food aspiration leading to nasal, middle ear, and lung infections. We defined the
LgDel 22g11.2 Deletion Syndrome mouse as a dysphagia model. In LgDel, several cranial nerves
essential for feeding and swallowing develop aberrantly. The trigeminal nerve (CnV), which
provides sensory innervation to the face and oral cavity and motor innervation to muscles of
mastication, is particularly compromised due to disrupted retinoic acid (RA)-mediated anterior-
posterior hindbrain patterning. LgDel CnV sensory and motor neurons, as well as the neural crest
that constitutes most of the cranial mesenchyme through which these axons grow, arise from RA
“posteriorized” rhombomeres. This patterning change could render CnV neurons unable to
extend

axons appropriately, due either to disrupted neuronal identity or altered extrinsic guidance. We
labeled individual CnV axons via small tracer injections in living E11.5 embryos of several
genotypes and prepared these embryos as whole mounts for confocal 3D imaging, which
resolves compromised pathfinding of single axons that likely would be missed in histological
sections. An initial assessment of fasciculation using dual fluorophore tracer injections did not
show significant distinctions in LgDel versus WT axon segregation or mixing. However, LgDel
CNV axons, despite reaching targets shared with WT, branch, loop, and sprout aberrantly at
significantly higher frequencies than WT (p£0.01). The numbers of phenotypes/axon (p£0.01)
and loops/axon (p£0.001) were significantly higher in LgDel. Consistent with our previous data,
these LgDel CnV single axon phenotypes are rescued by diminishing RA signaling genetically.
As predicted,

individual CnV axonsThx1*" embryos, a 22q11deleted gene responsible for Cn IX/X
abnormality, exhibited a normal morphology as those observed in WT CnV. We are now
analyzing other heterozygous and homozygous mutations in other single 22q11-deleted genes to
assess their potential contributions to these CnV axon growth and guidance phenotypes.



Together, the axon trajectory phenotypes associated LgDel and other genotypes indicates 22q11
gene deletion disrupts axon guidance and alters construction of key sensory and motor circuits
for feeding and swallowing in an RA-dependent manner, independent of Thx1, perhaps
contributing to perinatal dysphagia.
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Abstract: Objectives: In laboratory animals, the axon guidance molecule receptor, DCC, directs
the neural connectivity of corticospinal and commissural fibers, influencing the coordination of
motor behaviors. Here, we investigated these potential effects in humans. Members of a large
four-generational family were tested, two-thirds of whom carry a DCC mutation and exhibit
mirror movements, involuntary contralateral responses that mirror voluntary unilateral actions.
We hypothesized that the DCC mutation carriers with mirror movements would have the
following features: an ipsilateral corticospinal tract, greater ipsilateral motor activations, reduced
interhemispheric inhibition, and decreased DCC mRNA expression. DCC mutation carriers
without mirror movements, it was predicted, would express fewer of these features.

Methods: The participants (n=52) were 13 DCC mutation carriers with mirror movements, 7



DCC mutation carriers without mirror movements, 13 relatives without the mutation or mirror
movements, and 19 unrelated healthy volunteers. The multimodal approach comprised
transcranial magnetic stimulation, task and resting state functional magnetic resonance imaging,
diffusion tensor imaging, and quantitative real time polymerase chain reaction.

Results: DCC mutation carriers with mirror movements exhibited a functional ipsilateral
corticospinal tract, diminished interhemispheric inhibition, greater ipsilateral motor responses,
and reduced DCC mRNA expression. In comparison, both groups of DCC mutation carriers
displayed lower resting state functional connectivity between the left and right primary motor
cortex and reduced white matter integrity in the corpus callosum.

Conclusions: Diverse connectivity abnormalities were identified in mutation carriers with and
without mirror movements, but corticospinal effects and decreased peripheral DCC mRNA were
unique to those with the mirror movement phenotype.

Disclosures: D.E. Vosberg: None. V. Beaulé: None. A. Torres-Berrio: None. D. Cooke:
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Abstract: Children with Autism Spectrum Disorder (ASD) demonstrate a physiological
imbalance between free radicals and antioxidants, also referred to as oxidative stress. Oxidative
stress is linked to the pathogenesis of this neurocognitive disorder. Children with ASD tend to
demonstrate maladaptive behaviors that hinder their participation in activities of daily living. The
purpose of this pilot study was to examine the effects of consuming high antioxidant cacao on
behavior of children with ASD as measured by teacher perceptions.

This was a 4-week pre-test post-test clinical trial (NCT 03195465). Participants with ASD
consumed 4 squares of the dark chocolate twice per day which had a composition of 70% cacao



and 30% organic cane sugar and total antioxidant concentration of 8,320 mmol/100 grams. The
two behavioral outcome measures, the Aberrant Behavior Checklist- 2" Edition and the Autism
Spectrum Rating Scale, were completed by the child’s teacher at baseline and end of week four.
Twelve participants (9 males, 3 females, mean age of 10.9 £3.9 years) completed the study.
Significant improvements were noted on the Autism Spectrum Rating Scales of
Social/Communication (p=0.03, n2=0.79), Unusual Behaviors (p=0.02, 12=0.70), and Self-
Regulation (p=0.04, n?=0.59). No significant changes were noted on any of the Aberrant
Behavior Checklist-2 subscales (p>.05). Results from this study support existing literature on the
benefits of antioxidants in improving social communication, unusual behaviors, and self-
regulation behaviors of children with ASD. Further randomized controlled trials are deemed
necessary to expand on the validity of these findings.

Table 1 Median (min, max) Scores for ABC-2 and ASRS over time

Scale Baseline Four weeks p value* (n?)

ABC-2

Irritability 5.0(0,31) 6.0(0,28) 0.27 (0.18)
Social Withdrawal 13.5(1,33) 9.0(0,32) 0.48(0.13)
Stereotypic Behavior 2.5(0,15) 3.0(0,15) 0.61(0.05)
Hyperactivity/Noncompliance 10.5 (1,36) 8.0 (0,43) 0.20 (0.13)
Inappropriate Speech 1.0(0,9 05(0,9  0.59(0.04)
ASRS

Social/Communication 63.0 (55,82) 58.5 (47,82) 0.03 (0.79)
Unusual Behaviors 66.5 (58,85) 60.5 (53,81) 0.02 (0. 70)
Self-Regulation 61.0 (51,80) 58.0 (43,83) 0.04 (0.59)

Total of all 3 Subscales T Score 69.5 (62,79) 59.0 (52,79) 0.007 (1.4)

Abbreviations: ABC-2, Aberrant Behavior Checklist 2" Edition; ASRS, Autism Spectrum
Rating Scale, n? = effect size

*Wilcoxon Signed Rank Test

Effect Size = mean of difference

SD of the difference
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Abstract: Autism spectrum disorder (ASD) is a group of neuro-developmental disabilities which
are characterized by impairments in communication, social interaction, behavioral control, and
emotional instability. In Israel, individual with ASD with sever aggressive behavior can get
license for medical cannabis from specialized physicians. However, there is no treatment
guidelines for the use of cannabis and caregiver use trial and error to find the right dosage and
strains of cannabis that is most effective for them.

This naturalistic follow-up study follow 66 individuals with ASD who were legally prescribed
medical cannabis in Israel. In-house caregiver-specific surveys were administered to track
behavioral-specific treatment progress. The cannabinoid compositions of the cannabis used by
the participants were analyzed.

We found that cannabis use reduced aggressive behavior and improved sleeping quality but had
negligible effects on repetitive behaviors. Few participants reported exacerbations in abnormal
behavior. Moreover, differences in cannabis treatment response depended on sex as cannabis
treatments were reported to be more effective in male participants. In addition, the cannabis
products that were used were not all equally effective in reducing abnormal behaviors. Purified
cannabidiol (CBD) was the least effective in reducing aggressive behaviors compared to whole
extracts from high-CBD Cannabis plants.

Our observations suggest that cannabis products produced from high-CBD Cannabis plants may
be considered as a potential therapy for ASD individuals specifically to reduce aggressive
behaviors.
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Title: Social emotions in adults with autism spectrum disorder: A neuroanatomical study of envy
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Abstract: Introduction. Autism Spectrum Disorder (ADS) is a neuropsychiatric condition
characterized by severe deficits in emotional and social functioning, which is a critical
component in their quality of life. Although the study of social cognition and its neural correlates
in ASD has received considerable interest in recent years, few works have addressed a
fundamental aspect of human interaction such as social emotions (i.e. those that are triggered by
the presence or interaction with others). In this study, we aim to fill that gap by exploring how
ASD patients experience envy and Schadenfreude (pleasure at others’ misfortune), two social
emotions that constitute counter-empathic responses and therefore can negatively impact
interpersonal relationships. Methods. We administered a novel ecological paradigm to 15 adults
with ASD and 15 healthy controls (HC) matched in age, gender, 1Q and level of education.
Subjects had to read short sentences describing different fortunate and unfortunate events that
happened to different characters, and rate how much envy and pleasure they felt, respectively.
We used SPSS to compare the performance between patients and HC in the task. Additionally,
we obtained magnetic resonance imaging recordings from all subjects. Using MATLAB and
SPM, we performed voxel-based morphometry to explore the neuroanatomical correlates of envy
and Schadenfreude in ADS. Results. Behaviorally, ASD patients reported significantly lower
levels of envy and Schadenfreude as compared to HC. VBM analysis revealed a positive



correlation between levels of Schadenfreude and gray matter volume of middle-frontal and
parietal regions. Envy did not correlate with any structure. Discussion. This is the first study that
explored the neuroanatomical correlates of envy and Schadenfreude in ASD. We found that
patients with ASD had a difficulty in feeling those social emotions. Moreover, the experience of
Schadenfreude was associated with fronto-parietal hubs, structures previously implicated in
mentalizing processes and in ASD symptoms. The study of complex social emotions through
ecological paradigms that resemble real-life situations is critical to better understand some of the
core deficits of ASD. This findings may help the development of new assessment and
intervention strategies to improve the patients’ quality of life.
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Abstract: Autism is a neurobiological disorder that is mainly expressed during the first 3
postnatal years, and includes impairment in social communication and social interaction, as well
as repetitive activity. Accordingly, it is important for patients diagnosed as autistic, to be
exposed to different therapies or contexts that facilitate the development of social and
communication skills. Herein, we show the effects of an iPad application we developed to help
reading-writing skills of autistic kids. Accordingly, the application was used for 20-min twice a
week during one year. The results indicated that there were positive effects in reading and
writing in ten out of ten kids of different age observed in Xalapa, Veracruz, Mexico. All of them
were capable of recognize their written name, and also wrote and read it. They also recognized,
read and wrote the name of 90% of family members, and also words related to emotions, body
parts, and activities (e.g. sleep, eat, sweep, etc.) These results allow us to conclude that this iPad
application (LEA) can be used as a complement in therapy to enhance the development of
reading-writing skills in autistic kids.



Conacyt Scholarship No. 576860 (RAV), Cuerpo Académico de Neurociencias (UV-CA-28) and
Neuroquimica (UV-CA-304).
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Abstract: Aim of the study was to investigate pharmacotherapeutic potential of Naringenin and
its brain targeted nanoformulations in Autism Spectrum Disorders (ASD). ASD like phenotype
was induced by infusion of 1M Propanoic acid into anterior portion of lateral ventricle in rats.
Naringenin (25, 50 and 100 mg/kg), uncoated and coated (glutathione & tween 80) naringenin
loaded poly (lactic-co-glycolic acid) (PLGA) nanoparticles (25 mg/kg) and minocycline (50
mg/kg) were administered orally for 28 days. Neurobehavioural, biochemical, blood brain barrier
permeability, TNF-a, MMP-9, HSP-70 and P-glycoprotein tests were performed. Naringenin and
its nanoparticles significantly restored behavioural and biochemical deficits in ASD phenotype.
Glutathione and tween 80 coated nanoparticles enhanced brain delivery of NGN by inhibition of
P-glycoprotein. Naringenin (100 mg/kg) and its nanocarriers (25 mg/kg) demonstrated
pharmacological efficacy comparable to minocycline (50 mg/kg). Naringenin and its coated
nanocarriers have strong clinical potential as an adjunct neurotherapeutic moiety in attenuating
neuropsychopathology associated with ASD. Keywords: Autism spectrum disorders (ASD),
naringenin, neurobehavioural, naringenin loaded PLGA nanoparticles, glutathione (GSH), tween
80
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Abstract: Autism spectrum disorder is an alteration of neurodevelopment becoming visible in
children about 2-3 years of age. Basic behavioral manifestations of the disorder are social
isolation, language impairment, and motor problems. However, there are further manifestations
related to autonomic dysfunctions modifying anxiety, stress, mood changes, and hyperactivity in
response to sensory stimuli, that become manifested in cardiorespiratory alterations. On the other
hand, it is known that music stimulation is an external variable with the potency to modify the
cardiorespiratory function. A number of experiments have shown that Mozart’s K448 Sonata is
highly effective to trigger such benefit responses. Therefore, in this study we use this sonata for
musical stimulation of 9 children with autism from 5 to 12 years of age. Auditory stimulation
was delivered through headphones during 5 min, twice a week for a year, and with a volume at
the lower threshold for tolerance of music of each child. Previous to music stimulation, an
intelligent wristband was placed to the child (Bracelet 37°; 37 Degree Technology, Shanghai),
that took cardiac and respiratory frequency and blood pressure during the stimulation period and
send data via Bluetooth to an app in a cell phone. Data showed that cardiac frequency becomes
reduced with music stimulation but return to altered values when the stimulus is not applied
continuously (when the kid did not come to the test for holidays or other reason). High blood
pressure was reduced to normal values even if the child was absent for some tests, but it was
unchanged in children with normal blood pressure. The respiratory frequency did not show any
modification. Thus, results show that music stimulation is effective in the long term to modify to
normal values some cardiorespiratory parameters, what could be a response of physiological
changes that deserve to be studied in further studies.
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Abstract: Autism spectrum disorder is an alteration of neurodevelopment becoming visible in
children about 2-3 years of age. Basic behavioral manifestations of the disorder are social
isolation, language impairment, and motor problems. However, there are further manifestations
related to sensory perception that is now also considered as a diagnosis criterion. Tactile
stimulation is almost unknown, notwithstanding it is known that an appropriate perception is
critical for the activities in everyday life. Thus, with the aim to modify alterations in tactile
sensitivity of autistic kids, in this work we applied as therapy two sensory stimuli to 6 kids from
5 to 12 years old. The used stimuli were bubble paper and a skin massager twice a week for a
year. A carpet of 2x2 m of bubble paper was placed on the floor and tests consisted in each kid
walking in socks for 2 min trying to burst the bubbles. A handheld massager (HoMedics) was
used to stimulate the skin with a 2 level of intensity for 2 min on the arm and face. Following
stimuli, the sensitivity threshold was obtained by using VVon Frey Fibers on the same areas, as
kids kept their eyes closed indicating perception by pointing with a finger the stimulated area.
Results showed that as therapy was applied consecutively every kid was able to perceive smaller
fibers. Thus, here we showed that an enriched sensory stimulation of autistic children modifies
cutaneous sensitivity, suggesting an improved perception of the general environment.
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Abstract: Background

Autism is a brain disorder characterized by core social deficits and the presence of restricted,
repetitive behaviors. Progress in understanding and treating autism has been hindered by the
extraordinary difficulty in obtaining brain-relevant tissues [e.qg., cerebrospinal fluid (CSF)] from
children by which to study disease biology more directly. Here we bridge this critical gap in
knowledge by testing whether CSF concentrations of the “social” neuropeptides arginine
vasopressin (AVP) and oxytocin (OXT) differentiate cases and controls and are associated with
symptom severity in the largest pediatric cohort studied for this purpose to date.

Methods and Findings

Children with autism were diagnosed based on clinical criteria which was confirmed with
research diagnostic methods. All participants (N=72: 48 males, 24 females, aged 1.5 to 9 years,
matched 1:1 on sex and age) underwent lumbar puncture; CSF neuropeptide concentrations were
quantified using established enzyme immunoassays. CSF AVP concentration was significantly
lower in the autism compared to control group (F1,66=14.20; P=0.0004). CSF AVP concentration
also significantly differentiated individual cases and controls (Likelihood Ratio Chi-
Square=15.14; P<0.0001). Specifically, across the range of observed CSF AVP concentrations,
the likelihood of autism increased over 1000-fold, corresponding to nearly a 500-fold increase in
risk with each 10-fold decrease in CSF AVP concentration. Lower CSF AVP concentration also



predicted greater overall symptom severity (F1,27=4.878; P=0.0359) on the Autism Diagnostic
Observation Schedule Calibrated Severity Score (ADOS-CSS). Further analyses revealed that
this was driven by social (F1,27=7.708; P=0.0099), but not repetitive (F1,27=0.0274; P=0.8698),
symptoms on the ADOS Social Affect-CSS and Restricted and Repetitive Behaviors-CSS,
respectively. Finally,

these findings were more pronounced in males than in females with autism, and were specific to
AVP, as no evidence implicating the structurally related neuropeptide OXT was found.
Conclusions

These findings highlight the value of performing CSF-focused biomarker research in individuals
with autism. As prior preclinical research has shown that AVP (rather than OXT) preferentially
regulates social behavior in male mammals, these data also suggest that brain-related AVP
signaling deficits may be particularly relevant to better understanding the male-biased risk for,
and symptom presentation in, autism. Finally, although preliminary, these findings suggest that
AVP may be a promising CSF indicator of, and potential therapeutic agent for, autism’s social
deficits.
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Abstract: Autism Spectrum Disorder (ASD) is usually detected in the first years after birth and
is maintained throughout life. Children diagnosed with ASD present social interaction
difficulties, communication deficits, stereotyped and repetitive behaviors, difficulties processing
and recognizing social stimuli, and sensory alterations. These abnormalities in processing
sensory stimuli are present in 87% of the cases. Apparently, these deficits are not related to
alterations in primary sensory processing, but rather to the systems involved in relevant stimuli
selection and inhibition processes associated to interference control. It has been proposed that



selective attention is one of the main cognitive alterations in ASD. Two alternatives have been
proposed about the type of attention alterations that patients with ASD may present: First, it has
been proposed that children with ASD over focus their attention on specific stimuli or traits; on
the other hand, other authors have proposed that they have a wide attentional beam that allows
them to perceive stimuli far from the attention focus. The objective of the present study was to
evaluate the effect of social and nonsocial distractors over detection of visual stimuli. We also
assessed performance on an Attentional Network Task (ANT).

For this, we evaluated 15 children diagnosed with ASD (ages 6-12) and compared their
performance with that of children with normal development. Groups were paired by 1Q and
school grade.

Participants performed two tasks: a task of detecting visual stimuli in which they were presented
with distraction stimuli in the periphery of the focus of attention (social and non-social), and the
Attentional Network Task (ANT). Results showed that children with ASD diagnosis have higher
reaction times on conditions when social distractors appear, compared to when they are
presented with nonsocial distractors, also, error percentage was significantly higher in ASD
group compared to control group. In addition, we found significative differences in ANT
performance; both groups had higher reaction time rates when incongruent distractors were
presented, however, the ASD group showed significantly lower correct answers percentage than
the control group. No group was benefited by spatial or temporal cues. We conclude that social
stimuli do interfere with selective attention processes of children with ASD diagnosis. Results on
the ANT could mean poor functioning on executive control attention network on ASD diagnosed
children.
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Abstract: It has been suggested that the difference in social skills between two persons affects
role adaptation (leading or following role) in rhythmic interpersonal motor coordination. We
investigated this by using interpersonal motor coordination task that required participants to



perform a rhythmic movement featuring an interpersonal relative phase pattern 90° without
verbal communication. They were required to decide two roles during the task and continued the
task until they were able to create the relative phase of 90° stably. Social skill was assessed by
the Autism-spectrum Quotient (AQ), and then we computed the ratio of AQ scores between the
members of each pair. Pairs whose social skills differed greater (pairs with smaller AQ ratio)
finished the task early, and the role was adapted early. On the other hand, pairs whose social
skills were similar (pairs with greater AQ ratio) finished the task late, and the role was switched
more often than in the early pairs. We examined the effect of the difference of the AQ ratio on
the performance of the task (i.e., the number of trials until the pairs finished the task) by
mediation analysis. The results showed that pairs with a smaller AQ ratio difference in social
skills had a smaller number of role switching, and that the pairs with a smaller number of role
switching were able to finish the interpersonal motor coordination task earlier. A bias-corrected
bootstrap confidence interval that was calculated for the indirect effect using 10,000 bootstrap
samples lay entirely above zero, which provides evidence of an indirect effect of the AQ ratio on
the number of trials through the mediator (i.e., number of role switching). The direct effect of the
AQ ratio on the number of trials was not significant. We confirmed that the difference in social
skills between two persons affected the performance of interpersonal motor coordination task in
terms of role adaption.
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Abstract: Introduction: Autism Spectrum Disorder (ASD) is a neuro-developmental disorder.
The main goal of using the task-based functional MRI in ASD is to localize task-evoked blood
oxygen level-dependent (BOLD) effects in the brain and subsequently, to analyze those effects in
order to find anatomical areas of activation related to that specific task. In this work, we adopt
the monetary reward experiment for monitoring the activation areas in the brains of both ASD



and control subjects in response to a specific task. In this task, physicians asked the participants
to press a button to classify dichotomous categories of images. These images were displayed to
them during the experiment, and subsequently, a monetary feedback was provided. Materials
and Methods: We used 20 subjects and 3T MRI was used to acquire this data. We have covered
the whole cerebral volume through 180 functional images which lasted for 6 minutes. 5 seconds
were the duration for each trial, where the subject was exposed to the images for approximately 2
seconds. The feedback, then, was displayed for 1.25 sec, and finally a rest period of
approximately 1.75 sec occurs between trials. We applied preprocessing algorithms on each
volumes. GLM was used to model The BOLD activation change during the feedback display,
then we conducted (using SPM package) a one regressor describing the feedback event timing
and a first group analysis. We have analyzed the brain’s Brodmann areas (BAs) to reach a
diagnosis decision on local areas, to move to the idea of personalized medicine. Every brain
voxel is then mapped to certain BA. We have used Autoencoder-based classifier (AE) for space
reduction and learning the most significant features. We extracted features from every BA and
fed them to the AE. A local decision per area is made which indicates the significance of this
BA. Finally, we fused all local decisions to have a final diagnosis. Experimental Results: We
have locally analyzed every BA of all the 94 BAs and have fused them to obtain a global
diagnosis decision. We achieved global accuracy of 90%. In addition to the global diagnosis,
visualized local analysis is provided. We will show multipe different cases of ASD, where BAs
of the cortices of subjects are color-coded according to the strength of association of each area
with ASD. The two maps are different, which emphasizes the idea of personalized medicine that
is the ultimate goal of our group. Conclusion: A novel CAD system for autism diagnosis by
adopting functional task-based fMRI information is proposed. Our system provided local
analysis for brain areas, which can allocate subjects on the autism spectrum and help to deliver
personalized treatments to individuals with autism.
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Abstract: Identifying endophenotype and neural correlates for a diagnosis of autism spectrum
disorder (ASD) is particularly important because of its complex genetic influence. Focusing on
the cortical volume and three surface-based parameters, cortical thickness (CT), fractal
dimension (FD), and sulcal depth (SD), we aimed to identify a pattern of ASD endophenotype
and neural correlates for the clinical diagnosis. Enrolling 30 people with ASD endophenotype
(15 people with ASD and 15 of their unaffected siblings) and 30 people without (15 pairs of TD
siblings), sparse logistic regression with a leave-one-pair-out cross-validation showed high
accuracy for identification of the ASD endophenotype (73.3%), which is more evident in SD
compared with other parameters. Focusing on SD, a bootstrapping analysis accounting for a
difference in SD between typical siblings showed substantially large difference between
individuals with ASD and their unaffected siblings in seven out of 34 regions-of-interest. These
regions includeinclude left bank of superior temporal sulcus (<0.01 percentile), right pars
triangularis, banks superior temporal sulcus, medial orbitofrontal cortex, precentral gyrus (<0.01
percentile). Mean SD values in three of these regions were correlated with ASD severity.
Intriguingly, both endophenotype and clinical diagnosis emphasize the social brain but they did
not completely match. These findings suggest that ASD endophenotype emerges as SD and the
neural correlates for the clinical diagnosis can be dissociable from the endophenotype.
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Abstract: Adolescents with autism spectrum disorder (ASD) exhibit impairments in cognitive
control (Solomon et al., 2008; Solomon et al., 2009; Solomon et al., 2017). To further investigate
the development of these deficits from adolescence to young adulthood, we recruited 88
participants with typical development (TYP) and 88 age and gender matched individuals (age
12-22) with ASD, who were assessed using gold standard ASD diagnostic measures including
the Autism Diagnostic Observation Schedule (ADOS-2). Participants completed the NIH
Toolbox Cognition Battery (NTCB). The NTCB is a well validated measure of cognition,
consisting of measures of cognitive flexibility (Dimensional Change Card Sorting; DCCS),
inhibitory control (Flanker), episodic memory (Picture Sequence Memory; PSM), list-sorting
working memory (LSWM), processing speed (Pattern Comparison Processing Speed; PCPS),
and language skills (Vocabulary; PV; Oral Reading Test; ORT; Akshoomoff et al., 2014). More
generally, Flanker, DCCS, PSM, LSWM and PCPS are considered measures of fluid
intelligence, while PV and ORT are measures of crystallized intelligence. The ASD group
performed significantly worse on the Flanker (F = 38.17, p <.001), DCCS (F =37.27, p < .001),
PCPS (F =30.91, p <.001), PSM (F = 8.04, p =.005) and ORT (F =5.121, p = .025) tasks when
covarying full scale 1Q. The groups were not significantly different in LSWM or PV. Stepwise
discriminant function analysis was used to examine the combination of NTCB variables that best
predicted diagnosis. The overall chi-square test was significant (Wilks lambda = 0.636, Chi-
Square = 69.139, df = 4, Canonical Correlation = 0.603, p < .001). The function extracted
consisted of DCCS, PCPS, Flanker and PSM, and accounted for 37% of the variance in each
group’s cognitive performance on the NTCB. These results indicate that the cognitive profile of
individuals with ASD is characterized by weaknesses in measures of fluid reasoning, specifically
impairments in flexibility, processing speed, inhibition, and episodic memory while crystallized
abilities are largely intact. Lastly, we explored how age relates to performance and group
differences. Though Flanker, PV and ORT performance was positively correlated with
increasing age, diagnosis did not significantly impact growth on any measure. Collection of
longitudinal data in the future will allow for a more robust investigation of the developmental
trajectories of cognition in ASD. Future analyses will also examine how these relate to clinical
symptoms, functional outcomes and the connectivity of neural networks.
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Abstract: The ability to communicate thoughts, ideas, and emotions is integral to social
development. We know this in part because of conditions such as autism spectrum disorder
(ASD), where early social communicative deficits (e.g., joint attention) are predictive of later
language deficits. As children develop, speech becomes the dominant form of social
communication, as it allows complex ideas and emotions to be conveyed between individuals.
Social aspects of speech production, such as prosody (e.g., vocal pitch), must be carefully
regulated to accurately express information about the emotionality, excitability, and intent of the
speaker. Thus, a child may acquire fluent, even excellent speech articulation, but their social
communication may be compromised due to poor prosodic control. The objective of the current
study is to gain a better understanding of how auditory information is used to regulate the
prosodic aspects of speech in children and adults with and without ASD. Furthermore, this
research aims to explore the relationship between the prosodic control of speech, or more
specifically the control of vocal pitch, and social communication abilities. In this study
participants with and without ASD produced vocalizations while being exposed to frequency
altered auditory feedback. The size, timing, and variability of participants’ responses to the
frequency altered feedback were measured. The multidimensional social competence scale was
also used to assess social communication abilities. Results indicate that both participants with
and without ASD produced compensatory vocal responses to the auditory feedback
manipulation. Specifically, vocal responses in the altered auditory feedback condition were
significantly larger than vocal responses in the unaltered auditory feedback condition. Vocal
response magnitudes were also found to differ across participants with and without ASD. These
results represent a key step in the understanding of how atypicalities in the mechanisms
supporting speech production may manifest in social-communication deficits, as well as broader
social competence, and vice versa. Thus, these findings will establish important benchmarks for
researchers studying auditory processing, speech development, and speech perception and
production, while also uncovering the relations between these processes and social
communication outcomes. This research has the potential to facilitate early detection of speech
deficits and communication disorders that interfere with social adaptation across the lifespan.
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Title: Communicative misalignment in autism spectrum disorder
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Abstract: Autism spectrum disorder (ASD) is diagnosed on the basis of communicative
impairments observed in everyday social interactions. While individuals with ASD show
remarkable proficiency on lab tests of social cognition, face-to-face interaction proves
problematic and has been associated with biases in processing biological and multimodal
linguistic cues. Here, we provide empirical evidence characterizing a specific cognitive
challenge raised by interpersonal communication in people with ASD, which persists even in
environments stripped of those biases and in the presence of neurotypical social motivation and
cognitive flexibility. During online, experimentally-controlled interactions, both adults with ASD
(N=22) and neurotypical adults (N=30) spontaneously generated novel and intelligible non-
verbal communicative behaviors toward their interaction partners. Furthermore, both groups
showed a similar propensity for modifying their behavior when misunderstandings arose.
However, communicative success was lower when individuals with ASD interacted with other
individuals both on and off the spectrum. This impairment was proportional to the misalignment
between the meanings of the communicative behaviors used by pair members across successive
interactions. Individuals on the spectrum struggled to converge on single shared behaviors with
their interaction partners, particularly when resolving the referential ambiguity of a behavior
required interpersonal coordination. These findings illustrate the importance of considering
human communication as a solution to a conceptual alignment challenge, and how ineffective the
evolutionarily anomalous human communicative system is without this special interactional
ingredient.
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Abstract: Individuals with autism spectrum disorder (ASD) show impairments in nonverbal
communication, including diminished gesturing and difficulties with imitation, which may be
explained by a deficit in processing biological motion (BM). This study examined whether this
BM deficit is reflected in atypical neural activity when observing gestures and investigated the
relationship between activation during gesture observation and quality of gesture production in a
group of children and adolescents with ASD and typically developing (TD) controls, ages 9 to
15. During the fMRI task, participants (19 ASD, 17 TD) viewed animations (created by applying
digitalized motion capture of actions performed by an actor to a 3D human model) of both
functional pantomimes (e.g. driving) and communicative gestures (e.g. waving), which were
computationally manipulated to vary in the amount of movement, from subtle to exaggerated.
Gesture production was assessed using a charade-style paradigm, in which participants enacted a
series of 15 familiar actions (e.g. brush teeth), which were double-coded by blind raters for
quality of specific components (e.g. limb movement, hand posture). In whole brain analyses,
both groups showed activation of the motion-sensitive area MT+. The TD group showed an
additional cluster of activity in left premotor cortex. In both groups, communicative gestures
elicited greater activity than functional ones, suggesting higher processing demand for actions
with communicative intent. In a 3-way ANOVA (movement X type x group) of peak values
extracted from left and right MT+ for each condition, there was a main effect of movement (p <
.01), such that the most overt gestures elicited greater activity than midlevel, but not subtle
gestures, indicating increased processing for both the most subtle and overt gestures. Left MT+
also showed a movement x type x group interaction (p <.01), where activation differed based on
movement for communicative gestures in the TD group and for functional gestures in the ASD
group. Compared with TD individuals, MT+ in ASD appears to be less sensitive to changes in



movement intensity of communicative gestures.In a subset of participants who completed both
fMRI and behavioral sessions (8 ASD, 11 TD), we performed correlations between MT+ activity
and gesture performance. Activity in the L MT+ was positively correlated with performance
score in the TD group (r = .65, p < .05) but not in the ASD group (r = .08, p = .86). These results
suggest that in typical development, increased neural processing of gestures is associated with
better gesture production, and that dysfunction in the BM system in ASD may disrupt
development of gesturing abilities.
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Abstract: Autism Spectrum Disorder (ASD) is a prevalent neurodevelopmental disorder that
often results in the co-occurrence of impairment of fine sensorimotor systems, as for example in
comorbid deficits in manual-motor skills and speech production (Mody et al., 2017). Yet there is
little quantitative understanding of these complex dependencies. An essential hypothesis in our
work is that estimation of coordination across sensorimotor impairments, through advanced
correlation and modeling methods, can improve objectivity and accuracy of detecting and
tracking the ASD state. Toward our objective of a quantitative understanding of fine-motor
dependencies, we designed and pilot-tested a non-intrusive platform capturing audio, video, and
hand movement, with protocols involving vocal and facial expression plus hand writing,
drawing, and tracing. While administering the speech and face protocol through an iPad display
via Apple Airplay by the clinician, high-quality audio and video are recorded with an acoustic
microphone and a HD camera. For hand movement, displacement, velocity and pressure are
measured through our custom-designed, web-based iPad application. The speech protocol
consists of a phonetically-balanced short paragraph, a diadochokinetic sequence, sustained
vowels, and response to questions. The face protocol involves mimicking facial expression with



and without emotion labels, while the hand dexterity component involves writing word
descriptions of objects, drawing geometric shapes, and tracing templates. MIT and MGH IRB
approvals were obtained and data collection of 10 controls and 10 ASD subjects is planned for
mid-May. Subjects are 6-12 years of age, verbal, and able to read the simple paragraph in the
speech protocol. Speech measures include phoneme- and articulatory-based features reflecting
fine neuromotor timing and coordination, while facial measures reflect neuromotor coordination
across muscle groups, effective in detecting various neurological conditions (Quatieri et al.,
2017). Temporal aspects of hand motion and pressure, also reflecting timing and coordination,
are extracted. Correlation analysis of these features across the three modalities, and their use in
detecting ASD, will be presented at the conference.
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Abstract: Background: The limbic system (LS) is associated with the regulation of fear (Anad
et. al 2005). Brain connectivity within the LS at rest is hypothesized to correlate with anxiety
(Mucci et. al, 2018) and hyperconnectivity with subcortical regions has characterized social
anxiety disorder (SAD; Arnold et. al, 2014). However, no studies have examined connectivity
transdiagnostically in individuals with comorbid Autism Spectrum Disorder (ASD+SAD), and it
is not known whether individuals with ASD+SAD show similar patterns of connectivity in the
LS compared to those without ASD. Objectives: To elucidate heterogeneous patterns of LS
connectivity in SAD across adolescents with varying degrees of social impairment. Specifically,
we used a graph theory approach, Group Iterative Multiple Model Estimation (GIMME) with
community detection on fMRI resting state data to examine whether LS connectivity can



robustly differentiate SAD, ASD+SAD, and controls (CON). Secondary analyses examine the
relationship between the LS and measures of social anxiety. Hypotheses: We predict that
individuals with ASD+SAD will share similar neural profiles within the LS, but that these
profiles will be separate from SAD alone and from CON participants. It is also hypothesized that
scores on measures of social anxiety will be distinct among diagnostic classifications. Methods:
20 children with each ASD+SAD, SAD only, and CON adolescents participated in this study
(N=60). Participants were matched on age (M=15.19) and FSIQ (M=108.38). Diagnoses were
confirmed with semi-structured clinical interviews. fMRI data were collected on a 3T TIMTrio.
Functional regions of the LS were identified via Neurosynth and included: bilateral amygdala,
thalamus, anterior cingulate cortex, and bilateral orbitalfrontal cortex. GIMME was used with
resting state data from each subject. Subsequently, a community detection algorithm was used to
identify subgroups characterized by LS connectivity patterns (Gates et al., 2014). Social anxiety
was measured via self-report with the Leibowitz Social Anxiety Scale-Child Adolescent (LSAS-
CA). Results: Analyses in progress define subgroups based on LS functioning. Additional
analyses will reveal relationships between social anxiety and LS connectivity. Preliminary results
on the LSAS-CA suggest significant group differences in social anxiety (p &gt;0.001), such that
CON had less anxiety than ASD (p = 0.030) and SAD (p &gt; 0.001). Conclusions: The results
will highlight the similarities in network activity in adolescents with anxiety and comorbid ASD.
Going forward these findings have an influence on treatment of SAD and SAD+ASD.
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Abstract: Background: Children with autism spectrum disorder (ASD) struggle with motor
impairments, and these motor impairments have been found to predict difficulties with
independent living skills and the severity of core social communication impairments. Motor skill
therapy may offer an effective but under-utilized approach to improve skills of children with
ASD. However, individuals with ASD have a unique motor learning style that necessitates
consistency in presentation, which is difficult for a human therapist to enact with fidelity. To
address this, we aim to develop a robotically-guided motor skill intervention paradigm for the
treatment of children with ASD. As the first step, we set out to determine whether the robot
could accurately detect performance differences between children with ASD and children with
typical development (TD). Objective: Use a robotically guided drawing task to examine drawing
and motor performance under varying visual-motor conditions in children with ASD compared
to children with TD. Methods: 20 children with ASD and 20 children with TD (10-12 years old)
completed the robotically guided drawing tasks, in which they used the robotic arm to draw
shapes on a computer screen mounted below a glass table. Participants drew 4 different shapes
(circle, square, star, and hexagon) under 3 visual-motor conditions (tracing the shape, copying
the shape from a model presented on a horizontal screen, and copying the shape from a model
presented on a vertical screen). Kinematic data from the hand, arm, and torso were collected, and
participants completed standardized motor and autism assessments. Results: Hierarchical linear
modeling (using the nested structure of the data) examined the root mean squared error of the
drawn shape compared to the model as a function of the condition and diagnostic group. A
significant interaction between condition and group emerged (p = .02). Groups performed almost
identically in the tracing condition but differed in the horizontal and vertical copying conditions.
Conclusions: The robotically-guided drawing task was able to detect motor performance
differences in children with ASD compared to children with TD, particularly when the to-be-
copied shape was out of the line of vision during drawing. This finding is consistent with
previous findings of atypical visual motor integration in ASD and indicates that many children
with ASD may benefit from an intervention aimed at enhancing visual motor integration during
motor tasks. Future analyses will examine the kinematic data and predictors of individual
differences that may inform personalization of the robotically guided motor intervention.
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Title: Distinct patterns of impaired contextual learning in autism spectrum disorders
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Abstract: Recent theoretical work suggests that certain behaviors displayed by individuals with
an autism spectrum disorder (ASD) reflect a diminished ability to use contextual information to
interpret current sensory information. Here we tested this hypothesis experimentally by
evaluating contextual learning in ASD and typically developing (TD) adolescent peers by
manipulating context across multiple sessions. Participants viewed a computer screen divided
into four quadrants, and were asked to search for a visual target (the letter “C”’) amongst letters
“I” and “F”, and to report the quadrant in which the target was located using a button box. A
total of 9 sessions of ~300 trials/session were completed by each participant. Unbeknownst to the
participants, contextual information about the target location was manipulated across sessions by
co-varying the number of I’s in a quadrant and the probability of the target being present in that
quadrant. In the first three and last three sessions, the number of letter I’s in a quadrant was
informative (context present), whereas in the middle three sessions, there was no contextual
relationship between the I’s and target location (no context). Search time as a function of the
proportion of informative cues in the target quadrant was used as a measure of contextual
learning. We found that the performance of TD participants modulated strongly and quickly with
the contextual changes. In contrast, the ASD participants showed impaired contextual learning
and greater heterogeneity in their learning profiles. Cluster analysis of the search time data
revealed two distinct groups of ASD learning profiles. The first group resembled the TD learning
profile in the magnitude of contextual learning, but when the context was turned off, they
showed a one session delay in disengaging from the context learned in the first three sessions.
The search times of the second ASD group did not modulate with context, indicating that they
did not learn the embedded context. The performance of this group could instead be explained by
a greater subjective saliency of low-level visual features of the search field. These results provide
experimental evidence for at least two distinct contextual learning profiles within the autism
spectrum, and have practical implications for the development of individualized treatments and
educational approaches to maximize behavioral therapy gains.
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components to the research domain criteria (RDoC) framework
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Abstract: The National Institute of Health’s Research Domain Criteria (RDoC) is a multi-level
research framework for investigating mental disorders. While not diagnostic, it aims to describe
where individuals fall on a spectrum of health in terms of biological and psychological
dysfunction in five domains: (1) negative and (2) positive valence systems, (3) cognitive
systems, (4) social processes, and (5) arousal and regulatory systems. Notably, the RDoC
framework is currently lacking a motor functioning domain, despite growing evidence of the role
motor functioning has been observed to play in various disorders, including autism spectrum
disorder (ASD) and schizophrenia. To test the utility of adding a motor and/or sensory domains
to the RDoC framework in order to characterize individuals with ASD, we attempted to use
machine learning to classify individuals with ASD according to various psychological measures
that (1) map onto current RDoC domains (positive and negative affect from the PANAS; anxiety
severity from the CASI-Anx; ADHD symptomatology from the Conners; identification,
communication, and externalizing of affect from the Alexithymia scale for children; empathy
from the IRI; affect recognition and theory of mind from the NEPSY'; and arousal from the PH-
C, then (2) onto indices of both motor (coordination from the DCDQ); postural praxis from the
SIPT) and sensory functioning (for different sensory categories from the SenSor); then (3) using
both traditional RDoC and sensorimotor measures combined. In a group of 35 children (16
diagnosed with ASD), a support vector machine-based decoder using current RDoC domains
classified children with ASD versus neurotypical controls with 85.7% classification accuracy.
Motor measures alone were largely successful, with 74.3% classification accuracy. The addition
of sensory processing to the motor measure improved classification accuracy to 85.7%,
supporting the inclusion of sensory processing measures as well as motor measures. RDoC
classification improved with sensory measures added (88.6% accuracy) and even more with
motor measures added (91.4% accuracy). The combined use of all three - current RDoC, motor,
and sensory measures - matched the accuracy of RDoC plus motor measures (91.4% accuracy).
This suggests that all components work together to capture the heterogeneity of functioning in



our ASD sample. These results support the utility of adding both motor and sensory domains to
the RDoC framework for characterizing ASD.
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Title: Monkey see monkey do: Decreased spontaneous entrainment to rhythmical movement in
children with autism
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Abstract: During social interactions, typically developing children (TDC) and adults
spontaneously entrain their movement rhythm to others and such synchronization facilitates
prosociality and bonding. To explore these links in autism spectrum disorders (ASD) —a
neurodevelopmental disorder marked by social interaction and motor imitation deficits— we
examined motor entrainment to external visual rhythms in the absence of any instruction to do
S0.

Hypothesis 1: Children with ASD will show less motor entrainment than TDC.

Hypothesis 2: Among children with ASD lesser motor entrainment will correlate with autism
severity in Autism Diagnostic Observation Scale.

Preliminary data includes thirteen 8-12 year-olds (9 ASD, 4 TDC) matched on IQ. In the study,
children moved their arms in a certain way to “collect food for the monkey in the video” while
the monkey character moved in time to 3 prefixed speeds: 0.75Hz, 1Hz, 1.25Hz in three 90 sec
rounds (counterbalanced). To ensure all children could move to these speeds a final round was
played in which children purposely tried to synchronize with the monkey. We recorded
children’s movements using Microsoft Kinect Xbox interface, obtained xyz coordinates using iPi
Motion Capture software and calculated periodograms on MATLAB. To analyze entrainment
levels, we assessed the difference between the children’s movement frequency and the stimulus
frequency.

No group effect on peak frequencies was found in the elicited round; hence all children could



perform the speeds presented. In line with Hypothesis 1, frequency difference scores showed less
entrainment to the stimuli in children with ASD than in TDC (Fig 1, p <.0001). Analyses of
mean power at +/-10% of stimulus frequency further supported Hypothesis 1 revealing that TDC
moved more consistently and distinctly at the stimulus frequency than children with ASD (p <
.0001). As per Hypothesis 2 higher autism severity was correlated with lesser entrainment (r = -
.69, t(7) =-2.53, p =.04). Overall, our findings support spontaneous motor entrainment to visual
rhythms as a biomarker for diagnosis and treatment of ASD.

Mean frequency difference
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Fig 1. Mean frequency difference scores for ASD and TDC, with lower values indicating
better entrainment with the stimulus.
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Title: Acoustic properties of early life ultrasonic vocalizations are altered in the valproic acid rat
model of autism
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Abstract: Background: Early vocalizations and infant voice quality have been a research focus
for early detection of autism spectrum disorder (ASD). Studies have examined social and
behavioral impairments in animal models of ASD, though few have assessed parallel
communication deficits or analyzed acoustic patterns of ultrasonic vocalizations (USVSs) in rat
models of ASD.

Objectives: This study investigated potential developmental differences in early life
vocalizations between valproic acid (VPA)-exposed and control rat pups. We hypothesized that
VPA-exposed pups would exhibit developmental delays in USV communication, emitting fewer
USVs and expressing stunted acoustic development that mirrors the pre-speech delays seen in
high risk, pre-ASD children.

Methods: Dams (VPA n=22, control n=20) received oral gavage of 500 mg/kg VPA or saline on
embryonic days 11, 12, and 13. Five-minute recordings of VPA-exposed (n=54-74) and control
(n=51- 75) pups in isolation were collected on postnatal days (P) 7, P11, and P14 using
Sonotrack USV recording equipment. We examined USV number, duration, frequency, and
structure at each postnatal day, emphasizing a comprehensive examination of acoustic property
development within the VPA ASD model.

Results: VPA pups, compared to controls, called less on P7 (t1s0=4.31, p<0.001) and P11
(t139=2.88, p<0.005) but showed no difference in number of calls on P14 (t103=0.56, p>0.05).
VVPA pups emitted more high frequency USVs. A three-way interaction was found between
treatment, age, and frequency bin (Fg, 3230=6.0, p<0.001). Post hoc ANOVAs showed an
interaction between treatment and frequency bin at P7 (Fg1177=7.18, p<0.001), P11
(Fs,1112=13.08, p<0.001), and P14 (Fgg24=4.89, p<0.001). VPA pups showed a differential
distribution of USV structure at P7 (F1,35=864.81, p<0.05). Post hoc analysis revealed an
interaction between treatment and call type in males for Short (t1041=2.35, p<0.05), Flat
(t16.47=2.78, p<0.05), Up (t10.99=2.19, p<0.05), and Down structures (t1063=3.95, p<0.01), but
only Short structures (ts.41=2.93, p<0.05) in females. While prenatal \VPA exposure did not alter
USV duration, the pattern of duration changed from P7 to P11 to P14 for both VPA and controls.
Conclusions: Prenatal exposure to VPA alters early life vocalizations and may alter
communication development in rat pups. These USV abnormalities may decrease functionality,
differentially impact maternal behavior, and serve as a potential predictive factor of future ASD-
like symptoms. Our study emphasizes a more complex analysis of USVs and supports using
early life vocalizations as a potential form of early detection in both models and humans.
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Title: Age- and sex-specificity of deficits in the Pcdh10 mouse model relevant to autism
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Abstract: Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder that affects nearly
five times as many males as females. The protocadherin 10 gene (PCDHZ10) has been linked to
ASD and is highly expressed in the amygdala and striatum. It encodes for an activity-dependent
cell adhesion molecule involved in dendritic spine development. We previously reported that
juvenile male mice (28-32 d) heterozygous for a deletion of Pcdh10 (Pcdh10*") exhibit deficits
in a social approach task. Recently, we found that these deficits are ameliorated in adults (60-90
d), a phenomenon of social improvement also observed in individuals with autism. However, the
cognitive deficits we have recently observed, in both contextual and cued fear conditioning, are
present before and after puberty. These behavioral impairments, as well as amygdalar
abnormalities we previously reported, including decreased expression of NMDAR and increased
spine density, are observed in males only. Future studies will address the mechanisms involved
in the age- and sex-specificity of the social and cognitive deficits.
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Title: Sensorimotor gating and social behavior in adolescent ratsexposed to poly i:c maternal
immune activation at mid-gestation
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Abstract: Maternal infection during pregnancy is associated with an increased risk of
neurodevelopmental disorders such as autism spectrum disorder (ASD) and schizophrenia in the
offspring. Interestingly, the association of multiple infections with similar disorders points to a
common underlying mechanism for infection's effects on brain development. Results from
rodent research have shown that a pathogen-free immune response during pregnancy is sufficient
to cause symptoms linked to ASD and schizophrenia in the offspring, and that behavioral
changes mainly manifest in adulthood. We used polyinosinic:polycytidylic acid (poly I:C)
maternal immune activation (MIA) at Gestation Days (GD) 9.5 or 14.5 to more specifically
describe the sensorimotor gating phenotype of the poly I:C model and investigate whether this
phenotype is associated with aberrant social behavior in Sprague Dawley rats during adolescence
and adulthood. Sensorimotor processes were measured through open field locomotor activity in
addition to habituation and multimodal (auditory and visual) prepulse inhibition (PPI) of the
acoustic startle response, while social novelty preference was measured in the three-chamber
test. Results from MIA-exposed offspring show GD and sex-specific effects of MIA on startle
reactivity, visual PPI and locomotor activity but no impairment in habituation of startle and
social novelty preference. These results extend on past MIA studies, particularly in the specific
characterization of PPI deficits across different stimuli.
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Abstract: Infection and inflammation during pregnancy are risk factors for neurodevelopmental
disorders such as autism. In rodent models, maternal immune activation (MIA) causes
phenotypes in offspring that resemble many features of this human disorder, but the pathogenic
mechanisms remain unclear. Inflammatory cytokines can upregulate the tryptophan metabolizing
enzyme indoleamine 2,3-dioxygenase (IDO) which increases kynurenine metabolite levels, and
experimentally increasing kynurenine levels of pregnant dams causes developmental
consequences in the offspring. Therefore, we hypothesized that MIA-induced upregulation of
IDO during gestation is a pathogenic mechanism by which fetal neurodevelopment is disrupted
and autism-like phenotypes develop. Pregnant female IDO-/- mice or control C57BL/6J mice
were administered 20 mg/kg polyinosinic:polycytidylic acid (PIC) or saline i.p. on gestational
day 12.5. At post-natal day 7, isolation-induced ultrasonic vocalizations were recorded from
pups after a brief separation from their dams. WT-MIA offspring exhibit decreased the number
of vocalizations when compared to WT-Saline pups. IDO -/- animals did not exhibit a PIC-
induced decrease in vocalization. Preliminary analysis of sound spectrograms shows that WT-
PIC offspring display differences in the vocalization repertoire when compared to WT-saline
pups characterized by fewer downward syllables and increased two-syllables.
Repetitive/stereotypic behavior was also assessed, and IDO-/- offspring of PIC treated dams
exhibited less repetitive grooming than WT pups of WT-PIC dams. Our data suggest that IDO
plays a role in the development of communication deficits and repetitive behavior in the MIA
model.

Disclosures: D.S. Coelho: None. A. Tran: None. J. O'Connor: None.

Poster

368. Behavioral Analyses of Autism in Humans and Rodent Models
Location: SDCC Halls B-H

Time: Monday, November 5, 2018, 1:00 PM - 5:00 PM

Program #/Poster #: 368.28/C20

Topic: A.07. Developmental Disorders

Support: SFARI

Title: Deficits in learning are common across multiple mouse models of autism
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Abstract: Autism Spectrum Disorders (ASDs) are a set of neurodevelopmental disorders that
cover a wide range of symptoms. The overall prevalence of ASDs continues to increase and is 4
times more common in males than females. Given the role of striatal and cortical deficits in
ASDs and the large discrepancy in prevalence rates, the current experiments will assess different
genetic mouse models in distinct learning and memory paradigms. The mouse models may
include 16p11.2 microdeletion animals, which is the most common genetic link with ASD,
CNTNAP2 knockout animals, and Shank3b knockout animals. All models will be trained in
several distinct behavioral paradigms including operant conditioning, fear conditioning, social
activity, and novel object recognition. Preliminary data suggests deficits in mutant mice in
reward learning procedures and potentially reduced motivation as measured by a progressive
ratio task. Overall, these preliminary findings suggest impaired goal-directed learning in males of
3 different ASD-linked genotype mouse models. Continuing work will demonstrate the depth
and breadth of the deficits seen in mutants across behavioral procedures and tasks. Determining
the mechanisms for these dysfunctions and understanding the sex-specific nature of these deficits
are promising avenues for developing specific, targeted therapeutics for ASDs and other
neurodevelopmental disorders.
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Title: Fluoxetine alleviates effects of stress in pregnant mice but increases repetitive behaviors
and reduces hippocampal synaptic plasticity in adult male and female offspring
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Abstract: Autism spectrum disorder (ASD) is characterized by social and communication
impairments as well as restricted and repetitive behaviors (RRBs). RRBs can be exhibited as
stereotyped motor behaviors or reduced behavioral flexibility. The increased prevalence of ASD



in recent decades and the heterogeneity of symptom severity may arise from a complex
interaction of environmental and genetic risk factors that induce alterations in synaptic function.
The present study investigated in C57BL/6 (B6) mice examined whether restraint stress and/or
treatment with selective serotonin reuptake inhibitor (SSRI) in pregnant females affects self-
grooming behavior, behavioral flexibility, and/or hippocampal synaptic plasticity in male and
female offspring. Pregnant female mice were subjected to chronic restraint stress from
gestational days 4-18 (three daily 30-minute sessions) and/or administered fluoxetine
(0.3mg/kg/day) on days 8-18. Offspring were tested as young adults (7 weeks of age) on self-
grooming behavior and learning to inhibit a prepotent response in a spatial discrimination task.
Offspring were also tested for alterations in long-term potentiation (LTP) induced by theta burst
stimulation (TBS) of Schaffer-commissural synapses in hippocampal slices. The results indicate
that restraint stress reduces preference for sucrose reward and suppresses weight gain in pregnant
dams; these effects were reversed by fluoxetine. However, combined maternal stress and prenatal
SSRI exposure increased self-grooming in both male and female offspring. These offspring also
exhibited impaired behavioral flexibility in a spatial discrimination test. LTP in hippocampal
field CA1 was reduced in offspring of dams subjected to restraint stress, SSRI exposure, or both
treatments, relative to offspring of non-stressed, vehicle-treated dams. The findings suggest that
restraint stress, which may model depression, combined with SSRI treatment during pregnancy
increases RRBs and reduces hippocampal synaptic plasticity in adult offspring. Understanding
the mechanisms by which maternal stress and SSRI exposure during pregnancy affect brain
development in offspring is critical for better comprehension of ASD pathophysiology and may
lead to the development of more effective treatments.
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Abstract: Previous research has shown that a gluten-free diet can have an effect on symptom
reduction in children with autism spectrum disorder (ASD) (Knivsberg, Reichelt, Hgien, &
Ngdland, 2003; Pennesi & Klein, 2012). Pennesi and Klein (2012) found that strict adherence to



a gluten-free diet for children with ASD led to an increase in social behaviors and a decrease in
unusual, stereotyped behaviors compared to children who did not strictly adhere to the diet. In
addition, the longer that the diet was implemented, the greater were the change in symptoms.
Knivsberg et al. (2003) also found that after a 1-year gluten-free diet intervention, children with
ASD on a gluten-free diet showed significant improvement in social behavior and unusual
behaviors over a control group. These improvements included improved communication and
social interaction and decreased isolation and stereotypic behaviors. The present experiment
therefore was an exploratory experiment designed to examine social behaviors in male Sprague-
Dawley rats that were on either a gluten-free (n = 2) or a high-gluten (n = 4) diet for 7 weeks.
The rats were approximately 3 months old at the time of testing. The rats were placed into a
plastic apparatus divided into two halves, with one half containing a clear plastic container with a
nontarget rat underneath. Each target rat experienced a 3 min trial, and time spent in both the
empty half and the half of the apparatus with the nontarget rat were recorded, as well as approach
behaviors to the nontarget rat. The results showed that the high-gluten diet rats approached the
nontarget rat significantly more times than the gluten-free rats. There were no differences
between time spent in each side of the apparatus for the two groups; however, there was a slight
tendency for gluten-free rats to spend more time on the nontarget side of the apparatus. These
findings are inconsistent with the literature on children with ASD and gluten-free diets and the
effects on social behavior. However, there were a total of 6 rats used in the present study, and the
rats used were not a model of ASD. More data collection is anticipated.
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RNAs
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Abstract: The neuronal RNA-binding protein (RBP) HuD is involved in multiple steps of
neuronal differentiation from neurogenesis to axonal and dendritic development and remodeling.



Post-transcriptional regulation of genes involved in neuronal development and plasticity is
particularly relevant in neurons. RBPs not only bind to mRNAs but also interact with circular
RNAs (circRNAS), a class of non-coding RNAs generated by pre-mRNA back-splicing. Due to
their high expression in synaptic terminals, circRNAs are likely to be involved in neuroplasticity.
Different RBPs control circRNAs production (e.g., MBL, QKI, ADAR1) or bind to circRNAS
(e.g., FMRP, EIF4AIIl, HuR). This study was aimed at exploring whether HuD regulation of
circRNAs levels may be linked to synaptic plasticity and neuronal development. HuD controls
target RNA’s fate by binding to Adenylate-Uridylate Rich Elements (ARE). Using
bioinformatics analyses, we searched for ARE sequences in all mouse circRNAs and found
consensus HuD binding motifs in about 29%. By RNA immunoprecipitation (RIP) followed by
circRNA arrays, we identified over 600 circRNAs bound by HuD. Pathways analysis showed an
enrichment of HuD targeted circRNAs in genes regulating synapse density and central nervous
system development (15.8%), neurites growth (14.3%), congenital brain malformations and
dendrites morphogenesis (10.5%). To test whether HuD interactions with circRNAs could lead to
changes in their levels, we analyzed differentially expressed circRNAs in HuD overexpressor
(HuDog) and HuD KO (Elavl4 ) mice compared to wild type (WT) mice. Cross-correlations
analyses of circRNAs altered in HuDoe and Elavl4 - revealed that HuD selectively regulates
circRNAs deriving from neurogenesis and plasticity-related genes within the same biological
pathways identified in the HuD RIP. These include: Brwd1 and Foxpl, associated with
neurodevelopment disorders and autism; Ntrk3 neurotrophic receptor kinase; MapZla involved in
neuronal development and regeneration; Dock10 regulating dendritic spines morphogenesis;
Magil and Lppr4, members of the Plasticity Related Genes (PRGs) and membrane-associated
guanylate kinases (MAGUKSs) families respectively, controlling synaptic development and
linked to psychiatric disorders. Interestingly, the linear counterparts of some of these circRNAs,
such as Brwd1, Foxpl and Ntrk3, are listed in the ARE gene database (ARED) and likely
targeted by HuD. Collectively these data suggest that HuD interactions with circRNAs regulates
their biogenesis, and that the ensuing changes in HuD-targeted circRNAs and mRNAs may be
related to altered neurogenesis and neuroplasticity.
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Title: RNA binding proteins and circular RNAs are linked to nucleus accumbens gene
expression changes during environmental enrichment following prolonged abstinence from
cocaine self-administration
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Abstract: Aberrant neuroadaptative changes during the establishment of drug addiction are
thought to involve alterations in post-transcriptional mechanisms controlling neuroplasticity in
specific neural circuits. Multiple RNA binding proteins (RPBs), including neuronal HuD, have
been previously associated with substance use disorders (SUD). Not only are HuD and many of
its targets listed in the Knowledgebase of Addiction related genes (KARG) database, but HuD
levels are also altered after cocaine exposure. Previous work by our group has shown that
increased cocaine seeking after prolonged abstinence following cocaine-self administration is
attenuated by environmental enrichment (EE); and that these changes in behavior are linked to
changes in the expression of specific genes. RNA-seq analysis of gene expression in the nucleus
accumbens (NAc) of EE animals compared to an isolated group, after 21 days of cocaine
abstinence, demonstrated that differentially expressed genes are enriched in pathways involved
in nervous system development; particularly synaptic transmission, neuronal differentiation, and
axonogenesis. In this study, we aimed to explore whether HuD interaction with circular RNAs
(circRNAs) could regulate gene expression during EE-induced neuroplasticity. CircRNAs are
not only likely involved in synaptic plasticity and neurodevelopment, but also contain numerous
consensus regulatory sequences for RBPs and microRNAs. Bioinformatics analyses from the
same RNA-seq data identified several circRNAs that were linked to EE. Concurrently, analysis
of circRNAs bound by HuD (see Dell’Orco et al, associated poster) showed that about 18% were
derived from genes in KARG. Furthermore, using circRNA array data from HuD knock-out
(KO) versus wild type mice, we were able to confirm that HuD also altered target circRNA
expression. The set of genes that were targets of HuD or differentially expressed in HuD KOs
were then compared with genes whose expression correlated with lever presses in the EE group.
Specifically, we found that 87 of the circRNASs that were significantly downregulated in HuD
KO mice and 49 of the bound circRNAs were associated with the EE gene set. These common
genes belong to the same biological pathways that regulate synaptic plasticity and neuronal
development. These analyses allowed us to generate a list of possible circRNAs targeted by HuD
whose levels are altered during neuroadaptive processes induced by EE. Uncovering HuD
regulation of circRNAs levels linked to the effect of EE on cocaine seeking can potentially
reveal therapeutic targets to reduce drug craving and relapse.
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mouse model
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Abstract: Background: Studies in both humans and animal models have implicated interleukin-
17 (IL-17) as a key pro-inflammatory cytokine in multiple psychiatric disorders and
neurodevelopmental processes, respectively. In humans, both increased activity of Th17
lymphocytes and elevated blood levels of IL-17A have been linked to ASD and its severity. In
animals, studies have implicated IL-17A signaling as being necessary for the offspring effects of
viral infection during pregnancy, including behavioral phenotypes related to ASD. Offspring
effects of chronic prenatal IL-17 exposure, however, have not been evaluated.

Method: C57BL/6 dams were chronically administered IL-17 (25ng/hr) via subcutaneous
osmotic minipump (Alzet) throughout pregnancy. Some offspring tissues were collected at
embryonic day 18 (E18), and some in adulthood. RNA-sequencing (Illumina HiSeq 4000) was
performed on sexed, neocortical tissues across two lanes (approx. depth/lane: 15000). Gene-wise
data analyses were conducted using Kallisto (used sequence based bias correction) and Sleuth.
E18 and adult tissues were also analyzed for morphology via unbiased stereology and optical
fractionator (Stereolnvestigator). Behavior was assessed [three-chamber social task, open field,
elevated plus maze, prepulse inhibition (Anymaze, SDI Lab)] in adult offspring.

Results: RNA-seq results demonstrated that there were significant, sex-specific changes to E18
neocortical gene expression with IL-17 exposure across four litters per group (320 genes were
differentially expressed in males and none in females; n=4,4 per group, per sex). These altered
transcripts were significantly enriched for ASD-related genes (37 matched ASD-related genes
from the Simons Foundation Autism Research Initiative genes database). IL-17 male and female
offspring had lower body weight at E18, as did males as adults. E18 males had smaller
neocortical volume at E18 and as adults (total cell and neuronal density were unchanged).
Additionally, IL-17 offspring exhibited male-specific social approach deficits and reduced
anxiety-like behavior, though locomotor and sensorimotor gating behaviors were unaltered.
Conclusions: We report here that chronic IL-17 exposure during gestation was sufficient to result
in ASD-like phenotypes in male offspring, including altered embryonic and adult neocortical
size, embryonic neocortical gene expression signatures, and adult behavior. This echoes the male



bias and some altered cortical development and behavioral findings in the human ASD literature,
suggesting that chronic prenatal IL-17 may serve as a robust ASD model and be a factor in
altered neurodevelopment.
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Title: Investigation of Foxp2 function in layer 6 corticothalamic neurons
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Abstract: Humans rely on language to convey information and form social bonds, but the
neurobiology underlying this ability remains largely uncharacterized. One of few genes known to
play a role in speech and language is FOXP2, which encodes a transcription factor expressed in
the brain from development into adulthood. In the cortex, a brain region essential for language
and cognition, layer 6 corticothalamic neurons comprise the major Foxp2-expressing cell type,
yet few studies have investigated its function in these cells. Thus, we aimed to identify Foxp2-
driven gene expression networks and neuronal functions in layer 6 corticothalamic neurons.
Using single-cell RNA-seq of these neurons in mice lacking cortical Foxp2, we identified gene
expression alterations related to neuromodulatory signaling. Furthermore, while mice lacking
cortical Foxp2 show normal cortical morphology and emit normal vocalizations throughout their
lifespan, they display behaviors suggesting cognitive inflexibility. Altogether our data show that
Foxp2 may promote gene expression programs in corticothalamic neurons that underlie cognitive
functions beyond innate vocalization abilities. Understanding the cortical role of Foxp2 will
provide insights into language circuitry and the etiology of language-disrupting disorders of
cognition.
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pathways critical to brain development
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Abstract: Variants in the X-linked gene USP9X have been associated with intellectual disability
(ID) in both males and females. Nineteen mutations causing haploinsufficiency of USP9X in
females with ID, congenital malformations and recognisable brain abnormalities have been
reported. In males, only three missense mutations associated with 1D had been reported, and
another two associated with seizures, and as such the involvement of USP9X in male ID
remained less certain. Here we report an additional 12 likely pathogenic USP9X missense
variants in male ID cases, and an additional 25 variants of unknown significance for which in-
silico prediction and allelic frequency data align well with pathogenicity. We describe an
expanded phenotypic spectrum associated with USP9X missense mutations in males in which
speech delay, hypotonia, seizures, autistic behaviour, aggressiveness and visual impairment were
frequent. We also resolve a severe learning and memory deficit in our USP9X knockout mouse
highlighting its utility to understand mechanisms of patient pathology. As a deubiquitylating
enzyme, USP9X protects its substrates from proteasomal degradation. We previously reported
altered levels of multiple USP9X substrates which regulate neurodevelopmental signalling
pathways in embryonic brains of USP9X knockout mice. Furthermore, we show these pathways
including mTOR, WNT, NOTCH and TGFp are disrupted. We now identify several key
substrates including SMURF1 and RAPTOR are also depleted in a panel of patient-derived
fibroblast cells lines, with associated disruption to their respective signalling pathways TGFp and
MTOR. Collectively, our data demonstrate the involvement of USP9X in male ID and other



neurodevelopmental disorders, and identify mechanisms of pathogenesis centred on disrupted
signalling pathways critical to normal brain development.
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Title: Chd2 is necessary for neural circuit development and long-term memory

Authors: *Y. KIM!, S. KHOSHKHOOQ?, S. ABBASI*, J. C. FRANKOWSKI?, S. LEES, B.
ZHU® Y. E. WU’, R. F. HUNT®

2Anat. & Neurobio., *Univ. of California Irvine, Irvine, CA; 3Univ. of California, San Francisco,
San Francisco, CA; “Anat. and Neurobio., °Univ. of California, Irvine, Irvine, CA; 8Anat. &
Neurobio., UC Irvine, Los Angeles, CA; "UCLA, Los Angeles, CA

Abstract: Considerable evidence suggests loss of function mutations in the chromatin
remodeler, CHD2, contribute to a broad spectrum of human neurodevelopmental disorders.
However, it is unknown how CHD2 mutations lead to impaired brain function. Here we report
mice with heterozygous mutations in Chd2 exhibit deficits in neuronal proliferation and a shift in
neuronal excitability that included divergent changes in excitatory and inhibitory synaptic
function. Further in vivo experiments show Chd2*"- mice displayed aberrant cortical
rhythmogenesis and severe deficits in long-term memory, consistent with phenotypes observed
in humans. We identified broad, age-dependent transcriptional changes in Chd2*" mice,
including alterations in neurogenesis, synaptic transmission and disease-related genes. We
replicated our results in a second, independent cohort of mice with Chd2 haploinsufficiency only
in inhibitory interneurons and are now evaluating interneuron-based rescue experiments designed
specifically for Chd2*". Our results demonstrate a critical role for Chd2 in neurodevelopment
and provide initial insight into how Chd2 haploinsufficiency leads to aberrant cortical network
function and impaired memory.
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Title: Late stage embryonic disruption of Dnmt3a activity in pyramidal neurons alters
glutamatergic transmission in frontal cortex
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Abstract: DNA methylation is critical for regulating gene expression and establishing cell-type
specificity. It occurs mainly in a cytosine-guanine (CG)-dinucleotide context, but brain tissue
also contains a substantial amount of non-CG methylation (MCH). The accumulation of mCH
depends on Dnmt3a, a de novo methyltransferase, whose levels peak at a time of intense
synaptogenesis and neuronal maturation - the second postnatal week in mice. The dysregulation
of Dnmt3a activity might, therefore, play an important role in the pathophysiology of
neurodevelopmental disorders, such as autism or schizophrenia.

Previously, using a pyramidal-cell specific Dnmt3a knockout mouse, in which the conditional
deletion occurs during the late embryonic stage (around embryonic day E15), we showed that the
disruption of Dnmt3a activity caused the differential expression of nearly 1,000 genes in the
medial prefrontal cortex (mPFC), a significant fraction of which were synapse or morphology
related. Consistently, these mice presented sustained neurodevelopmental disease-related
phenotypes, such as impaired working memory and sociability.

Our current results suggest two levels at which neural physiology might be compromised by the
disruption of Dnmt3a expression. Firstly, we found that Dnmt3a-deficient pyramidal neurons in
the mPFC were significantly hypoexcitable. Secondly, we observed a tendency for a greater
variability in the amplitude of miniature excitatory postsynaptic currents onto those neurons,
indicating possible impairments in the postsynaptic element.

In light of these findings, the detailed morphological and physiological analysis of the synapses,



which is currently underway, will further help understanding how Dnmt3a dysfunction might be
involved in the molecular underpinnings of neurodevelopmental disorders.

Disclosures: A. Pinto-Duarte: None. J. Li: None. C. Lai: None. C. Luo: None. J. Lucero:
None. T.J. Sejnowski: None. E.A. Mukamel: None. S.B. Powell: None. J.R. Ecker:
None. M.M. Behrens: None.

Poster

369. Mechanisms of Developmental Disorders: Animal Models
Location: SDCC Halls B-H

Time: Monday, November 5, 2018, 1:00 PM - 5:00 PM

Program #/Poster #: 369.08/C30

Topic: A.07. Developmental Disorders

Support: MEXT, JSPS KAKENHI 19500269
MEXT, JSPS KAKENHI 25500288
MEXT, JSPS KAKENHI 21249013
MEXT, JSPS KAKENHI 15H05721
Innovative Cell Biology by Innovating Technology (Cell Innovation), MEXT, JSPS
a Core Research for Evolutional Science and Technology (CREST) grant from JST
the Japan Agency for Medical Research and Development (AMED)

Title: Dysfunction of RNA-binding protein Sfpg causes long-gene transcriptopathy in the brain
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Abstract: From an evolutionary perspective, the pre-mRNA transcripts of vertebrates are
comparatively expanded, and in mammals, genes preferentially expressed in the brain have
significantly longer introns. Longer genes present a novel problem with respect to fulfilment of
gene-length transcription and evidence suggests that dysregulation of long genes is a mechanism
underlying neurodegenerative and psychiatric disorders, such as amyotrophic lateral sclerosis
(ALS), frontotemporal lobar degeneration (FTLD), autism spectrum disorder (ASD), or Rett
Syndrome. These observations have yielded the hypothesis that some neurodegenerative and
psychiatric diseases are in fact “long-gene diseases” or “long genopathies.” Yet, it has remained
unclear what mechanism specifically regulates long genes to ensure their long-distance
transcription. Here, we report the discovery that RNA-binding protein Sfpq is a critical factor for
maintaining transcriptional elongation of long genes (Takeuchi et al., Cell Reports 2018).

In mouse embryos, Sfpg was robustly expressed in the whole central nervous system including
the spinal cord. In the cerebral cortex, Sfpg was specifically expressed in naive cortical plate,
where newly generated neurons are maturing, suggesting its crucial functions for the
development of cerebrocortical neurons. Genome wide binding mapping using in vivo



crosslinking and immunoprecipitation (CLIP) indicated that Sfpg co-transcriptionally bound to
the target pre-mRNAs. Loss of Sfpq dramatically reduced the expression of pre-mRNAs >100
kbp in length, which we have termed “long-gene transcriptopathy”. Mechanistically, we
demonstrated that Sfpq is required for sustaining long-gene transcription by RNA polymerase Il
through mediating interaction of cyclin-dependent kinase 9 with the elongation complex.
Phenotypically, Sfpg disruption caused neuronal apoptosis in developing mouse brains.
Expression analysis of Sfpg-regulated genes revealed specific downregulation of
developmentally essential neuronal genes longer than 100 kbp in Sfpg-disrupted brains; those
genes are enriched in associations with neurodegenerative and psychiatric diseases. The
identified molecular machinery yields directions for targeted investigations of association
between long-gene transcriptopathy and neuronal diseases.
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Title: Perturbation of overall activity of mTOR pathway in mouse model of focal cortical
dysplasia
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Abstract: Focal cortical dysplasia (FCD) is neurodevelopmental disorder associated with drug-
resistant epilepsy. Histopathological spectrum of FCD is broad, including cortical dyslamination
in the absence or presence of significant cellular defects, FCD Type I and Type Il respectively.
Somatic mutations in mTOR pathway genes such as MTOR, TSC1 and TSC2 have been found in
FCD type Il however, a clear genotype-phenotype correlation has not been established to explain
FCD type I. In this study, we found that the severity of developmental defects is associated with
the overall activity of the mTOR pathway. In developing mouse brain, ectopic overexpression of
gain-of-function mutations in the components of upstream mTOR pathway caused cortical
dyslamination and cellular defects seen in FCD type I, whereas expression of wildtypes caused
cortical dyslamination only. We now aim to characterize transcriptional profiles to reveal the



molecular mechanisms underlying phenotypic differences caused by the perturbation of overall
activity of mTOR pathway.
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Title: FOXP1 regulates cell-type specific molecular pathways and function within striatal
projection neurons
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Abstract: De novo, loss-of-function mutations in the transcription factor FOXP1 are among a
handful of significant, recurrently-hit genes found in autism spectrum disorder (ASD). We
previously reported that a Foxp1 haploinsufficient mouse model (Foxp1*") not only exhibited
brain-region selective impairments within the striatum, but cell-type specific deficits particularly
within dopamine 2 receptor (D2) expressing spiny projection neurons (SPNs). We therefore
hypothesized that Foxpl might govern striatal molecular pathways at risk in ASD, particularly
within D2 SPNs. To test this, we deleted Foxpl from either D1, D2, or both neuronal populations
in mice and used a combination of single-cell RNA-sequencing (scCRNA-seq), physiological, and
behavioral assays to better understand the cell-type specific mechanisms regulated by Foxpl
during striatal development. We found that Foxpl is crucial for specifying a subset of D2 SPNs
and D2 SPNs that remained are hyperexcitable with loss of Foxpl. Using sCRNA-seq, we then
identified the cell-type specific targets of Foxpl and found that genes encoding KCN-family
potassium channels were downregulated specifically in D2 SPNs. We also found evidence for
cell-type specific alterations in striosome-matrix compartmentalization with loss of Foxpl in D1
neurons. In addition, non-cell autonomous changes occurred with deletion of Foxpl in D2 SPNs
specifically, including changes in local parvalbumin and calretinin positive interneuron
populations. We connect these molecular findings to cell-type specific deficits in motor and
limbic system-associated behaviors, including motor-learning, ultrasonic vocalizations, and fear
conditioning. These results offer novels insights into the cell-type specific molecular pathways



regulated by Foxpl during striatal development and provide the first evidence that Foxpl
specifies a subpopulation of D2 SPNs.
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Title: Role of Sirt2 in oligodendrogenesis in white matter after neonatal hypoxia
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Abstract: Diffuse white matter injury (DWMI) is a major form of brain injury, which results in
chronic neurological and behavioral disabilities in prematurely born infants, including a broad
spectrum of cognitive and learning disabilities until young adulthood. Using a mouse model of
neonatal hypoxia, we have previously demonstrated delayed oligodendrocyte (OL) maturation in
white matter controlled by the p27K}/Foxo1 pathway. Since Sirt2 is implicated in OL
maturation, we determined whether neonatal hypoxia altered Sirt2 expression and function in
white matter. We found that hypoxia reduced Sirt2 expression and the number of Sirt2* cells in
white matter. The number of Sirt2*Olig2™ cells decreased after hypoxia, but NG2*Sirt2™ cells
remained unchanged, indicating that hypoxia may affect Sirt2 primarily in mature OLs. Indeed,
we observed a significant reduction of Sirt2 expression in mature CC1* and CNP*
oligodendrocytes after hypoxia. Since Sirt2 sSiRNA treatment of cultured OL progenitor cells
(OPCs) reduced percentages of Olig2*, GalC™, and O4" cells, it is likely that hypoxia-induced
decrease in Sirt2 prevents OL differentiation. To uncover possible molecular mechanisms
underlying OL dysmaturation mediated by Sirt2 changes, we investigated the p27<*/FoxO
pathway using immunoprecipitation. We found that the Sirt2/FoxO1 complex and deacetylated
FoxO1 were reduced by hypoxia. Conversely, hypoxia enhanced formation of the Sirt2/FoxO3a
complex, but reduced deacetylated FoxO3a levels. Since FoxO1 deacetylation regulates its
activity, these changes induced by hypoxia suggest that reduced Sirt2-mediated deacetylation of
FoxO1 reduces p27XiP! expression in injured white matter. These findings demonstrate that the
functional involvement of Sirt2 may provide a link between enhanced OPC proliferation and
delayed OL maturation in hypoxia-induced white matter damage.
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Title: Neonatal death of conventional adenylyl cyclase 3 knockout pups
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Abstract: Primary cilia are microtubule-based organelles found on most mammalian cells,
which function as signaling hubs for many physiological functions including sensation and
development. Type 11l adenylyl cyclase (AC3) is highly expressed in olfactory cilia and neuronal
primary cilia in the brain. While AC3 in olfactory cilia is known to mediate olfactory signal
transduction, its function in primary cilia in the brain and other tissues remains unclear. An AC3
conventional knockout (KO) mouse line in C57BI/6 background has been developed. We
observed that most homozygous AC3 KO pups die within hours of birth (neonatal death). To
identify the cause of neonatal death and to investigate if AC3 play a role in embryonic
development E19 and PO KO mice were compared to wildtype littermates and no differences in
size or external morphological deformities were observed. PO mice were sectioned and stained to
look for possible internal malformations such as short rib thoracic dysplasia or other deformities
but no gross defects were found and brain structures were almost identical between KOs and
WTs. AC3 KO pups do not display cyanosis or pulmonary hypoplasia either, indicating normal
pulmonary development. However, AC3 KO pups did not present milk spots in the belly and
lacked movement coordination. We conclude that the neonatal death of AC3 KO pups is caused
by lack of nourishment due to loss of smell, but not by AC3 ablation in other tissues.
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Title: De novo mutations cause West syndrome and their pathophysiological effects
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Abstract: Trio-based whole exome sequencing identified two de novo heterozygous missense
mutations (c.1449T>C/p.(Leu500Pro) and ¢.1436A>T/p.(Asn479lle)) in PHACTRL1, encoding a
scaffold molecule critical for the regulation of protein phosphatase 1 (PP1) and actin
cytoskeleton, in unrelated Japanese individuals with West syndrome (infantile spasms with
intellectual disability (ID)). We then examined the role of Phactrl in the development of mouse
cerebral cortex and pathophysiological significance of these two mutations and another
(c.1561C>T/p.(Arg521Cys), which had been reported in an undiagnosed ID patient.
Immunoprecipitation analyses revealed that actin-binding activity of PHACTR1 was impaired by
the p.Leu500Pro and p.Asn479lle mutations while the p.Arg521Cys mutant exhibited reduced
binding to PP1. Acute knockdown of Phactrl with in utero electroporation caused defects in
cortical neuron migration and dendritic arbor formation during corticogenesis. Notably, these
phenotypes were rescued by an RNAI-resistant Phactrl, but not by the mutants. Forced
expression of the mutants per se also exhibited aberrant phenotypes in neuronal migration. These
results suggest dominant negative effects of the mutant allele. In addition, electrophysiological
analyses revealed abnormal synaptic properties in Phactr1-deficient excitatory cortical neurons.
Taken together, PHACTR1 abnormalities were found to cause West syndrome probably due to
morphological and functional defects in cortical neurons during brain development.
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Title: A genetic screen by transposon-mediated somatic mutagenesis in the mouse brain
identifies genes associated with malformations of cortical development

Authors: *1.-L. LU, J.-W. TSAI
Inst. of Brain Sci., Natl. Yang-Ming Univ., Taipei, Taiwan

Abstract: Malformations of cortical development (MCDs) are heterogeneous
neurodevelopmental disorders that often result in epilepsy and developmental delays in children.
However, many genetic mutations involved in MCD pathogenesis remain unidentified. To
identify new genes potentially involved in cortical development and the pathogenesis of MCDs,
we took advantage of forward genetic screening by somatic mutagenesis during brain
development. Here we developed a genetic screening paradigm by combining somatic
mutagenesis with in utero electroporation in the developing mouse cortex. We identified 33
potential MCD genes, several genes have been previously implicated in neuronal development
and disorders. Consistent with the screening results, functional disruption of these genes by RNA
interference or using CRISPR/Cas9 causes alterations in the distribution of cortical neurons that
resemble human cortical dysplasia. To verify potential clinical relevance of these

candidate genes, we analyzed somatic mutations in brain tissue from patients with focal cortical
dysplasia and found mutations enriched in these candidate genes. These results demonstrate that
the approach is able to identify potential novel genes involved in cortical development and MCD
pathogenesis.
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Abstract: Hydrocephalus is a life-threatening condition characterized by the excessive buildup
of cerebrospinal fluid (CSF) in the cerebral ventricles. The development of excessive CSF can
result from impaired CSF flow, immoderate production of CSF, or inabilities to reabsorb the
CSF. Hydrocephalus affects one out of every 1,000 babies that are born and is the most common
reason for children to have brain surgery. A better understanding of the CSF flow and factors
that impair flow is needed to develop alternative treatment plans for more positive outcomes.
CSF flow traditionally has been described as unidirectional from the lateral ventricles to the third
ventricle, into the fourth ventricle, and finally along the subarachnoid space until the CSF is
reabsorbed. Recent studies proposed additional CSF absorption sites, including nasal lymphatics
and glymphatic pathways, but the molecular and cellular mechanisms involved in the
development of CSF circulation system remained largely unknown.

Peters plus syndrome is caused by recessive loss-of-function mutations in B3GLCT (beta 3-
glucosyltransferase) and is characterized by Peter’s anomaly of the eye, craniofacial defects,
shortening of the long bones and digits, and intellectual disabilities. B3GLCT mutations were
also identified in late gestation fetuses with cleft-palate, eye abnormalities and structural brain
disfigurements such as hypoplasia, Dandy-Walker malformation, and hydrocephalus. Here, we
report the abnormal CSF flow pattern of the B3glct knockout mutant mice, a new mouse model
with hydrocephalus phenotype. We examined the neural expression pattern of the B3glct gene in
LacZ reporter allele inserted in the B3glct gene to identify the responsible cell types for the
hydrocephalus phenotype. B3GLCT functions in O-glycosylation of 49 target proteins that have
thrombospondin type 1 repeats (TSRs) with the consensus site C-X2-3(S/T)C. Recent studies
provide evidence that the B3GLCT-mediated modification accelerates folding of the native
protein, suggesting that the neurological abnormalities in Peters plus syndrome result from
defects in folding or function of one or more B3GLCT targets. Candidates include but are not
limited to F-Spondin, Sco-spondin, SEMAGSA, and SEMAGB.
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Title: Dysregulation of mMTORC2, but not mTORCL1, underlies the neurophysiological and
behavior abnormalities in Pten-deficient mouse model of ASD and epilepsy
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Abstract: The mechanistic target of rapamycin (mTOR) acts as a highly conserved signaling
hub that integrates neuronal activity and a variety of synaptic inputs. Mutations in phosphatase
and tensin homolog (Pten) leads to hyperactivation of both mTOR complex 1 and mTOR
complex 2, and is associated with Autism Spectrum Disorder (ASD) and epilepsy. Chronic
rapamycin treatment has been shown to inhibit both mTORC1 and mTORC2 and rescue
neuronal and behavioral phenotypes in Pten-deficient mice. However, the individual contribution
of mMTOR complexes to the molecular, behavioral and neurophysiological abnormalities
associated with Pten deficiency remains unknown. Here, we discovered that each mTOR
complex differentially contributes to different aspects of ASD and seizures. Conditional Pten
forebrain neuron knockout (Pten fb-KO) mice show enlarged brain size, ASD-like behaviors
(including social and cognitive deficits as well as repetitive behaviors), increased neuronal
excitability, seizure activity, and early mortality due to terminal seizure. Interestingly, genetic
inhibition of mMTORC1(Pten;Raptor fb-dKO) only restores normal brain size in Pten fb-KO.
Genetic inhibition of mMTORC2(Pten;Rictor fb-dKO) along, however, is able to rescue seizure
and prolong survival of Pten fb-KO mice. Normal neuronal excitability, social behavior, and
cognitive function are also restored in Pten;Rictor fb-dKO, but not in Pten;Raptor fb-dKO. We
further showed that while the expression of glycolytic enzymes and glycolysis metabolites levels
are increased in Pten fb-KO and Pten;Raptor fb-dKO brain, the restoration of in neuronal
function in Pten;Rictorfb-dKO mice is accompanied by normalized glucose metabolism in the
brain. Our findings not only provide new insight of understanding the molecular mechanism
underlying brain mTORopatheis, but but alsohold promise for new specific mMTORC2-based
treatments for ASD, epilepsy, and related neurodevelopmental disorders in which mTOR
function is dysregulated.
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Title: Optogenetic stimulation of the subthalamic nucleus reduces repetitive behavior in C58
mice
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Abstract: Restricted, repetitive behavior represents a range of responses including stereotyped
movements, compulsions, and rituals that are diagnostic for autism spectrum disorders (ASD)
and common in other neurodevelopmental and psychiatric disorders. Despite its clinical
importance, effective medications for repetitive behavior are lacking. This is due to our
rudimentary understanding of the relevant neural circuitry mediating such behavior. Identifying
discrete neural pathways controlling repetitive behaviors is key to determining the precise
neurobiological pathology and developing effective treatments. We use mouse models of
repetitive behavior to accomplish these aims, including C58 mice that show very high rates of
repetitive behavior in a laboratory environment. Our prior work using C58 mice revealed
decreased neuronal activation and reduced dendritic spine density in the subthalamic nucleus.
The overall goal of this project was to determine if reversing this hypoactivation through
optogenetic stimulation could reduce repetitive behavior. Using this approach, we expressed
channelrhodopsin (ChR2; pAAV-CaMKIlla-hChR2(H134R)-EYFP) or control virus (pAAV-
CaMKIlla-EYFP) bilaterally in the subthalamic nucleus of C58 mice. The stimulation used was
10 ms pulses of 473 nm light at 40 Hz for five seconds on and ten seconds off. In ChR2-injected
mice, repetitive behavior counts were equal to control mice when laser light was off (10 sec
blocks). During photoactivation (5 sec blocks) repetitive behavior was significantly reduced
relative to laser off in the ChR2 group and relative to the laser on in the control virus group.
Other, non-repetitive, behaviors were not affected by photoactivation of the subthalamic nucleus.
We are currently evaluating the widespread effect of the subthalamic nucleus stimulation on
large-scale brain networks, as measured by BOLD signal changes, using optogenetic fMRI
(ofMRI). These data will also be presented.
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Title: Altered inhibitory synaptic plasticity in the Neuroligin3-R451C mouse model of autism
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Abstract: Autistic Spectrum Disorder (ASD) has been associated to genetic alterations of
proteins that are crucial for the synaptic function such as Neuroligin 3 (NLGN3), a postsynaptic
adhesion molecule, which binds to its presynaptic partner Neurexin at both excitatory and
inhibitory synapses.

This study explores the R451C mutation on NLGN3 -found in autistic siblings- as a molecular
determinant of ASD. We aim at assessing how this mutation affects the structure and function of
inhibitory synapses and alters synaptic plasticity in a characterized transgenic mouse model of
ASD, the NLGN3R*IC€ knock-in (KI) mouse. We found that the NLGN3R431C protein was much
less expressed at the neuronal surface and was significantly more mobile at GABAergic synapses
as compared to WT conditions. Also surface synaptic GABAARs were more mobile in KI than
in WT neurons. However, the immunoreactivity of the scaffold protein gephyrin and of
GABAAR at synapses as well as the amplitude of inhibitory synaptic currents were comparable
in WT and KI neurons, indicating that in basal conditions the higher lateral mobility of synaptic
NLGN3R*IC and GABAAR did not result in significant changes in the postsynaptic organization
and function.

Next, we probed WT and KI neurons for the expression of postsynaptic inhibitory long term
potentiation (iLTP) induced by a chemical protocol. As expected, upon iLTP induction, neurons
from WT animals exhibited a significant increase in synaptic gephyrin along with the
accumulation and the immobilization of GABAAR at synapses, leading to a persistent
potentiation of the IPSCs amplitude as compared to control treatment. During iLTP we also
observed enhanced stabilization of NLGN3 at GABAergic synapses in WT neurons. On the
contrary, neurons from KI animals did not respond to the chemical stimulation, leaving the
synaptic abundance of GABAAR and gephyrin as well as the amplitude of inhibitory synaptic
currents comparable to controls. In line with this, in KI neurons the higher lateral diffusion of
GABAAR and NLGN3R*I€ at inhibitory synapses observed in basal conditions persisted after



the chemical stimulation. Overall those results suggest that in NLGN3 KI neurons the altered
stability of the molecular components of inhibitory synapses entail functional consequences only
when major synaptic reorganizations are required, such as during synaptic plasticity. Those
findings may shed light on how the NLGN3R451¢ mutation may unbalance the coordination of
inhibitory and excitatory synaptic plasticity.

Disclosures: E. Petrini: None. S.H. Stancheva: None. F. Colaci: None. L. Mannino: None. A.
Barberis: None.

Poster

369. Mechanisms of Developmental Disorders: Animal Models
Location: SDCC Halls B-H

Time: Monday, November 5, 2018, 1:00 PM - 5:00 PM

Program #/Poster #: 369.19/D3

Topic: A.07. Developmental Disorders

Support: Simons Foundation
INSERM
FRM
ANR

Title: Defects in sensory information processing in the neocortex in a mouse model for fragile x
syndrome — from ion channels to cell types and circuits
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Abstract: Sensory hypersensitivity is a common aspect of fragile x syndrome, and of autism
spectrum disorder (ASD) in general. In spite of the prevalence of this phenotype there is a
paucity of studies examining sensory information processing defects in animal models of ASD.
We investigated sensory information processing in the neocortex of Fmr1” mice both at the
network and cellular level using different tactile modalities, and a variety of methodologies. We
present data illustrating that cellular and synaptic phenotypes depend on the particular cell-types
within and across layers (layers 2/3 and 5). We also investigated the correction of aberrant
cellular and synaptic properties by targeting a specific ion channel in these neocortical circuits —
either using systemic delivery or direct neocortical application of the drug. In conclusion, our
study contributes to an understanding of the role of cell diversity in neocortical function in both
the normal and diseased brain. In addition, it lends further support for the importance of targeting
neuronal excitability as a suitable approach for pharmacological correction of autism related
neocortical defects.
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RAS/MAPK pathway
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Abstract: Sebaceous nevus syndrome is a neurocutaneous disorder that shows neurological
symptoms such as epilepsy, mental retardation, cerebral defect and ocular abnormality with the
skin lesion called nevus sebaceous. Recently, it has been reported that sebaceous nevus
syndrome is caused by somatic mutation of KRAS and HRAS during development. Interestingly,
other neurodevelopmental conditions that are associated with genetic mutations in the
components of RAS/MAPK pathway also show characteristic neurological symptoms including
mental retardation, epilepsy, seizures, and learning disability which may explained by
perturbation of RAS/MAPK pathway. We found that the mis-activation of RAS/MAPK pathway
resulted in neurological defects associated with sebaceous nevus syndrome. Activation of
RAS/MAPK pathway by ectopic over-expression of KRAS p.G12D in developing mouse brain
caused defective neuronal migration. Using human embryonic stem cell-derived neuronal
progenitor cells, we aim to characterize the gene expression profile that may explain the
underlying molecular mechanisms of neurological defects caused by the mis-regulation of
RAS/MAPK pathway.
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Title: Sex differences in microglia-neural signaling and learning following early-life immune
activation in the juvenile rat
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Abstract: Developmental disorders associated with learning deficits including Autism, ADHD,
and developmental disorders have been linked to early-life immune activation, and notably, are
male-biased. Microglia are the primary immune cells of the brain and are in constant
communication with neurons, thus, activation of microglia can significantly influence the
function of surrounding neurons. Recent evidence indicates that microglia-neuron signaling is
also necessary for the proper formation of neural circuits that support learning during early brain
development. We found that immune activation with lipopolysaccharide (LPS; 100ug/ml/kg) on
postnatal day (P) 21 produces sex-dependent deficits in the emergence of hippocampal-
dependent learning on P24 in rats. We examined gene expression in the hippocampus at 2-, 4-, 8-
, and 24-hr following immune activation and found sex differences in the expression of
inflammatory molecules including IL-1p in the hippocampus. Additionally, males, but not
females, have a persistent decrease in brain derived neurotrophic factor expression starting 4hr
post-LPS that persists until 24hr. Finally, we found that males, but not females, have a
significant increase in the expression of C3, an immune molecule that tags synapses for
phagocytic elimination, at 24hr. Currently, we are examining whether we can rescue learning
deficits on P24 by treating males and females with the microglia inhibitor minocycline; however,
we have found a sex difference in the effectiveness of minocycline such that minocycline
effectively inhibits IL-1p production in males, but is not as effective in females. We also found
that minocycline restores BDNF levels in males treated with LPS back to levels seen in control
males. Finally, we examined whether LPS on P21 alters microglia phagocytosis of synapses in
the hippocampus and whether measures of neuronal morphology and spine density are altered on
P24. These results will be discussed. Our data suggest that changes in microglia-neural
communication may be a mechanism underlying sex differences in the vulnerability to the
emergence of developmental learning disorders following early-life immune activation and that
LPS may cause lasting changes in microglia-neural communication in the hippocampus.
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Title: Subtype-specific sensitivity of NMDA receptors to neuropsychiatric lupus autoantibodies
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Abstract: Systemic lupus erythematosus (SLE) is an autoimmune inflammatory disease where
patients may develop perturbations in neurological and psychiatric function, leading to
neuropsychiatric SLE (NPSLE). A subset of these patients produce anti-dsDNA antibodies
(DNRADbs) that cross-react with the NMDA receptor. NMDA receptors are glutamate-gated ion
channels that are essential for excitatory signaling in the nervous system. They are obligate
heterotetramers, typically composed of two GIuN1 subunits and two GIuN2 subunits. DNRADbs
mediate synaptic dysfunction, cognitive impairment, and excitotoxicity through NMDA receptor
activity, largely in the hippocampus. The two major GIuN2 subunits in the hippocampus are
GIuN2A and GIuN2B and DNRADbs bind to both GIuUN2A and GIuN2B-containing NMDA
receptors. Nevertheless, the specific effect of DNRAbs on NMDA receptors and which NMDA
receptor subunits are targeted remain elusive. A major function of synaptic NMDA receptors is
to convert synaptically released glutamate into an electrical signal by opening of its associated
ion channel, a property called ion channel gating. Here, we show that DNRADs exert subunit-
specific effects on NMDA receptor gating. At a moderate concentration (patient titers), DNRADbs
increase peak amplitude of glutamate-induced currents only in GIuN2A-containing receptors but
not GIuN2B-containing receptors. Using high-resolution single channel recordings, we show that
DNRADs increase the mean open probability (Po) and mean open time (MOT) of GIUN2A-
containing receptors, but not in those containing GIuN2B, suggesting that DNRADbs stabilize
GIluN2A-containing receptors in the open state. In the hippocampus, NMDA receptors are
typically tri-heteromeric, containing both GIuUN2A and GIuN2B subunits. We find that DNRAbs
potentiate GIUN2A/GIUN2B tri-heteromeric receptors, suggesting that GIUN2A confers
dominance of antibody susceptibility to NMDA receptors. Our data supports in vivo findings of
GIluN2A-containing NMDA receptors being the primary target of excitotoxicity from DNRADbs.



Taken together, these findings suggest that targeted therapies for NPSLE patients to improve
neurocognitive function should be directed towards GIuN2A.
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Abstract: N-methyl-D-aspartate receptors (NMDARS) are ionotropic glutamate receptors that
play pivotal physiological roles during development and maturation of the central nervous
system (CNS). In the mammalian forebrain, the predominant NMDAR composition is a
diheteromeric assembly of two GluN1 with either two GIUN2A or two GIuN2B subunits or a
triheteromeric assembly of GIuN1 and GIuN2A and GIuN2B subunits. The identity of GIuN2
subunits in a NMDAR is a major determinant of its kinetic behavior with GIuN1/2A and
GIuN1/2A/2B NMDARs having faster deactivation rates than those exhibited by GIuN1/2B
NMDARs. As such, loss or reduced expression of either GIUN2A or GIuN2B subunits will
change the kinetic profile of NMDAR populations. Indeed, altered functional properties of
NMDARs is considered to underlie the CNS dysfunction observed in individuals carrying
mutations in either GRIN2A or GRIN2B (the genes encoding GIuN2A and GIuN2B,
respectively). We have employed CRISPR/Cas9 gene editing methods to generate a genetically
modified rat in which the Grin2a gene is deleted in order to investigate the influence of the
GIuN2A subunit in determining excitability and synaptic properties in CAl hippocampal
pyramidal neurons.

CA1 pyramidal neurons from P27-34 Grin2a” rats show an increase in the slope of the action
potential frequency versus injected current (F/I plot) compared to Grin2a*’* controls but
otherwise have unaltered intrinsic physiology. We also find that dendritic branch complexity,



assessed by 3-dimesional cell reconstruction and Sholl analysis, is reduced in Grin2a™ rats. Loss
of expression of GIUN2A results in slowing of the NMDAR component of EPSCs as would be
predicted if EPSCs were mediated by NMDARs with a greater GIuUN2B content (Grin2a*’*:
104.3345.74 ms, n=12; Grin2a*": 140.58+13.19 ms, n=17; Grin2a™": 186.59+10.2 ms, n=14).
We also find that the frequency of mEPSCs is reduced in Grin2a™ rats (Grin2a**: 2.47+0.17 Hz,
n=8; Grin2a*": 1.59+0.33 Hz, n=10; Grin2a™’": 1.38+0.23 Hz, n=9). However, mEPSC
amplitudes remain unaffected by the loss of GIUN2A expression. Subthreshold EPSP summation
and probability of action potential firing at different frequencies of Schaffer collateral
stimulation (2, 5, 10, 20 and 50 Hz) appear unchanged by GIuUN2A reduction or deletion. Thus,
while slower EPSCs are observed, EPSPs summate similarly in Grin2a**, Grin2a*" and Grin2a’
’~CA1 pyramidal cells.

Disclosures: F. Yasmin: None. S.A. Booker: None. R. Loureiro: None. K.F.M. Marwick:
None. G.E. Hardingham: None. P.C. Kind: None. D.J. Wyllie: None.

Poster

370. NMDA Receptors

Location: SDCC Halls B-H

Time: Monday, November 5, 2018, 1:00 PM - 5:00 PM
Program #/Poster #: 370.03/D8

Topic: B.02. Ligand-Gated lon Channels

Support: GACR: P304/12/G069
GACR: 1702300S
TACR: TE01020028
880011

Title: Site of action of brain neurosteroid, pregnenolone sulfate, at the N-methyl-D-aspartate
receptor

Authors: *L. .-. VYKLICKY JR!, B. KRAUSOVA?, B. KYSILOV?, J. CERNY?, V.
VYKLICKY?, M. LADISLAV?, T. SMAJKALOVA?, H. CHODOUNSKA?3, E. KUDOVA?
YInst. of Physiol. ASCR, Praha, Czech Republic; Inst. of Physiol. CAS, Prague, Czech Republic;
3Inst. of Organic Chem. and Biochem. CAS, Prague, Czech Republic

Abstract: N-methyl-D-aspartate receptors (NMDARS) play a key role in excitatory synaptic
transmission, and their dysfunction underlies some neurological and psychiatric disorders.
Receptor hypofunction has been implicated in autism, schizophrenia, and various forms of
intellectual disability, and compounds with a positive allosteric effect at NMDARs may have a
beneficial effect in these diseases. The aim of this study was to characterize the site of action for
pregnenolone sulfate (PES), an endogenous neurosteroid that has a positive allosteric effect at
NMDARs. We have used patch-clamp technique to study PES effect at recombinant



GIuN1/GIuN2B receptors. Our results show that PES did not compensate for the diminution of
NMDAR responses induced by cholesterol depletion, indicating that cholesterol and PES
potentiation are mediated by distinct sites. Dose-response analysis of the positive allosteric effect
of PE-S at NMDAR indicates that at biologically relevant concentrations the steroid exists in
micelle form and together with the effect of methyl-y-cyclodextrin indicates that the steroid acts
at the NMDAR transmembrane domain. The steroid positive allosteric effect was observed only
for PES added from the extracellular, not from the intracellular site. To identify the PES site, we
sequentially replaced amino acid residues at the outer segment of the transmembrane helices M1
and M4 of both the GIuN1 and GIuN2B subunits. Single alanine substitution mutations included:
GIuN1(Q559A to V572A; T809A to V825A) and GIuN2B(S555A to 1568A; D814A to A830T).
Relative effect of PES (100 uM) varied considerably from that found for the wild type receptors
(104 = 4 %; n = 158) and mutated receptors (spanning from inhibition 33 + 2 % (n = 7) for
GIuN1/GIuN2B(M824A) to augmented potentiation 507 + 112 % (n = 4) for
GIuN1/GIuN2B(G815A)). The effect of PES at GIuUN1/GIuN2B(D816A; Y823A; and M824A)
receptors was significantly reduced compared to WT and at GIuN1(G815A; M818A; and
G822A)/GIuN2B receptors was significantly increased compared to WT. Electrophysiological
results together with computational methods indicate that PES binds to the cavity between the
M1 and M4 membrane domains of the GIuN2B subunit of the closed conformation of the
channel. Following receptor activation M1/M4 helices rearrange, including the steroid binding
site - this explains why the effect of PE-S is disuse-dependent. Together our study has identified
a novel site at the NMDAR by which endogenous neurosteroid PE-S augments the activity of the
receptor.
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Title: GIuN2D-containing NMDARs modulate the excitatory activity of CRF neurons within the
BNST and influence changes in anxiety and depressive-like behaviors
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Abstract: The bed nucleus of the stria terminalis (BNST) is a key regulator of affective stimuli.
Previously, our lab has shown that disrupting glutamatergic signaling in the BNST via the
ablation or inhibition of N-methyl-d-aspartate receptors (NMDARS) containing the GIuN2B
subunit alters regional synaptic plasticity and produces an antidepressant-like phenotype in mice.
Using a proteomic screen of GIuN2B-associated proteins, we identified GIuN2D as another
NMDAR subunit expressed in the BNST. GIuN2D is a less well-studied NMDAR subunit with
unique biophysical properties and a more restricted distribution in the CNS. Thus, we assessed
the behaviors of GIUN2D knockout mice in a variety of tasks designed to assess affective states.
Interestingly, GIuN2D KO mice exhibited a phenotypic profile across the elevated zero maze,
open field and forced swim tests consistent with increased anxiety- and depressive-like
behaviors, opposite to the phenotype of BNST-GIuN2B knockouts. In addition to behavioral
analyses, we have begun to assess the contribution of GIUN2D to circuit activity in the BNST.
We find that short-term plasticity (STP) is significantly reduced in GIuN2D knockout animals
compared to wildtype controls. Whole cell electrophysiological analysis of BNST neurons,
however, showed no significant differences in the amplitude or frequency of spontaneous
excitatory post synaptic currents (EPSC) or in evoked NMDAR EPSC kinetics between
knockouts and wildtypes. We hypothesized that the changes we observed in both behavior and
BNST plasticity could be due to altered signaling in select populations of BNST neurons that
express high levels of GIuN2D. Using RNAscope® fluorescent in situ hybridization, we found
that GIuUN2D mRNA is highly co-localized with the neuropeptide corticotropin releasing factor
(CRF, ~70-75% co-localization) in the BNST. To determine if GIuN2D deletion on BNST-CRF
neurons altered their excitatory activity, we crossed GIuUN2D knockout mice into a CRF-IRES-
Cre/ROSA (Ai9) reporter line in order to interrogate these cells. CRF cells in GIuN2D knockouts
show increased spontaneous EPSC amplitude, and a subset of these cells also showed increased
spontaneous EPSC frequency. Evoked NMDAR currents in GIuN2D KO BNST-CREF cells also
showed more rapid decay kinetics compared to GIuN2D wildtype CRF cells, suggesting that
GIluN2D-containing NMDARs may play a role in regulating CRF signaling in the BNST. These
changes in CRF cell activity may also underlie the behavioral phenotypes we and other have
observed in the GIuUN2D KO mouse line.
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Title: GIuN3 containing triheteromeric NMDA receptor subunit interactions in the rat medial
entorhinal area

Authors: *S. BEESLEY, S. S. KUMAR
Florida State Univ., Tallahassee, FL

Abstract: The subunit composition of native NMDA receptors (NMDARS) in the brain is not
precisely known. Recent work from our lab has provided electrophysiological / pharmacological
evidence for the expression of GIuN3-containing triheteromeric (t-) NMDARs, comprising of
one or more subunits from each of the three gene families (GIuN1-GIuN3), in excitatory layer 3
pyramidal neurons of the medial entorhinal area (MEA). The MEA is implicated in the
pathophysiology of Temporal Lobe Epilepsy. Given the paucity of subunit specific
pharmacological tools with which to query subunit composition of native receptors, we devised a
cell biology approach to determining NMDAR subunit interactions within membrane-bound
fractions of tissue excised from the MEA for immunoblotting and co-immunoprecipitation work.
Using this approach we validated the expression of GIUN3A containing t-NMDARs within the
MEA, and the putative co-expression of GIuN1/GluN2-containing diheteromeric (d-) NMDARs
in these neurons. Based on our results, we propose co-expression of GIUN1/GIuUN3A/GIuN2B
containing t-NMDARs along with (GIuN1/GIuN2A)>—containing d-NMDARs in these neurons.
Given the unique properties of GIuN3-containing t-NMDARS, including enhanced Ca?*
permeability, these findings would facilitate the development of novel inhibitors which could
curtail excitability of the MEA and prevent Ca?* induced excitotoxicity and cell death of neurons
that mediates temporal lobe epileptogenesis.
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Title: Sorting Nexin 27 controls the exocytosis of NMDA receptors
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Abstract: Sorting nexin (SNX) is a family of cytoplasmic and membrane proteins commonly
involved in the endosomal trafficking of surface receptors. SNX27 is the only sorting nexin to
contain a postsynaptic density 95/discs large/zona occuldens (PDZ) domain, and is playing an
important role in mediating PDZ-dependent endosomal sorting and recycling of cargo molecules
to the plasma membrane. Mutations of SNX27 gene is linked to intellectual disability, epilepsy
and growth retardation. Mice lacking SNX27 display impairments in glutamatergic
neurotransmission and long-term potentiation, as well as deficits in learning and memory.
Previous studies have attributed synaptic dysfunction in SNX27 knockout mice to impairment in
the trafficking of AMPA-type glutamate receptors. However, our recent finding found no
evidence for direct interaction between SNX27 with AMPA receptor subunits. Instead, we found
that SNX27 PDZ domain directly interacts with subunits of NMDA receptors and that this
interaction is regulated by the phosphorylation of NMDA receptor near the carboxy-terminal
PDZ ligands. Here, we report that SNX27 regulates the forward trafficking of GIUN2A subunit
of NMDA receptors in cultured hippocampal neurons. Overexpression of SNX27 upregulates
surface expression GIUN2A under basal conditions. In contrast, loss of SNX27 function
abolishes activity-dependent insertion of GIUN2A to the plasma membrane. Our results suggest
that SNX27 plays a critical role in synaptic plasticity by enhancing the surface insertion of
GIluN2A-containing NMDA receptors during synaptic potentiation.
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Title: Facilitation of synaptic, but not extrasynaptic, NMDA Currents CA1 pyramidal neurons
by adenosine Axa receptors in young adult rats

Authors: *A. M. SEBASTIAO, F. MOURO, D. M. ROMBO, R. B. DIAS, J. A. RIBEIRO
Inst. of Pharmacol. and Neurosciences, Sch. of Med. and Inst. of Mol. Medi, Lisboa, Portugal



Abstract: N-methyl-D-aspartate receptors (NMDAR) are calcium permeable ionotropic
glutamate receptors that play pivotal roles in synaptogenesis, experience-dependent synaptic
remodelling and for the induction of long-lasting changes in synaptic efficiency, as it is the case
for several forms of synaptic plasticity. However, NMDARs also play a key role in
neurodegeneration. The dual role of NMDAR is related to receptor location relative to the
synapse, the synaptic NMDARs being mostly involved in synaptic plasticity while the
extrasynaptic NMDARs are linked to neurotoxicity. Regulatory mechanisms that control
NMDAR activity at specific membrane locations are therefore of particular importance and their
knowledge relevant for strategies aiming to favour the balance towards neuronal survival and
shape synaptic functioning. Adenosine is an endogenous neuromodulator and through membrane
receptors of the Aza subtype (A2aRs) can also influence both synaptic plasticity and neuronal
death. We now evaluated the influence of adenosine A2aRs upon NMDAR discriminating
between modulation of synaptic versus extrasynaptic receptors. Whole-cell patch-clamp
recordings were obtained to evaluate NMDAR actions on CA1 pyramidal neurons of young adult
(6-10 weeks) male Wistar rat hippocampus. Activation of adenosine A2aRs with CGS21680
(30nM) consistently facilitated chemical-evoked NMDAR-currents (NMDA-PSCs) and afferent-
evoked NMDA-currents (NMDA-EPSCs), an action prevented by an A2aR antagonist
(SCH58261, 100nM) and a PKA inhibitor, H-89 (1uM). These actions were predominantly
postsynaptically-mediated since there was no change in NMDA-EPSCs paired-pulse ratio (PPR).
AzaR actions were lost in the presence of an open-channel NMDAR blocker, MK-801 (10uM),
but persisted in the presence of memantine, at a concentration (10uM) known to preferentially
block extrasynaptic NMDARs. These results show that A2aRs exert a positive modulatory effect
over synaptic, but not extrasynaptic NMDARs in CA1 neurons and therefore under non-
pathological conditions may contribute to shift the dual role of NMDARSs towards enhancement
of synaptic plasticity.
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Title: Zinc transporter ZnT1 regulates zinc inhibition of NMDARs
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Abstract: Synaptically released zinc modulates glutamatergic neurotransmission in a large
number of brain regions, including neocortex, hippocampus and the dorsal cochlear nucleus
(DCN), an auditory brainstem nucleus. Synaptic zinc is loaded into presynaptic vesicles by the
transporter ZnT3 and released with activity. In the DCN, synaptically released zinc inhibits
postsynaptic NMDARs and AMPARs. ZnT3 knockout mice, which lack synaptic zinc, show
zinc-mediated inhibition of NMDARs at high frequency of stimulation, indicating that other
transporters regulating extracellular zinc levels may contribute to the zinc-mediated inhibition of
NMDARs. Consistent with this hypothesis, ZnT1, a plasma membrane-localized transporter that
extrudes zinc from the cytoplasm, binds to the C-terminal domain of the highly zinc sensitive
GIuN2A subunit of the NMDAR. We hypothesized that through this association, ZnT1 regulates
NMDAR inhibition by increasing zinc levels in the extracellular milieu surrounding NMDARSs.
We found that ZnT1 RNA expression in vitro increased developmentally, paralleling the
expression profile of GIUN2A. To test whether the ZnTI/NMDAR coupling regulates receptor
function, we developed a peptide that competitively interferes with ZnT1-GluN2A association.
The peptide sequence was identified by using a far-Western screen to determine the sequence of
the C-terminal domain of GIuN2A with the highest affinity for ZnT1. The peptide effectively
displaced ZnT1 from Glun2A in our cultured neurons in a proximity ligation assay. In addition,
this peptide, but not its scramble control, completely abolished endogenous zinc inhibition of
NMDARSs in rat cortical neurons in vitro. This effect was specific for NMDARS, as the peptide
treatment reduced endogenous zinc inhibition of NMDAR-mediated synaptic currents in DCN
slices, without influencing zinc-mediated inhibition of AMPAR-mediated responses. Finally, the
peptide did not affect the 1C50 of exogenously applied zinc of NMDA-induced whole cell
currents in neurons and in CHO cells expressing GluN1/GIuN2A-containing receptors,
suggesting that it does not affect either the binding or the direct inhibition of zinc inhibition of
NMDARSs. These results suggest that ZnT1 regulates local extracellular zinc levels and zinc
inhibition of NMDARS.
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Title: Neuromophological characterization of CA1 pyramidal cells expressing chimeric
NMDAR GIuN2 subunits: Changes during hippocampal development
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Abstract: N-methyl-D-aspartate receptors (NMDARS) are key regulators of dendritic growth.
NMDAR composition changes throughout development in that GIuN2B subunits are replaced by
GIuNZ2A subunits at roughly three weeks of age. Dysfunction of this process is known to impact
activity-dependent synaptic plasticity and cognitive development and is believed to be involved
in autism spectrum disorders. Calcium conductance through NMDARSs [regulated by amino(A)-
terminus and transmembrane domains (TMDs)] and intracellular signaling (regulated by
carboxy(C)-terminus) are known to impact functional and structural synaptic plasticity. It
remains unknown how these separate functional properties independently affect dendritic
morphology. To determine the separate influences of NMDAR subunit regions on dendritic
development, we constructed GIuN2 chimeras and generated two transgenic mouse lines. One
mouse line expresses the A-terminus and TMDs of GIuUN2A fused to C-terminus of GIuN2B
(termed ABc) and, vice versa, the other mouse line expresses the A-terminus and TMDs of
GIuN2B fused to C-terminus of GIUN2A (termed BAc). Transcription was regulated by the TET-
off expression system with tetracycline transactivator protein (tTA) expression under control of
the CaMKII minimal promoter. tTA expression was seen in many forebrain regions, but
predominantly in hippocampal pyramidal cells in area CA1. We measured neuromorphological
characteristics of hippocampal CA1 pyramidal neurons in two postnatal periods: P17-P19, and
P22-P24, by utilizing Thy-1 GFP fluorescence methods, confocal microscopy, and Neurolucida
tracing. Our findings revealed that ABc animals appear to show reduced spine density at P17-
P19 than BAc and WT animals. This suggests that ABc animals may go through synaptic
pruning earlier than wildtypes due to the presence of the amino(A)-terminus and TM regions. In
contrast to the ABc animals, the BAc animals appear to express greater synaptogenesis at P17-
P19, possibly due to a prolonged development period compared to ABc and WT animals. The
BAc animals express shorter than average branch length at P17-P19. This may be explained by
prolonged development as mentioned previously. Also, the ABc animals have a longer average
branch length in the P22-P24 age group suggesting that the GIuUN2B carboxy tail could be
affecting growth factors following hippocampal maturation. This study furthers understanding of
how NMDAR regions and their separate properties facilitate developmental changes, yielding
insight into neurodevelopmental disorders.
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Abstract: The discovery of NMDA modulators has long been a priority for both basic scientific
investigation as well as for potential therapeutic purposes in many neurological and psychiatric
diseases. Despite extensive efforts identification of compounds selective for GIUN2A has proven
difficult. Recent advances in the field, however, have generated tools and information that have
facilitated new avenues of investigation. Specifically, the identification of GIUN2A selective
compounds and publication of the key structural determinants of their interactions with the
channel have enabled virtual interrogation of ligand binding sites. Here, we report the discovery
of a GIUN2A selective antagonist that was identified in a in silico screen of the GIUN2A
glutamate binding site. The potency of this compound is right-shifted in the presence of
increasing concentrations of glutamate. In addition, the molecule exhibits selectivity for
antagonism of GIUN2A over GIuN2B, C, & D. Thus, we provide an additional tool for the
targeted study of GIUN2A function.
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Title: Ketamine trapping inside of NMDA channels affects spiking dynamics in Hodgkin-
Huxley-like models

Authors: *M. M. KOWALSKI, M. M. MCCARTHY, N. KOPELL
Dept. of Mathematics and Statistics, Boston Univ., Boston, MA

Abstract: One of the most abundant ionotropic receptors for glutamate, the NMDA receptor, has
received increased attention in recent years due to its fundamental role in synaptic plasticity, its
dysfunction in the pathology of schizophrenia, and the prominent antidepressant, hallucinatory,
and anesthetic effects induced by its direct channel blocker ketamine. At rest, closed NMDA
channels trap physiologically available magnesium ions, which are expelled from the receptor
during depolarization to make way for inward ion flow. Ketamine is believed to block NMDA
receptors in a similar way to magnesium, but with higher affinity and higher net trapping, such
that its negative effects on transmembrane currents persist for several seconds after application
of glutamate to voltage-clamped cells. Previous studies report that high-dose ketamine anesthesia
produces bursts of gamma oscillations in the EEG that appear regularly every 5-10 seconds and
decay in frequency in a stereotypical fashion before disappearing completely for a couple of
seconds. One possible explanation for the duration and frequency decay of these gamma epochs
could be that high neural activity at the beginning of each burst facilitates ketamine entry into
open NMDA channels, leading to progressive trapping and, in turn, periodic slowing and
shutdown of the gamma-generating network. Given the complicated binding and trapping
kinetics of ketamine, numerical network simulations are uniquely positioned to investigate this
potential link, but all contemporary conductance-based models vastly reduce the complexity of
NMDA Kinetics by assuming instantaneous channel block. We thus incorporate a multiple-state,
experimentally supported kinetic scheme of NMDA magnesium block into a Hodgkin-Huxley
model of a single cell. We assume that ketamine acts via the same kinetic scheme as magnesium,
but adjust for its higher affinity and trapping by increasing the rate constant of block. We find
that, at the single-cell level, this significantly reduces excitability and produces a progressive
decay in firing rate that can lead to complete shutdown of spike generation if the rate constant of
block is set at a sufficiently high value. In the kinetic scheme we employ, this shutdown is
partially driven by locking of the receptor into a distinct, desensitized state that requires a
complete pause in input to recover the firing properties of the cell. We discuss the impact of
extended trapping and blocking of NMDA receptors in the context of ketamine action on cortical
network dynamics.
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Title: Control astrocyte proliferation through manipulating NMDA receptor signaling in mouse
brain
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Abstract: Astrocytic abnormality, such as alterations in its population, occurs in many brain
diseases, but the underlying mechanisms are poorly understood. Particularly there is lack of tools
to manipulate astrocyte proliferation to address the significance of alterations in its population.
We report that astrocyte proliferation is bi-directionally regulated by neuronal activity via
NMDA receptor (NMDAR) signaling in neurons. Using whole genome mRNA profiling, we
found that a set of cell cycle-related genes were altered by prolonged treatment of hippocampal
cultures with NMDAR antagonist AP5. These cell cycle-related genes were expressed in
astrocytes rather than neurons. Consistent with this, NMDAR inhibition suppressed astrocyte
proliferation, whereas NMDAR potentiation with a novel pharmacological tool promoted
astrocyte proliferation in vitro and in vivo. In summary, we identified a mechanism regulating
astrocyte proliferation and provided methods to manipulate it. These will be useful tools to study
the functional significance of astrocyte.

Disclosures: Y. Geng: None. C. Fu: None. Q. Wang: None. J. Kaminker: None. M.H. Sheng:
None. Y. Chen: None.

Poster

370. NMDA Receptors

Location: SDCC Halls B-H

Time: Monday, November 5, 2018, 1:00 PM - 5:00 PM
Program #/Poster #: 370.13/D18

Topic: B.02. Ligand-Gated lon Channels

Support: FCT Fellowship SFRH/BI1/106010/2015



Title: Synaptic network dysfunction in neurological disorders: Understanding the impact of rare
genetic variants of NMDAR subunits in autism-spectrum disorders and epilepsy

Authors: *M. M. VIEIRA?, S. LIU?, K. W. ROCHE?
ININDS, Building 35, Bethesda, MD; 2GeneDx, Gaithersburg, MD; *RBU/NINDS, NIH,
Bethesda, MD

Abstract: Neurological disorders, including autism-spectrum disorders (ASDs) and epilepsy
(EPI) are highly prevalent, complex syndromes, with genetic and environmental components.
Intensive research efforts have been made to identify the causative genes. Notably, selective
clusters of genes with copy number variations and rare variants have been identified. One such
cluster is the synaptic protein network, which suggests that proteins related to synaptic function
and activity may be dysfunctional in these pathologies. One of the recurrently affected genes in
ASDs is GRIN2B, which encodes for GIuN2B, a subunit of N-methyl-D-aspartate receptors
(NMDARS). Indeed, many rare variants of GIuUN2B have been identified in ASD probands. The
GIuNZ2A subunit, on the other hand, is commonly identified in patients with EPI. This suggests
that NMDAR dysfunction may be relevant for these neurological disorders.

We screened a variety of rare variants within the C-terminal domain (CTD) of GIuUN2A/B
subunits and their effects on receptor function, spine density, and on the molecular complex
associated with the receptors. Because the NMDAR CTDs mediate protein-protein interactions
with synaptic scaffolds and signaling molecules, these variants might disrupt coupling NMDAR
activity to downstream pathways.

We observed that GIUN2B rare variants identified in ASD patients caused dramatic changes on
NMDAR and AMPAR surface expression, spine density, and the interaction with post-synaptic
proteins. To assess the implications of these defects observed in primary cultures, we generated
an animal model of one of these rare variants, S1413L. Our results demonstrate that indeed this
rare variant of GIUN2B results in defects in the post-synaptic network. We observed that the PSD
fraction of the mouse hippocampus had reduced levels of the NMDAR subunits as well as
MAGUKSs and CaMKII. In the cortical PSD fractions, we did not detect such differences relative
to WT animals. Interestingly, our GIuUN2A rare variants, that were identified in EPI patients, also
showed reduced spine density. This effect implies a common mechanism of dysfunction
underlying both ASD syndromes and EPI.

Overall, our work supports a model in which dysfunction of the synaptic protein complex
underlies defects seen in ASD and EPI. Elucidating these mechanisms will pave the way to the
development of novel therapeutic strategies for these disorders.
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Title: Neurobeachin-mediated regulation of NMDA receptors and PSD-95 family members
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Abstract: The PSD-95 family of scaffolding proteins regulate N-Methyl-D-Aspartate receptors
(NMDARs), which play a key role in canonical forms of Long Term Potentiation (LTP).
NMDARs are also key molecular players in neurological development and disease: over the
course of development, NMDAR trafficking and expression patterns at the synapse versus
extrasynaptic areas are dynamic and give rise to plasticity. PSD-95, among other scaffolding
proteins, mediates NMDAR stability at the synapse. Neurobeachin, an autism candidate gene, is
a known NMDAR interactor and regulator of spine dynamics. Neurobeachin has been shown to
regulate the surface expression of several synaptic proteins, including NMDARs, and is thought
to do so by facilitating local recycling. However, neurobeachin’s role in shaping synaptic protein
populations remains poorly understood. In the current study, we investigate the interaction
between neurobeachin and PSD-95 family members. We virally transduce cortical neurons with
shRNA to knock down neurobeachin expression and probe the role neurobeachin plays at the
synapse throughout development. We find that neurobeachin differentially regulates synaptic
expression of PSD-95 compared to other synaptic proteins. Furthermore, we find regulation of
synaptic NMDARs by neurobeachin is developmentally-regulated and subunit-dependent.
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Abstract: The NMDA receptor plays an important role in activity-dependent plasticity
mechanisms underlying neural circuit formation. Recent experiments have reported NMDA
receptor expression on presynaptic, as well as postsynaptic terminals. Presynaptic NMDA
receptors (preNMDARS) have been found to modulate transmitter release and are essential for
many forms of plasticity. Here we found evidence of preNMDARSs on retinal ganglion cells
(RGCs) in the Xenopus laevis tadpole visual system. Application of NMDA produced Ca®*
transients in RGC axon terminals separated from their somata, suggesting the presence of
presynaptic NMDARs on RGC axons. Using whole cell electrophysiology, under postsynaptic
NMDAR blockade, bath application of NMDAR antagonists, particularly targeting GIuN2B-
containing receptors, decreased miniature excitatory postsynaptic current (mEPSC) frequency.
Moreover, the NMDAR antagonist APV resulted in a significant increase in paired -pulse ratios.
These results suggest a presynaptic contribution of NMDARSs to neurotransmission in the
developing optic tectum. Interestingly, raising the animals in MK801, to block Ca?* influx
through the ion channel of the NMDARSs, did not prevent the APV-induced decrease in mEPSC
frequency, suggesting that presynaptic NMDARs in the optic tectum can signal non-
ionotropically to regulate synaptic release. Taken together, these results suggest that NMDARs
in RGCs modulate glutamate release via mechanisms both dependent and independent of Ca®*
influx through the ion channel.
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Abstract: N-methyl-D-aspartate receptors (NMDARS) are ionotropic glutamate receptors that
are critical for learning, memory and development. NMDARs are also involved in numerous
diseases. In many pathological conditions NMDARs can become overactive and further disease
progression. Molecules that inhibit NMDARs have been examined for their therapeutic potential
in cases of pathological NMDAR overactivity. NMDAR inhibitors that act through an “open
channel block” mechanism have shown significant therapeutic utility. Open channel blockers can
enter the open NMDAR channel and bind there, preventing current flow. Memantine is an open
channel blocker that is used to treat Alzheimer’s disease and shows promise in treating many
other disorders. In addition to open channel block, memantine inhibits NMDARSs through a
second mechanism initially thought to involve memantine binding to NMDARs at a “superficial”
site external to the pore. However, our recent data suggest that this second mechanism of
inhibition involves accumulation of memantine in the membrane, followed by memantine transit
from the membrane to the channel blocking site (membrane-to-channel inhibition, MCI). We
further investigated MCI using whole-cell recordings from tsA201 cells transfected to express
NMDAR subunits. Although very little uncharged memantine is present at physiological pH,
experiments in which we varied pH suggest that the uncharged form of memantine is critical for
MCI. The lack of MCI in experiments with a permanently charged trimethyl derivative of
memantine also supports the importance of uncharged memantine in MCI. We used molecular
modeling to predict a hydrophobic path through which memantine can travel during MCI, and
examined the effects on MCI of mutating residues that line the putative hydrophobic path. We
also discovered that numerous NMDAR channel blocking drugs in addition to memantine exhibit
MCI. These data suggest a previously unexamined route of drug access to the NMDAR pore.
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Title: Expression of GIuUN2C subunit in parvalbumin positive neurons and astrocytes: Relevance
to schizophrenia
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Abstract: Functional deficit in NMDA-receptors on parvalbumin (PV)-positive neurons is
central to the pathophysiology of schizophrenia. Despite the proposed relationship of GIuUN2C-
expressing PV-interneurons to the NMDA receptor hypofunction hypothesis in schizophrenia,
the precise expression pattern of GIuN2C subunit remains unknown. Using a novel EGFP
reporter model, we found the expression of EGFP (GIuN2C) with PV positive neurons in nucleus
reticularis of the thalamus, globus pallidus externa and interna, ventral pallidum and substantia
nigra. Interestingly, EGFP (GIuN2C) showed co-localization with the astrocytic marker in the
striatum, cortex, hippocampus and amygdala but not with PV positive neurons. GIuUN2C was
found to be enriched in several thalamic relay nuclei including first order and higher order
nuclei. We also studied the behavioral effect of GIUN2C and GIuN2D ablation on pure
C57BL/6N mouse strain. GIluN2D knockout mouse exhibited hypo-locomotion and anxiety-like
behavior. Increase in startle response was found for GIUN2C heterozygous, GIuN2D
heterozygous and GIuN2D knockout (KO) while no significant difference in prepulse inhibition
(PPI1) was observed. We also found that CIQ, a selective positive allosteric modulator for
GIuN2C/GIuN2D subunit, reversed the MK801 induced impairment in PPl in GIuN2C wildtype
and heterozygous mice but not in GIluN2C KO mice. Furthermore, we observed that GIuUN2C KO
mice but not GIuN2D KO mice were less sensitive to phencyclidine-induced hyperlocomotion, a
model of psychosis. Together, these results identify a unique expression pattern of GIuN2C
subunit in neuronal and non-neuronal cell population. It also demonstrates that GIUN2C rather
than GIuN2D may underlie phencyclidine-induced hyperlocomotion and facilitation of GIuN2C
subunit may reverse the schizophrenic phenotypes.
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Abstract: N-methyl-D-aspartate receptors (NMDARS) are ionotropic glutamate receptors
expressed at nearly all excitatory vertebrate synapses. NMDAR-mediated Ca?* influx is essential
for many critical neuronal functions and plays key roles in synaptogenesis, plasticity, dendritic
integration, and cell survival. NMDAR dysfunction is implicated in nervous system pathologies
such as neurodegenerative diseases, epilepsy, and cell death following stroke and ischemia.
Thus, drugs targeting NMDARSs are of great clinical interest. NMDAR channel blockers,
antagonists that impede ion flux through NMDARSs by physically occluding the channel, have
shown significant therapeutic utility. Two of the most well-characterized and widely used
NMDAR channel blockers are memantine (Mem) and ketamine (Ket). Despite sharing similar
affinities, binding kinetics, and overlapping binding sites, Mem and Ket possess wildly divergent
clinical profiles. Recent work from our lab has revealed substantial differences in how Mem and
Ket act on NMDARs. Mem and Ket differentially augment NMDAR desensitization, with Mem
enhancing Ca?*-dependent desensitization of GIUN2A-containing NMDARS. Here we test the
hypothesis that the differential ability of Mem and Ket to augment NMDAR desensitization is
due to differences in their interactions with the NMDAR channel. We used molecular
simulations in which Mem and Ket were docked to our atomistic GIUN1/N2A transmembrane
domain (TMD) model to identify residues that differentially contribute to Mem and Ket binding.
We then mutated channel residues predicted to specifically interact with Mem and examined
effects on Mem and Ket potency. Whole-cell recordings from tsA201 cells transfected to express
NMDARs revealed a mutation in the GIUN2A TMD that altered Mem potency without affecting
Ket potency, as predicted by our simulations. Strikingly, the mutation also powerfully enhanced
NMDAR desensitization, suggesting that residues located in the Mem binding site are involved
in the conformational changes associated with NMDAR desensitization. These experiments
provide evidence that Mem and Ket interact with distinct NMDAR channel residues involved in
NMDAR desensitization.
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Title: Novel positive allosteric modulators for nmdars demonstrate enantiomer-specific actions
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Abstract: N-methyl-D-aspartate receptors (NMDARS) are ionotropic ligand-gated glutamate
receptors that mediate a slow, Ca?*-permeable component of synaptic transmission that is critical
for brain development and function, different forms of learning and memory, and cognition.
NMDARs are obligate heterotetramers made up of two GluN1 subunits and two GIuN2 subunits
from four different genes (GIuN2A-D). Hypofunction of NMDAR activity is hypothesized to
play a role in multiple neurological diseases including schizophrenia, which has driven interest in
the discovery of drug-like small molecule positive allosteric modulators (PAMs) of NMDAR
function. Here, we describe modifications to the tetrahydroisoquinoline scaffold of
GIuN2C/GluN2D-selective PAMs that expands their activity to include actions at GIUN2A- and
GIluN2B-containing di- and triheteromeric receptors. This series (EU-1180-55) was active at all
NMDAR subtypes in transfected HEK cells. However, separation of EU-1180-55 into (S) and
(R) enantiomers, revealed enantiomer-specific actions on NMDARs that contained different
GIuN2 subunits. Specifically, (S)- EU-1180-55 showed pan-potentiation whereas (R)- EU-1180-
55 was only active at GIuN2C- and GIuN2D-containing NMDARs. We exploited our
triheteromeric expression system in Xenopus laevis oocytes, which utilizes masking of
endoplasmic reticulum retention signals for control of subunit stoichiommetry, to evaluate the
actions of compounds on different triheteromeric receptors. Evaluation of the actions of these
two enantiomers on GIuN1/2A/2B, GIuN1/2A/2C, GIuN1/2A/2D, GIuN1/2B/2C, and
GIuN1/2B/2D triheteromeric receptors revealed unique pharmacological properties (n=5 oocytes
from 2-3 frogs). Furthermore, we observed enantiomer-specific modulation of the NMDAR-
component of evoked EPSCs at the CA3-CA1 synapse from mouse hippocampal slices. (S)-EU-
1180-55 significantly prolonged the weighted decay time constant by 1.36-fold when compared
to (R)- EU-1180-55 (1.18-fold) or vehicle (1.04-fold, one-way ANOVA, p<0.001, Tukey post
hoc, N=8 cells). In summary, evaluation of the effects of (S)- and (R)- EU-1180-55 on
triheteromeric NMDARSs revealed a novel pharmacological profile that may be useful to probe
the role of NMDARs comprised of different subunits in circuit function.
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Title: Grin2a knockout promotes hyperexcitability in the mouse hippocampus: A model to
understand epileptic activity in grin2a lof variants
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Abstract: N-methyl-D-aspartate receptors (NMDARS) are ionotropic ligand-gated glutamate
receptors responsible for mediating a slow, Ca2+ permeable component of fast excitatory
neurotransmission. These receptors are critical for neuronal development, learning and memory,
and general cognition. Although there is high selective pressure against variation in regions of
the GRIN genes essential for receptor function, numerous variants have been identified in
patients with a range of neurological disorders. Among the four GluN2-subunits (GIuN2A-D),
variants within the GIuN2A subunit are most commonly associated with epilepsy. Particularly
interesting are the GRIN2A loss-of-function (LOF) mutations, which make up 67% (14/21) of
currently identified GRIN2A variants and present an epileptic phenotype. This finding suggests
that hypofunction of GIUN2A results in compensatory mechanism(s) that promote
hyperexcitability. To study these LOF mutants, we have used a Grin2a-knockout (KO) mouse
model. Mouse hippocampal brain slices were studied using whole-cell patch clamp and
extracellular field recordings. Slices were exposed to elevated levels of extracellular potassium
that can generate spontaneous epileptiform activity. All Grin2a-KO brain slices (N = 3 animals/5



slices) showed spontaneous interictal field bursts originating in the CA3 region and propagating
to the CA1 region of the hippocampus in 7.0 mM extracellular potassium. By contrast, no wild-
type (WT) slices showed epileptiform activity (N = 3 animals/3 slices). Additionally, Grin2A-
KO mice display an increased inhibitory tone, measured by an increased frequency of
spontaneous inhibitory postsynaptic currents and a large gabazine-sensitive current, onto CAl
pyramidal cells when compared to WT. A better mechanistic understanding of how the loss of
GIuN2A activity impacts neuronal development and promotes these compensatory changes may
allow novel therapeutics to be identified that can be used to treat patients with LOF GRIN2A
mutations.
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Abstract: N-methyl-D-aspartate receptors (NMDARS) are excitatory ligand-gated ion channels
that play critical roles in CNS. Many studies on NMDARs have been performed on
diheteromeric receptors containing 2 GIluN1 and 2 identical GIUN2 subunits. Four genes encode
GIuN2 subunits (GIuN2A-D), and most neurons express 2 or more GIuN2 subunits. Multiple
lines of evidence suggest that some native NMDARSs are triheteromeric assemblies of 2 GIuN1
and 2 different GIuN2 subunits. However, there are a few studies of the functional properties for
triheteromeric NMDARSs due difficulties in expressing triheteromeric NMDARS in heterologous
systems without also co-expressing diheteromeric NMDARs. We developed a strategy that
utilizes masking of endoplasmic reticulum retention signals to express trineteromeric NMDARs
with two different GIuN2 subunits, allowing evaluation of their properties. We have successfully
utilized this strategy to express